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Tide of the invention: Pattern-Recognition Computing And Method For Proclucing Same 

TECHNICAL FIELD 

The present invention relates to pattern-recognition computing and to imerfereoce-based optical 

5 . computers. 

BACK.GROUND AR.T 

The primary background an for the present invention is the applicant's U.S. Patent No. 

5,093,802. which teaches the basics of imerfereoce-based computing. In that patent, computer-generated 

10 (synthetic) holograms are described as a means for producing the computer functions claimed. Devices 

that use imerfereoce-based computing have come to be called "pbotonic transistors" even though the 

process will operate using non-pbotonic energy forms. 

In the February 1994 issue of the Computer A,pplicarions Journal appeared an article by the 

apPlicant which· explains the basics of convemional computer generation o~ holograms as they apply to 

15 two-input photonic transistors. 

Absent from the previous information on imerfereoce-based computing are several fundamental 

processes that the present invention utili7.es. These include: 

1. The computer genewion of pattern-recognition image (fringe) component separators. 

2. The simultaneous recognition of multiple information-modulated input patterns. 

20 3. The separation of complex pattern combinations from dy"namic images. 

4. The use of pattern recognition to produce computer logic. 

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

6. The use of frequency multiplexing of simultaneous logic functions (from applications 

08/357 .460 and 08/454.070) in pattern recognition. 

25 7. The use of anays of the full operational range of optical elemems 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 

30 letters of the alphabet from a iypewritten page, they are not well suited for use in functional active 

logic. digital computing. or sig~ processing. 

The use of pattern recognition in digital computing requires at least two differem patterns that 

are independently modulated with pattem-illuminating energy to tnake even an elementary logic device. 

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

35 as logic action proceeds. Additionally. there must be an image componem separator in order to 

eliminate from the outpUt any energy from component pans of the dynamic image that ·would. not 

contribute to the OUtpUt in a manner in harmony with the rules of logic for the particular device being 

made. The presem invemion surpasses the previous methods by providing these necessary things. . 

According to the teachings of the presem invention. one could make some elememary logic . 
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devices by simply guessing which patterns might work well, and then producing a functlouing logic 

device by ttia1 and error. However, to optimiz.e output signal levels and waveforms, a method is needed 

for determining exactly which pattern shapes work best, especially when the device utiliz.es a multitude 

of inputs and performs complex computing functions. 

5 The present invention also teaches both a method of calculating pattern-recognition wavefronts, 

optics and systems as these apply to interference-J>ased computing, and a method of optimizing the input 

patterns to provide optimal output waveforms from given input-modulation sequences. 

-
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DISCLOSURE OF THE INVENTION 

The piesent 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 invemion. 

S 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 leasi one wavelength having a first pattern 

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

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

10 one other pattern modulated with quantiz.ed 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 having component pans, .and 

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

15 function relationship with said qmmril.C(f 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 c.ombining of wavefronts -

including acoustical waves, moving panicle waves, and electromagnetic energy - can be used in the 

piesent invemion. However, in order to provide for a clear understanding. optical terminology will be 

20 used in this disclosure. 

A wave having "q~ 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 electronics. Rather tban being merely a progression of sieps, though. the quantized 

information can exist at any predefined level. The term "digital" could also be applied. However. 

25 "digital" bas generally come to mean "binary," and in the presem invemion many more than just two 

levels can be used to make up the set of modulation srates. 

Quantizing the input Signals in the presem invention has an effect similar to digitizing . 

electronic signals into binary code. The effects of noise can be reduced or eliminated because the 

information being transmitted is not lost in noise variatioris. Likewise, quantization of the information 

30 used to modulate the 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 pan 

of the set of images that make up the dynamic iJDase. 

On a micro scale, the minimum energy difference from one discrete input level to another is 

35 one quamum as commonly described· for el~tromagnetic waves. along with its equivalent for non­

photonic waves. Indeed, precision-built devices of the present invention are able to distinguish such 

finely divided levels. However, the.use of the term "quantizing." herein is in no way restricted to 

single quamum increments, but includes multi-qwµna-level differences as well. 

When a device of the pieSCDt invention operares 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 workiJlg devices, but is more difficult to 

calculate when prodUcin:g the devices. As a result, quanri:zation of the input information allows the 

calculating method of the present invention to optimize patterriS 8nd optics so as to provide optimized 

S output waveform5 over a range of.discrete iilPuts'tbat ate able to sim~te analog waveforms. 'Ibis 

optimiz.ation can DOW be acc0mplisbed by the present mvenrion even if the resolution must be calculated 

to the quantum level. The laws of physics do not allow· for analog· information to be mmsmitted in any 

finer resolution in any ease. 
Steps a) and b) above provide the multiple.;.pattem input, each pauem being illuminated and 

10 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 cod,iiled in step c). The set of all 

interference images (including images that have a consistent energy distribution with no visible signs of 

interfereoce occurring,) that result from the variolis conibinatioiis of input moduiation states is the 

dynamic ~ge. It is a "dynamic" image becausC it changes from <>nespeciftc interf~ image to 

IS another as the inputs are modulated. Thus, as computation proCeeds from one input to the next, the 

dynamic images change fiom one interference· image to me next~ · Llke frames in a movie film, each 

frame is a different image, but together they make up a complete moving picnue. 

Step d) is the extraeting of logic or cor0puting fesults from the compleJt dynamic image. The 

full area occupied by the dynamic image is divided into component parts by the consttuetive and 

20 destructive interference that occurs when the input wavefronts are combined. The size of these 

component pans is determined by the shape of the input pauemS and the optics used to combine the 

input wavefronts. For ease of calCulatiori ·and description, the dynamic· image area can bC divided up 

into much smaller parts, so that each component part is made Up of one or more pixels. However, it is · 

the changing· energy levels in the cOinponem part$ that make pattern-recognition computing work. even 

25 if a particular component part is only one pixel in size. 

As the input information cbanges. so clOes the disttibUdon of energy within the dynaniic image. 

As a result, each component part and th~ each pixel. changes energy level (pbasC and amplitude.) 

Taken individually. each pixel will :Produce a Particular waveform over time as the inputs change from 

state to state, and may be used as an ouqmt~ · 

30 As any particular sequence of·iilput modulation States procCeds. a great variety of waveforms 

are available from die many pixel Jocatioris within the dynainic image. To design a panicular logic or 

other signa1:.procemng device (i.e., a device tb8t performs a cOIDPuter function), one or more pixels are 

chosen that produce outpUt waveforms corresponding tO the desired computer function. 

If more than one pixel is chosen. energy from the plurality of pixels is first separated from the 

35 dynamic image and then combined togethel to provide the deSired waveform output. When a number of 

pixels or component pms prodlice the same or nearly the same wavefonn, these cousdnue a subset of 

image componemS. When energy from such a subset is Separated to beeoine the oUtpUt, its common 
' ' 

characteristic waveform. as outpUt. has a higher amplinide. When a subset is chosen that produces a 

waveform that relates to the input waveforms according to the Nies of some computing function, the 

I 
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presem invention performs computer logic by panem 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 

S 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, 

10 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 pan of the apparatus doing the computing rather than coming in as pan of the i~put information, 

15 the linage component separator can be made to conform to a particular ~ of interference images; that 

is, the particular energy distributions that occur in the panem-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 

20 function as an efficient unit, tuned, as it were, . to perform its computing function. 

Related to the subsets of pixels, chosen because they match a particular 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-pan­

sized optical elements are introduced at appropriate locations within the image component separator, oru: 

2S or more of these complementary waveforms can be combined to provide a stronger or modified output 

waveform. Multiple complememacy subsets can also be combined into multiple outputs. The net result 

of this secondary combining of energy 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. 

30 Modem optical technology also allows for the use of a much wider variety of optical elements 

at each image component separator than the· simple ~l~. opaque, and phase-changing elements of 

c.onventiODal holograms. although 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 

· 3S at the location of the panein inputs so as to better tailor the full optical arrangement for a particular 

task. 

The present invention bas the capability of performing 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 function. 

Each combination of inputs is··a form of address. Each address produces a speeitic interference 

image as pan of the dynamic bnage. 1be hnage componem separaror is !Dade by selecting subsets of 

components that are sepanted to produce one or more owputs which :then represent the information 

5 found at the address selected. As the mput "addresses" represent data:to be computed, the output 

represents the results of compuwi0n mat have been. "looked up" in the image component separator. 

In another configuration. a muDber of outputs can be produced. each with its own owput 

waveform, for a given set of inputs. If eight such outpUts are used, the table look-up operation 

produces an output byte. Ukewise, any number of outpUts can be used to form parallel words of any 

10 desired length, images, or any other form of parallel energy carrying information. If the group of 

outputs form a pixel image. the ptesent mvemion can be used to table;.look:..up a series of images. 

Consequently. the present invention is very useful for storing infurmation as a read-only 

memory which can be calculated into the· coordinated optics that include the image compoilem separator 

and.the group of input patterns, rather than being written into as with a CD .ROM master. 

15 The next step is to manufacture coordinated optics packaged in a modular unit which can be 

removed 8nd replaced in a computing sYsiem like chips iia an electronic computer, a removable CD 

ROM. or an optical "hard drive." The ~ns for packaging the emire 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 me process for computer generation and optimimion of the optics 

20 involved. The iDJ>ut signals that illuminate the input panerns and the outpUt signals produced can be 

easily standardized, while ihe input pattern set alid ·the image component separator are individuals that 

result from calculatiJJg and modifying diem as a team. 

Frequency.:multiplexed operation can be achieved with the addition of the following modifying 

steps to the basic method set forth above: 

25 ·said at least one wavelength includes a plunlity of wavelengths. each of said pluraliiy 

of wavelengths being independently modulated with quaritiz.ed information having independent 

said computing i:elationShips, 

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

ImerfereW:e images of different frequencies can exist within dynamic images without cross.: 

30 talking berween them. The present invemion takes idvantage of this physical quality so as ro ·permit the 

simultaneous and parallel operation of multiple computing operations Using a single coordinated optics 

set. Further information is provided in the qUOtations frOm applications 08/357 ,460 ind 08/454,070 

bele>W. 

Outputs can be produced that comain both amplitude- and phase-varying waveforms by further 

35 modification of the basic metbOd as follows: 

separating phase-varying energy from said subset of said componem parts when said 

subset of said Componeiir parts has energy which varies in phase when di~ sets of said 

pattern sets are energiz.ed, 

thereby providii1g said at leaSt one Output having phase-modulated energy. 

IHI 
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Phase-modulating one or more of the inputs with quami7.ed 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 pans that contain phase variations regardless of 

S the modulation type chosen for the input. These areas too can be used to produce outputs having phase 

variations. 

10 

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 

sreps are: 

separating energy which varies according to the tenetS of special interference from said 

subset of said component pans when different sets of said pattern sets are energized. 

thereby providing a method of pattern-recognition computing using special 

interference. 

When non-optical energy forms are used. the signals from the modulated patterns produce a 

15 dynamic combination that is separated by a means appropriate to the energy form being used. For 

example, if the inputs are patterns of electrons, it is apparent that "optical elements" cannot be used to 

separate an outpUt signal from a dynami:c 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 acoustical means for separating energy from the· dynamic 

20 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 pattem-

25 recognition computer 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 

30 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 

35 shape and/or organb.ation of the inpm 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 optimb.ed embodiments, the present invention. provides for a special 

method of calculation that is able to calculate the complexity of dynamlc images and produce the 

coordinated optics involved in a particular embodimem. 



W096/18965 PCI'/US95/16456 

8 

F~r example,. a cenain embodiment may have three inputs, one with a pattern in the shape of a 

square, one in the shape of a circle. and one in the shape of a star. When the star pattern is on and the 
. . :~ 

other two are off, a single interference image will appear at the dynamic image location. When the 

circle and the square patterns are on but .the star is off, a different i~ image will appear at the 

5 location of the dynamic image. 

The dynamic image can be divided up into pixels, so that one set of pixels will be energiz.ed 

when the star pattern is on. and another when the circle and square are both on. Of these, a subset will 

be energized only when bodi the circle and square are on, but will not be energiz.ed any time the star is 

on. 

10 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 while energy from·cbe 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 decoding logic function 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 off. Such a subset of pixel-sized. component areas 

15 can be selected so as to produce an outpUt for any input modulation combination. 

But should the star be a star? Perhaps it should be shaped like the letter q or like a moose 

head. Seldom would such patterns produce optimal computing waveforms. The first process in 

determining how a coordinated optics set needs to be organized is to calculate the energy distributions 

within the dynamic· image for every combination of input modulation states. 

20 The method of calculating individual interference images within dynamic images comprises the 

following Steps: 

a) producing a first input model describing a . first input wavefront having a first pattern 

modulated with quantiz.ed information which produces a first set of modulation states: 

b) producing at least one other input model describing at least one other input wavefront 

2S having at least one other pattern modulated with quantiz.ed information which produces at least 

one odler set of modulation states, and 

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

dynamic image by calculating energy distributions· tbat result from combining said first input 

wavefront and. said at least one other wavefront at the position of said dynamic image for 

30 · conibinations of said sets of modulation states, 

thereby producing a mathematical model of energy distributions within said dynamic 

image that result from combining energy from multiple modulated input patterns. 

Energy distributions at several places in eac.h device being produced are calculated as models. 

That is, mathematical description.S of the energy at those points are calculated. Such descriptions can 

35 include an array of amplitude and phase vectors, or any other suitable m&thematical description that can 

be used in subsequent cal~ulations. 

In a) and b) above, the models are of wavefronts coming from the illuminated patterns. Each 
·. ·. ·, . 

model includes not only the wavefront's pixel pa.ttem, but also the quantized modulation srates that 

result from the quantiz.ed information. This information is used to describe the modulated .jnput patterns 
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of pixels for every quantized state that will be used in the final w;vice. 
It should be noted that all possible input combinations need not be calculated each time the 

method is used. Experience, records of past calculations, and limidng the number of input state 

combinations to only those combinations that will actUally be needed for the final application of the 

5 device being designed can be used to reduce the computational load within the method of the present 

invention. 

Step c) is the producdon of a model of the. dynamic image divided imo 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 

10 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 

inuoducdon 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 advamage in reducing the work load. 

15 The laws of physics provide for a number of mathematical methods of waveftom 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: 

20 d) selecting, from said dynamic image model, image component subsets that are able to 

comribute to the production of an output waveform having a computing function relatjonship 

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. 

2S This step is actually a search through the dynamic image model to find pixels with wavefomis 

or complementary waveforms that can be used to comribute to at least one combined output 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 conuibute to an output that behaves as an AND, and SQ on for whateVet device is being uiade. 

30 After a method of calculadng energy disuibutions within dynamic images and deterinining 
which pans of a dynamic image can be used to produce the needed outputs is arrived at, ~e next 

operation is to inrorporate this method into a method for producing a coordinated set of optics that 

includes both an image component separator and the set of input patterns that operate it. 

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

35 e) producing a separator model describing an array of 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 Said dynamic images produced from said multiple modulated input PB:tterns. 

Once a separator model coordinated with the input patterns through the dynamic image is 
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produced, the next step includes the· production of a model of a separator capable of using 

complememary subsets to produce common output8 bee&USe the optical elemems in the separator array 

are used to modify energy from the comPiememarY subsets to enable them to colittibute io the common 

output waveform. The "image component subsets" of step e) include all conttiburing image 

5 componems, and the mOdeJ description of die optical elemems includes information about the individual 

optical elements needed to make co.mplemenrary wavefor.ms comribute positively 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 paaem changes the distribution of energy within the dynamic 

l 0 image. As a result, specill patterns can be selected that produce energy distributions within the dynamic 

image that are more conducive to producing cemiin types of outputs. By changing the input patterns 

and then co0rdinaring them with the image separating optics, optimized devices are produced. To 

produce an optimal optics set, the next iwo stepS hi the method of the present invemion are: 

f) cbaDging at least one of the following: (i) said first pattern description within said .first 

15 input model. and (il) said at least one Other pattern description within said at least one other 

input model; and 

g) iterating steps c) through f) until a substantially optimi7.ed pattem-recognidon 

configuration is achieved, 

thereby producing a descriptloil of an optimized said array of optical elements for 

20 accomplishing said pattern-recognition colDpUtiD.g. 

Making ineremental changes in at least olie of the input patterns will produce a different 

coordinated optics set for each optics set for each of the input panems. On each successive iteration, 

the new optics ·set is compared with the previou5 optics set(s). After a number of iterations, this process 

will produce a 8ubstalitially optimized co<>rdinated set of optics having a set of input patterns that 

25 provide improved performance when used with their matchins optics as compared to other pattem-aod­

optics arrangemems. 

The next improvement in the present method is tO include an individual array of input optical 

elements for each input. The quami1.ed information-modulated inputs pass through the arrays of input 

optical elemems to both impress the pattern Oil the input energy ~d produce specialized input 

30 wavefroms that can be oJJtimized into a moi'e efticiem arrangement. 

The method of producing a mathematical model of a dynamic image for use iii pattern­

. recognition computing using ioput·arrays of.optical elements thus comprises the following sreps: 

a) producing a first input model describing (i) a first input wavefrom modulated with 

quantized information which produces a first set of modulation states and (ii) a first array of 

35 input optical elements for: impressing a first pattern on said first input wavefront; 

b) producing at least one other input model describing (i) it ·1e8st one other input 

wavefrom-modulated with quiimized informitio11 which pfoduces 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 wavefrom. and 

f 

il:JU!: 
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c) produciDg a dynamic image model describing liDage co~nems of at least one 

dynamic image by calculating energy disttibutions at the position of said dynamic image for 

combinations of said sets of modulation states that result from combining said first input 

wavefront modified by said first array of input optical elemems and said at least one other 

5 wavefront as modified by said at least one other amiy of input optical elements, 

thereby producing a mathematical model of energy distributions within said dynamic 

image that result from combining energy from multiple modulated paaems; 

d) selecdlig, from said dynamic image model, image component subsets that are able to 

contribute to the production of an <>UtpUt waveform having a computing function relationship 

I 0 with said modulation states, 

thereby producing a mathematical model describing energy distributions within said 

dynamic image that can be used w produce said pattern-recognition computing; 

e) producing a separator model describing an array of output optical elements for 

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

IS 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; 

t) changing at least one of the following: (1) said first array of input optics within said 

first input model, and (ii) said at least one other array of input optics within said at least one 

20 other input model, and 

g) iterating steps c) through f) until a substantially optimiz.ed pattern-recognition 

configmation is achieved, 

thereby producing descriptions of substantially optimized said pattern-recognition 

optics. 

25 At each iteration. the quality of the outpUt waveforms can be examined to determine whether 

or not recem pattern changes have contributed w the production of a beuer device. The process of 

selectiiig a new pattern can be an auromatic one, such as by adding or deleting a pattern pixel. or by 

human intervention and intuition, or by some other method, including trying all possible patterns and · 

choosing the best one. 

30 By these methods, a wide variety of logic, sipal processing, and other computer functions can 
. . 

be produced, optimiz.ed and utilized. SUch functions include all functions based on special interference.-

frequency multiplexed logic. and any other interference-based computing function using any wave-type 

energy form. 

INFORMATION FROM PRIORITY APPLICATIONS 

35 Cenain subsets of dynamic image component pans produce waveforms that obey the tenets of 

special imerference. 

The following quotations frOm U. S. application number 08/357 ,460 explain the tenets of 

special imerfetence used in the present invention. (Abbreviations: di = desuuctive interference. ci = 

constructive imerference.) 
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(from page 2 line 4) 

"These special interference phenomena are produced whenever the geometry 

__ of the apparatus is such that energy from a plurality ()f beams causes destruetive 

interference at the first focation(s) where energy from the •t beams appears when 

any one_ of the input beams is on by itself. Since the law_ of conservation of energy 

requires that the energy in the beams not_ be destroyed by the desuuctive interference. 

when an out-of ~phasc: beam is on. the energy_ must appear somewhere else. Depending 

on the geomeuy of beam_ superposition. the energy will be reflected. or diverted to a 

position adjacent to the first location(s), or at some angle in between. The important 

10 result is that energy from the plurality of beams is actually divened away from the 

first locatiori(s) where destructive interference occurs and on to a second location 

where constructive interference occurs. outside of the area where at least one input 

beam appears in the absence of interference.: 

In the most elemenrary examples. having only two input beams, two types of 

15 special interference are manifest. With_ the first_ type. neither of the input beams 

conrribute energy to the second locadon when either one is oo ~Y i~f~ When both 

input beams are on, interference ~uses energy from both beams to appear at the 

second location. 

With the second type of special interference. the first input beam comributes 

20 no energy to the second _location when it is on by i~f. When the second input beam 

comes on, imerference causes energy from both input beams to appear at the second 

location. However, energy from the second beam does appear at the second location 

when it is on by itself. 

Some embodiments and applications of the present invention is able to use 

25 either type of special interferem:e. There are some things. however, that require one 

type or the other. but will not work for both types; e.g •• the logical AND, discussed 

below. 

The individual beams, -in either type of special interference. actually produce 

images at the locations where interference takes place. even if these images are just 

30 simple spots. These images then imerfere with each other. 

In complex 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 beaQJs that form images. When_ only_ one beam set is on, 

and as a result its image is on. the energy pattern defiDes a set of "first" locations by 

35 the presence of energy. When at-least two of the subsets are on. interfereDce occurs 

between the two ~mages, and energy from both images is removed from the first 

locations by destructive i~. That energy then_ 1P,PC8I5_ at the second 

location(s) because of consuuctive interference. The second locations lie outside of 

the area where the first locations are._ 

~llRii· 
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Holograms, especially but not exclusively ·computet"-generated holograms, like 

other pictures, are made up of individual pixels. From each pixel comes a group of 

rays that evemually combine 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 

5 hologram. The rays constitute a set of beams. When a whole set of beams are 

modulated in concen, 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 special 

interference phenomena used by the presem invemion. 

10 The imponam difference between these special interference phenomena and 

Young's fringes used in the prior an is that energy from at least one of the input beam 

sets. which appears at the second loeation(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 appear at dw second 
15 location(s) in the absence of interference, when any of those beams are on by 

themselves. 

These special pbenomeµa are analog in nature, in that the amoum 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 
20 divened from the first location(s). 

If one input is held coostant, 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). 

25 The phenomena may be utili7.ed in digital energy circuits through the use of 

30 

discrete levels for modulating the input beams; to establish discrete states of the 

interference images. having discrete amounts of energy in their comp0nent pans." 

(from page 49 line 12) 

"38. Basic theory of operation. 

Applicant theorU.es that the amplitude and intensity of energy at the purely 

consni.Jcrive inrenerence locations, using the first type of special interference. are able 
to 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 ind 
35 considers just tw0 incoming rays. 

That formula is: 

A = amplitude of the first beam. 

B = amplitude of the second beam. 

Theta= phase difference between the two· beams. 
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Intensity ... I .. A2 + B2 + 2AB Cos(l'bet&) 

PCT/US95/16456 

The Total amplitude Tc1 - square root of I, just as A2 == the imeiasity of amplitude A. 

At the cemer of the caDsttuctive inrerference (ci) area, Thera. - ·o. and the 

· Cos(Theta)== + 1. At the cem:er of the desttuctive imelfetence (di) area, Theta = 180 

5 degrees, and the Cos(Theta),;,..-L As a result, the vector sUrii of two amplitudes at 

these two locations is also the algebraic sum of the amplitudes. 

The two rays are in phase hi the ci area,· so the 5um has that same phase. As 

a result, the ci intensity formula is, 

Ic1 = A2 + B2 +2AB = (A + B)2 

10 In the di area: 

The two rays are out of phase in the di area. so that the vector sum is the 

difference of the twO amplitudes, Which takes on the phase of the largest of the two. 

·If they are equal. the algebraic sum is zero. The di formula for intensity becomes: 

~ :== A2 + B2 ..;2AB - (A - B)2 

15 TheSe two condidons are llso able to.be viewed as the vector sUms 
0

0f three 

20 

different rays, which will be labeled B1, B2• and U. In die di area, B - -B1 = Dz, so 

that U is the difference betweei;i A and B, and A - B+ U 

When A is on by irself, the amplitude at location 1 is the vector sum of B1 

and U. The intensity is (B1 + U)2• 

When beam Dz comes on it combines with the first two. Since it is 180 

degrees out of phase with B1 and U, the totals of amplitude and imensity are as shown 

· in formulae 1. 

· Formulae 1. di location· for all of the interference types: 

T1 = Tc11 = B1 + U - Bz = U 

25 11 = Idl • CB1 + U - Bz>2 • U2 
also, by substitution we get: 

30 

11 = ~ - Az + B2 -2AB = (B+U)2 + 82 -2B(B+U) . 

= B2· + 2BU + U2 + B2 -2B2 -2BU 

- U2 
This. is exactly what is expected because the amplitudes add algebraically. and 

the imensity is the square of the amplitude. 

This indicates that the addidon of an out~f-plulSe 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 8re equal in amplitude but of 

35 opposite sign, the third beam is equal to the amplitude of the energy remaining at this . 

location after all three have been summed. 

1be process of interference relocates energy within a fringe image. The 

equivalem amount of energy that is missing from the di ·areas appears in the ci areas .. 

As shown above, when two unequal beaiDs interfeie desttuctively, not all of the 

II 

• 
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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 not been relocated; 

it continues to arrive. at the di location. As a result. this remaining energy is able to 

be called "undivened" energy. because it has not been diverted into the ci areas by the 
5 interference. 

As a result. one is. able to 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 
10 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 B1 and U. 

Again, when beam Bl comes on. it combines with the first two. Since it is in 
phase with B1 and U, B = B1 = Bi. and the totals of amplitude and intensity are as 

shown in formulae 2. 

15 Formulae 2. Young's interference type in either amplification or saturation:· 

20 

25 

30 

Tl= Ta == B1 + U + Bl= 2B + U 

ll = la == (B1 + U + _B2)2 == (2B + U)l 

also, by substitution we get: 

= (B+U)2 +Bl +2B(B+U) 

=Bl+ 2BU + U2 + B2 +2B2 +2BU 

= 4B2 + 4BU + U2 

= (2B + U)2 

This is also eXactly what is expected because the amplitudes add algebraically. 

and the intenSity is the square of the ampUtude. 

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 imerference exactly equals the 

amount removed from the di area. 

As a result, two equal pans exist. B1 and Dz. 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 

"undivened" energy. Apparently, it remains unaffected by the imerference that is 

taking place between B1 and B2• even in the ci area. 
35 If B rises to become equal with A. U drops to :rero at both places. The 

resulting im~e image goes completely dark at the di location, and the intensity 
at the ci location goes to 4A2 == 4B2• All of the energy contributes to the interference 

image. 

. When A and B are not equal. the iJDase funned is able to be viewed as being 
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the sum of two images. One image is the interfereuce image formed by portions B1 

amt Bi in the familiar imerference fringe pattern. The other image is a consistem spot, 

having no conttast challge from oDe pan to another; its amplitude equals u. and its 

intensity is U2. 
5 As a result, U, the difference between two unequal.beams, can rightly be 

called •undivened," for it arrives at the salJle locations ind in the same pattern as 

when B1 and ~ are off. 

B1 and~ are rightly called "diverted" energy, because this energy has been 
. .. 

rearranged, or "diverted," iii order to form die imederenee image. In that image, the 

10 energy from the di location is divened into the ci location to combine with an equal 

contribution from the other beam that will arrive there anyway in the absence of 

interference. 

In sjlecial interference: 

Next, we examine special interference. Special interfereJK..-e his no 

15 contribution to location 2 •. the ci location. w~ only one belm is on. This 0ccurs 

because the beams are small in comparison to the di location, and are directed only 

toward the di location, and are ~t spread out to cover the location where ci will 

eventually_ take place. 

The di area functions exactly as described above, as having two in phase 

20 beams from A, with the out-of-phase B. 

The ci area has no energy in the absence of interference. Most importantly, it 

has no "undiverted" energy (that is, U-0). 

When the secoiid beam (B2) comes on, interference occurs producing an 

interference image that removes energy from the di location, (B1 - B2). leaving U as 

25 residual energy. 

30 

The energy removed from me di location is divened imo the ci location as 

Br + B2• It has an imensiry of (Br + ~)2. 
Again by substitution we get: 

= (B+U)2 + B2 +2B(B+U) 

= B2 + 2BU + U2 + B2 +2B2 +2BU 

= 4B2 + 4BU + U2 

= (2B + U)2 

However, U = 0 at this location, producllig the important relation as shown 

in formulae 3. 

35 Formulae 3, first interference type iD. either amplification or satmation: 

T2 - 2B 

12 = (2B + 0)2 =- 4B2 

As a result, a formula for the first rype of special interference bas been 

derived for both the amplitude and the inrensiry. 

• 

tlUI[ 
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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 func.'tion of the size, 

S locations, and the ratio of output area to image area of the image component separator 

relative to the image. Contributions of energy from the other pans of the image 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 

10 directed to location 1 and a comrol beam B (which is smaller than A) produce an 

interference image at locations 1 and 2, with di at l, and ci at 2. 

The outpUt intensity is 4B2, 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 

15 output is directly proponional to the control beam B. 

When the control beam is amplitude modulated. the outpUt is also. amplitude­

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 

amplifier of the prior an that uses Young's interference. the present invention does not 

20 produce the residual output U. the undivened leftover energy that does not contribute 

to the interference ima~e. 

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 

25 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 

30 nsaturation. n. All of the energy from beam A that is able to be has been divened into 

the output. 

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 dw are otherwise impossible. A modulated waveform will be limited and 

35 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 having 

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 comrol 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 

excellem amplifi.ei. 

S When the conuol beam is off. 12 = o. and 11 = B1 + U. 

10 

When the conuol beam is less than the substantially consram power beam. 

A = B1 + U. and B - B2• The amplitude at location 1 will be B1 + U. 

Formulae 4. 2nd interference type in amplificaiion: 

Amplitude = T 1 ... B1 + B2 = 2B 

= 4B2 

This is the same as with the first type of special imerference. The difference 

appears when the amngement goes into satUration. When that: occurs. the undivened 

energy (U). which eqUals B-A (because B is larger) does not come from the power 

beam. In this case the tesidUal energy comes from the conuol beam which is directed 

15 straight into the output. As a result. the output during saturation is as shown °in 

formulae 5. 

20 

25 

30 

Formulae 5. 2nd imerfereuce type in sarulation: 

Amplitude = T2 = B1 + B2 + U = 2B + U = 2A + U 

lmeosity = 12 -= (B1 + B1 + U)2 
- 4A2 + 4AU + U2 

Amplification is reduced because A is consram. All of the available energy of 

me power beam has been divened imo the output. Funher 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 imeraction with energy from other pans 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 nanow band arrangemems .. 

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-modwated sipat. The inputs would have 

to be exactly out of phase in order for the ci location to be the same as the output 

35 location. 

In practice. the optics used will have to be engineered in wavelength units 

and wavelength sizes. Most optical arrangements rely on an averaging of energy from 

multiple points of the cross-section of·an input beam. Averqing of energy from these 

mUltiple points produces the familiar sinusoidal ·interference fringe. 

u1u1; 
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If the amplifier is engineered to 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 number of input frequencies. The omput locations function as if a 

group of controllers were placed side by side, each one using an individual ray set. 

5 In this case, the outpUt hole includeS a large number of wavelength size 

10 

locations. For slightly different phases and slightly different frequencies. the ci 

location from each pair of input locations will be at slightly different output locations. 

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

ouiput. If they are not, it will not. 

Modem optics is capable of operations at wavelength sizes. Wavelength siz.e 

input beams and wavelength siz.e 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. 

15 Wavelength size precision will cause a phase-modulated sigJJal to otitpUt only 

20 

when the phase is close enough to 180, at the first location, in order for the ci area to 

hit the wavelength size omput 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 wavelength geometry so that the ci location is 

where the tiny hole is. 

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 

25 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 

30 separate ourput 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 &om different locations directed to 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 

35 in the input will be separated into separate outpUts. Meanwhile, it will filter out any 

frequencies in between, because no output hole is provi(fed for those frequencies, and 

no matching input frequency is provided. 

If the control input is directed to a common location 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 manged so that the ci locations all match, producing a very 

_accurate &equency~selectable filter.· All frequencies that match a·po\ver beam will have 

their Ci at the common OUtpUt hole. All other frequeneies. will not. The difference 

between this arrangement and the broad band averaging arrangement is that each of the 

5 frequencies that pass tbrOugh the tilrer .must match precisely die frequency and phase 

of the power beam. At wavelength sil.eS, filters are capable of providing the best 

selectivity of any knoWD. means, especially at light wave. freQuencies and beyond. 

These basic principles of Operation produce functions similar to the way 

electronic transistors perform siinilar functions. As a result, the presem invention 

10 warrants the common name "photomc transistors." Even though .the presem invention 

is quite capable of using Jion-photonic wave-type energy, photonic embodiments are 

expected to become the most common in operation." 

The present invention is also able to produce pattern-recognition computing using frequency 

multiplexing of computing functions. 

15 The following quotation froili U. S. application number 08/357.460· explains the use of special 

interference in frequency multiplexed sysremS. 

(from page 17 line 31) 

"12. Active tilter. 

The presem invention is able to be used as a phase and frequency sensitive, 

20 precision active filter Using the first type of special imerference. If either of the input 

beams comains energy that is Dot of the same frequency and opposite phase of the 

other input, no. uninvened owput will occur. As a result, the present invention is able 

to be used to demultiplex frequency multiplexed signals, distinguish colors, and 

demodulate frequency-modulated and pbase-modUlated signals. 

2S If more tb!lJl one color (wavelength) is supplied to both beam sets. a single 

device will operate independent)y and simulraneously at each wavelength. As a result, 

the presem invention is able to be used to switch, separate, and organize broad-band 

signals. 

By supplying multiple-wavelellgth energy of a substantially COnstam (above-

30 zero) level(s) as the first beam set of a pied amplifier. along with a multiple­

wavelength secoiid bCam set, an amplified si~ that matches each wavelength that 

occurs siDiulmneously 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 

to be gated for selecting and demultiplexing the matching signals. 

35 A plurality of these active filters are able to be used either in parallel, or in a 

tree structme to demuJdpJet frequency multipJeXed signals of all .kinds, including 

those used in optical fiber transmission. microwave and even radio. 

The active filter uses the presem, basic invention by adding these steps to the 

means and method: 

~IHl!I 
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a. Providing tfu: first beam set with energy at a co~ above-z.ero-level having 

at least one wavelength. and often several wavelengths; 

b. Switching wavelensths 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 multiple wavelengths to be 

filtered. and 

d. Producing special imerference 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 

10 an outpUt only at wavelengths that exist simultaneously in both input beam sets. 

13. Removing signals using an active 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 owput signals in the 

second type of interference differ somewhat from those in the first type of 

15 interference. 

With the second type of imerference, the filtered. uninvened 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 consttuctive 

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

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

Adding an invened outpUt. as with the invener above, produces an outpUt 

which is differential to the uninvened output at every wavelength present in the power 

beam. but is not differemial at other wavelengths. 

The procedure for producing a differemial active filter. using either type of 

2S imerference, besins with an amplifier with an inverted outpUt and continues with the 

following steps: 

30 

a. Providing the first beam set with its substantially constant above-i.ero level 

energy having at least one wavelength; 

b. 

c. 

Providing the second beam set with multiple wavelengths to be filtered, and 

Producing interference with a subset of those multiple wavelengths that match 

the at least one wavelength in the first beam set to diven energy of matching 

. wavelengths away from the first location(s) and into the second location(s), 

thereby providing an invened active filter by producing an invened output 

deficiem of wavelengths which exist simultaneously in both input beam sets. This 

35 invened output is differential to the uninverted output, just as with the invener above, 

only in this instance, inputs having a variety of wavelengths are provided for the 

purpose of filtering, removing, and separating one wavelength from another while 

preserving any information present in the wavelength(s) being filtered. 

14. Frequency demultiplexer. 
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Frequency multiplexing is ~Y performed by combining individually 

modulated sisnais of differem frequencies into a common beam path. Demultiplexing 

is more complex. The procedure used in building a frequency demultiplexer is: 

a. Provide a plurality of active filers; 

b. Provide a frequency multiplexed beam set having a plufality of modulated 

wavelengths; 

c. Direct a portion of the frequency multiplexed beam set into the second 
. . 

(co0ttol) beaDi set of each tilter, and 
.. . 

d. Provide the first ~ set of each filter With a differem frequency of energy 

matching each· of the plurality of modulated wavelengths, 

chereby providing a frequency demultiplexer by prodUclng a separate 

modulated owput, frOm each filter, matching each different frequency. 

The second type of special interfere~e is not used. because frequencies not 
. .. . . 

having a nwcbing P<>wer beam will pass through into the oUtput. 

IS If the second beam sets of the active filters use the same input and first 
.. - . . 

locations, step c. above happens simultaneOUSly as the energy is being directed to rhat 

first location. Each frequency wjll produce a cl at a differem location, where the 

separate outpUts are taken. " 

Additionally, the following quotation from application 08/454,070 coiitains further information 

20 about frequency multiplexed logic in general, which can also be inc0rporated into the present invention. 

(from page 3 line 3) 

"The present invemion comprises ·a means and method for providing 

frequency-muJtipl~ functions inciuding logic, amplificatio~. and energy beam 

25 conuol. A common set of opti~ produces simuliaoeous. ilidependem functions on 

independem frequency chanDels within a single device. Individual channels of the 

frequency-multiplexed Output contain the results of individual fonctions performed on 

the channels individually. 

Input beams contain multi-frequency energy wherein individual frequency 

30 channels function as bidependem carrier waves rhat are modui8tec.t independently with 
. . 

information which is to be used within die invemion. The. invemion has a plurality of 

such frequency-multiplexed inputs. Interference is produced simultineously among all 

of the inputs which produces a separate interference iinage for each carrier wave 

frequency channel. Because common optics are used to produce interference, all of the 

35 images tend to overlap each other in· the s8me general area, although some frequency 

separation does .take place. 

While the overlapping images can be called a composite image, the fact is 

that a modulation change in a single chaDnel pOOduces a cbailge in only rhar 

imerference image which has been produced by energy of that· paniCUlar wavelen,th. 

tllR! 
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The other· images prixtuced by energy from the other chaiirieis are unaffected. 

An image componem 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 relationship to the individual images. As a result of overlapping. the output is 
5 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 particular 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 optics 
15 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-multiplexed logic has the advantage of reducing the number of 
20 optical components needed for controlling many signals. For example, the individual 

bits of a complete frequency-multiplexed word can be gated on and off. individually 

or as a group; by controlling the input signals to a single device." 

ADVANTAGES OF THE INVENTION 
25 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, optimiz.ed 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. descriJ>tioo of the preferred embodiment. and claims which 
follow. · · 
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BRlBF DBSCRlPTION OF THB DRAWINGS 

Fig. 1 is an operational drawing showing modulated pauems with a double image component 

separator. 

Fig. IA illusuates the relationship between input and output waveforms of the present 

invemion. 

Fig. 2 shows a dynamic image set from a two-pattern input. 

Fig. 2A is an expanded view showing area 30 of Fig. 2. 

Fig. 3 illusuates image component separation with secondary recombining in the present 

in~emion. 

Fig. 4 is a flow chan sh0wing a method of cllculating optimized coordinated optics. 

Fig. S is a flow chan showing a method of calculating optimized coordinated optics including 

input arrays of optical elemems. · 

Please note that the beam angles. sizes. and proportions are exaggerated s0 as w provide for 

clarity of understanding. 

.. 
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BEST MODE(S) FOR CARRYING OUT THE INVENTION 

Fig. 1 illustrates a basic embodiment of the present invention having four inputs (10) through 

(13). each modulated. independently with quantiz.ed information. They may be binary, or may have any 

number of discrete modulation levels representing the information to be computed. Each input is 

5 provided with an optical element array 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 paaems onto the modulated input energy. These optical elements also act as a 

combining means for producing dynamic image (31) from which ouiput (28) is taken, and dynamic 

image (3 lA) from which outpUt (29) is taken. 

10 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 diamond. to produce the modulated wavefront 

(19). Input (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 (~6). 

lS • Wavefronts (18) through (21) combine to form (a) dynamic image(s) located at image 

component 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. I. Ponions of 
' 

the energy from dynamic image at position (24) are passed through image component separator (22) 

into outpUt (28), while other portions are stopped as at position (23). Likewise, still other ponions of 

20 dynamic image at position (27) pass through image component separator (25) to become output (29), 

while the portions at position (26) are blocked. 

Fig. IA shows a computing relationship between a set of input waveforms and an output 

waveform. The computing rela!ionsbip in this diagram is the logical AND function shown over time:. 

Inputs (10) and (13) are the modulated waveforms over time. At least one output (28) is the logical 

2S AND of inputs (10) and (13). In this particular situation, inputs (11) and (12) are off (not used). and 

omput {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 are to pass into an outpUt and 

which portions are not is a major feature of the present invention. Fig. 2 shows how such a 

30 determination is made. 

The area where the dynamic image (31) ~ 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 

of modulation combinations increases· rapidly and becomes difficult to draw as one increases the number 

of inputs and the number of quantiz.ed modulation states. Because binary inputs are contemplated. for 

35 purposes of this discussion, there are two states in each set of modulation swes for each input, as in 

Fig. IA. 

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 on and input (13) is off, wavefront (18) forms a first dynamic image state 
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shown as diagonal cross-batch area (33) within dynamic image (31). which is one of the set of images 

·that make up dynamic image (31). At this lime, oniy this portion of (31) has energy from input {10) 

because the laws of physics ·determini: boW wavefront (18) ·is· affected by pauern (14). 

When input (10) is off and input (13) is on. wavefrOnt (21) forms a second dynamic image 

S state. shown as vertical emu-batch area (34). Again. only this pordon of (31) has energy from input 

(13) because the laws of physics determine how wavefrom (21) is affected by pattern (16). 

When inputs (10) and (13) ire both on, pittem-m0mfied Wavefronts (18) and (21) combine and 

interfere to direct energy· into area (32), Shown as horimDtaI cross-batch, to form a dlird dynamic image 

state. 

10 As the inputs go duough the various coinbinatioos of modulation stares, die· energy distribution 

within dynamic image (31) will change from one iDterferem:e image to another.· But, because the 

paneriied inputs and the imase componeni sePar8cor are stationary, the Set of images that make up die 

dynamic image remain the same. That is, each combination of input modulation states will produce one 

and only one imerferem:e image. While a different combination of i.Dput states will produce a different 

15 imerfereuce image, the image prodUced for that cOmbination will·always be the same.whenever that 

input combination is present at the input. 

In order to produce logic and •r computer functions, energy is separated from dynamic 

image (31) from locations that correspond to the functions to be performed. For example, if the logic 

function to be performed is the loiic&l OR. the outi>ut is separated from area (42) and contains energy 

20 during each of the. three state combinations as indicated by the overlapping of ali three areas (36), (38) 

and (39). The area of the image component separuor (22) that corresponds to 8rea (42) in the dynamic 

image is made clear sri energy from area (42) Cail go into ourput (28). while the rest of (22) is made 
. . 

opaque to prevem energy of other combinations from adversely affeCting outpUt (28). 

If the function to be performed is ro provide energy to ouq>llt (28) when input (10} is on or 

25 when inputs (10) and (13) are on, but DOI when iDput (13) is on by itself. the energy from overlapping 

area (37) is separated imo OUtpUt (28). If the AND functi011 is· to be used, energy is separated from area 

(36). Since area (36) contains energy only when inputs (10) and (13) are both on, dlis area also 

conform8 to the tenets of special interference, so that such a device can be used to accomplish all of the 

tasks performed by other special imerference deVices. 

30 Each individual interference image that· corresponds to a particular combination of input states 

is generally much more complex tban·those shown here, having differing amplitude values and phases 

from one pan of the image to another. In order to utllize such complex images. the preSent invention 

uses an image component separator that is made of an array of optical elements. An expanded view of 

a portion ·of that array is shown as Fig. 2A, which is an enlarged view of area (30)~ 

35 This expanded vie\v shows the image componem separator made of an array of pixel-sU.ed 

optical elements. in this case clear pixels (44) or opaque pixels (45). The optimum ·si7.e of the pixels 

~ upon the :oamre of the d~c image. The pixel-siz.ed areas can be as large as a full optical 

that is positioned within one ~f. the cOmponem pan5 of the dynamic image, such as areas (36), (39) or 

some other area(s), or the pixels can be much smlller and more suitabie for computing the coordinated 

~IUD 
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optics set. 

Energy passing through each of the pixels of the sepamtor combines to form a single output 
(28). However, the distribution of energy in each of the pixels may or may not have energy which 
represems a waveform that is conducive to producing the. combined outpUt waveform desired in output 

5 (28), one which properly represents the logic or other computation to be accomplished by the completed 
device. This includes the sepamtion of phase-varying energy to form phase modulated oucputs. 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 elemem 
(44). 

10 Fig. 3 shows a cross-sectiooal view of patterns (14) and (16) and image componem sepamtors 
(22) and (25) taken along lines 3-3 of Fig. I. Energy from patterns (14) and (16) is directed toward 
image componem sepamtor (22) where the dynamic image is formed on the left side of image 
componem sepamtor (22). The dynamic image components are sepamted by sttategically placed optical 
elements that make up the array of optical elements that accomplishes energy separation. The individual 

15 optical elements in the array 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 the image component sepmror (22) is 
directed to a common output location (57) to form the combined output (28). 

20 Each element in image component separator (22) is chosen, positioned, and oriemed so as to 
provide a positive comribution to output (28) in forming a desired waveform as the input sequences . . 

through its various combinations. If the energy at a certain position such as opaque area (55) ~t be 
modified by any practical optical eleinent to provide a positive comriburion ta output (28). that position 
is made opaque. 

25 Patterns (14) and (16) are used to modify the input energy of inputs (10) and (13) respeerively 
so as to provide an individual pattern arrangemem 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 uansparem area (or opening) (52), ~/or an opaque 
area (53). As is the case with image component separamr (22) and/or (25), these elements can .be pixel-

30 sized elements of any type. 

By properly selecting the optical elements in these arrays, the wavefronts can be ~tuned" or 
modified so as to provide an optimal dynamic image that can be used to produce better image 
componem separators (22) and/or (25) and better waveforms at output (28). 

Pixel-sized optical elements for image component separator (22) and patterns (14) and (16) are 
35 especially use~ when using the procedure of calculating the various optical elements and optimizing 

those calculations as taught herein. 

For purposes of calculating, the pixels are made small enough so that energy components 
during each of the possible input state combinations can be easily represented in a mathematical. model. 
One such way is by using an amplitude vector. wherein the angle of the vector represents the phase of 
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energy at that pixel. However, there are other ways to represent wave energy that can also be used. 

Fig. 4 depicts the flow chan for the method of calculating the panern-recognition computing 

components of the present invention. Compaie Figs. 1, 2, 3 and 4. The basic procedure starts (60) by 

producing a first input model (61) which describes a first modui8ted wavefront (18) modulated with 

5 quantiz.ed information having a first set of modulation states. 

Also, at least one other input model (62) is produced describing at least one other modulated 

wavefront (21) modulated with quantiz.ed information having at least one other set of modulation states. 

The produetion 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 

10 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 dynamic image (31) using the 'first input model (61) and at least 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 coml;rined with at least 

15 one other wavefront (21). 

At this point, the procedure of the present invention bas accomplished what prior proeedures 

have not: the production of a description.of the component pans· of a dyDamic image for each of the 

quami:zed information states presented at the input for use in pattern recognition computing. From this, 

a description of the image component waveforms that result from any series of input combinations can 

20 be deduced. 

The next step uses the dynamic image model (63) to produce a panern-matcbing model (64) by 

selecting from the dynamic image model (63) image component subsets that can be used to provide 
. . '· 

helpful contributions to output (28). The additional information needed to produce pattern-matching 

model (64) is a truth table, rules of logic, or other description of the wavefonn that is to be. produced at 

2S output (28) given the sequence of input modulation States that are to be used in the completed device; 

Once a description of helpful· output locadons within the adjacent dynamic image is acquired, 

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-matching model (64) corresponds with a pixel element in 

image component separator (22) and the separator model (65). The information at ~h pixel from 

30 dynamic image model (63) and pattern-matching model (65) for each of the input modulation states is 

used ro determine which optical element is to be placed· at each pixel in order to provide energy which 

will be helpful in the consauction of the desired waveform at output (28). 

Taking the energy contributions from each pixel element of image component separator (22) as 

they 1ppear at location (57) of output.(28) produces a description of the output waveform which is 

35 output model (66). 

At this point, the present invemion bas accomplished what no other e&:1culation process bas 

done before: it. bas produced a description of the ourput waveform that results from separating a 

dynamic image produced from multiple modulated patterns. The optical elements that make up the 

separator have been designed by this process so that they are coordinated with the modulated-input 
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wavefronts. thus producing "coordinated optics." 

Having calculated a set of coordinated optics for producing a logic or other computational 

function, there is still room for improvement. The patterns chosen at the beginning as pans of the 

input models (61) and (62) may not be the most effective patterns for producing the desired waveforms 

5 at output (28), as may some other pattern or set of patterDS modulated with the same quamized 

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 made 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 optimi7.ed, the models 

10 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 optimb.ed, one or more of the input models (61) and/or 

(62) are changed (68), and another set of coordinated optics is calculated, restarting this iteration at the 

production of a new dynamic image model (63). 

15 ABain, a determination is made at (67) to see if the models have 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 optimal 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 die optimal set of coordinated optics as described in the models has been calculated, 

20 output (69) provides these calculated results. At this point, the present invention has produced what no 

other calculating process has produced: a description of an optimal coordinated set of optics capable of 

producing computer functions by recognition of multiple modulated patterns. 

Fig. S shows an improvemem 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 

25 model (71) and at least one other optics model (72). In Fig. S, the production of the optics models is 

shown in parallel with the production of the input models because the optics models can be produced 

without necessarily using information from the input models. However. they can also be produced using 

information from the input models, and can even contain information about the patterns. 

The important point is that the input models (61) and (62) and the optics models together 

30 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 bC 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 

35 arrangement. The addition of the optics models allows for a greater variety of possible changes to the 

mod~ wavefronts (18) and (21) over simply changing the patterns themselves. this greater variety 

of possible wavefronts results in a greater opponunity for producing a better set of coordinated optics 

for accomplishing pattern-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 accomplished what none other before it has. It provides a 

method of accomplishing pattern-recognition computing along with a method of producing a 

coordinated and optimi7.ed set of mathematical descriptions for producing the actual optics used in 

pattern-recognition computing. 

5 The present invention bas the additional advamage of providing a method of producing a much 

larger variety of output waveforms, making it capable of accomplishing a much wider variety of 
·' -

computational tasks beyond simple Boolean logic. Even with a large number of inputs with a large set 

of possible modulation states, the present invention continues to provide both a determination of bow to 

build devices and the functioning devices themselves, which are able to provide a modulated pattem-

10 recognition computing equivalent of the table look-up function 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 DOW be produced for optical retrieval from a coordinated optics set. 

Optical element arrays having a large number of pixel-si7.ed optics of the presem invemion can 

DOW be.used for the stomge of large amounts of information within the precalculated ~ements of 

15 the coordinated optics. By directing the outpUts from an optical register set iiuo the inputs of the 

present invention, every possible arrangement of registers can be calculated to produce any desired Set 

of output waveforms that correspond to the parallel processing of data stored in those registers. By 
. .· . 

interconnecting various embodiments of the presem invention, emire optical computers can be 

constructed. 

20 The imponance of interference-based computing should not be overlooked as the basis for the 

presem invention. Every type of interference, including special interference. can be used in the 

production of dynamic ·images. As a result, the present invention is capable of Using all of the former 

interference-based computing processes in a more advanced, more complex, and optimized manner: 

Because imerference images of differem wavelengths can exist simultaneously within the 

25 dynamic images, the presem invention can be used with advantage because each possible modulation 

state for each wavelength used forms a pan of the quantized infonnation that is described by the various 

sets of modulation states. The presem invention is described as operating at "at least one wavelength," 

because the present invention is capable of operating using many wavelengths, each with its own 

modulated. quantized information. Multiple-wavelength use of separate information channel~ is the 

30 definition of frequency multiplexing. As a ~t, the Pf:Csem invenlion provides what no other 

computing system or method of manufacture provides •. namely frequency-multiplexed, parallel-processed 

computiitg based on the recognition of multiple modulated patterns using dynamic interference images, 

a coordinated set of optimi7.ed optics, and the method of producing the same. 

While the foregoing description of the preferred elllbodimem of the presem invention bas 

35 disclosed specific consuuctions, means. and methods of accomplishing the present invemion. because 

specific improvements and modifications will become readily apparem to those skilled in the art of 

computerS and optical devices and the like, it is applicant's. intem not to. be limited by any of the 

foregoing descriptions. but only by the claims which follow. 

IH~I! 
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CLAIMS 

What is claimed is: 

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 quamiz.ed information resulting in a first set of modulation states; 

producing at least: one other input wave&oot 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; · 

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

15 

20 

2S 

dynamic image having component pans. and 

separating energy from a subset of said component pans that have a computing 

function reJarioiiship with said first and other quanrized 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 plunlity of wavelengths, each of said plurality 

of wavelengths being independendy modulated with qnantb:ed 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 energy from said. subset of said component pans when said 

subset of said component pans bas energy which varies in phase when different sets of said 

patterns are eoergi7.ed, 

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 pans when different sets of said pat~ are eoergi7.ed, 

thereby providing a method of pattern-recognition computing using special 

30 interference. 

5. A pattern-recognition computer comprising: 

a first input for inputting a first input wavefront of at least one wavelength having a 

first pattern modulated with first quamU.ed information resulting in a first set of modulation 

States; 

35 at least one other input for inputting at least one other input wavefront of said at least 

one waveleogtb having at least: one other pattern modulated with other quanti7.ed information 

resulting in at least one other set of modulation states; 

combining means for combining said first and at least one otber input wavefronts to 

produce at least one dynamic image having compooem pans. and 
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separating means for separating energy from a subset of said component pans that 

have a computing function relationship with said first and· other quantized information to 

produce at least one output, 

thereby providing a panem-recognition computer. 

S 6. The invention of claim S 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 fwiction reJationsbips, 

thereby providing a frequency-multiplexed pattern-recognition computer. 

10 7. The invention of claim S wheiein: 
said separating means separates pbase:..varying energy from said subset of said 

component pans when said subset of said component pans lias energy which varies in phase 

when different sets of said patterns are energized. 

thereby providing said at least one ouqrut having phase-modulated e~rgy. 

15 8. The invention of claim S wherein: 

said separating means separates energy which varies according to the tenets of special 

interference from said subset of .said component Pans when different setS of said patterns are 

energized, 

thereby providing a panem-recognition computer that uses special imerfeJ'ence. 

20 9. A dynamic pattern-recognition coniputer compriSing: 

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 

2S provide an ouiput 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 pauem-recognition computer. 

10. A method of producing a mathematical model of a dynamic image for use in pattern-recognition 

computing comprising the following sreps: 

30 a) producing a first input model describing a first input wavefront having a first pattern 

modulated with.quantized information which.produces a fiist set of mbduJation states; 

35 

b) producing at least one other input model describing at leasi one other input wavefront 

having at least one other pattern modulated with quantized 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 disuibutions that result from combining said first input 

wavefrom and said at least one other wavefrom at the position of said dynamic image for 

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

thereby producing a mathetoatical model of energy distributions within said dynamic 



W096/1896S 
1111111111111111111 11111111111 

* C L M S * PCT/US95/16456 

33 

image that result from combining energy from multiple fW?dUlated 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 disttibutioos 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 panem description within said at least one other 

input model; 

g) iterating steps c) through f) until a substantially optimiz.ed panem-recognition 

configuration is achieved, 

thereby producing a description of an optimized said array of optical elements for 

20 accomplishing said panem-recognition computing. 

14. A method of producing a mathematical model of a dynamic image for use in panem·recognition 

computing comprising ibe 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 panem on said first input wavefront; 

b) producing at least one other input model describing (i) at least one other input 

wavefrom modulated with quami7.ed 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 wavefrom, and 

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

dynamic image by calculating energy disttibutioos at the position of said dynamic image ~r 

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 disttibutioos within said dynamic 

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 to the production of an output waveform having a computing function relationship 
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with said modulatlon states, 

thereby prod.ucing a mathematical model ~escribing energy distribwions within said 

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

16. The invention of claim 15 including: 

5 e) producing_ a separator model describing an array of ouiput optical elements for 

separadng energy from said image componenr subsets ro 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. 

10 17. The invention of claim 16 iocluding: 

f) changing. at least one of the following: (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 input model. and 

g). iterating steps c) through_ f) until a mbstantially optimized panem-recognirion 

IS configuration is achieved, 

thereby producing descriptions of substantially optimized said pattern-recognition 

optics. 


