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Title of the invention: Pattern-Recognition Computing And Method For Producing Same

TECHNICAL FIELD
The present invention relates to pattern-recognition computing and to interference-based optical

. computers.

BACKGROUND ART

The primary background art for the present invention is the applicant's U.S. Patent No.
5,093,802, which teaches the basics of interference-based computing. In that patent, computer-generated
(synthetic) holograms are described as a means for producing the computer functions claimed. Devices
that use interference-based computing have come to be called "photonic transistors” even though the
process will operate using non-photonic energy forms.

In the February 1994 issue of the Computer Applications Journal appeared an article by the
applicant which explains the basics of conventional computer generation of holograms as they apply to
two-input photonic transistors. ’

Absent from the previous information on interference-based computing are several fundamental
processes that the present invention utilizes. These include: '

The computer generation of partern-recognition image (fringe) component separators.
The simultaneous recognition of multiple information-modulated input patterns.

The separation of complex pattern combinations from dynamic images.

The use of pattern recognition to produce computer logic.

The use of special interference (from application 08/357,460) in pattern recognition.

A S o A

The use of frequency multiplexing of simultaneous logic functions (from applications
08/357.460 and 08/454,070) in pattern recognition.

7.  The use of arrays of the full operational range of optical elements that go beyond the simple
opaque, clear, or phase-adjusted ability of the individual pixels that make up ordinary
computer-generated holograms.

Non-computing applications of pattern recognition are commonly produced by photographic
and holographic techniques in the laboratory. While such methods work well for picking out static
letters of the alphabet from a typewritien page, they are not well suited for use in functional active
logic, digital computing, or signal processing.

The use of pattern recognition in digital computing requires at least two different patterns that
are independently modulated with pattern-illuminating energy to make even an elementary logic device.

"The energy from the two patterns must be combined to form a dynamic image that changes continually

as logic action proceeds. Additionally, there must be an image component separator in order to
eliminate from the output any energy from component parts of the dynamic image that ~would.-not
comribute to the output in a manner in harmony with the rules of logic for the particular device being
made. The present invention surpasses the previous methods by providing these necessary things.
According to the teéchings of the present invention, one could make some elementary logic -
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devices by simply guessmg which patterns might work well, and then producing a functioning logic
. device by trial and error. However, to opumwe output mgnal levels and waveforms, a method is needed

for determining exactly which pattem shapes work best, especxally when the device utilizes a multitude
of inputs and performs complex computing functions. ?

5 The present invention also teaches both a method of calcul_axiixg pattern-recognition wavefronts,
optics and systems as these apply to interference-based computing, and a method of opﬁmizing the input
patterns o provide optimal output waveforms from given input-modulation sequences.
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DISCLOSURE OF THE INVENTION

The present invention is a method of performing pattern-recognition computing, computer
logic, signal processing, and related functions. It also includes a method of calculating the computer-
generated optics used to implement the invention.

The basic method of producing pattern-recognition computing using multiple information-
modulated input patterns of wave-type energy comprises the following steps:

a) producing a first input wavefront of said at least one wavelength having a first partern

modulated with quantized information resulting in a first set of modulation states;

b) producing at least one other input wavefront of at least one wavelength having at least

one other pattern modulated with quantized information resulting in at least one other set of

modulation states;

c) combining said first and at least one other input wavefronts to produce at least one

dynamic image havmg component parts, and |

d) separating energy from a subset of said component parts that have a computing

function relationship with said quantized information to produce at least one output,

thereby providing a method of pattern-recognition computing.

Any wave-type energy that is capable of producing the required combining of wavefronts -
including acoustical waves, moving particle waves, and electromagnetic energy - can be used in the
present invention. However, m order to provide for a clear understanding, optical terminology will be
used in this disclosure. |

A wave having "quantized information” in a "set of modulation states” is a wave that is
amplitude- and/or phase-modulated at discrete levels similar to the stair-step method used to simulate
analog signals in electreqics. Rather than being merely a progression of steps, though, the quantized
information can exist af any predeﬁned level. The merm "digital” could also be applied. However,
"digital” has generally come to mean "binary,” and in the present invention many more than just two
levels can be used to make up the set of modulation states.

Quantizing the input siguals in the present invention has an effect similar to digitizing
electronic signals info binary code. The effects of noise can be reduced or eliminated because the
information being transmitted is not lost in noise variations. Likewise, quannzauon of the information
used to modulate the i inputs reduces susceptibility to noise variations. Quantizing the input information
produces a set of modulation states for each independently modulated input. Each discrete combination

_.of input states produces a discrete interference image having its own distribution of energy that is part

35

of the set of images that make up the dynamic image. _
On a micro scale, the minimum energy difference from one discrete input level to another is
one quantum as commonly'described for elecmmégnezic waves, along with its equivalent for non-
photonic waves. Indeed, precision-bﬁilt devices of the present invention are able to distinguish such
finely divided levels. However, the use of the term f'quamizing_" herein is m no way restricted to
single quantum increments, but includes multi-quanta-level differences as well. )
When a device of the present invention operates using analog-modulated signals, the input
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fades from one discrete level to the next, and this produces a fading from one discrete output
combination to the next. This process is often very useful in working devices, but is more difficult to
calculate when producing the devices. As a result, quannmuon of the lnput information allows the
calculating method of the present mvennon 0 opumme patternis and optics so as to provnde optimized
output waveforms over a range of discrete mputs ‘that are able t simulate analog waveforms. This '
optimization can now be accomphshed by the prmnt invention even if the resolution must be calculated

to the quantum level. The laws of physics do not allow for ana]og mformauon to be transmitted in any

finer resolution in any case. -

Steps a) and b) above provide the ‘multiple-pattern input, each pattern being illuminated and
modulated to provide a set of input modulation states. Each combination of modulation states will
produce a different interference image when the input wavefronts are combined in step c). The set of all
interference images (including images that have a consistent energy distribution with no visible signs of
interference occurring,) that result from the various combinations of input modulation states is the
dynamic image. Itisa "dynamic” image because it changes from one specific interference image to
another as the inputs are modulated. Thus, as compusation proceeds from one input to the next, the
dynamic images change from one interference image to the next. Like frames in a movie film, each
frame is a different image, buttogethertheymakeupacompletemovmgptcture

~ Step d) is the extracting of logic or compuung results from the complex dynamic image. The
full area occupied by the dynamtc image is divided into component_parts by the constructive and
destructive interference that occurs when the input wavefronts are combined. The size of these
component parts is determined by the shape of the input patierns and the optics used 1o combine the
input wavefronts. For ease of calculation and descnpuon. the dynamnc image area can be divided up
into much smaller parts, so that each componem part is made up of one or more pixels. However, itis-
the changing energy levels in the component parts that make pattern-reoogmnon computmg work, even
if a particular component part is only one pixel i in size.

As the input information changes, so does the distribution of energy within the dynamic image.
As a result, each component part and dius each pixel, changes energy level (phase and amplicude.)
Taken individually, each pixel will produce a particular waveform over time as the mputs change from
state to state, andmaybeusedasanoutput. L

" As any particular sequence of input modulacion states proceeds, a great variety of waveforms
are available from the many pixel locatiotis within the dynamic image. To design a particular logic or

other signal-processing device (i.e., a device that performs a computer function), one or more plxels are

35

chosen that produce output waveforms corresponding to the desued computer function.

If more than one pixel is chosen energy from the plurality of pixels is first separated from the
dynamnc tmage and then combined together to provxde the desxred waveform output. When a number of
pixels or component parts produce the same or nearly the same waveform these constitute a subset of
image components. Whenenergyfromsuchasubsetlsseparatedtobeeometheoutput. its common
chamctensuc waveform, as output, has a hngher amplitude. When a subset is chosen that produces a
waveform that relates to the mput waveforms according 0 the rules of some computing function, the
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present invention .performs computer logic by pattern recognition. Each combination of input states,
along with the resultant output state, defines the computing operation performed.

As a result, time variations of the inputs produce signal-processed waveforms by sequential
pattern recognition. Essentially, multiple lines of serial information are provided to the inputs. .This
information is processed in three important steps. Each serial line has a pattern impressed on it. The
energy, and thus the information it carries, is combined in parallel into the dynamic image. Parallel
signal processing, and thus information processing, occurs because of the laws of physics that produce
the dynamic image, and because of the third step - the separation of energy from selected pixel
locations within the dynamic image to produce the serial output. Thus, multiple serial input lines,
processed in parallel, produce one or more serial lines out.

The introduction of patterns into the process is a substantial improvement over the prior art,
first because it enables the production of dynamic images having a much greater variety of pixel |
waveforms than are produced by ordinary interference-producing methods. Second, because the patterns
are a part of the apparatus doing the computing rather than coming in as part of the input information,
the ifnage component separator can be made to conform to a particular set of interference images; that
is, the particular energy distributions that occur in the pattern-produced dynamic image. Third, the
input patterns used can be changed during the design process so that the most efficient set of
coordinated optics can be found through calculation. Fourth, the patterns, the optics that impress them
on the input, the dynamic images, and the image component separators are all coordinated together to
function as an efficient unit, iuned, as it were, .to perform its computing function.

Related to the subsets of pixels, chosen because they match a pamcnlar computing function's
waveform, are other subsets that produce complementary waveforms which may have the same
amplitude variations, but may have phase variations or vice versa. When pixel-sized or component-part-
sized optical elements are introduced at appropriate locations within the image component separator, one
or more of these complemematy waveforms can be combined to provide a stronger or modified output
waveform. Multiple complementary subsets can also be combined into multiple outputs. The net resuit
of this secondary combining of énergy from multiple subsets is the production of a larger variety of
possible output waveforms from a given group of input states. This makes the present invention more
versatile. ' _

. Modern optical technology also allows for the use of a much wider vaﬁety of optical elements
at each image component separator than the simple clear, opaque, and phase-changing elements of
conventional holograms, aithough these are certainly important elements. The present invention is also
able to use lenses, mirrors, color filters, or any other optical element in the array of optical elements
that make up the image component separator. In fact, such arrays of optical elements can also be used
at the locati-on of the pattern inputs so as .to better t#ilor the full optical arrangement for a particular

The present invention has the capability of performng many complex logic operations
simultaneously, These include such operations as address decoding, multiplication, division, addition,
subtraction, and quite a large number of other computing operations. The operation is similar to a table
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look-up f\mcuon
Each combination of inputs isa form of address. Each address produces a specrﬁc interference
irnageaspanofthedynamrcrmage 'l'hexmagecomponentsepamorxsmadebyselecnngsubsetsof
components that are separawd o produce one or more outputs which ‘then represent the information
foundatrheaddressselecred As the input "addresses” represent data’to be computed, the output
represents the results of computation that have been "looked up” in the image component separator.
lnanotherconﬁgmanon. amrmberofoutputscanbeproduced, eachwnhusownoutput
waveform, for a given set of inputs. If eight such outputs are used, the table look-up -operation
produces an output byte. Likewise, any number of outputs can be used to form parallel words of any
desired length, images, or any other form of parallel energy carrying information. If the group of
outputs form a pixel image, the presem invention can be used to table-look-up a series of images.
Consequently, the present invention is very useful for storing information as a read-only
memory which can be calculated into the coordinated optics that include the image component separator
and the group of i mput patterns, rather than' being written into as with a CD ROM master.
~ The next step is to manufacmre coordinated optics packaged in a modular unit which can be
removed and replaced in a computing system like clnps in an electronic computer, a removable CD
ROM, or an optical "hard drive.” The reasons for packaging the entire coordinated optics set rather
than just a single image component separator or set of patterns will become more apparent in the
discussion below that explains the process for computer generation and optimization of the optics
involved. The input signals that illuminate the input patterns and the ouput signals produced can be
' easily standardwed while the input pattern sét and the image component separator are individuals that
result from calculating and modifying them as a team.
Frequency-multrplexed operation can be achieved with the addition of the followwg modxfymg
steps to the basic method set forth above: '
‘'said at least one wavelength includes a plurality of wavelengths, each of said plurahty
of wavelengths being independently modulawd with quanuzed information having independent
said compuung relationships, o
 thereby prov1dmg a method of frequency-nmluplexed pattern-recogmnon compunng
Interference images of different frequencies can exist within dynamic images without cross-
talking berween them. The present invention takes advantage of ‘this physical quality so as to permit the
simultaneous and parallel operation of multiple computing operations using a single coordinated optics '
set. Further information is provided in the quomions from appications 081357.460 and 08/454,070
below. |
Outputs can be produced that contain both amphmde- and phase-varymg waveforms by further
modification of the basic method as follows: :
separating phase-varying energy from said subset of said component parts when said
subsetofsaxdcomponentpanshasenergywhrchvanes mphasewhendlfferemmtsofsard

pattern sets are energized,
thereby providing said at least one output havmg phase-modulated energy.
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Phase-modulating one or more of the inputs with quantized information produces a different
dynamic image, just as amplitude modulation or frequency modulation does. Having a different
dynamic image requires a different image component separator to produce the same waveforms output.
However, most dynamic images will have component parts that contain phase variations regardless of
the modulation type chosen for the input. These areas 100 can be used 10 produce outputs having phase
variations. |

In a further modification of the basic method above, outputs can be produced which use special
interference, discussed in greater detail below in quotations from application 08/357,460. The modified
steps are: '

separating energy which varies according to the tenets of special interference from said
subset of said component parts when different sets of said pattern sets are energized.

thereby providing a method of pattemn-recognition computing using special
interference.

_ When non-bptical energy forms are used. the signals from the modulated patterns produce a
dynamic combination that is separated by a means appropriate to the energy form being used. For
example, if the inputs are patterns of electroxis, it is apparent that "optical elements" cannot be used to
separate an output signal from a dynamic combination. If the patterns are combined in free space or
some other medium, then electric and magnetic fields are used to accomplish the required separation.
Acoustical patterns, likewise, require acousﬁcal means for separating energy from the dynamic
combination. Also, the coordinated optics become coordinated pattern-combining means and dynamic
combination separating means. It is therefore intended that these non-optical methods be included in
the present invention, even though the body of this disclosure uses optical terminology as stated above.

In general, whether optical or non-optical methods are used, pattern recognition computing is -
accomplished by the dynamic recognition of modulated patterns. Therefore a dynamic pattern-
recognition éomputer is comprised of:

a first input capable of inputting a first modulated pattern;
at least one other input for inputting at least one other modulated pattern;
at least one output means; | _
combining means for combining said first and at least one other modulated patterns to
provide an output signal at said at least one output means, such that each modulation
combination of said first and at least one other modulated patterns results in a discrete output,
thereby providing a dynamic pattern-recognition computer.
CALCULATION OF COORDINATED OPTICS

Four primary things affect the distribution of energy within the dynamic image. They are the
shape and/or organization of the input patterns, the modulation states of the input patterns, the optics
used to combine the wavefronts to make the dynamic images, and the separator optics used to form the
outputs. To produce working optimized embodiments, the present invention provides for a special
method of calculation that is able to calculate the complexity of dynamic images and produce the
coordinated optics involved in a particular embodiment. '
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For example, a ccrtatn embodtment may have three mputs, one with a pattern in the shape of a .

square, one in the shape of a ctrcle. and one in the shape ofa star. When the star pattem is on and the
other two are off, a smgle tnterference 1mage Wlll appear at the dynamtc image location. When the
cu’cle and the square patterns are on but the star ts off, a dxfferent tnterfereuce image will appear at the
location of the dynamic image. '

The dynamic i unage can be divided up mto pixels, so that one set of pixels will be energmed

* when the star pantern is on, and another when the cu'cle and square are both on. Of these, a subset will

be energtzed only when both the circle and square are on, but will not be energized any time the star is
on.

If the image component separator is made up of an array of clear or opaque pixels, one subset
of pixels can be used to pass energy into the output whtle energy from the other pixels is blocked. With
separation of energy from only those pixels that are on when the circle and the square are on but the
star is off. a decodmg logic funcnon takes place so that the output is on only when the inputs to the
circle and square are on and the input to the star is oﬂ' Such a subset of ptxel-sxzed _component areas
can be selected so as to produce an output for any input modulanon combination.

Butshouldthestarbeasm"’ Perhaps:tshouldbeshapedhketheletterqorhkeamoose
head. Seldom would such patterns produce optimal compunng waveforms. The first process in
determining how a coordmated optics set needs to be orgamzed isto calculate the energy distributions
wrthm the dynamic i image for every combtnanon of i input modnlatton states.

The method of calculating mdmdual interference images within dynmc images comprises the
following steps:

a) producing a first i input model descnbmg a ﬁrst input wavefront having a first pattern

modulated with quantized information whtch produces a ﬁrSt set of modulation states:

b) producing at least one other input model descnbmg at least one other mput wavefront

having at least one other pattern modulated with quantwed information which produces at least

one other set of modulation states, and

c) producing a dynamic image model describing image components of at least one

dynamic image by calculating energy distributions that resultfrom combining said first input

~ wavefront and said at least one other wavefront at the position of said dynamic image for
: conibinations of said sets of modulation states,
thereby prodncmg a mathemattcal model of energy distributions within said dynamic
image that result from combining energy from muitiple modulated input patterns.

Energy distributions at several places i in each device bemg produced are calculated as models.
That is, mathematical descriptions of the energy at those pomts are calculated Such descriptions can
include an array of amplttude and phase vectors. or any other smtable mathemattcal descnpnon that can
be used in subsequent calculattons

~ Ina)and b) above, the models are of wavefronts coming from the illuminated patterns. Each
model includes not only the wavefront's p:xel pattern, but also the quantized modulation states that
result from the quantized information. This information is used to describe the' modulated- input patterns

Him -
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of pixels for every quantizéd state that will be used in the final devnce

It should be noted that all possible inpu combinations need not be calculated each time the
method is used. Experience, records of past calculations, and limiting the number of input state
combinations td only those combinations that will.acmally be needed for the final application of the
device being designed can be used to reduce thé computational load within the method of the present
invention. |

Step c) is the production of a model of the dynamic image divided into pixels. This model
contains a calculated description of the wavefront at every pixel in the dynamic image for every needed
combination of input modulation states for all inputs. Clearly, a very few inputs with only a handful of
modulated states require a considerable amount of calculating. Not so long ago, an invention such as
this would have been impossibly difficult to produce. With today's high-speed computers and the
introduétion of the first fully optical computers, however, such immense number-crunching processes
have become workable. Or course, many of the calculations contain considerable redundancy which can
be used to advantage in reducing the work load.

The laws of physics provide for a nuinber of mathematical methods of waveffont analysis.
These include summation of amplitude and phase vectors, Fourier analysis, and a number of others.
Any suitable mathematical algorithm(s) that are able to provide the information needed for the models
can be used with the present invention. |

Once a description of the dynamic image is achieved, the next step is:

d) selecting, from said dynamic image model, image component subsets that are able 1o

contribute to the production of an output waveform hﬁving a computing function relationship

with said modulation states, | _

thereby producing a mathematical model describing energy distributions within said

dynamic image that can be used to produce said pattern-recognition computing.

This step is actually a search through the dynamic image model to find pixels with waveforms
or complementary waveforms that can be used to contribute to at least one combined dutput that is
coordinated with specific input states according to the rules of operation for the device under
construction. That is, if the device is to be an AND circuit, pixels are chosen from the dynamic image
that can contribute to an output that behaves as an AND, and so on for whatever device is being made.

After a method of calculating energy distributions within dynamic images and determining
which parts of a dynamic image can be used to produce the needed outputs is arrived at, the next
operation is to incorporate this method into a method for producing a coordinated set of optics that
includes both an image componem separator and the set of input patterns that operate it.

The next step in determining how to build the separator is:

€) producing a separator model describing an array of opucal elements for separaung

energy from said image component subsets to produce at least one output,

thereby producing a mathematical model of pattern-recognition optics that have been
coordinated with said dynamic images produced from said multiple modulated input patterns.
Once a separator model coordinated with the input patterns through the dynamic image is
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produced, the next step includes the'pmductibu of a model of a separator capable of using
complementary subsets to produce common outputs because the optical elements in the separator array
are used tomodtfyenergyfromthecomplemenmysubsetstoenablethemtoconmbutetothecommon
output waveform. The "image component subsets of step e) include all contributing image
components, and the mode] description of the optical elements includes information about the individual
opucal clements needed to make complementary wavefonns contribute posmvely to the final output.

Having produced all of these models, we now have a description of a working, but not
necessarily optimized, device.

Changing the shape of an input pattern changes the distribution of energy within the dynamic
image. As a result, special patterns can be selected thit produce energy distributions within the dynamic

image that are more conducive to producing certain types of outputs. By changing the input pasterns

and then coordmaung ‘them with the image separating optics, opumtzed devices are produced. To ‘
produce an optimal optics set the next two steps in ‘the method of the present invention are:
f) changing at least one of the following: (i) said first pattem descnpnon within said first
. mput model, and (ii) said at least one other pattern description within said at least one other
input model; and '
g) iterating steps ¢) through f) until a subsmnnally opunuzed pattern-recognition
configuration is achieved,
thereby produemg a descnpnon of an opumxzed said array of opucal elements for
accomplishing said pattern-recognition computtng
Making incremental changes in at least one of the input patterns will produce a different
coordinated optics set for each optics set for each of the input patterns. On each successive iteration,

_ the new optics 'set is coutpated with the previous optics set(s). After a number of iterations, this process

30
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will produce a substamially optimized coordinated set of optics having a set of input patterns that
provide improved petformanoe when used thh their matchtng optics as compared to other pattern-and-
optics arrangements.

The néxt improvement in the present method is to include an individual array of input optical
elements for each input. The quantized information-modulated inputs pass through the arrays of input
optical elements to both impress the pattern on the input energy and produce Spe(:lallzed input
wavefronts that can be optimized into a more efficient arrangement.

The method of producmg a mathematical model ofa dvnamtc tmage for use in pattern-

- recognition computing using input arrays of optical elements thus eompnses the following steps:

a) producing a first input model descnbmg (i) a first i mput wavefront modulated with
quanuzed information which produces a first set of modulation states and (ii) a first array of
input optical elements for i xmpressmg a ﬁrst pattern on said ﬁrst input wavefront;
b) producing at least one other mput model descnbmg (i) at least one other input

' waveﬁom-modulated with quantized information which produces at least one other set of
modulation states, and (ii) at least one other array of input optical elements for i impressing at
least one other’ pattem on said at least one other input wavefront, and

e
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c) producing a dynamic image model describing tmage components of at least one
dynamic image by calculating energy distributions at the position of said dynamic image for
combinations of said sets of modulation states that result from combining said first input
wavefront modnﬁed by said first array of input opticail elements and said at least one other
wavefront as modified by said at least one other arriy of input optical elements,

thereby producing a mathematical model of energy distributions within said dynamic
isnage that result from combining energy from multiple modulated patterns;

d) selecting, from said dynamic image model, image component subsets that are able to
contribute to the production of an output waveform having a computing function relationship
with said modulation states,

thereby producing a mathematical model descnbmg energy distributions wnthm said
dynamic image that can be used 10 produce said pattern-recognition computing; _
€) producing a separator model describing an array of output optical elements for
separating energy from said image component subsets to produce at least one output,

thereby producing a mathematical model of pattern-recognition optics that have been
coordinated with each other and said dynamic images as produced from said multiple
modulated patterns; _ -

f) changing at least one of the following: (1) said first array of input optics within said
first input model, and (ji) said at least one other array of input optics within said at least one
other input_model, and '
g  iterating steps c) through ) until a substantially optimized pattern-recognition
configuration is achieved,

' thereby producing descriptions of substantially optimized said pattern-recognition
optics. ' ' '
At each iteration, the quality of the output waveforms can be examined to determine whether
or not recent pattern changes have contributed to the production of a better device. The process of
selecting a new pattern can be an automatic one, such as by adding or deleting a partern pixel. or by
human intervention and intuition, or by some other method, including trying all possible patrerns and
choosing the best one.

By these methods, a wide vanety of logic, signal processmg and other computer functions can
be produced, optimized and utilized. Such functions include all functions based on special mtetfereme
frequency mulnplexed logic, and any other interference-based computing function using any wave-type
energy form.

INFORMATION FROM PRIORITY APPLICATIONS
' Cenain subsets of dynamic image component parts produce waveforms that obey the tenets of
special interference.

The following quotations from U. S. application number 08/357,460 explain the tenets of
special interference used in the present invention. (Abbrevmuons. di = destructive interference. ci =
constructive interference. )
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(from page 2 line 4) N

"These specral mterference phenomena are produced whenever the geometry
_of the apparatus is such that energy from a plurality of beams causes destmcuve
interference at the first locatron(s) where energy ‘from the tnput beams appears when
any one of the lnput beams ison by itself. Smce the law of conservauon of energy
requires that the energy in the beams oot be destroyed by the destmcttve interference,
when an out-of~phase beam is on, the ‘energy must appear somewhere else. Depending
on the geometry of beam superposition, the energy will be reﬂected or diverted to a
posmon adjacent to the first location(s), or at some angle in between. The important
result is that energy from the pluralrty of beams is actually diverted away from the
first locanon(s) where destructive mterference occurs and on 10 a second location
where constructive interference occurs, ontsrde of the area where at least one input ‘
beam appears in the absence of imterference.

_ In the most elemenmry examples, havmg only two mput beams two types of

special interference are manifest. With the first type, neither of the input beams
contribute energy to the second loe‘ation when ither one is on by it_self, When both
input beams are on, interference causes epergy from both beams 10 appear at the
second location. | | |

With the second type of specral mterferenee, the ﬁrst mput beam coritributes
no energy to the second location when it is on by itself. When the second input beam
comes on, interference causes energy from both input beams to appear at the second
ldcation However, energy from the second beam does appear at the second location
when it is on by itself.

. Some embodiments and apphcanons of the present invention is able 10 use
etther type of spectal lnterference There are some thmgs however, that require one
type or the other, butwrllnotworkforbothtypes e.g.. thelogrcalAND dlscussed
The individual beams, in either type of special interference, acwally produce
images at the locanons where mterference takes place, even if these images are just
simple spots. These images then mterfere with each other o :

In complex i images, one or more input beams are able to produce image
component area(s) that correspond to the simple examples above The inputs are
subsets of a plurality of input beams that form images. When only one beam set is on,
and as a result its imege is on, the energy pattern defines a set of "first” loeations by
the presence of energy. When at least two of the subsets are on, mterference occurs

- between the two images, and energy from both i images is removed from the ﬁrst
locations by destructive nmerference That energy then appears at the second
location(s) because of constructive rnterference The second locations lie outside of

the area where the first locations are.
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Holograms, especially but not exclusively computer-generated holograms, like
other pictures, are made up of individual pixels. From each pixel comes a group of
rays that evenmally_combiné to produce the wave-front reconstructed holographic
image. As a result, each spot on the image is produced by a group of rays from the
hologram. The rays constitute a set of beams. When a whole set of beams are
modulated in concert, the image it produces, and the complex interference that occurs
between it and other images is also modulated. Interference between such images,
made by subsets of all input beams, are also able to be used to produce the speclal
interference phenomena used by the present invention. _

The important difference berween these special interference phenomena and
Young's fringes used in the prior art is that energy from at least one of the input beam
sets, which appears at the second location(s), appears while interference is
occurring, and does not appear at that location(s) in the absence of interference.
On the other hand, the input beams used in Young's fringes do appeai at that second
location(s) in the absence of mterference, when any of those beams are on by
themselves. _

These special phenomena are analog in nature, in that the amount of energy
that appears at the second location(s) is proportional to the amount of energy in the
two input beams or images. The energy appearing at the second location(s) has been
diverted from the first location(s).

If one input is held constant, and a second input(s) is increased, the amount
of energy contributed to the second location(s) from the first input(s) reaches a limit
where the addition of more energy in the second input(s) is unable to cause more
energy from the first input(s) to appear at the second location(s).

The phenomena may be utilized in digital energy circuits through the use of
discrete levels for modulating the input beams, to establish discrete states of the
interference images, having discrete amounts of energy in their component parts.”

(from page 49 line 12)

"38. Basic theory of operation.

Applicant theorizes that the amplitude and intensity of energy at the purely
constructive interference locations, using the first type of ‘special interference, are able
10 be calculated using an adaptation of the standard vector sum of amplitudes method
used with other interference phenomena. . -

The basic formula for intensity has been derived from the law of cosines and
considers just two incoming rays.

That formula is:

A = amplitude of the first beam.

B = amplitude of the second beam.

Theta= phase difference between the two' beams.

PCT/US95/16456
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Intensity = 1= A% + B +2AB Cos(Theta)

The Total amplitude T4 = square oot of I, just as A? = the intensity of amplitude A.
Atthecenteroftheconsmxcnvemterference(cl)area Theta = 0, and the

:"Ces('rheta)= +1. At the center of the destructive imterference (di)‘area, Theta = 180
degrees, and the Cos(’l'hem)--l As a result, the vector sum of two amphtudes at

these two locations is also the algebraic sum of the amplitudes.
'I'hetwomysaremphasemthecxarea,sothesumhasthatsamephase As

a result, the ci intensity formula is, '

I,,,=A’+B’+2AB=(A+B)2

In'the dx area:

The two rays are out of phase in the di area, s'ethetthevectorsumisthe
difference of the two amplitudes, which takes on the phase of the largest of the two.

'If they are equal the algebra:c sum is zéro. The di formula for i mtensnty becomes:

Ia = A’ + B2 2AB = (A -BY?

These two conditions are also able to be viewed as the vector su'ms'of three
different rays, which will be labeled B,, B,, and U. In the di area, B = -B, = B,, so
that U is the difference between A and B, and A = B+U

'When A is on by 1tself the amplitude at locanon 1 is the vector sum of B,
and U. The intensity is (B, + U

Whenbent,comesonntcombineswitbdzeﬁrsttwo Since it is 180
degrees out of phase with B, and U, the totals of amphtude and intensity are as shown

_ in formulae 1.
"Formulae 1. di location’ t‘orallofthexnterferencetypes

Ty=T4=B;,+U-B,=0U
[=li=® +U-By =1
also, by substitution we get:
I = I, = A? + B* 2AB = (B+UY + B 2B(B+U)
= B + 2BU + U? + B? -2B? -2BU
_ = R
“This is exactly what is expected because the amphtudes add algebrmcally. and

“ the mtensxty is the square of the ‘amplimde.

This indicates that the addition of an out-of-phase beam smaller than the first
beam leaves energy having an amplitude equal to the difference of the two. If it is
viewed as the sum of three beams, two of which are equal in amplitude but of
opposneslgn,thethndbeammequaltotheamphmdeof:heenergyremmmngatthls
location after all three have been summed.

The process of interference relocates energy within a fringe image. The
equivalent amount of energy that is missing from the di areas appears in the ci areas.
As shown above, when two unequal beams interfere destructively, not all of the
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energy in the di areas is relocated into the ci areas. The remainder is exactly equal to
the difference between the two unequal beams. This remainder has riot been relocated;
it continues to arrive at the d1 location. Asa result, this remaining energy is able 10
be called undlverted" energy, because it has not been diverted into the ci areas by the
interference. '

As a result, one is able 1o describe the energy which is apparently missing
from the di area as "diverted" energy.
In Young s ci area: .

In the case of Young's type interference, the amplitude of energy arriving at a
second location, namely the ci area, when only one beam is on is A. A is able to be
considered as the sum of two amplitudes B, and U. -

Again, when beam B, comes on, it combines with the first two. Since it is in
phase with B, and U, B = B, = B,, and the totals of amplitude and intensity are as
shown in formulae 2.

" Formulae 2, Young's interference type in either amplification or saturation: -

T,=Ts=B,+U+B,=28+1U

L=1I=(B +U+B) = (2B + Uy
also, by substitution we get:

I; = Iy = A’ + B? +2AB = (B+U)? + B? +2B(B+U)
' = B? + 2BU + U? + B? +2B? +2BU
= 4B + 4BU + U?
= (2B + U

This is also exactly what is expected because the amplitudes add algebraically,
and the intensity is the square of the amplitude.

. In this case, Young's type interference has energy directed to this ci location
when only one beam is on. It is able to be viewed as having two components. When
the second beam comes on, energy from the di area is diverted into the ci area. As
shown above, the amount added to the ci area by interference exactly equals the
amount removed from the di area. _ :

As a result, two equal parts exist, B, and B,. One came from beam A and
the other from beam B. The difference between the two is U.

In both the ci case and the di case, U remains unchanged. It has been called
"undiverted” energy. Apparently, it remains unaffected by the interference that is
taking place between B, and B,, even in the ci area.

If B rises to become equal with A, U drops to zero at both places. The
resulting interference image goes completely dark at the di location, and the intensity
at the ci location goes to 4A? = 4B All of the energy contributes to the interference
image. E _
_ WhenAandBarenotequal, iheimageformedisabletobeviewedasbeipg
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thesumoftwoxmages OnelmagelsthelmerferencemgeformdbypomonsB,
and B, i in the familiar mterference fnnge pattern. The other image is a consistent spot,
having no contrast change from one pan 10 anothcr, its amphtude equals U, and its
intensity is .,

As a result, U, the dxfference between two nnequal beams, can nghtly be

'called "undiverted," for it arnves at the same locations and in the same pattern as

when B, and B, are off.

B, and B, are nghtly called *diverted” energy, because this energy has been
reatranged or "diverted,” m order to form thc interference image. In that image, the
energy from the di locauon is dwerted mto the ci location to combine with an equal
contribution from the other beam that wnll arrive there anyway in the absence of
interference.

In special mterfei‘ei:cé:

Next, we examine special interference. Special interference has no .
contribution to location 2, the ci location, when only one beam is on. This occurs
because the beams are small in comparison to the di location, and are directed only
toward the di location, and are not spread out to cover the location where ci will
eventually take place. | - '

The di area functions exacﬂy as 'described above, as having two in phase
beams from A, with the out-of-phase B. -

The ci area has no energy in the absence of interference. Most lmportantly, it
has no "undiverted" energy (that is, U=0).

" When the second beam (B,) comes on, interference occurs producing an
interference image that removes energy from the di location, (B, - B,). leaving U as

| residual energy.

The energy removed from the di location is diverted into the ci location as
B, + B,. It has an imensity of (B, + B,).
Again by substitution we get:

I = Iy = A? + B? +2AB = (B+UY + B! +2B(B+U)

=B? + 2BU + U? + B? +2B +2BU
= 4B* + 4BU + U?
= (2B + Uy _
However, U = 0 at this location, producing the important relation as shown
in formulae 3. ) B
Formulae 3, first mterference type in exther amphﬁcauon or saturation:
T, =2B
IL=2B + 0¥ = 4]32
Asaresult,afonnnlafortheﬁrsttypeofspeclal merferencehasbeen
derived for both the amplitude and the i intensity.

PCT/US95/16456
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The total amount of energy in any one application depends upon the area of ci
and the area of di, because they are able to be made up of many rays, even thousands
or billions of rays. The total energy is able to be expanded to cover large areas, or
focused to small areas. The output characteristics will be a function of the size,
locations, and the rario of output area to image area of the image component separator
relative to the image.. Contributions of energy from the other parts of the imagé that
are not pure ci or di also contribute to the overall operation of the invention.

The importance of these formulae to the process of amplification and limiting
cannot be overstated. As an example, a substantially constant power beam A that is
directed to location 1 and a control beam B (which is smaller than A) produce an
interference image at locations 1 and 2, with di at 1, and ci at 2.

~ The output intensity is 4B, and the amplitude is 2B. It does not matter how
much larger A is than B. within the limits of the breakdown of the optics or other
factors that would physically change the arrangement. Energy diverted into the
output is directly proportional to the control beam B. '

When the control beam is amplitude modulated. the ourput is also amplitade-
modulated, having twice the amplitude of the control beam. The energy in the
information carrying portion of the output waveform has been doubled. Unlike the
ampiiﬁer of the prior art that uses Young's interference, the present invention does not
produce the residual output U, the undiverted leftover energy that does not c;ontribute
to the imerference image.

As long as the modulated beam is smaller than the constant beam, the output
will be amplified. The output amplitude is always double the smaller of the two.

Next consider what happens when the modulated control beam rises above the
level of the constant power beam. With B > A, for any given instant the output will
be twice the smaller of the two. It is the same as switching the beam names in the
formulae above. Because the smaller one is also the constant one, the output will be a
constant 2A no matter how highly B is modulated, again within the realm of not
destroying or modifying the optical arrangement. This condition is called
"saturation.™ All of the energy from beam A thar is able to be has been diverted into
the output. o '

As a result, the amplification curve of the present invention is NON-
LINEAR. Non-linear optics that operate at the speed of light is able to accomplish
many tasks that are otherwise impossible. A modulated waveform will be limited and
clipped at the point where the two input beams are equal.

Second type of special interference: ,
The second type of special interference is also able to be viewed as baving
three component amplitudes. The power beam (A) is directed to the di location; none
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of it is directed to the ci location, just as with the first type of special interference.

The control beam (B) is directed to both locations. For that reason, this type
of interference will not produce a logical AND in a single stage; however, it makes an
excellent amplifier. | ' o -

When the control beam is off, I, = 0, and I, = B, + U.

When the control beam is less than the substantially constant power beam,
A =B, + U, and B = B,. The amplitude at location 1 will be B, + U.
Formulae 4, 2nd interference type in amplification: :

~ Amplitude = T; = B, + B, = 2B

Intensity = I, = (B, + B, = 4B? | |

This is the same as with the first type of special interference. The difference
appears when the arrangement goes mto saturation. When that occurs, the undiverted
energy (U), which equals B-A (because B is larger) does not come from the power
beam. In this case the residual energy comes from the control beam which is directed
straight into the output. As a result, the output during saruration is as shown in
formulae 5. |
Formulae 5, 2nd interference type in saturation:

Amplide =T, =B; + B, + U=2B+U=2A+U

Intensity = I, = (B, + B, + U)? = 4A? + 4AU + U2

Amplification is reduced because A is constant. All of the available energy of
the power beam has been diverted into the output. Further increases in B only increase
the size of U, which is not doubled. When squaring to produce the intensity. the 4AU
factor indicates that there exists some interaction with energy from other parts of the
interference image, but U remains the same. -

As a result, this second type of special interference behaves like the first type
of special interference when B < A. However, it behaves like Young's interference
when B > A. Amplification is still limited somewhat, but it is not clipped. =

Broad band and parrow band arrangements. -

The above-described process is phase-dependent. The energy removed from
the di location is relocated in the ci position. But what if the signals arrive at the first
location at some other phase? In this case, the ci position is at some other location,
resulting in near binary operation of a phase-modulated signal. The inputs would have
to be exactly out of phase in order for the ci location to be the same as the output
location. .

In practice, the optics used will have to be engineered in wavelength units _
and wavelength sizés. Most optical arrangements rely on an averaging of energy from
multiple points of the cross-section of an input beam. Averaging of energy from these

- multiple points produces the familiar sinusoidal interference fringe.

LAl
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If the amplifier is engineered 10 include a large number of such points so as
to use the averaging principle, then it will have a wide bandwidth and will be able to
function using a mumber of input frequencies. The output locations function as if a
group of controllers were placed side by side, each one using an individual ray set.

~ Inthis case, the outjmt hole includes a large number of wavelength size
locations. For slightly different phases and slightly different frequencies, the ci
locat:lon from each pair of i input locations will be at slightly different output locations.

If those output locations happen to be within the area of the hole, the energy will

output. If they are not, it will not.

Modern optics is capable of operations at wavelength sizes. Wavelength size
input beams and wavelength size output holes. will produce processes that operate
considerably differently from the multiple-location averaging style of optics. The
more precise the optics are, the more precisely phases and frequencies must be in
order for the ci area to hit the output hole. _

Wavelength size precisioﬁ will cause a phase-modulated signal to output only
when the phase is close enough to 180, at the first location, in order for the ci area to
hit the wavelength size output hole. The output from an analog phase-modulated signal
would be a binary output that occurs only when the two inputs are exactly out of
phase.

If multiple. frequencies are used, the only ones that will be able to hit the
output hole will be those that match the wivelength geometry so that the ci location is
where the tiny hole is. l '

As a result, each method and each device must be engineered to produce the
type of amplifier needed. If a phase demodulator is to operate with an analog input, it
will have to be of the averaged, multiple location (broad band) type. If it is to be
used in a binary circuit, then the single wavelength-size location (narrow band) type
will work quite well, |

It is possible to produce a considerable number of composite operations by -
using a number of wavelength-size controllers having a common first location, but
separate output locations; thus, a variety of signals are able to be handled all at once.

A frequency division demultiplexer is able to be produced by inputting the
beams from different locations directed 10 a common location. Each different
frequency will produce its ci at a different output location. If each output location has
its own output hole in the image component separator, a complex group of frequencies
in the input will be separated into separate outputs. Meanwhile, it will filter out any
frequencies in between, because no output hole is provided for those frequencies, and

‘o matching input frequency i is provided.

If the control input is directed to a common locauon and a number of power
inputs are used, each having a different frequency and a different location, the
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geometry is able to be arranged so that the ci locations all match, producing a very
accurate frequency-selectable filter. All frequencies that maich a power beam will have
their ci at the common output hole. All other frequencies'\ﬁill not. The difference
" berween this arrangement and the broad band averaging arrangement is that each of the
frequencies that pass through the filter must match precisely the frequency and phase
of the power beam. At wavelength sizes, filters are capable of providing the best
selectivity of any known means, especially at light wave frequencies and beyond.
These basic principles of operation produce functions similar to the way
electronic transistors perform similar functions. As a result, the present invention
warrants the common name »photonic transistors.” Even though the present invention
is quite capable of usmg non-photomc wave-type energy, photomc embodlts are
expected to become the most common in operation."
The present invention is aiso able to produce pattem-recogmuon computing using frequency
muluplexmg of computing funcuons
The following quotation from U. S. apphcauon number 08/357 460 explains the use of special
interference in frequency mulnplexed sys:ems
(from page 17 line 31) '
"12. Active filer,
The present invention is able to be used as a phase and frequency sensitive,
precision active filter using the first type of special interference. If either of the input
beams contains energy that is not of the same frequency and opposite phase of the
other input, no.uninverted output will occur. As a result, the present invention is able
10 be used to demultiplex frequency multiplexed signals, distinguish colors, and
demodulate frequency-modulated and phase-modulated signals.
* If more than one color (wavelength) is supplied to both beam sets. a single
device will operate independently and simultaneously ar each wavelength. As a resuit,
the present invention is able to be used to switch, separate, and orgenize broad-band
" By supplying'“nml'tiple-'w'aveleiigdl energy of a substantially constant (above-
zero) level(s) as the first beam set of a gated amplifier, along with a muitiple-
wavelength second beam set, an amplified signal that matches each wavelength that
occurs simultaneously in both inputs will appear at the output. By switching the
' individual wavelengths of the power beam set on and off, the filtering process is able
o be gated for selecung and demultiplexing the matchmg signals, '
~ A plurality of these active filters are able to be used either in parallel, or in a_
tree structure o demuliiplex frequency mulnplexed signals of all kinds, mcludmg
those used in optical fiber transmission, microwave and even radio.
The active ﬁlter uses the present. basic invention by adding these steps to the
means and method:

wm
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a. vaxdmgthe first beam set with energy ata constaiit above-zero-level having
at least one wavelength, and often several wavelengths; |

b. Swuchmg wavelengths of the first beam set off and on to gate filtering of
those individual wavelengths off and on;

c. Providing the second beam set with energy at muitiple wavelengths to be
filtered, and

d. Producing special interference with a subset of the multiple wavelengths
matching the first beam set wavelengths and rejecting all other wavelengths,
thereby providing a means and method of gated active filtering by producing

an output only at wavelengths that exist simultaneoﬁsly in both input beam sets.

13. Removing signals using an acrive filter.

It should be noted that either type of special interference is able to be used
for filtering, but the relationships between the input signals and output signals in the
sécoﬁd type of interference differ somewhat from those in the first type of
interference. | . .

With the second type of interference, the filtered, uninverted output will
contain a contribution from the second beam set unless the second beam set is equal to
and in phase with the first beam set's wavelengths, in which case constructive

- interference will occur at the first location(s) at those wavelengths removing that

energy from the second location(s) and the uninverted'output.

Adding an inverted ourput, as with the inverter above, produces an output
which is differential to the uninverted output at every wavelength present in the power
beam, but is not differential at other wavelengths.

The procedure for producmg a differential active filter, using either type of
interference, begins with an amplifier with an inverted output and continues with the
following steps: _

a. Providing the first beam set with its substantially constant above-zero level
energy having at least one wavelength;
b. Providing the second beam set with multiple wavelengths to be filtered, and

t. Producing imerference with a subset of those muitiple wavelengths that maich

the at least one wavelength in the first beam set to divert energy of matching
- wavelengths away from the first location(s) and into the second location(s),
thereby providing an inverted active filter by producing an inverted output
deficient of wavelengths which exist simultaneously in both input beam sets. This
inverted output' is differential to the uninverted output,' jhst as with the inverter above,
only in this instance, inputs having a variety of wavelengths are provided for the

* purpose of filtering, removing, and separating one waveléngth from another while

preserving any information present in the wavelengthy(s) being ﬁltered
14, Frequency demultiplexer.
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Frequency multiplexing is easily performed by combining individually
modulated signals of different frequenc:es into 2 common beam path Demuitiplexing
is more complex. The procedure used in btnldmg a frequency denmlttplexer is:
a. Provrde a plurality of active ﬁlers,
b. Provide a frequency multtplexed benm set havmg a pluraltty of modulated

'wavelengths
c. Dtrect a port:ton of the frequency mulnplexed beam set into the second

* (control) beam set of each filter, and

d. Provide the first beam set of each filter wrth a dtffereut frequency of energy

matclung each of the pluraltty of modulated wavelengths

thereby provrdmg a frequency demulttplexer by productng a separate
modulated output, from each ﬁlter matclung each dtfferent frequency

 The second type of special mterference is not used, ‘because frequencies not

having a marching power beam will pass through into the output

If the second beam sets of the active filters use the same mput and ﬁrst
locations, step c. above happens smmltaneously as the energy is being directed to that
first locatton Each frequency will produce aci ata dtfferent locatton. where the
separate outputs are taken." '
Additionally, the followmg quotatlon from appltcauon 08/454 070 contains further information

about frequency multiplexed logtc in general which can also be mcorporated mto the present invention.

(frotn page 3 llne 3

"The present invention comprises a means and method for providing
frequency-mulnplexed funcnons mcludmg logtc, ampltﬁcatlon. and energy beam
control. A common set of opncs produces simultaneous. mdependent functions on
independent frequency channels within a smgle device. lndmdual channels of the
frequency-muitiplexed output contam the results of mdmdual functions performed on
the channels mdtvrdually

Input beams contatn nmln-frequency energy wherem mdmdual frequency
channels ﬁmcnon as mdependent carrier waves that are modulated independently with
information wlnch is to be used w1tlnn the mvennon The invention has a plurality of
such frequency—nmlnplexed tnputs Interference is produced srmultaneously among all
of the inputs whtch produces a separate interference image for each carrier wave
frequency channel Because common optics are used to produce interference, all of the
1mages tend 10 overlap each other in the same general area although some frequency
separation does take place.

While the overlappmg 1mages can be called a composrte lmage, the fact is
that a modulation change in a single channel produces a change in only chat '
interference image which has been produced by energy of that particular wavelength.

1w
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The other'images produced by energy from the other channels are unaffected.

An iniage componcni separator, such as a mask, permits energy to pass
through into the output from one or more locations that are chosen specifically because
of their relatiohship to the individual images. As a result of overlapping, the output is
taken from the individual images from these same locations at the same time. The
function performed using energy from each individual channel depends upon the
modulation characteristics of the input beams for that channel, the shape of the
interference image for that channel, and locations within that image from which
energy is being taken. These parameters can be engineered into a particuiar device by
10 the proper selection and orientation of optical elements, and by the selection of
modulation patterns and phases of the individual channels.

As a result, the present invention can provide the logical AND for one
channel, the logical OR for another, an amplifier for a third, and so on, depending
upon the individual parameters for each channel as they relate to the common opucs
being used.

When_ common optics are used, the output is also frequency-multiplexed, and
it contains the results within each channel of the function performed individually
within the invention. _

Frequency-muitiplexed logic has the ﬁdvantage of reducing the number of
20 optical components needed for controlling many signals. For exa:i:ple, the individual
bits of a complete frequency-muitiplexed word can be gated on and off mdmdually
or as a group; by controlling the input signals wa smgle device."”

ADVANTAGES OF THE INVENTION

This invention provides the means and method of pattern-recognition computing, logic. and
signal processing. _

This invention also provides a method of calculating energy distributions within dynamic
images, and producing coordinated, optimized optics for the implementation of pattern-recognition
computing.

30 The foregoing benefits of the present invention will become clearer through an examination of
the drawings, description of the drawings, déscﬁption of the preferred embodiment. and claims which
follow.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an operational drawing showing modulated patterns with a double image component
o o _ _ .

Fig. 1A illustrates the reiationship between input and outpur waveforms of the present

inventio_n.
Fig. 2 shows a dynamic image set from a two-paizern input.
Fig. 2A is an expanded view showing area 30 of Fig. 2.

Fig. 3 illustrates image éomponent 'separation with sécondafy recombining in the present

invention.
Fig. 4 is a flow chart showing a method of calculating optimized coordinated optics.

- Fig. 5 is a flow chart showing a method of calculating optimized coordinated optics including

input arrays of oprical elements.

Please note that the beam angles, sizés, and proportions are exaggeréted so as 1o provide for

clarity of understanding.
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BEST MODE(S) FOR CARRYING OUT THE INVENTION

Fig. 1 illustrates a basic eﬁbod_i_ment of the present invention having four inputs (10) through
(13), each modulated,' independently with quantized information. They may be binary, or may have any
number of discrete modulation levels representing the information to be computed. Each input is
provided with an optical element aﬁay that causes energy from each input to take on a pattern. Any
array of optical elements, be they lenses, prisms, holograms, or the simple masks shown in Fig. 1, can
be used to impress the panerns onto the modulated input energy. These optical elements aiso act as a
combining means for producing dynamic image (31) from which output (28) is taken, and dynamic
image (31A) from which output (29) is taken.

In this example, energy from input (10) takes on pattern (14), here shown as a star, to produce
a wavefront (18) that includes both the star pattern and the information modulated onto input (10).
Input (11) is directed to pattern (15), here shown as a dnamond to produce the modulated wavefront
(19). lnput (12) produces modulated wavefront (20) having the circular pattern from pattern (17). Input
(13) produces modulated wavefront (21) having a random pixel pattern from pattern (16).

*  Wavefronts (18) through (21) combme to form (a) dynamic image(s) located at image
componem separator(s) (22) and/or (25). The image component separators can be arrays of optical
elements and may include lenses, prisms, holograms, or the simple masks shown in Fig. 1. Portions of
the energy from dynamic image ai ;')osition (24) are passed through image component separator (22)
into output (28), while other portions are stopped as at position (23). Likewise, still other portions of
dynamic image at position (27) pass Mgh image component separator (25) to become output (29),
while the portions at position (26) are blocked.

Fig. 1A shows a comphting relationship between a set of input waveforms and an output
waveform. The compunng relanonshlp in this d:agram is the logical AND function shown over time.
Inputs ( 10) and (13) are the modulated waveforms over time. At least one ourput (28) is the logical
AND of i mput_s (10) and (13). In this particular sitvation, inputs (11) and (12) are off (not used). and
output (29) is not being considered. This. is the case When the energy at position (24) obeys the tenets
of special interference.

The method of determining which portions of the dynamic image aré 1o pass into an output and
which portions are not is a major feature of the present invention. Fig. 2 shows how such a
determmauon is made. |

The area where the dynamlc image (31) appears is in within the area of separator (22) In this

- illustration, only inputs (10) and (13) producing one output (28) of Fig. 1 are used because the number

35

of modulation combinations increases rapidly and becomes difficult to draw as one increases the number
of inputs and the number of quantwed inodulation states. Because binary inputs are contemplated, for
purposes of this discussion, there are two states in each set of modulation states for each input, as in
Fig. 1. o |
When inputs (10) and (13) are both off, there is no light, and hence no dynamic image. For
that reason, that state combination is not shown in Fig. 2, even though it is a valid input combination.
When input (10) is oﬁ and input (13) is off, wavefront (18) forms a first dynamic image state
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shown as dragonal cross-hatch area (33) within dynamrc image (31), which is one of the set of images

‘that make up dynmmc image (31). At this time, only this portion of (31) has energy from input (10)
~ because the laws of phystcs determine how wavefront (18) is affected by pattern (14).

When mput (10) is off and 1nput (13) i is on, wavefront (21) forms a second dynamic image
state, shown as vertical cross-hatch area (34). Agam, only this poruon of (31) has energy from input
(13) because the laws of physrcs determine how wavefront (21) is affected by pattern (16).

When inputs (10) and (13) are both on, pattern-modrﬁed wavefronts (18) and (21) combine and

. interfere to direct energy into area (32), shown as horizontal cross-hatch, to form a third dynamic image
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state,

As the inputs go through the yariouS'conrbinatiom of modulation. states, the energy distribution
within dynamic image (31) will change from one interference image to another." But, because the
pattemcd inputs and the i rmage component separator are stauonary the set of i images that make up the
dynamic image remain the same, That is, each combination of input modulatxon states will produce one
and only one imterference imge While a different combination of input states will produce a different
mterference image, the unage produeed for that combination wxll always be the same whenever that
input combination is present at the input.

In order to produce loglc and other computer functions, energy is separated from dynamrc
image (31) from locations that correspond to the functions to be performed. For example, if the logic
function to be performed is the logical OR, the output is separated from area (42) and contains energy
during each of the three state combinations as indicated by the overlapprng of all three areas (36). (38)
and (39). The area of the image component sepamtor (22) that corresponds to area (42) in the dynamic
1mage is made clear so energy from area (42) can go mto output (28), whrle the rest of (22) is made
opaque to prevent energy of other combinations fromi adversely affectmg output (28).

If the function to be performed isto provrde energy to output (28) when input (10) is on or
when inputs (10) and (13) are on, but not when mput (13) is on by 1tself the energy from overlapping
area(37)rsseparatedrntooutput(28) IftheAND function is to be used, encrgy is sepamted fromarea
(36). Since area (36) contains energy only when inputs (10) and (13) are both on, this area also
conforms to the tenets of special int'erft:rence. so that such a device can be used to accomplish all of the
tasks performed by other special interference devices.

Each mdxvrdual interference image that corresponds to a particular combination of i input states

is generally much more complex than those shown here, havmg dtffenng amphtude values and phases
from one part of the image 10 another In order to utthze such complex images, the present invention
uses an lmage component separator that is made of an array of optical elements. An expanded view of

" a portion of that array is shown as Frg 2A, which i is an enlarged view of area (30).

35

This expanded view shows the nnage component separator made of an array of pixel-sized
opncal elements. in this case clear prxels (44) or opaque pixels (45). The optimum size of the pixels
dependsuponthenatureofthedynamtcrmage 'llteprxel-stzedareascanbcaslargeasaﬁtll optical
that is positioned within one of the component parts of the dynamlc image, such as areas (36), (39) or
some other area(s), or the pixels can be much smaller and more suitable for computing the coordinated

TER:]
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optics set. o
Energy passing through each of the pixels of the separator combines to form a single output
(28). 'However, the distribution.of energy in each of the pixels may or may not have energy which
represents a waveform that is conducive to producing the combined output waveform desired in output
(28), one which properly represents the logic or other computation to be accomplished by the completed
device. This includes the separation of phase-varying energy to form phase modulated outputs. Hence,
those pixels (45) which will not contribute to the desired output waveform in a positive fashion are
made opaque, while those that will are made as clear openings or some other transparent optical element
(44).

Fig. 3 shows a cross-sectional view of patterns (14) and (16) and image component separators
(22) and (25) taken along lines 3-3 of Fig. 1. Energy from patterns (14) and (16) is directed toward
image component separator (22) where. the dynamic image is formed on the left side of image
component separator (22). The dynamic image components are separated by strategically placed optical
elements that make up the array of optical elements that accomplishes energy separation. The individual
optical elements in the arréy can be filters, lenses, holograms, phase changers, opaque areas, or any
other optical element or portion thereof. Some examples are shown as a lens (54), an opaque area (55),

and a transparent area (56).

Output from the array of optical elements that make up ihe image component separator (22) is
directed to a common output location (57) to form the combined output (28). | _

Each element in image component separator (22) is chosen, positioned, and oriented so as to
provide a positive contribution to output (28)'in forming a desired waveform as the input scqﬁences
through its vaﬁous combinations. If the energy at a cénain posiﬁon such as opaque area (55) cannot be .
modified by any practical optical element to provide a positive contribution to output (28). that position
is made opaque.

Patterns (14) and (16) are used to modify the input energy of inputs (10) and (13) respe'ctivefy
30 as to provide an individual pattern arrangement to the modulated wavefronts (18) and (21). ‘As with
image component separator (22) and/or (25), patterns (14), (15), (16) and/or (17) can be made of arrays
of various optical elements such as a lens (51), a transparent area (or opening) (52), and/or an opaque '
area (53). As is the case with image component separator (22) and/or (25), these elements can be pixel-
sized elements of any type. | . _ |

By properly selecting the optical elements in these amj's. the wavefronts can be "tuned” or
modified so as to provide an optimal dynamic image that can be used to“produce better image
component separators (22) and/or (25) and beter waveforms at output (25).

Pixel-sized optical elements for image component separator (22) and patterns (14) and (16) are
especially useful when using the procedure of calculating the various optical elements and optimizing
those calculations as taught herein. - _

For purposes of calculating, the t)ixels are made small enough- so that energy components
during each of the possible input state combinations can be easily represented in a mathemancalmodel
One such way is by using an amplitude vector. wherein thé anglé of the vector represents the phase of
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energy at that pixel. However, there are other ways (o represent wave energy that can also be used.
Fig. 4 depicts the flow chart for the method of calculating the pattern-recognition computing

| components of the present invention. Compm"e Figs. 1, 2, 3 and 4. The basic procedure starts (60) by -
- producing a first input model (61) which describes a first modulated wavefront (18) modulated with

quantized information having a first set of modulation states.

Also. at least one other mput model 62) is produced descnbmg at least one other modulated
wavefront (21) modulated with quannzed information having at least one other set of modulation states.
The producuon of input models (61) ‘and (62) is shown occurring in parallel because they do not have _
to be produced in any particular sequence with respect to each other. However, the production of
dynamic image model (63) requires both input models (61) and (62). .

Dynamic image model (63) therefore describes images occurring at areas (36) through (39),
(41) and (42) of at least one dynaruic image (31) using the first input model (61) and at leasi one other
input model (62) and calculating input state pattern"combinations from the first set of modulation states
and at least one other set of modulation states as the first input wavefront (18) is combined with at least
one other wavefront (21) | '

At this point, the procedure of the present invention has accomphshed what prior procedures
have not: the production of a description of the component parts of a dynamic image for each of the
quantized information states preseuted at the input for use iu pattern recognition computing. From this,
a description of the iniage component waveforms that result from any series of input combinations can
be deduced. " | | | |

The next step uses the dynandc image model (63) to produce a pattern-matching model (64) by
selecting from the dynamic image model (63) image component subsets that can be used to provide
helpful contributions to ourout (28). The additional information needed to produce pattern-matching
model (64) is a truth table, rules of logic, or other description of the waveform tlrat is to be produced at
output (28) given the sequence of ‘input modulation ‘states that are to be used in the completed device.

Once a descnpuon of helpful output locations within the adjacent dynamic image is acqmred
the next two steps are to create a separator model (65) and an output model (66). These two steps are
produced together. Each pixel in pattern-matchmg model (64) corresponds with a pixel element i in
image component separator (22) and the separator model (65). ‘The information at each pixel from
dynamic image model (63) and partern-matching model (65) for each of the input modulation states is
used to determine which optical element is to be placed at each pixel in order to provide energy - which
will be heipful in the construction of the desired waveform at output (28).

Taking the energy contributions from each pixel element of i 1mage componem separator (22) as
they appear at location (57) of output (28) produees a descrlptron of the output waveform which is
output model (66).

At this point, the present invention has accomplished what no other calculanon process has
done before: it has produced a descnpnon of the output waveform that results from separating a
dynamic image produced from muluple modulated patterns. The optical elements that make up the
separator have been desrgned by this process so that they are coordinated with the modulated-input

HE
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wavefronts, thus producing "coordinated optics." :

Havmg calculated a set of coordinated optics for pmducmg a logic or other computational
function, there is still room for improvement. The pattems chosen at the beginning as parts of the
input models (61) and (62) may not be the most effective patterns for producing the desired waveforms
at output (28), as may some other pattern or set of patterns modulated with the same quantized
information. To determine whether a different pattern would be better, the next step is first to
determine if the patterns currently described in the input models (61) and (62) are already the optimal
patterns. Such a determination can be niade on the basis of a number of criteria used to compare to the
output model (66) and/or the separator model (65). If the model set is already optimized, the models
are output (69) from the process where they can be used to manufacture the working components of the
present invention. :

If the coordinated optics are not yet optimized, one or more of the input models (61) and/or
(62) are changed (68), and another set of coordinatéd optics is calculated, restarting this iteration at the
production of a new dynamic image model (63). -

Again, a determination is made at (67) to see if the models bave been optimized, but from now
on, a comparison can be made between the newly calculated separator and output models and those
produced by previous iterations. If the optimai models have not yet been found, the iterations continue
until the best arrangement is found, even if that requires the calculation of all possible arrangements.

When the optimal set of coordinated optics as described in the models has been calculated,
output (69) provides these calculated resuits. At this point, the present invention has produced what no
other calculating process has prodi:ced: a description of an optimal coordinated set of optics capable of
producing computer functions by recognition of mmltiple modulated patterns. o

Fig. 5 shows an improvement over Fig. 4; the addition of an array of optical elements for
adjusting the energy in patterns (14) and (16) of Fig. 3. These arrays are described as a first optics
mode! (71) and at least one other optics model (72). In Fig. 5. the production of the optics models is
shown in parallel with the productioﬁ of the input models because the optics models can be prodaced
without necessarily using information from the input models. However, they can aiso be prdduced using
information from the input models, and can even contain information about the patterns.

The important point is that the input models (6 1") and (62) and the optics models together
describe the modulated wavefronts (18) and (21) of Fig 3. As a result, all the information needed to
describe these wavefronts must be included in the input and optics models before the dynamic image
model (63) can be calculated. | |

The next difference between Figs. S and 4 is at (70), where changes are made in the input

' models and/or the optics models in order to continue the iterative process for optimizing the

arrangement. The addition of the optics models allows for a greater variety of possible changes to the
modulated wavefronts (18) and (21) over simply changing the panerns themseives. This greater varjety
of possible wavefronts results in a greater opportunity for producing a better set of coordinated optics
for accomplishing pantern-recognition computing. | The coordinated optics now includes the arrays of
optics at patterns (14) and (15) as described by the optics models (71) and (72). '
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- Again, the present invention has accomphshed what none other before it has It provides 2
method of aeoomphshmg pattern- reoogmnon compunng along with a method of producing a
coordinated and optimized set of mathemancal desenpnons for productng the actual optics used in
pattern-recognition computing.

The present invention has the addmonal advantage of prov:dmg a method of producmg a much
larger vanety of output waveforms, makmg it capable of aeoomphshtng a much wider variety of
compumnonal tasks beyond sxmple Boolean logtc Even w1th a large number of inputs with a large set

~ of poss:ble modulation states, the present invention connnues to prowde both a determination of how to
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build devices and the functioning devices themselves, _whtch are able to provide a modulated pattern-
recognition computing equivalent of the table loock-up t‘uncuon of a read-only memory having multiple
inputs and multiple outputs as in Fig. 1. Any type of information that can be quantized into the
mathematical models can now be produced for opttcal retrieval from a coordinated optics set.

‘Optical element arrays havmg a large number of ptxel-smed optics of the present invemtion can
now be.used for the stomge of large amounts of information within the precalculated arrangements of
the coordmated optics. By dtrecnng the outputs from an optical regtster set mto the mputs of the
present invention, every possrble arrangement of regtsters can be calculated to produce any desired set
of output waveforms that correspond to the parallel procwsmg of data stored in those registers. By
intercommecting various embodiments of the present invention, er_lnre optteal computers can be
constructed. o '

The importance of interference-based computmg should not be overlooked as the basis for the
present invention. Every type of mterference, mcludmg special interference, can be used in the
producuon of dynamic-images. As a result the present invention is capable of using all of the former
mtetference-based computing processes xn a more advanced, more complex, and optimized mannet

Because interference images of thfferent wavelengths can extst srmultaneously thhm the
dynnmtc nnages the present invention can be used with advantage because each possible modulation
stateforeachwavelengthusedformsapartofthequannzedmformauonthattsdescnbedby the various
sets of modulation states. ’l'he present invention is descnbed as operanng at "at least one wavelength,"
because the present mvenuon is capable of operanng ustng many wavelengths each w:th its own
modulated quannzed mformauon. Mnlnple-wavelength use of separate information channels is the
deﬁmnon of frequency mulnplexmg Asa result, the presem invention provrdes what no other
computing system or method of manufacture provrdes .namely frequency—mulnplexed parallel-processed
compuung based on the tecogmnon of multiple modulated patterns using dymmtc interference i images,
a coordinated set of opttmtzed opttcs, and the method of producmg the same.

Whtle the foregomg description of the preferred embodiment of the present invention has
disclosed specific constmcttons, means, and methods of aeeomphshmg the present invention, because
spec:ﬁc improvements and modtﬁcauons will become readrly apparent 0 those skilled in the art of
computers and opttcal devices and the like, it is apphcant s mtent not to be limited by any of the
foregoing descriptions, but only by the claims whtch follow
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1. A method of pattern-recognition computing using wave-type energy comprising the following steps:

producing a first input wavefront of at least one wavelength having a first pattern
modulated with first quantized information resulting in a first set of modulation states;
producing at least one other input wavefront of said at least one wavelength having at

~ least one other pattern modulated with other quantized information resulting in at least one
- other set of modulation states;

combining said first and at least one other ihput wavefronts to produce at least one

dynamic image having component parts, and
separating energy from a subset of said component parts that have a computing

. function relationship with said first and other quantized information to produce at least one

output,

thereby providing a method of pattern-recognition computing.

2. The invention of claim 1 wherein:

said at least one wavelength includes a plurality of wavelengths, each of said plurality
_of wavelengths being independently modulated with quantized information having independent
said computing function relationships,

thereby providing a method of frequency-multiplexed pattern-recognition computing.

3. The invention of claim 1 including:

separating phase-varying ehcrgy from said subset of said component parts when said
subset of said component parts has energy which varies in phase when different sets of said
patterns are energized,

thereby providing said at least one output having phase-modulated energy.

4. The invention of claim 1 including:

separating energy which varies according to the tenets of special interference from said
subset of said component parts when different sets of said patterns are energized, '

thereby providing a method of pattern-recogmnon computing usmg special
interference.

5.A pattem-recogmnon computer comprising:

a first input for inputting a first input wavefront of a least one wavelength having a
first pattem modulated wrth first quammd information resulnng in a first set of modulation
states; _

 at least one other input for inputting at least one other'input wavefront of said at least
one wavelength having at least one other pattern modulated with other quantized information
resulting in at least one other set of modulation states;

combining means for combining said first and at least one other input wavefronts to
produce at least one dynamic image having component pans and
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separating means for separating energy from a subset of said component parts that
have a computing function relationship with said first and other quantized information to
produce at least one output,
thereby provrdmg a pattern-recogmuon computer

5 6 The invention of claim 5 wherem
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said at. least one wavelength mcludes a plurallty of wavelengths each of said plurality
of wavelengths bemg mdependently modulated with quanttzed information having 1ndependent
said compuung function relatlonshlps,

thereby providing a frequcncy-multxplexed pattem—recogmuon computer

7. The i mvenuon of claim 5 wherein:

said separating means scparates phase -varying encrgy from said subset of said
component parts when said subset of said component parts has energy which varies in phase
when different sets of said patterns are energized.

thereby provrdmg said at least one output having phase-modulated energy.

8. The invention of claim 5 wherein;

said separating means separates energy which varies according to the tenets of special
interference from said subset of said comoonent parts when different sets of said patterns are

energized,
thereby providing a pattem-recogmuon computer that uses special interference.

9. A dynannc pattern-recognition computer comprising:

a first input capable of inputting a first modulated pattern;

at least one other i input for inputting at least one other modulated pattern;

at lwst one output means; :

combining means for combining Sald first and at least one other modulated patterns to
provrde an output signal at said at least one output means such that each modulation
combination of said first and at least one other modulated patterns results in a discrete output,

thereby provxdmg a dynam:c pattern- recogmnon computer.

10. A method of producmg a mathematical model of a dynamnc image for use in pattern-recognition
computing compnsmg the following steps:

a) producing a first input model describing a first input wavefront having a first pattern
modulated with quantized information which produces a first set of modulation states;

b) producing at least one other input model describing at least orie other input wavefront
havlng at least one other pattern modulated wrth quantized information which produces at least
one other set of modulanon states, and

c) producing a dynamlc unage model descnbmg image componems of at least one
dynamic image by calculating energy drstnbuuons that resuit from combmmg said first input
wavefront and said at least one other wavefront at the posmon ‘of said dynamic image for

' combinations of said first and at least one other sets of modulation states,

thereby producing a mathematical model of energy distributions within said dynamic

i1 &
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image that result from combining energy from multiple modulated input patterns.
11. The invention of claim 10 including: _
d) selecting, from said dynamic image model, image component subsets that are able to
contribute to the production of an output waveform having a computing function relationship
5 with said modulation states, . '
thereby producing a mathematical model describing energy distributions within said
dynamic image that can be used to produce said pattern-recognition computing.
12. The invention of claim 11 including:
e) producing a separator model describing an array of optical elements for separating
10 energy from said image component subsets to produce at least one output,
thereby producing a mathematical model of pattern-recognition optics that have been
coordinated with said dynamic images produced from said multiple modulated-input patterns.
13. The invention of claim 12 including:
f) changing at least one of the following: (i) said first pattern description within said first
15 input model, and (ii) said at least one other partern description within said at least one other
input model;
g) iterating steps c) through f) until a substantially optimized pattern-recognition
configuration is achieved,
thereby producing a description of an optimized said array of optical elements for
20 accomplishing said pattern-recognition computing.
14. A method of producing a mathematical model of a dypamic image for use in patern-recognition
computing comprising the following steps:
a) producing a first input model describing (i) a first input wavefront modulated with
quantized information which produces a first set of modulation states and (ii) a first array of
25 input optical elements for impressing a first pattern on said first input wavefront;
b) producing at least one other input model describing (i) at least one other input
wa\}efrom modulated with quantized information which produces at least one other set of
modulation states, and (ii) at least one other array of input optical elements for impressing at
least one other pattern on said at least one other input wavefront, and
30 c) producing a dynamic image model describing image components of at least one
dynamic image by calculating energy distributions at the position of said dynamic image for
combinations of said sets of modulation states that result from combining said first input
wavefront as modified by said first array of input optical elements and said at least one other
wavefront as modified by said at least one other array of input optical elements,
35 thereby producing a mathematical model of energy distributions within said dynan_zic
image that result from combining energy from multiple modulated patterns.
15. The invention of claim 14 including: _
d) selecting, from said dynamic image model, image component subsets that are able to
contribute 10 the production of an output waveform having a computing function relationship



) s

WO 96/18965 . . ¢ Lo * PCT/US95/16456

IS

34

with said modulation states,

thereby producing a mathematical model descnbmg energy distributions within said
dynamm mage that can be used to produce sa:d pattern-recognition computing.

16. The mvennon of claim 15 including:

e) producmg a separator model descnbmg an array of output optical elements for
sepatitmg energy from smd image component subsets to produce at leest one output,

thereby producmg a mathematical model of patnern—reoogmuon opncs that have been
coordinated with each other and said dynamic images as produced from said multiple
modulated patterhs | |

10 17 The invention of claim 16 mcludmg

f) changmg at least one of the followmg (i) said first array of input optical elements
within said first input model, and (ii) said at least one other array of input optical elements
within said at least one other i input model and
8. iterating steps ¢ through f) until a subsumually opumlzed pattem—recogmnon
configuration is achieved, _

thereby producing descriptions of substantially optimized said pattern-recognition

optics.

[EE



