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ABSTRACT:

A nonlinear lattice structure 1s
1htroduced for the processing of multa-
valued neural-type pulses. This is based
upon the Toda iattice of soliton theory
and gives pulse propagation speed propor=
tiomal to the amplitude of the pulse being
processed.

INTRODUCT10N

Lur development begins with the
conLept of solitons which in turn are
specyal cases of solitary pulse waves.
Sglitary pulses are pulses that propagate
ih a medium without changing form, neural
actiomn potential pulses being of this
form, Solitons are special solitary pulses
that on collision pass through sach other
without change. Although solitons i1n the
form of water waves have been of
scientific interest since at least the
1840 s [13, only recently have extensive
studies been undertaken. A surprising
number of media support solitons and at
this point the theories have developed to
the extent that a number of books are
emerging from the research literature [zl
{31. Among the structures yielding
solitons, of special interest to us is the
Toda lattice which was developed by Toda
peginning in the early 1760°s and which 18
discussed in detail in Toda’'s book L[4)
which will be our primary reference for
this paper.

+Research supported in part by the US
Spain Joint Commission uder Grant CCB-
g4-007 and for the first author also in
part by the US Mational Science Founda-
tion under Grant ECS B3-17877.

#+0n leave from Microsystems Laboratory,
Electrical Engineering Department, Lini =
versity of Maryland, College Fark, MD
20742 USA. '

CH2141-0/85/0000/0044501.00 € 1985 IEEE

Here in the next section we discuss
the basic Toda lattice followed by a
section on an alternate more suitable for
microelctronic circuirt realization.
Following that a brief discussion is given
on the use of the lattice in
mul ti1processor computing. The final
soction is devoted to a brief mention of
open problems.

Toda Lattaice
By the Toda Lattice we mean the
cascade of lumped cells where the nth cell
has the description [4, p. 125)

dga/dt = pn (1al)

dpn/dt = exp(={Qn=Qn-213}} - esp({~{iQa+1=0Qnl)
(1b)

Toda was led to these equations through
the interaction of masses with exponential
potential functions. Setting

rm = gm — Qr=—1 {2}

he was led to the soliton solutions [4,
p.233

-

expli-rn} - 1 = pgZ¥sech=(an % gt} (Za)
with
g = sinh(a} (3k)

Then, choosing the lattice spacing as
normalized unit length, the speed of the
goliton pulse is pg/a. Since B® is the
amplitude of the scoliton pulse, we see
that the speed of propagation and -tme— /
the amplitude of the soliton are each
uniquely determined by the other and both
are fixed by the parameter a. Of
considerable interest is the fact that
this lattice supports more than one
traveling (soliton) pulse and that these
solitary waves indeed do pass right
through each other [4, pp. 25-2BJ.
According to the speed property just
cited, if two solitons are travelling in

the same direction the larger one will
eventually overtake the smaller one, as




shown in Fig.1 (where the curves are drawn
for noninteger n to indicate the pulse
progress), Using nonlinear LC transmission
lines these solitons have been simulated
via electrical circuits [S5). But such
simulations have required capacitors with
logarithmic variation of the capacitance
with voltage, and, hence, are impractical
tor microelctronic realization of soliton
circults.

IMELEMENTAELE LATTICES
Implementation of (1} requires the use
of e:ponential nonlinearities in a rather
awhward form for microelectronic
constructions. Consequently, we make a
change of variables which will lead to

product nonlinearities rather than

exponential ones. Thus, let
fm = Pn (4a)
b = eupi-rs) = 1 (4b)

= enpi=~{Qn=Qn-1t) — 1
where (4b) is chosen because of (ia) and

the symbolism is such that . means
forward iwave) 1nput to the (n+l)st cell
and bs means backward (wave) output of the

nth cell. In the notation o+ (4) equations
(1) become
dfa/dt = b — bres (Sa)
dbn/dt = (faoy = fR)iba + 1) (Sh)

o systam represented by (5) we shall also
call a Toda lattice. Figure 2 shows a
symbolic representation of a Toda lattice
of N such cells. Following (3) single
spliton solutions ot these Toda lattice
equations are

tnit) = *pltanh(an*pt) - tanh(ain+1)Xptl]
(ha)
bn{t) = g¥sech2{ain % (B /a)t]} (&b)
speed = [sinh{w l/a (be)

Using 1/s for integration Fig. I gives
a signal flow graph of equations (3)
showing that each cell can be realized
with the mnonlinearity being at most one
multiplication. Since both integrators and
multipliers are possible integrated
circuit devices (4], these cells are
amenable to microelectronic construction.
A point of considerable practical
importance for finite length Toda lattices
is the fact that to support the seoliton an
excitation that is of the form of (&) is
needed.

It should be noted that an alternate
cell is given by Toda [4, p. 12351 using
the change of variables

2a, = @upl{ra-1}/2]

2b, = pPn
and yielding

(7a)
(7b)

45

{7e)
i7d)

da,/dt = ap(bm = bres)
dba/dt = 2{an-s= —an®)

However, a cell built on these latter
equations requires two multipliers per
cell and is, hernce, much less convenient
than a cell built upon (5.

COMPUTER USE

Since solitons are solitary waves they
have many of the essential properties of
neural pulses. Thus, much of the theory
and background that is built up around
neural -type computer systems {71, [Bl is
applicable. Primarily lacking are the
refractory period properties, though
separate refractory period cells could be
introduced i1f needed. However, the
refractory period property does not appear
to be needed as indicated by the two
different neuristor logic systems of
Wilampwski [9] and Gutierrez (10]J. For
eixample neuristor ring storage
configurations can be constructed using
the lattices discussed here by connecting
the left terminals to the right ones in
Fig. 2, that is by setting fo = fu and
brne: = by, and i1ntroduc:ng sianals on any
forward lead as an input. One can ‘modul ate
the pulse repetition rate separately for
cach amplitude, and, through that process
{and following the i1deas of Gutierrez
[103), it seems very possible to make a
processor that simultaneously handles many
jobs. The number of jobs would be equal to
the number of pulse amplitude values
allocated, that is, to the number of
possible pulse amplitudes one would allow
1in the system. For this one would setl
preassigned amplitudes as standard,
separating these magnitudes sufficiently
to allow for tolerances of the signals and
components such that normal noi1se would
not allow two different amplitudes to be
confused as being equal.

DISCUSSION

We have i1ntroduced a system that seems
to hold considerable promise for
multiprocessing computers. But the ideas
are really only i1nitiated here and more
guestions are raised than answered or for
which we even have room to mention. Among
these is the question of initiating
soliton pulses for which new oscillators
need to be conceived, as well as the
tolerances allowed in a signal in order
that it can proceed in the system as a
soliton wave. The cells discussed here
require multipliers, a component that is
not very desirable even though :t 1s
possible to be constructed. Perhaps some
further moditfication in the basic cell
equations will allow a simpler
construction using diodes to realize the
exponentials of (1b). Further, parhaps the
itntegrators can be replaced by delays in
which case much more conventient
structures could be realized.



Finally we point out that the Toda
lattice cells discussed here are naturals
for systolic arrays and, hence, any
computer constructed from them should have
all the advantages of systolic array
processors [11].
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