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Agenda

m Applications of FPGA-Based Co-Processors for
DSP

m Development Tools & Methodologies Available
from Altera to Build Co-Processors
— SOPC Builder
— DSP Builder

m FPGA Co-Processor Development Examples
— QAM Modulator
— FIR Filter
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Growing Demand for MIPS &
Memory Bandwidth

: Application
= Growth Drivers Regﬁ,-,eme,,,s
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DSP System Architecture Options

Performance (MACs/Sec)

Q
Map

DSP

sl

Stand-Alone Processor Array Processor + Dedicated Hardware
Processor Co-Processor Architecture
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Exploring the DSP Design Space

Performance

ASIC FPGA

Algorithm
in Hardware

Digital Signal

Processor
Co-Processor

Conventional
Digital Signal Processor
Processor

with Altera
Co-Processor FPGA with

Nios &
Co-Processor

Digital Signal
Processor
Farm Digital Signal
Processor Conventional
Processor
>
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Co-Processing on FPGAs

Processor on FPGA

FPGA

Processor IQ
Map

Processor External to FPGA

Processor

FPGA

1Q
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When Do FPGA Co-Processors

Reduce System Cost?

m Off-Loading Algorithms to Co-Processor Reduces
Number or Cost of Digital Signal Processors

Expensive Array
to DSP + FPGA

DSP

Expensive DSP to
ﬁ Inexpensive DSP + FPGA i

m Applications

— Algorithms with Large Amount of Digital Signal Processing &
Small Amount of Control Processing

NCO
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FPGA Co-Processor Applications

m Wireless
— 2.5-G EDGE Equalization

— 3-G Baseband Processing
e HSDPA
e 1XEVDV

— 3-G RF Linearization

m Consumer

— Broadcast - Studio & Cable
Plant

— Digital Entertainment —
MPEG2 & MPEG4

m Medical
— Imaging

m SOPC
WORLD

2003

m Wireline Communications
— Encryption
— Framer

— Traffic Management
— TCP/IP

m Computer & Storage
— Data Analysis & Routing
Engine
— Digital Imaging
m Military & Aerospace

m Security
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DSP Development
Tools & Design
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FPGA Co-Processor Design Tools
SOPC Builder DSP Builder

Altera SOPC Build
File Gpitem Mode View Help

Srsten Cantmrts | Ch1) is_cpur | Systen Ganeration |

ERERERRREE

Stand-Alone Processor + Co- Dedicated Hardware
Processor Processor Architecture
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DSP Builder Overview

1 MATLAB
DSP Builder SIMULINK

I
Creates Creates Creates [ Download Verify
HDL Code Simulation Test Bench Processor Design to in
Plug-In Development | Hardware

Board

SOPC Builder

e RN From C o System in Minutes

HDL
Synthesis  Model Technology

4 MEMTOR GRAFPHICE COMPANY

ARura SOPC Bulkdes Version 18 (CT)

SignalTap®

A NEMTOR GRAPHICE COUPANY

Bl D O UARTUS 1L
_)f

~ Synplicity
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DSP Builder Library Components

Arithmetic
Bus Manipulation
Complex Signals

Logical Components
SOPC Ports

Storage

MegaCore® IP
Rate Change
State Machine
Altera Library
DSP Board
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E Simulink Library Browser
File Edit ‘Wiew Help

=101

[ = A Find ||

AZ2D_1 12 Bit Signed: A20_1

Connects to the analog-to-digital 12-bit Signed input bus on the Stratix DSP development board.
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----- g Bus Manipulation
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[ 2 APEY ZOKE DSP Board EP2Z0K
-~ y APEX 20KE DSP Board EP20K
= g Stratiz DSP Board EP1525

- 2+ SOPC Ports

LB AWALOM Ports

- 2+ Custom Instruction

----- #3 State Machine Functions

----- g Storage

- Nl Altera MegaCore FIR Compiler v2.6.2
il Alkera MegaCore IR Compiler w1.3.3
ﬂ alkera MegaCore Reed Solomon Comp
il alkera MegaCore Yiterbi Compiler w3.2
§| Alkera Megacore FFT Compiler

- Nl Aleera Megacars NCO Compiler v2.0.2
- N Altera Megacaore Time Limited FFT Cor

- Nl Communications Blockset
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MegaCore IP in DSP Builder
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k Library Browser o ] 4| ed [Page 1 of 2] == x|
File Edit Yiew Help
0= fiter,_design_NCO_TOMHZ Parameters | implemertation | Resource Estimate | Simustion Outout |
—& Find
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- Bl Altera MegaCore FIR Compiler v2.6.2
] §| Alkera MegaCore IIR Compiler ¥1,3.3 = = Frequency Damain Response | Time Domain Response
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- Il Alkera MegaCore Viterbi Compiler +3.: v
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DSP Builder Support for Multiple
Clock Domains

m Inherit Sampling Frequency (FS)
m Adhere to Clock Design Rules

m All Sample Times Match One of
Phase-Locked Loops (PLLSs)
Output Clock Periods

m Simplify Analysis &
Implementation of
Multi-Rate System
— Up Sampling
— Down Sampling

Seopel =101 |
&QO0LL ABE BE &
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State Machine Builder

=] fifo_cantrol_lagic *

=101

File Edit Wiew Smulation Format Tools Help

DSHE| +ER 0 REL®| > =

7 FIFO Example

SignalCompiler

Wi

Uniform Random
Humber

I W data_in

data_int

70

data_in

reset erpty

ull

lacal_razet

count_in
idle

I Inputs I States Conditional Statements | Dezign Fule Check I
Current State Conditioh MHext State | Add
e ermpky [puzh=1 8 [count_inl =250 puzh_not_full .«
empky [puizh=0]%pop=0] idle
full [puizh=0]%pop=0] idle
full [pop=1] pop_not_emp Change |
idle [pop=1 J&[zount_in=0] emphy
idle puzh=1 puzh_nat_full
idle [pop=1J&[count_inl=0] pop_nat_emp
idle [oush=11&count in=25011 full X Delete |
Move Up kove Down
V k. Help | Cancel |
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Sub-System Builder

Import Existing VHDL Design into Simulink

® Simulink Simulation Options

Convert into DSP Builder Blocks or MATLAB Functions

Treat VHDL Design as Black Box
J ) 5P Buider SubSysten Gonerator _IIE |8

D Simulink Llhlal_v Browser
File Edt Wiew Help

0O & Ha find |

SubSystemBuilder: ALTELINKAlLab/SubSystemBuilder

2 B Simulink
= Ej Altera DSP Builder
-2 Altlab
- 22| HDL SubSystem
2 Aiithmetic
-2 Bus Manipulation
. y Complex Signals
2+ DSP Board EP20K1500EBCES2-151
[ 2| DSP Board EF20K200EBCES2-12
2 Gates
y SOPC Ports ‘
-2 Storage
E_[ Altera MegaCare FIR Compiler
Ej Altera MegaCore IIR Compiler
- Altera MegaCore Interleaver Delnterlzaver
E_[ Altera Megacore Time Limited RS Compiler
Ej Altera RS Compiler
[J--Ej Communications Blockset
- Wl DSP Blockset
ez Ej S-function demos
(#-- T Simulink Extras

HDL SubSys’
L
s\gn%

gnaIEompl\er

ﬁ SignalT ap Analysiz

Ready
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/

SubSystem Builder

Current System topuiart

Select WHDL File I D:AMegaCaore\DSFEulderiDesignExa

[ Create BlackBox SubSytem

Entity uart]_tw

baud_divisor @ in - 3 bit[z)
begintrangfer : in- 1 bitls)
clk :in - 1 hit[s]
clk_gn:in-1 hitfz]
do_force_break : in- 1 bit(s)
reset_n:in - 1 bits]
status_wi_strabe : in - 1 bit(z)
tx_data; in - 8 bitfz]
ts_wir_strabe ;i - 1 bitfs]

b averun : out - 1 bit(s]

Add uart]_tx in topuart

Help |
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P -
Tegit , %‘.’&
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LART Black Box
Using SubSystemBuilder

20 YEARS of

INMOVATION



Signal Compiler

Generates Tool
Command Language
(Tcl) Scripts

Generates Testbench

Enables Parameterization
of IP Blocks

Launch Hardware
Compilation from
Simulink Cockpit

SOPC

WORLD
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<>

Generates VHDL Design Files

E,-ﬂSignal Compiler Yersion 2.1.2

— Hardware Compilation

— Project Setting Dptions

ﬂ filker_dezign.mdl

1 - Corveert MDL
& toWHDL

Device [DSP Board =l
. @ 2 - Synthesiz
Synthesis Tool quartus Il j
=Bft==er ISDBEd j % 3 - Quartus |1 Fitter
Feset aplll Testbench' SOF 4 I ’I
@l 4 - Program DSP
0 un o Board
Global Rezet IActive High "I ,—
Meszages
» Resource utilization by entity fiker_deszign : ;I
> 4443 Loagic Cell: 4203 Registers 21 Ping
> 4992 Memory Bite 8 DSP Elements
= |3 Analysis and synthesis completed =
: | | »
E— e 0K I Swyztern Infarmation | Cancel
B r—
o
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Stratix DSP Development Board

14-Bit,
165-MHz D/A

12-Bit,
125-MHz A/D

SMA
Connector

5-V Power
Supply

L 'I =
! i | FRERRRER 0
wl CARERENA BB 7|
A aa0 N

e .

i

i;rrlir:l il

ke

40-Pin Connector for Analog

Devices Evaluation Boards

IIIiIIIitIIIIIIIIIIIIllIIIiII .

80-Pin 1/0 Connector

lJ{

LA
LR RN

 ETE

e ! L'! T s

Altera® Nios®
Expansion
Prototype
Connector

Prototyping
Area

Push-Button
Switches

9-Pin RS232
Connector

LEDs Texas Instruments Connectors Can

Be Found on Underside of Board



Altera DSP Development Kits

Contains Everything You Need
to Develop High-Performance DSP
Designs on FPGAs

30-Day Evaluation
Version

QUARTUS"II

System Reference

l a Designs
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ysggl!?l_(l::) & plns ..n,

INMOVATION



SOPC

WORLD
2003

QAM Modulator Co-
Processor Design
Example
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Modem Reference Design

m Installed with Code Composer Studio As a Tutorial
— C:\ti\tutorial\dsk6711\modem

m Used to Demonstrate e — _ 24
. . li:uﬂ £ I;lum o m::'ﬁ‘i G EE|Wif EE 4T e

CCS Functionality I T :

= 16 QAM TX Modem  : = J

AHO O 8w
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Modem Design Code Profile

{SOPC
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E Functions Code Size Count Incl Tatal Il Madmum | Incl Minirmom | kel Average | Excl Total
=l madem.out

& :
= = 5] moderntx.c
[g ----- Mir had 1 4222002 a a 4222002 23446
A ----- b odem T rarsmitter 304 7 403833 RB0FES ATa443 A76304 53381

- ShapingFilker 35k 14 JE10811 258438 2h7453 257915 36108

3 ----- i odulation 23k 213 241438 1ERE 1084 1803 grE4d

E = SineLookup 144 430 B4817 E15 433 Rdll 264817
-DLE - Initialize b3k 1 117760 117780 117780 1177R0 1177R0
- ----- CositieLookup B 245 143448 k4 e hiG 8065
o = ReadMextData 40 7 AE32 g2l 208 B3 259
[EEl ----- ReadConatel latian 40 7 370 7 762 767 285
e b AddMoizeSignal Al 7 RO45 72h 716 7 Ao45
[

Files | Funcfons | T Fanges | Setp
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Modem Design Hardware/ Software
Petition

Main

100%

Initialize Add Noise Signal
3% 0.5%

Modem
Transmitter Shaping Filter 82%

Hardware
Accelerator

96.5%

Modulation 8%

Sine Lookup 2.5%

Cosine Lookup 2.5%

20 YEARS of
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Modulator Co-Processor
DSP Builder Used to Build Hardware DSP Data Path

_comp =7 5[
File Edit Wew Simulation Format Tools Help
- -
O & B2y o wE
Stratix DSP Board 1526 o analtempiler
Configuration
Wirite Data -
0 hel R i
an — | phi_ine_i
Dataln z i
ol ok Mumetically
e Controlled
T A=A e — ] reset iscil ator
Decoder
>{ fddress NED
FEET Regaosta %
Addrass
Decoderl
e DataDut
™ 1
plen — =30 P data_in fir_result
efolr = AltBus3 FIR
o cli_en rey_to_ld ————————— o bt
Delayz Compiler
AltBust
|_, Lot done [ obit
FIR AltBus2
, AND
WREN NOT - —M—b
z
NOT NOT1
p— Logical
Delay Bit Operator
NOT
& & HOTZ
BUTTON S0
Ready [100% lodeds
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Avalon™ |nterface in SOPC Builder

E! Simulink Library Browser o ] B4 P Altera SOPC Builder - DSP_Builder =10l =
File Edi View Help [Elle System Madule View Help
~ ) System Contents
[ = Ha Find || ¥ | Mare "rios_o Settings | System Generation |
Avalon Modules Clock F - -
Address: Address Bus @ AteraNos 2.0 CPU S G |
@ User-Defined Interface nios_0 finstruction_master (avalon)
Connect the input busz to the dwvalon SOPC address bus. e
U File Edit “ew Simulation Format Tools Help
sage: D&+l ) | hE T ® End  |Ra|
(- g Sirnulink -] y
- | Altera DSP Builder ’ TR
i V2 0x0000000F | 17
BB Allab % s Tx000000GF | 18 |

. 2] HOL SubSystem
- ] Arithmetic
.. 21| Bus Maripulation
. 24| Complex Signals
[ 3 DSP Builder Board
P Gates
. 71| Rate Change
El- 2 SOPC Ports

o 23 Custom Instruction
.. 1 State Machine Functions
. | Storage

- Nl Altera MegaCore Constellation Mappe
- W] Altera MegaCare FIR Compiler

- W Altera MegaCore IR Campiler

- W Altera MegaCors Inkerleaver Delnter
- Nl Altera MegaCore Resd Solamon Comg
- El Altera Megacare FFT Compiler
- N Altera Megacare NCO Compiler

P S o T s Yo OO OO o OO s O

e
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SignalCompiler

Stratix DSF Board 1525
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Ready

DataOut

Product
™ 4
Pplen — 3 30 E | data_in fir_result
o clr = AltBusz FIR
welk_zn oMy to 4l o bt e
Delayz Compiler
AltBust
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DSP Builder— SOPC Builder Import

Import DSP Builder Generated Co-Processor
into SOPC Builder

ﬁF\Ie Edit ‘View Project Assignments Processing  Tools  Window  Help

EIET
18] x]

0=

B iBE[o (R PTREET (S8 ST

[3 & 19

&

=l

Entity

{b Altera SOPC B
File Swstem Module

Wiew Help

ERCPEH|s 3

~1ofx]

|
™2 Hierarchies | [ Files

Module Progre

23 Compilation Hierarc

Lebe

Compileﬁ Sirulate ,i

L} Configuring d
Device 1 cor

System Contents I System Generation I

@ Interface to User Logic

valon Modules

@ Mios Processor - Altera Co
ridges

omnmunication

ftera SOPC Builder and

x

[~ General

Documentstion accessed L of Locally when not availakle.

I abways enable 'Run Modslsim' button

Base

~ Component Library Search Path

Addtional directories containing SOPC Builder compaonents
Jeam_EMF_FRFIR_Comp

P1510 Hios Development
P20K200E Hios Developnu
hernet

Interface

Math Coprocessors
Memory

her

4 I »

|

&3 check |

All Auailable Components
& | e e o

- Application Paths

Cyguwvin Directory

IC.ICygwin

Quartus Directary
IC..l’quartuSZ

ModelSim Directory

Wb Broweser (Leave blank for system default)

Lkl

I Use Proxy Host B 1]

i

|[7) Done checking For updates,

(1] TIMaster requires a slave of type avalon.Plez

Cannot locate fvsim.exe

Caneel | Ok, I

SOPC

WORLD
2003

i+ Configuration Exit | = Prey Mest = | Generate |
1} Programming succeeded
Processing A System
For Help, press F1 555, 338 [0 pwi | e
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OPC Builder Integration

Modem Co-Processor (fir_comp)
Integrated with TI EMIF I/F (TIMaster)

A Altera SOPC Builder - titest
File

Swstem  Module  View Help

=10l

System Conkents I System Generation |

* Bltera SOPC Builder
& Irtertace to User Logic
[=--Avalon Modules
‘@ Nioz Processor - Altera Cr
ridges
[#-Communication
EI DSP Builder Designs
. 0
P1C20 Hios Development
P1510 Hios Development

|»

P20K200E Hios Developnm

|

All Available Components I

ol 50 [, 25 el

Add.. |

& Check |

— TiMaster (avalon)

System Clock Freguency: IBD MHz

I hociule Mame

| Description I Bus Type

|E TiMaster

| Texas | avalon

I Baze | Encl |@I
| Lo

fir_comp

|fir _zotrip | avalon

|
0200000020]  0<00000027

Maowve L Maove Dove

(7] Done checking For updates,

Exit = Prey

Mext = Generate

{SOPC

WORLD
2003
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FIR Filter Co-Processor
Design Example
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Driving Down System Costs

Multi-Processing Digital Signal Processor +
DSP FPGA Co-Processor

DSP DSP DSP
20 YEARS of
SOPC E
OFin: /NTFERA.
2003 INNOVATION



FIR Co-Processor Design
Example

m FIR Parameters
— 128-Tap
— 16-Bit Data, 14-Bit Coefficients
m Four FIR Implementations for Comparison
— T1 C6711-Optimized TI DSPLIib Function
— T1 C6416-Optimized TI DSPLib Function
— Altera Eight-Cycle FIR Co-Processor
— Altera One-Cycle FIR Co-Processor

20 YEARS of
19 WorL S NGERAY
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Tl Filtering Library (DSP Lib)

m C-Callable Optimized Assembly Routines

m Tl C67x DSPLIb: Fir Filter (Radix 8)
— Formula: Nh * Nr /2 + 13

e Nh = Number of Coefficients
e Nr = Number of Samples

— ~1 Sample/ 64 Cycles (128 Tap Filter)

m Tl C64x DSPLIib: FIR Filter (Radix 8)
— Formula: Nh * Nr/4 + 17

—~1 Sample/ 32 Cycles (128 Tap Filter)

20 YEARS of

13 WoRLS /NOFERA.
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Filter Co-Processor Design
Example

m Current Implementation
— 100 MHz, 32-Bit, Asynchronous EMIF on DSK
— Tl Writes 300 Samples to Co-Processor (Input Data)
— Filter & Send Output to Tl

C6000
Digital
Signal
Processor

J9|idwo)
did

4/ AMowa
jeula)xy

=
T
o
)
o
®

Gl

FPGA Co-Processor
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FIR Filter Example* — 16X
Cost/Performance Improvement

Device FIR Performance Device Cost per
(MHz) Cost*™** | FIR MHz

TI C6713-200 | 64-Cycles** 3.125 $24.59 $7.87
at 200 MHz

TI C6416-600 | 32-Cycles** 18.75 $160 $8.53
at 600 MHz

Altera 7-Cycles*** 28 $14

EP1C3-8 at 200 MHz

Altera 1-Cycle*** 170 $84

EP1C12-8 at 170 MHz

FIR 128 Tap, 16-Bit Data, 14-Bit Coefficients
** DSPLib Optimized Assembly Libraries from Texas Instruments
*** Optimized MegaCore FIR Compiler from Altera
**** Pricing in Quantity of 100 at Arrow 6/25/03

20 YEARS of
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14X Reduction in System Costs

DSP DSP DSP
Architecture Total FIR Device
Performance Performance | Costs
(MHz) (MHz)
9*TI C6416-600 9 *18.75 9* $1,440
$160
Altera EP1C12-8 + 170 + 3 173 $84 + $110
1Tl c6713-200 $25
20 YEARS of
e /NEERA,

2003 INNOVATION



Summary

m FPGA Co-Processors for DSP Offer Many
Advantages

— 10X Performance Boost
e More Channels
e More Complex Algorithms
e Increased System Throughput

— 10X Cost Reduction

e Fewer Components

— Complementary to DSP-Based Systems
e Offloads Existing DSP
e Integrates Into Existing DSP IDE
e Evolution Not Revolution

b0 INTERAY
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Altera Code: DSP Solutions

m FPGASs
— Stratix, Stratix GX, Cyclone

m Development Tools
— DSP Builder, SOPC Builder

m Intellectual Property

— FIR, FFT, Viterbi, Turbo, Reed Solomon, NCO
— AMPP Third-Party Partners

m Development Kits
— Altera
— Third-Parties
m Design Services
— ACAP Third-Party Partners

m Training I
b0 INGERAY

2003 INNOVATION
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