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DSP Applications

DSP applications are often real time
but with a wide variety of sample rates
e High rates
— Radar
—Video
« Medium rates
— Audio
— Speech
e Low rates
— Weather

— Finance
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with different demands on

e NUMeric representation

— float or fixed

—and nmber of bits
 Throughput/speed
 Power/energy dissipation

e Cost
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- FIR
. FFT
. etc.
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DSP features

Fast Multiply/Accumulate (MAC)
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 Multiple Access Memories

e Specialized addressing modes

e Specialized execution control (loops)

» Specialized interfaces, e.g. AD/DA



Addressing Modes

 Implied addressing
P=X*Y;, operation sets location
 Immediate data
AX0=1234
« Memory direct
R1=Mem[101]
* Register direct
sub R1, R2
e Register indirect
AO0=A0+ *R5
e Register indirect with increment/decrement
AO=A0+ *R5++
AO0=A0+ *R5--
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Standard DSP Alternatives

PCs or Workstations
e Non-real time
e low requirements

General purpose microprocessors

e slower for DSP applications
* might be one nproc. there anyway

Custom

°
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Standard Processors vs. Special Purpose

Algorithm

v

Processor Cores
Domain Specific

Processors  High Calculation Capacity
* Programmable .
. Lovx?Desi n cost etc. Low Povyer
g » User defined Interface
* Standard Interface « Variable Wordlength
* Good supply of tools « Low Price at Volume
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Architectural Partitioning

Prolcessor

Main
MEM

—

Conflicting req.

* Throughput
 Flexibility

 Power Consumption

e Time to market

_tLocal busses
Processor ASICLT and
Core ‘,2 _
A 5ot Distributed
MEM [¢ memory
Main \ to decrease
MEM ASIC data transfers

\ \ MIPS intensive

Flexibility by
Using programmable

processor core th
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Fixed point DSP

Motorola D SP56000x

» Usually DSP has single cycle
multiplier, may be pipelined
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Memory Structures, von Neuman
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Processor Core

l Y
Addresss bus
\ 4
Data bus
v :

Memory
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Memory Structures, Harvard

Original Harvard
Processor Core e One data
e ONe program

77 1
Addresss bus 2
Data bus 2 *

2 \ 4
Addresss bus 2
\4

Data bus 2

y V Yy #

Memory Memory
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C5000 Rnadmﬂp to the Future
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T1, C55
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CORE
Data Read (3-16 bit)

Data Writa (2-16 bit)
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Processor Architectures

SIMD —
Single Instruction Multiple Data

Program

|

'

Processor

Processor

}
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Processor Architectures
MIMD —

Multiple Instruction Multiple Data

Program

Program

Program

A 4

\ 4

Processor

Processor

\ 4
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Processor Architectures
VLIW —

Very Long Instruction Words

VLIW Instruction
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Split Processors

General registers

A

B

xI + x2: x3 x4

yl '+ y21 y3.:y4

Split 64ibit ALU

A | i

Split 641bit ALU

1 ]

Functional units
can be splitinto
submodules, e.g.
for images (8bits)
T1320C80,

1 RISC

4 x 32bit DSP which
can be splitinto
8bit modules
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V ector Processors

VO Vi V0 \A V2 V3 V2 V3
* * * * * *» * *
MO0 MOl MI10 Ml1 M02 MO03 MI12 Mi3
+ + + +
VO*MOO+VI1*MO0! | VO*MI0+VI*M11 V2*MO02+V3*MO03 | V2*MI12+V3*M13
\ . /-—
Al Al
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Low Power MMAC
Multiplier Multiple Accumulator

Multiply Add

(_ DEMULTIPLEXOR _)

V. Sundarargjan and K.K. Parhi, "A
Novel Multiply Multiple Accumulator Ace. [~~~ """ Acc.
Component for Low Power PDSP

Design", Proc. of 2000 IEEE Int. Conf.
on Acoustics, Speech and Signal :
Processing, Vol. 6, pp. 3247-3250, C Multiplesor )
| stanbul, June 2000

MMAC architecture: the number af
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Low Power MMAC
Schedule 16- -tap FIR 4 acc. I\/II\/IAC

STIE:
N E‘d:j = IE}

2—3 a4 ' E4] — 14} | a5 :n[JL_-; — 14} -

4G &18 -:nl[d:_-; — 13} | 210 ={4f — 12} | 81 xfdf — 13} -

T-11) a1z ' E(4f — 12} | 2w x=f4 — 13} | aw - xfdf — 12} | 515 - =(45 — 12)
11-14 | @11 =47 — 11} | aw x4 — 11} | aw x4 — 11} | 814 x(d7 — 11}
1518 | ayq x4 — 10} | &y =4 — 10} | &g (4§ — 10} | 8,5 - x(4j — 10}
16-232 ga (4 — 8} | Guo xz{di— 8 | an x4 — Q) | @iz xfdi —4)
2336 | an-oldj—8) | ao-nfii—8) | aw-o(dj—8) | au-={if—8)
2730 | araldj—7) | an-mfhi—1) | as-a(ki-D | ai-s(si—7)
134 | ao-oldj—6€) | arm(hj—6) | ar-x{i—8§ | ae (46
A58 | s m{4i—F) | mgx(4i-B) | &y m{4 -8 | a5 x4 - F)
42 | Ay x(4f -4} | oasem(4i—4) | as-x{4f -4 | ar x4 —4)
46 | anonldj- | acxdi-2 | as-ald-3 | ae=df-2)
47k ag + =4 — 2} aa =(4j — 2} A x4 — 3} as ' ol4i — 2}
h1-F4 a1 (4] — 1} 8z Tf4i — 1} aa ' T[4 — 1} aa x(4j — 1}
FE-E8 Bg  x[4j} &, * B4} B3 * T[4} 8y * T4}
Bg-61 — By - x[4] + L} a1+ T[4 + 1) ag ' x(4j + 1)
6262 - - Ao x(4]+ 2} a1 x4 4+ 2}

6t : - - a0 x(4 1)
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