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|ntroduction tothe DBNS

bt
h=YNa[2' [B'whee
.Z'

The binary number system is a special case (and valid member) of

this representation.
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The canonic form of aDBNS
representation is not, in general,
unique.
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| ndex Calculus

It is possible to represent any real number, with arbitrary precision,
using a single non-zero digit, a;.

The single digit can be mapped by its binary and ternary exponents,
thus allowing an index calculus with which we can perform arith-
metic using logarithmic-like computational units.

h = s2°3" where s [ {-1,0,1} andDb,taresigned integers.
Thush [ {s, b, t}

Aswith the LNS, multiplication and division are easy.
. y,
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Let x = (s,,b,,t,) andy = (sy, by, ty) then:

xy = (s8,, by + by, t,+1,) and x/y = (s,s,, b, —by, t,—t,).
Addition and Subtraction

2a3b+ 2c:,_)d _ 2a3b(1+ Zc—agd—b)
= 223°®(c—a,d—b)
2a3b _ 2c:,_)d _ 2a3b(1 _ 2c—a:,_)d — b)

= 2%3°Y(c—a,d—h)

d(xy) = 1+2°3=2°3P ad W(x,y) = 1-23¥=2Y3°

. J
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Half-1ndex Domain Processor

\

* Inner product processing targeted to DSP computations -
asingle multiplication in any data path.

e Only usetheindex representation for the multiplication, and
convert to binary for the inner product accumulation.

 Thisavoidsthe addition problem and also provides the output
as a binary number.

e Full precision adders are not required for the binary exponent
computations.
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{b.t} = W A
tby ty —» Wy b jtd Jtc
e The binary and ter-
Binary L—U Ternary
nary exponents are K )
Independently
summed.
* Theternary expo-
nent Ismapped to a Mo
floating point Exponent Sum
binary number L,_)
by
my [P y(n) — .
‘ ¥ !i_ gc (B,
yln+1] = y[n] +h,(n) Chy(n) y(n+1)
y,
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Since the index mapping is
logarithmic in each base,
we experience the usual
problem of having good
precision for small numbers
and poor precision for large
numbers.

For FIR filter coefficients,
this does not turn out to be a
problem since most of the
coefficients are clustered at
the low end of the dynamic
range.

N
Non-Linear
Representation
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FIR Filter Design

Angular Frequency (fraction of Nyquist rate)
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A.Lee M. Ahmadi, G. A. dullien, W. C. Miller, and R. S. Lashkari,
“Design of 1-D FIR Filters with Genetic Algorithm”, ISCAS 99,
session 17.9.
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Ternary exponents contained
within 9-bits (\tc‘ < 256)
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A Hybrid DBNSArithmetic

 Thedataternary expo-
nent requires more bits
than the original binary
data representation in
order to maintain £1/2
bit accuracy.

« Thisisaproblem for
the ternary conversion
ROM size.
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+1/2 and +£1-bit errors for 12-bit exponent and data

A solutionisto use a2-digit representation only for the data

(hybrid DBNS).
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2-digit representation

b b
h =523 +s,2 737
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Ny 841 Bg1|ta1|@g2|Paz|ta|| Ba | tq

Over the entire 12-bit 3568 | -1 |-13| 14| 1 | -7 | 12 2394 | -1503
data —20<ty,, t,,< 28 3569 1| 4| 4 | 1|27 |-10| 2394 | -1503
3570 -1|-9|12| 1|9 | 2 |-2876| 1822

| 3571 1 |-30| 28| -1 |-16| 19 | -2876 | 1822
Advantage. 3572 1 |-31|27| 1 | 25 |-13| 2879 | -1809
|tdi +tc| < 256 therefore 3573 1 |18 | -4 | 1 |29 |-13| 1825 | -1144
wecanusea9-bit ROM.  [a57a| -1 2| 5| 1 | 28-10]-2301] 1516

Disadvantage: weneed 2  Example comparisons between 1-digit and

separate channels.

2-digit exponents

\
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A Hybrid 2-digit processor

\

{0 t

* Although we have dou-

< |
Dt T
bled the channdls, each Pa: tad LL

channel i1s 16 times
smaller (based on ROM
size)

1-digit
DBNS

e

e Thehybrid processor is  {Pg2 tq2 ’ I

therefore 8 times smaller
than the 1-digit proces-
sor.

1-digit
DBNS

@ o

R

\
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Results

The hybrid processor has been verified by ssmulation.

The 1-digit DBNS processor has a similar structure to the Fer-
mat ALU for which we have proof-of-concept silicon in 0.5u

and 0.35 CMOS.

Simulations of components for a complete 0.5u 1-digit proces-
sor yield power savings of >50% compared to an eguivalent

binary processor.

A complete 0.35u CMOS processor for a programmable 53-tap
filter is currently in the design stage. We will report on mea-

sured power and area savings in a future publication.
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0.ou DBNSALU Layout Components
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e Layout components used

to estimate speed and
i : power of 2-digit DBNS
8-bit dynamic ROM ALU.

o Circuits designed for
120MHz operation.

g o Initid estimate of
B o5 de - <20mW/100MHz

CENRT e Ee gt

8 B Bwmg pES

S wm  m

L1 | ]" U dynamiclacch *  Lessthan 50% of equiva-
2% 4 berrel shifter lent binary processor.
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2-channels of a5-tap systolic FIR filter.

\

R Verification that binary exponent
:':;"' adders need only compute over 6-bits.
y,
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Conclusions

Introduced a hybrid (1-digit/2-digit) DBNS processor for FIR

filter applications

2 independent channels required but area complexity has been

reduced by 80% compared to the 1-digit processor.

The final architecture provides more than 80% area savings

over its 1-digit counterpart.

At least 50% power savings compared to equivalent binary pro-

CessoY.
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