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Abstract

The concept of multi-valued proces-
sors based on solitons at N different
amplitudes is introduced. In such a sys-
tem, solitons act to propagate signals and
to form proper levels. It is shown that
such a system can be realized by N binary
computers in one soliton processor or by
one N-Algebra soliton processor. Means of
constructing logic systems based on the
neuristor concept of Crane, modified to
fit the solitons, are discussed.

I. INTRODUCTION
In this paper a new multi-valued sys-
tems philosophy is presented. Rather than
work with point processors we turn to the
use of travelling pulses and their manipu-

lation. We note that systems to handle
travelling pulses are available for VLSI
realization via the Surface Electrode
Transistor (SET) [1]. The SET is a device
that can be used to realize multilevel

characteristics conveniently [2] and leads
to circuits with behavior that is soliton-
like. We here propose a method of using
our previously discussed soliton circuits
[3][4] in multi-valued processors.

In part II we review pertinent topics
on solitons and in part III we discuss two
ways by which these solitons can be used
to implement processing via multi-valued
logic.

II. SOLITONS AND NEURISTORS

The solitons which we propose to use
for multi-valued processors are special
types of solitary pulses which propagate
on a soliton line, or in a soliton 1lat-
tice, without changing form and enjoying
the following properties [5][6]1[7][8]1[9%9]:

1) Solitons propagate at fixed velo-
cities and retain their shape.

2) Solitons of higher amplitude
travel at a rate faster than those of

lower amplitude.

* This research was supported in part by
NSF Grant MIP 85-06294 and in part by the
UsS-Spain Joint Committee for Scientific
and Technological Coorporation under Grant
No. CCB 86-04017.

0195-623X/88/0000/0371$01.00 © 1988 IEEE

371

#Grupo de Sistemas (PARCOR)
Facultad de Informatica
Universidad Politécnica de Madrid
Ctra. de Valencia, Km. 7,00

28031 Madrid, Spain

3)
interfere with each other.
a collision the pulses
properties that they had before a
sion.

Otherwise said, solitons are spe-
cially formed pulses that travel in a sys-
tem where they retain their shape even
after colliding with other solitons.
Indeed, it is this ability to persist even
after collision that primarily distin-
guishes solitons from other solitary
waves. Water waves are special cases of
solitons, as are some pulses that propa-
gate in plasmas and optical fibers
[5][10]. Since they are special cases of
solitary waves, techniques available for
design of processing systems using soli-
tary waves may be adaptable to the design
of soliton systems. In particular, this is
true of systems based on neural pulses,
such as the neuristors of Crane [11],
which have been shown to be suitable for
the construction of computers. But a soli-
ton system has a big advantage over the
neuristor. This advantage is that in a
soliton system N different levels of soli-
tons may simultaneously exist on a soliton
line or lattice and solitons at these dif-
ferent levels need not interact.

From these properties we make the
critical observation that in a soliton
system we may process pulses at one set of
amplitudes independently of another set
while using the same equipment to support
all of the solitons.

When solitons collide they do not
That is, after
retain the same
colli-

III. MULTILEVEL PROCESSING

Here we discuss two basic ways to use
solitons in multivalued processing. In
both of these the solitons act to propa-
gate information and combine together to
form new solitons into proper levels. To
introduce these alternatives we note that
the key property of the soliton we wish to
use is that signals at different levels
propagate independently of each other, at
differing speeds, and, when they come
together on a soliton 1line, they pass
through each other without distortion. In
other words information on one level is
not confused with information on another




level on a soliton line. To use these
properties we can proceed by working with
each level conceived as a separate binary
system or we can work with all levels sim-
ultaneously via an associated algebra
which combines information among the lev-
els. Besides propagating signals on soli-
ton lines, it is necessary for signal pro-
cessing applications to combine signals,
for which new concepts and circuit devices
must be introduced into a soliton process-

ing system. We use the key notions pre-
viously developed by Crane [11] for neur-
istors; however, since solitons do not
destroy each other, as neuristor pulses
do, the techniques of Crane also need
modification.

In specifying the levels at which the
processor will work, we set allowed levels
separated by non allowed levels. In mak-
ing this separation, enough room should be
left between pulse levels to allow for
interference due to noise so that pulses
at one allowed level do not switch into
another allowed level. In addition to this
consideration, one needs to take into
account that during a two soliton colli-
sion, the combined pulse is at an ampli-
tude that is not one of the two amplitudes

of the pulses. Thus, one needs to place
all possible amplitudes resulting from
colliding pulses outside of the allowed

levels. Once this is done, then when one
finds a pulse at the amplitude of collid-
ing pulses, one does not process it imme-
diately but takes steps to separate it
into its constituent pulses. If pulses
that are outside of the allowed levels
arrive, then they must be corrupted
pulses. Consequently, error correction
steps would need to be taken to remove the
noise or other interference corrupting
them.

A. N-Binary computers in one soliton
processor

In this case we use the fact that a
soliton at 1level m out of the possible N
levels can be considered to interact only
with other solitons at the same level m.
Then at each level m we can work with the
soliton pulses as if they are pulses in a
binary computer. Consequently, we set up
interaction of pulses at a fixed level to
be in accordance with the rules of a

binary computer. That is, we use Boolean
algebra logic in manipulating the mth
level soliton pulses for any m. In this

case we need logic circuits that are capa-
ble of performing the customary operations
[12] of AND, OR, and NOT, etc., on pulses
of the separate levels.. In designing
devices where pulse interactions take
place, we use circuits that independently
process the different levels. To accom-
plish this we can use the neuristor tech-
niques of Crane. In particular, we can
form Crane's T and R junctions which he
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shows can be combined to yield the above
mentioned logic circuits. Here the T junc-
tions are simply fan outs of soliton
lines. However the R junctions require
refractory periods which are in turn used
for the annhilation of pulses. To obtain
the refractory periods we can create
refractory cells via use of the SET [2],
or any other desired solid-state device
such as MOS transistors, that will allow
discharging of a solitary line when appro-
priate pulses are passed through. Refer-
ences [2], [3], and [4] give means to con-
struct solitary 1lines using solid-state
devices. In doing this we note that it is
possible that two or more pulses of dif-
ferent levels could arrive at the point
where the 1logic function is to be per-
formed. since we wish to perform the logic
functions on only pulses at a given level,
it is necessary to separate the pulses at
different levels for this processing. Such
a separation can occur by gating the sim-
ultaneous different level pulses into a
short section of soliton line where a sep-
aration will naturally take place due to
the different speeds of propagation of
different 1level soliton pulses. Of course
such a gating only is to take place if two
different amplitude pulses arrive simulta-
neously, where by simultaneously, we mean
any time overlap that leads to the move-
ment of pulses into non-allowed levels.

B. N-algebra soliton processor

In this case we wish to be able to
manipulate any of the N level soliton
pulses in the processor with any other
pulse in the processor with the result
being an allowed pulse of the system. 1In
reality we wish to implement an algebraic
structure appropriate to multi-valued
logic, with the various values being def-
ined as the allowed levels of solitons
within the processor. As any such logic
can be described by a ring [13][14], and a
ring is characterized by two distinguished
operations, here denoted by + and -, we
wish to manipulate the soliton pulses via
circuitry that realizes these two oper-
ations. 1In other words, if pulses at lev-
els X & y represent the numbers x and y in
a multi-valued logic then u=x+y and v=x-y
are both defined numbers in the multi-
valued logic being implemented by the
soliton processor. Consequently, we
design circuits that give a soliton pulse
at level u for x+y and level v for x-y.
One approach to design such circuits is
carried out in Gutierrez [15] where again
the neuristors of Crane are suitably modi-
fied to perform the two operations. In the
theory of Gutierrez pulses are interleaved
in special ways to form AND and OR. Here
we would interleave in the same manner,
except that if two pulses of different
amplitude are simultaneous we run them
through a separator to be sure that the




pulses are not simultaneous so that true
interleaving can occur. Practically this
means that every AND and OR gate needs to
contain a separator.

IV. DISCUSSION

By using solitons which inherently
support arbitrary levels of pulses, we
have shown the possibility of a new class
of multi-valued processors. These support
soliton pulses at prescribed 1levels and
allow manipulations between pulses of dif-
ferent types. In one type only pulses at
the same level combine. In another type
pulses at all levels combine. To make the
system noise immune one desires that there
be a separation of 1levels. Thus, one
carries out designs for only certain pre-
scribed levels with these levels avoiding
those of simultaneous soliton pulses.

Using small energy VLSI devices, such
as the SET, the soliton processors pro-
posed here should be practically realiz-
able and should offer advantages of oper-
ation in inherently noisy environments at
small energy cost. However, much remains
to be developed before such advantages can

be actually realized in practice. Espe-
cially investigation of separators is
needed. As pointed out by one of the

sensitivity study is needed
to explore the complete integrability
property of solitons when used in the
computer context.

reviewers, a
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