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DSP v.s. DSP 1? Mt Toven L

= Digital Signal Processing:
= Mathematical manipulation of digitally
represented signals

= Digital Signal Processor:

= Microprocessors designed to perform Digital
Signal Processing

= Also called DSP Processor or Programmable
DSP (PDSP)
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Why Use DSP Processor ?

= DSP Processors have transformed digital
signal processing from academic study into
viable commercial business for consumer
products
= Real-time performance
= Short time-to-market
= Upgradable solutions

s Move Hardware Design to Software Design
(ASIC) (Programming)

= Offer the key to SOC integration



Applications and Markets

Video Game Consoles

Handheld, Palmtop,
Automobile, and
Network PCs

Answer Machines
Digital Hearing Aids
Set-Top Boxes and DVD
Digital Cameras

MP3 Players

ADSL/
Radio

Video
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HDSL
Decoders

Phones

Cellular Phones
Cable Modem

Modems, Fax
Machines

Cordless Phones
Voice over IP
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DSP Hits the Mainstream ! Moo
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Market Growth
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Revenue Growth
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Five-Year MCU Market Growth versus DSP
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Performance Power and Cost
1000T Performance Pentium MMX / Power (mw/MIP)
(peak MAC’s) -
10k¥ M68000 ($200)

Pentium 1K

10 ™ 80386 ($399) pentium ($500)

DSP-32C ($250)

100

Pentium (MMX)
($700)

DSP16A ($15) DSP1600 («§$10)
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SOC Integration
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DSP Processor Fundamentalg M uv-

Processor Components

Data Path Interconnect
Processing -— Processing
Unit Unit
Instruction Memory
Processing [ Management
Unit Unit
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DSP Processor Characteristic Mo

s Fast Multiplication

= For inner product computation of many DSP
algorithms

= Single cycle multiply-accumulate (MAC)

= Multiple Data Processing Units

= Separate MAC, ALU, Comparator (CMP), and
Barrel Shifter (SFT)

= Multiple Memory Access Architecture

= One program fetch and multiple data R/W in each
Instruction cycle

= Harvard memory architecture
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DSP Processor Characteristic M meu

= Specialized Program Control

= Zero-overhead looping for repetitive DSP
algorithms

= Specialized Addressing Mode
= Register indirect addressing with post-increment
= Bit-reversal addressing for FFT
= Modulo addressing for hardware circular buffers

s Specialized Instruction Sets
= Speed up specific applications
x On-Chip Peripherals and 1/0 Interfaces
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= Arithmetic Format
» Fixed-point arithmetic
» Floating-point arithmetic

= Data Width
» Fixed-point data
= 16-bit, 20-bit, or 24-bit
= Trade-off between applications and cost

» Floating-point data
= 32-bit



%ﬁ“”"ﬂ‘s’ i
Evolution of DSP Processors i

Generation Features Examples
0 (1980) Von Neumann architecture DSP-1 (AT&T)
1 (1982) Basic Harvard architecture TMS320C10 (TI)
NEC7720
2 (1986) 1 data/program bus, 1 data bus | TMS320C25 (T1)
DSP16A (AT&T)
3 (1990) Extra addressing modes, extra | TMS320C5X (TI)
functions DSP16xx (AT&T)
4 (1994) 2 data busses, 1 program bus TMS320C54X (TI)
5 (1996-now) | 2 data busses, 1 program bus, |Lucent 16xxx
multiple units Atmel Lode
Siemens Carmel
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Separate Data Memory from Program Memory

Program Data
Memory Memory
Instruction Multiply
Processing Accumulate
Unit

.
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16x16 mpy

N

Different from Von Neumann machine:
One address bus — one data bus — one memory space



ai

Differences of DSP and MPU _ F%¥G&

.
wan University

INn Memory Architecture

Program/Data
Memory

(bus)

Microprocessor

Program
Memory

Data
Memory

DSP
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Control & Pipeline for DSP ~ MeTamunes

RISC

Memory Write
Access Back

&I> Memory Access / Branch
Execution / Address Generation

Fetch Decode | |Execute

DSP

| ‘ [ &I> Execution
Memory Access
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s Low-Cost Workhorse (<100 MIPS) :
= Conventional DSP processor
= ADI ADSP-21xx, Tl C2x, and Motorola DSP560xx

= Cow-Power Mid-Rang® (100 ~ 1000 MIPS) :
= Enhanced architecture based on conventional DSP
= Lucent DSP 16xxx, Tl C54x and C55x

= Qiversified High-End(>1000 MIPS) :
= Deeper pipeline stage to increased clock rate

= More parallelism
« Tl Cox and ADI TigerSHARC
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Low-Power Mid-Range DSP M mevess

s Enhanced Conventional DSP Processors
=> Domain-Specific DSP Processors

= Enhance architecture according to target domain

= High performance
=« Enough performance for target application domain

m LOow power

= Due to reduce required MIPS and thus lower down
clock rate

= High degree of programmability
= Although sacrifice some flexibility
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Enhanced Architecture

< 1 Data Bus (16) > < 1 Data Bus (32) >

< X Data Bus (16) > <

16x16
multiplier

1 ﬂ

Two Accumulators

Conventional DSP Processors

X Data Bus (32) >
16x16 16x16
multiplier | | multiplier

ﬂ&iﬂ

Bit-Manipulation

Adder Unit

ﬂ

! ]

Eight Accumulators

Enhanced Conventional DSP Processors



Low Power Strategies

= Power Management
» Gated clock
= Power off un-used parts
= Reduce clock rate of idle parts

= Variable Instruction Length

= Compressed Instruction

= Full-Custom Data Path Layout

= Technology and Voltage Scaling
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Enhanced Architecture

Data Read buses BB, CB, DB (3x16)

0.05mW/MIPS @ Data Read Address buses BAB, CAB, DAB | | (3x24)

0.9V mram Address bus PAB (24) u

140-800 MIPS S5 DSPCore b owimmmew | |
Variable Prog ProoRRRE

instruction length™ " i

2 MACs, 2 ALUs —»
3 data read bus
2 data write bus

|
Prog Address Gen !

Status Registers

i Program Flow |
! Pipeline Frotection Unit | |

____________________________________________________

DatﬂWliteA buses EAB, FAB (2x24 I

Data Write buses EB, FB (2x16



POWER REDUCTION
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Low Power Strategies

= Automatic Power Management
= Increase ldle Domains

= Variable Instruction Length

= Increase Parallelism

*Energy Consumption (u-us) *Performance (MIPS)
300 MHz, 0.9V C55x™ DSP vs 120 MHz, 1.8V C54x™ DSP 300 MHz C55x™ DSP vs 120 MHz, 1.8V C54x™ DSP
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GSM GSM FET Viterbi Auto GSM  GSM  Vector  Conv  Viterbi  Auto
FR EFR Butterfly Correlation EFR HR Max  Encoder Correlation



FIR Filtering at T1 C55x
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yiky = [ agxlk) + [apdi=1) ™~ [ agn(k=2) ax(k=3)

y(k=1) = agelk=1) | . ax(k-2)] amx(k=3)| . ap(k—a)

y{k-2) = lageik=2) ™ |am(=3) ¢ [aok-q) | azx(k-5)

y(k=3) = ape(k=3) | . aqxk=4) | agx(k=5) +~._azx(k—6)|

Block FIR

ylk+2) = ‘a;;k+2]|+ aqulk+1)| + | @axlk) | + [agu(k=1)

ylk+1} = agu(ke1) | + [agxlk) | + [amx(k=1)| + [agx(k=2)

vik) = agxlk] | + [aqxk—1)| + |@mx(k-2)| + |ax(k-3)

ylk=1) = agik=1)| + [a(k=2)| + |amx(k=3) asx(k—4)

yik-2) = agu(k-2)| + |E1:<{I-:—3]- asx(k—4) | +
. Single-sample FIR
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Diversified High-End DSP e

= Very deep pipeline for high clock rate
= Domain specific instruction set
= Wider memory bandwidth

= More parallelism
= Superscalar
« VLIW (Very-Long-Instruction-Word)
= SIMD (Single-Instruction Multiple-Data)
= SWP (Sub-Word Parallel)
= MIMD (Multiple-Instruction Multiple-Data)



VLIW
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On-chip Program Memory

ﬂ\ 32x8=256 bits

Dispatch Unit

(8 instructions)

AN

S2

M2

D2

++++ ++++

Register File A Regqister File B

%32 %32

On-chip Data Memory
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SIMD and SWP Netor Tae Un

SIMD MAC Instruction

ALU Shift | | ALU Shift

.................................. ’// ..... ‘ ..... ¥ — ’// ..... ‘ ..... ¥

Four 16x16 Multiplications Four 16x16 Multiplications
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Memory & -~ Hardware
1/0 controller _accelerator

I S I .....................

1 ¢>

cache cache cache

DSP DSP o6 0 00 DSP

core core core
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VLIW architecture
Deep pipeline
1.1 GHz, 9000 MIPS

10X performance of
TMS320C62x

Software compatible
with TMS320C6000

3G base station
HDTV

:
i
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s Extended Parallelism

= Four 8x8 multipliers, two 16x16 multipliers, or one
16x32 multiplier

Extended Parallelism
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= New Instructions to accelerate digital

12X

10X

LE

an

Up to 12X Faster

Communications Algorithms

TH0MHz Cedx™ D5F vs 3000Hz Cadx™ D5P

Filter

Heed
Solomon

Viterbi

FFI

20X

15%

10X

5%

communication and video applications
= Error correction code, absolute-difference, ...etc.

Up to 19X Faster

Imaging Algorithms
750MHz C64x™ DSP vs 300MHz C62x™ DSP

IDCT Mation Maorphology
Estimation
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= Static super-
scalar

= 900 MFLOPS
(32-bit
floating-point)

= 3.6 GOPS
(16-bit fixed-
point)




ADI TigerSHARC DSP
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= Eight 16-bit MACs, Two 32-bit MACs, or Two
16-bit complex MACs per cycle

= Single cycle Add-Compare-Select (ACS)
sequence in the Viterbi algorithm

Instruction

CBX

s

N

CBX

Two-way SIMD

Two-, four-, and eight-
way SWP



Philips TriMedia CPU64
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Media processor

5-issue VLIW
with 64-bit word
size

SIMD+SWP

27 functional
units

8-way
Instruction cache
8-way data
cache

global register file, 128 words*64 bit

Y
/]

handling

<« EXception

giggi\ivsay 15 reat:l3 ports + ? wril’ie ports
ypass networ
- HH YYYY vy
,|Dcache 24—//// //// /////// /
Sl T 1]
functional units|

A
-

PC

Icache
16 kb

mmu

)

I ﬁ

+ (3]

pipelined instruction decode & launch
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Philips TriMedia CPU64

= VLIW, SIMD, and SWP
= 8x8 IDCT only needs 56 cycles

400
300
230 201
160 147
102
o6
g Trp, T o P,y Pe 3
7; W R N, C
64 "0, 62 ‘a1, b%m%{? Migy,



Lucent StarCore SC140

1.2 billion MACs

3000 RISC
MIPS
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Low power,

Trace Event Unit

High
performance

Event Detection

Program Sequencer

Event Counter

Branch 1nii
(# Loap Beglsters)

EOnCE™ Controller

Instruction Dispatcher

Upto 6 A
instructions

per cycle

Target for 3G
wireless
communication

Debug
Section

ITACG

|
|
|
|
:
|
4 ALUs |
|
|
|
;
|
|
|

ISA Engine
L Section

128

1B ™

Address Registers

27 Tot (16 Gen)

/
VAR

Data Register
File (16 Gen.)

AAUTAAUL | BMU | JIMACT [MAC2[MACI | MACS

ALUL | ALU2 [ALLZ ) ALL4

BELD | BFLZ | BFLS | BELAS

Data ALU Section

-I-|15r1||-ﬁ111:| SIS 126 =101 12 TL1ISL | |..-.

______ '_—_—_—_______________________________________________
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Pre-fetch

g

Fetch

[ J
= Pipeline
= Short, Efficient [ ]
= No arithmetic interlocks
= Short change of flow [ Dispatch ]
[ J
[ J

=

Simple pipeline hardware

= Every instruction has the
same pipeline

=

Address gen.

=

Execute




5N
Lucent StarCore SC140

Variable Length Execution Set

» Execution Sets in Fetch Order
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Design Example -- CDSP

= Domain-specific DSP processor

= Target application domain
= Third generation wireless communications
= Wide-band CDMA (WCDMA)

= According to system simulation

= Special architecture and instruction set
= SIMD and SWP
= Memory arrangement consideration
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= ACS Memory Management
s Use two 1R1W two-port SRAMs

exclusion graph Metrics
0 1
2 3 .
126 Py
129 128
131 130
255 254

DMO DM1



Design Flow

C System Simulation >

Define Instruction Set

Y

Hardware C simulation

<>

SPICE AN

Y

Layout

Y

Post-Layout
Simulation |~

pre-simulation \

»l

Architecture Design

Y

HDL code

Y

Synthesis

N Meet
© Spec?

Full-Custom

B
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v

Place & Route

Y

DRC/LVS Verification

Y

@ost-Layout SimulatiorD
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Performance Comparison

Tl C54x Tl C55x LODE MDSP-I11 CDSP
(1 MAC) (2 MACs) (2 MACs) (2 MACs) (1 MAQO)
GSM Conv. 0.58 MIPS 0.276 MIPS 0.44 MIPS 0.8 MIPS 0.093 MIPS
(K=5)
1S-95 Conwv. 6.57 MIPS 3.13 MIPS 5.2 MIPS 9.01 MIPS 1.38 MIPS
(K=9)
3G Conv. @ 263 MIPS 121 MIPS 208 MIPS 360 MIPS 55 MIPS
384 kbps
FIR N cycles N/2 cycles N/2 cycles N/2 cycles N/2 cycles
(N-tap)
Complex 4 cycles 2 cycles 2 cycles 2 cycles 1 cycle
MUL/MAC
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Future Trends T U

= New architecture
» Hardware accelerator plug-in
= More parallelism & special purpose

= Configurable-Length-Instruction-Word
= Customized instruction set DSP processors

= On-chip programmable logic
= Re-Configurable computing system

= Embedded system software



