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An optical implementation method of multiple-valued logic gates for two-dimensional processing
is proposed. A liquid crystal spatial light modulator and an optical feedback system construct
the basic operation units: multistability, linear inverter, and thresholding. These basic units
have the same structure except adoptable polarizer, phase plate, and/or variable attenuator.
An assembly method and combination method of these units are also discussed. Combining
these units, the basic functional operations of the multiple-valued logic can be realized.
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Table 1 Basic functional operations of p-valued
logic.

Operation Definition

Z=(p—-1)—=z
zNy=MIN(z, y)
zUy=MAX(z,y)

Complement
Logical product
Logical sum

k
Cycling z»=(x+k)mod p
-1 <zZb
Literal axb= {p a_x_.
0 otherwise
Tout Vs
6 .
BS
PDIL
lin It [cMC 4lg
BS
L L
LA
<
M M

Fig. 1 Optical system of multistable device.
The liquid crystal light modulator is composed
of a liquid crystal layer (LC) which is operated
in electrically controlled birefringence mode,
dielectric mirror (DM), and photoconductor (PC),
and is applied constant bias voltage Ve. The
abbreviations are as follows: BS, beam splitter ;
P, polarizer; A, analyzer; M, mirror; and L,
imaging lens.
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Fig. 2 Principle of operation of multistable
device. Thicker solid lines indicate the stable
state of the system.
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Fig. 3 Optical system of threshold device. In
order to prevent the input light from leaking
out of the output, the polarizer Peut and analyzer
Acue are inserted in the input and the output
terminal. The polarizer P and analyzer A are
parallel ; and the analyzers A and Ac. are also
parallel.
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Fig. 4 Principle of operation of threshold
device.
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Fig. 5 Principle of operation of reverse thresh-
old device. The optical system is the same as
that shown in Fig. 8, but the polarizer P and
analyzer A are crossed.
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Fig. 6 Basic configuration of two-dimensional
multiple-valued logic devices. Hatched regions
mean the position inserted a polarizer, phase
plate, variable attenuator, and/or imaging lens,
as required.
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Fig. 7 Example of units packing. The octagons
are operation devices, and the small squares are
auxiliary linking units.
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Fig. 8 Configurations of active units. Pentagon
with thicker line (like home base shape) is the
basic unit of Fig. 6. Other thicker lines stand
for a mirror. Crossed arrows show the image
direction: the long arrow stands for erect-
inverted image; the short arrow for mirror
image.
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Fig. 9 Configurations of passive units: (a)
mirror image units; (b) erect-inverted image
conversion units; (c)branch units.
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Fig. 10 An example of unit combination for
the complement logic gate, and input-output
property.
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Fig. 11 An example of unit combination of

literal gate, and input-output property of z*.
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