
EP 0 253 544 B1 Description 1. Field of the Invention 5       This
invention relates to apparatus for processing information in the form of
radiant energy beams as set out in the preamble of claim 1. Background of
the Invention 10      As is well known, high speed computer and digital
processing systems generally utilize arrangements of interconnected
electronic devices. Advances in the field of electronics, however, have
reached a stage where the inherent characteristics of electronic devices
and interconnections of such devices are limiting factors. Op- tics is an
attractive alternative to such electronic systems for very high speed
processing. Systems utilizing optical arrangements to perform data
functions are known in the art. U.S. Patent 3,872,293 discloses a multi- 15
dimensional Fourier transform optical processor. U.S. Patent 3,944,820
discloses a high speed optical matrix multipliersystem using analog
processing techniques. U.S. Patent4,187,000 describes an analog addressable
optical computer and filter arrangement. These patents, however, rely on
analog computation techniques and are not applicable to digital processing
of information. U.S. Patent 4,418,394 discloses an optical residue
arithmetic computer having a programmable compu- 20   tation module in
which optical paths are determined by electrical fields. While optical
techniques are capable of very high speed operation, the problem is that
the required switching of electrical fields is relatively slow, and the use
of such electrical fields detracts from the processing speed obtainable
when radiant energy Is used alone. U.S. Patent 3,996,455 discloses
two-dimensional radiant energy array computers and computing devices 25
operating in parallel on rectangular arrays of digital radiant energy
optical signal elements. The logic operations on the arrays, however are
performed by various electrical, optical, electro-optical and
opto-electrical devices. The problem Is that the control of the radiant
energy computer in this patent is relatively complex. The article "Optical
Logic Array Processor Using Shadowgrams" by J. Tanida and Y. Ichioka
appearing in the Journal of the Optical Society of America, Vol. 73, No. 6,
June 1983, pp. 800-809, discloses a method of 30  implementing digital
logic gates on the basis of a lensless shadow-casting technique in which
shadows cast by selectively positioned light sources are passed through
prescribed masking arrangements to perform logical functions. The
shadowgram arrangement utilized precise positioning of incoherent light
source to define the logic function to be performed and specialized masking
arrangements to code input information and to detect the logical output. As
a result, the shadowgram technique can perform specialized optical
processing but the 35   problem is that this technique is not adapted to
general purpose data processing and computing functions re- quiring
iterations of different types of optical operations. The articles "Parallel
Algorithms for Optical Digital Computers" by A. Huang, 10th International
Optical Computing Conference, IEEE (Cat. No. 83CH1880-4), pp. 13-17, April
6, 1983, and "An Optical Processor Based on Symbolic Substitution" by K. H.
Brenner and A. Huang appearing in the Optical Computing Technical 40
Digest, Winter 1985, disclose digital processors in which two-dimensional
input images are spatially combined with the two-dimensional output images
of the processors. Rather than using Boolean type logic gating, the spatial
combination is based on symbolic substitution In which patterns in an array
of radiant energy beams are detected to form prescribed patterns in an
output array of light beams. The problem Is that the radiant en- ergy
serial symbolic substitution requires manipulation of a two-dimensional
cellular logic array for which an 45  arrangement of beam serial shifting
devices and controlled shutters is required. Brief Summary of the Invention
The aforementioned problems are solved in the apparatus for processing
information in the form of radiant 50  energy beams in accordance with this
invention as set out in the claim 1. Further embodiments of the invention
are defined in the appended dependent claims. Brief Description of the
Drawing 55      FIG. 1 depicts a general block diagram of an optical
processing arrangement illustrative of the invention; FIGS. 2 and 3
illustrate the operation of symbolic substitution logic; FIG. 4 shows a
detailed diagram of one type of optical device useful as a pattern
recognizer or pattern substituter in the block diagram of FIG. 1; 2    EP 0
253 544 B1 FIG. 5 shows a detailed diagram of another type of optical
device useful as a pattern recognizer or pattern 



substituter in the block diagram of FIG. 1; FIG. 6 illustrates the rules of
symbolic substitution logic for binary addition; and FIG. 7 shows optical
beam patterns illustrating the use of the block diagram of FIG. 1 as a
binary adder. Detailed Description Electronic computers are generally
designed to implement a form of Boolean algebra based on two states and a
set of operators, e.g., AND, OR XOR, some form of storage and inputting and
outputting devices. Com- 10  putation has been traditionally decomposed in
logic and communication operations. Other processing techni- ques are known
but are generally not used. One processing method particularly adapted to
radiant energy, e.g., optical arrangements, is symbolic substitution which
differs from the traditional approach in that proc- essing is implemented
via a mechanism in which information signals interact and are distributed
at the same time. The articles "Parallel Algorithms for Optical Digital
Computers" by A. Huang, 10th International Optical 15   Computing
Conference, IEEE (Cat. No. 83CH18804). pp. 13-17, April 6, 1983 and "An
Optical Processor Based on Symbolic Substitution" by K. H. Brenner and A.
Huang appearing in the Optical Computing Technical Digest, Winter 1985,
disclose digital processors in which symbolic substitution consists of
serially recognizing patterns and serially substituting other patterns
responsive to the recognition. The patterns subjected to rec- ognition may
comprise a planar array of radiant energy e.g., light beams, In which data
is quantized into spots 20   or pixels that can be on or off. A pattern can
be considered a spatial configuration of on/off pixels and may be defined
as P(m) = {f(k,m),s(k,m), 0< = k< = N}  (1) where N is the number of pixels
a pattern occupies, f is a state description (f(k) s (0,1)) and s(k) is a
set of vectors describing the relative locations of pixels occupied by the
pattern in the state f(k). Recognizing a pattern 25   P(m) at location
[err] may be done by a comparison [err](f(km),d(r - s(k,m)), (2) A(a,b) = 1
if a=b and 0 otherwise since the recognition tests for equality and a
superposition 30     [err] where [err] is the logical AND for a given
pattern to be equal to a reference pattern. 35      The recognition
arrangement is defined as a mapping of an input data plane d(r) onto an
intermediate plane d'(r) as N 40     d'(r) = [err] (f(k,m),d(r-a(k,m))
(4) The plane d'(r) is nonzero only in those places where the pattern P(m)
occurs in the input plane array. Sub- stitution replaces every recognized
pattern in nonzero d'(r) by a new pattern P(n) to form an output plane 45
d"(r) = [err] (f(k,m),d'(r+s(k,n)) 50 in symbolic substitution as set forth
in equations 1 through 5, a basic logic unit receives a spatial
configuration as its input and produces another spatial configuration as
its output responsive to patterns in the input spatial array. This is
distinguished from Boolean logic in which an elementary logic unit receives
a plurality of logic states at its input and generates a single logic state
at its output. Boolean logic operates on the states of the 55  input
signals to form a single state output signal responsive to the combination
of input signal states. Symbolic substitution is responsive to both the
states and the positions of the input signals and is adapted to provide
both state and position signals at its output. Additionally, symbolic
substitution is responsive to radiant energy signals from any source in a
predefined field whereas boolean logic is responsive only to signals
applied to 3    EP 0 253 544 B1 predefined inputs. FIGS. 2 and 3 illustrate
the operation of parallel symbolic substitution logic used in the
invention. An input array 201 comprises a set of four-by-four spaced light
beams as shown in FIG. 2. The array is viewed as in- coming from a source
and the elements or pixels are shown as shaded and unshaded rectangles. A
shaded 5     rectangle ir the arrays of FIGS. 2 and 3 represents a dark or
zero pixel and an unshaded rectangle represents a bright or one pixel.
Array 201 is divided into two-by-two element patterns 201-1, 201-2, 201-3
and 201-4. The left column of pattern 201-1 has two dark pixels while the
right column has two bright pixels. Sections 201-2 and 201-3 each have a
dark pixel followed by a bright pixel in its left column and a bright pixel
followed by a dark pixel in its right column, while pattern 201-4 has a
light pixel above a dark pixel in its left column 



10  and a dark pixel above a light pixel in its right column. The logic
system shown in FIG. 1 is arranged as will be described to detect the
occurrence of two dark pixels arranged diagonally as indicated in
prescribed reference patters 205 of FIG. 2. In array 201, only patterns
201- 2 and 201-3 have the diagonal dark pixel structure of reference
pattern 205. Recognition of two diagonal dark pixels in a four-by-four
input array in FIG. 2 is illustrative of the principles of the invention.
It is to be understood 15   that the same principles apply to any size
array and in particular to reference patterns of various structures and
input arrays having pixel arrangements representing symbolic, pictorial or
digital Information. In order to automatically recognize which sections
201-1 through 201-4 of array 201 match the dark pixel patter of reference
array 205, symbolic substitution logic utilizes equations 2 and 3 to form
two copies of array 201 and implements the logic rule corresponding to
prescribed pattern 205 by shifting the second copy one 20  pixel position
and one pixel position right with respect to the first copy. The relatively
shifted first and second copies are then superimposed to produce the
superposition array 220. In accordance with the prescribed pixel movement
rules, the superposition of the input array copies results in a dark pixel
at the lower left pixel position sections 220-2 and 220-3. Sections 220-2
and 220-3 correspond to sections 201-2 and 201-3 of the input array which
match the prescribed pattern of array 205. Superimposed array 220 has a
bright pixel at the lower left 25  cell of sections 220-1 and 220-4
corresponding to sections 201-1 and 201-4 which sections do not match the
reference ppttern. Recognition output array 235 is formed after passing the
beams from array 220 through masking array 222 so that only the lower left
pixel of each pattern of array 220 is output and then logically inverting
the pixels of array 220 obtained from masking array 222. The resulting beam
pattern is shown in array 225. Detection of a dark pixel at the lower left
pixel position of a pattern in beam array 220 indicates the oc- 30
currence of the reference pattern in that portion of the array. To
accomplish the formation of output array 235, the pixels of array 220 are
masked and applied to a beam threshold type inverting device such as an
optical NOR gate array. All dark pixels are replaced by bright pixels and
all pixels with either one or two bright Inputs are replaced by a dark
pixel In the optical NOR gate array. In this way, the pattern recognition
operation Is substantially independent of the degree of brightness at a
pixel position. 35      Once the light beam recognition array 235 is
formed, the substitution phase of the symbolic substitution logic is
performed on the masked and inverted array. In the substitution phase, a
second prescribed pattern is generated to replace each section of input
array 201 that matches reference pattern 205. The formation of the ouput
array is illustrated in FIG. 3. Assume forpurposes of illustration thatthe
second prescribed or scribing pattern is one having a first column with a
light pixel above a dark pixel and a second column with a dark pixel 40
above a light pixel as in pattern 301 of FIG. 3. The formation of the
substitution patterns is performed by gen- erating firstand second copies
of array 305 in FIG. 3 which array is the same as recognition array 235 of
FIG. 2. The second copy of array 305 is shifted one pixel up and one pixel
to the left relative to the first copy. The superposition of the first and
second copies of array 305 shifted in accordance with this prescribed
substitution rule produces the prescribed substitution pattern in sections
310-2 and 310-3 of superimposed array 310. The 45  symbolic substitution
operations on input array 305 in accordance with the prescribed recognition
and substi- tution rules results in the formation of output array 310. All
occurrences of the reference pattern 205 within input array 201 have been
replaced by the scribing pattern 301 as shown in output array 310. FIG. 1
depicts an optical processor illustrative of the invention which is adapted
to perform parallel sym- bolic substitutions such as shown in FIGS. 2 and
3. Referring to FIG. 1, the optical processor comprises input 50  array
splitter arrangement 110 to which a two-dimensional array of radiant
energy, e.g., light beams is applied from light beam source 101 via
partially reflecting mirror 105 and Input plane device 107. The light beam
array is supplied through partially reflecting mirror 110-n and lens 112-n
to the input of pattern recognizer 120-n. Similarly, the light beam array
is also applied to the inputs of pattern recognizers 120-4, 120-3, 120-2,
and 120-1 through partially reflecting mirrors 110-4, 110-3, 110-2 and
110-1 and associated lenses 112-4, 112-3, 55   112-2 and 112-1,
respectively. Each pattern recognizer 120-1 through 120-n is adapted to
implement a set of prescribed rules on the input array applied thereto. The
prescribed rule set for each recognizer is different from the prescribed
rule set of the other recognizers. Each pattern recognizer detects the
occurrences of a prescribed reference pattern in 4    EP 0 253 544 B1 the
input array. This is done by producing a plurality of copies of the input
array applied to the pattern recog- nizer, shifting the copies relative to
each other In accordance with the prescribed pattern to be recognized, and
superimposing the shifted copies to form an array Indicative of the
locations of the detected reference 



patterns. Advantageously, the operations required for symbolic substitution
logic are space invariant so that 5   the shifting operations on the input
array copies are fixed in each recognizer. Consequently, there are no de-
vice changes in the pattern recognizer during its operation and symbolic
substitution processing may be readily performed optically at very high
speeds. FIG. 4 shows an optical device that may be used as one of the
pattern recognizers, e.g., recognizer 120- 1, In the processor arrangement
of FIG. 1. The device comprises source element plane 401 to which a radiant
10   energy beam such as array 201 of FIG. 2 is applied, cubic beam
splitter 415, mirrors 405 and 410, lens 420, and superimposed copy plane
435. Plane 401 may, for example, have a two-dimensional four-by-four binary
bit array image incident thereon. Radiant energy, such as light passing
through plate 401 and lens 403, enters beam spitter 415 which causes one
portion of the beam to pass therethrough to mirror 410 and another portion
of the beam to be deflected to mirror 405. Mirrors 405 and 410 are set at
predetermined angles selected so 15  that the beam applied to mirror 410 is
deflected and the beam portion reflected therefrom is also deflected to
shift the copy of the beam portion applied thereto along path 430. The beam
portion applied to mirror 405 is deflected therefrom to path 425. In this
manner, two separate copies of the input light beam array are produced. The
two copies are shifted relative to each other and the relatively shifted
copies are superimposed at super- position image plane 435. 20      Lenses
401 and 420 may be selected so that copies of the light beam array on plane
435 are a convenient size. For example, these lenses and the distances in
FIG. 4 may be selected to form a telescopic imaging sys- tem with unity
magnification. Selection of the tilt angles of mirrors 405 and 410 Is
dependent on the relative shift required between the two copies by the
prescribed rule for the reference pattern to be recognized. The beam
portion shifted by mirror 405 and the beam portion shifted by mirror 410
are directed to image plane 25   435 and result in superposition array of
dark and bright pixels corresponding to the superimposed copies at plane
435. The copies may be deflected by mirrors 405 and 410 so that they are
shifted an integral number of pixel positions In both the vertical and
horizontal directions at image plane 435. The pattern recognizer of FIG. 4
may be used to detect the occurrences of the dark element arrangement of
references pattern 205 in radiant energy beam array 201. Beam array 201 Is
supplied to beam splitter 415 30  via input plane 401. The beam array
originates from source 101 of FIG. I and is applied to the recognizer input
plane 401 via mirror 110-1 and lens 112-1. A first copy of the beam array
is directed to mirror 410 and redirected along path 430 to plane 435 via
the beam splitter as previously described. A second copy is applied to
mirror 405 and redirected through the beam splitter along path 425 to
superposition plane 435. The angles of mirrors 405 and 410 are set to shift
the second copy relative to the f irst copy according to the recognition
rule for the 35   prescribed pattern of array 205. Consequently, mirror 410
shifts the first copy one pixel position to the left and mirror 410 shifts
the second copy one pixel position down. This shifting carries out the rule
corresponding to prescribed pattern 205. The shifted first and second
copies are superimposed at plane 435. A dark element detected at the lower
left element of each section of the superimposed beam array indicates the
presence of the reference pattern. 40      The shift and superposition
operations result in superposition of the dark pixels of every section of
the array in the lower left or reference cell if the dark pixels of the
section of the array correspond to the prescribed reference pattern.
Applying the rule corresponding to reference pattern 205 to beam array 201
using the ar- rangement of FIG. 4 results in a dark element at the lower
left or reference cell of sections 220-2 and 220-3. Thus, the reference
pattern occurrences are indicated by the dark lower left pixels of matching
sections of the 45  superimposed array. As is readily seen from FIG. 4, the
arrangement therein may be used to implement a particular rule adapted to
recognize a prescribed reference pattern. Each pattern recognizer in FIG. 1
may be set to recognize a dif- ferent reference pattern whereby complex
pattern recognition can be performed. In general, every pattern rec-
ognizer is adapted to form shifted copies of the information elements in
the input beam array, and to super- 50  impose the shifted copies to
produce a beam array indicative of the locations of the prescribed
reference pat- tern. In this way, automatic recognition of occurrences of a
prescribed reference pattern in the array is done with optical processing.
By selectively choosing the rules controlling the array copy shifting,
relatively complex processing of binary element arrays, symbol arrays, or
even arrays of picture elements may be executed at the high speeds afforded
by optical devices. 55      An alternative optical arrangement that may be
used as the pattern recognizer of FIG. 1 is shown in FIG. 5. The optical
structure of FIG. 5 includes input image plane 501 adapted to receive
information bearing radiant energy beam array from one of lenses 112-1
through 112-n. The beam array may be extensive or may, for pur- poses of
illustration, be a four-by-four pixel array 201 of FIG. 2. The beams are
arranged in a predetermined 5  



EP 0 253 544 B1 grid pattern. During a particular logic time interval, each
beam in the array grid pattern may be bright or dark whereby a binary bit
sequence is formed at speeds of the order of femtoseconds. The beams are
thereby modulated by information elements. Each beam is polarized at a 45
degree angle. Beam array 570 is applied to a Fourier 5   transform lens 505
which lens converts the diverging beam rays into parallel rays impinging on
polarizing beam splitter 510. The vertically polarized components of beam
array 572 pass through beam splitter 510, are re- flected by mirror 515 and
are applied to inverse Fourier transform lens 540. This inverse Fourier
transform lens is adapted to focus the rays passing therethrough at a point
546 on output image plane 545. The path through lens 540 to plane 545
includes path length compensating delay 520 and polarizing beam splitter
535. 10      The horizontal components of the polarized beams at input
image plane 501 are changed into parallel rays by Fourier transform lens
505 and the horizontally polarized parallel rays are deflected 90 degrees
by polarizing beam splitter 510. These deflected rays (beam array 574) are
reflected from mirror 525 and are redirected therefrom to inverse Fourier
transform lens 530. Lens 530 is adapted to cause the parallel rays from a
particular beam to converge to a predetermined point 547 on image plane 545
after being deflected by polarizing beam 15  splitter 535. Lens shifter 531
to which lens 530 Is rigidly connected is adapted to move the lens
orthogonal to the direction of beam travel whereby the positions of the
horizontally polarized beams on image plane 545 are shifted relative to the
vertically polarized beams from path 572. In similar manner, lens 540 may
be moved at right angles to the beam passing therethrough by the lens
shifter 518 so that the vertically polarized beam array is shifted relative
to the horizontally polarized beam array. The displacements of lenses 530
and 540 20  are controlled to provide the relative beam displacement in the
array copies so that the superposition pattern required by the reference
pattern at output plane 545 is obtained. The distance that the horizontally
polarized beams travel from beam splitter 510 to beam splitter 535
including any possible beam position shift and the distance that the
vertically polarized beams travel from the beam splitter 510 to beam
splitter 535 is equalized by optical delay 520. The delay prevents phase
differences between beams 546 and 547 at plane 545. 25      With respect to
reference pattern 205 of FIG. 2, one copy is shifted down one element
position and right one element position by adjusting the position of lens
530. The location of lens 530 is adjusted by moving lens shifter 531 in the
plane orthogonal to the beam travel direction whereby the selected vertical
and horizontal beam position shifts are obtained in the superimposed copies
at image plane 545. Alternatively, the position of lens 540 in plane in the
orthogonal to the beam array direction of the beam array passing
therethrough may 30  be adjusted by means of lens shifter 518 to provide
vertical and horizontal shifts of the vertically polarized beam on path
572. In another arrangement, a beam displacement device in the path of the
vertically polarized beam array may provide vertical shifts and the beam
displacement device in the path of the horizontally po- larized beam array
may provide the required horizontal shifts. With respect to reference
pattern 205, one copy may be shifted down one element position and right
one element position to provide the selected position shifts 35  on the
resulting superposition of the copies at image plane 545. The orientation
of the input beam array at plane 501 may also be adjusted to accomplish a
fixed vertical shift, a fixed horizontal shift or any combination of
horizontal and vertical shifts. Such beam shifting arrangements according
to the invention provide formation of two copies of the beam array, the
relative shifting of the copies and the superposition of the relatively
shifted copies so that the rec- 40  ognition portion of the symbolic
substitution logic is performed. Image plane 545 may have therein a masking
pattern arranged so that only the beams at the lower left element of each
section are permitted to pass to the output of the pattern recognizer. Dark
pixels at these reference cell positions mark the sections that match the
desired reference pattern. Alternatively, a masking pattern device may be
inserted in the beam path between each recognizer and each optical gate
array. For example, masking pattern device 125-1 is placed between 45
recognizer 120-1 and optical gate array 128-1 as shown in FIG. 1.
Alternatively, the optical gate array may be placed between recognizer
120-1 and masking device 125-1 so that the inversion operation precedes the
masking. The beam array output of a pattern recognizer of FIG. 1, e.g.,
recognizer 120-1 is sent through a masking device operative to pass the
radiant energy beam from reference cell positions of the recognizer beam
array. 50  The reference cell beams are modified by optical device 128-1
wherein each dark pixel applied thereto is con- verted to a bright pixel
and each bright pixel resulting from one or two bright inputs is converted
to a dark pixel. Device 128-1 functions a light threshold device for a beam
inversion and may comprise an array of optical gates such as described in
the article "Use of a Single Nonlinear Fabry-Perot Etalon as Optical Logic
Gates", by J. L. Jewell, M. C. Rushform, and H. M. Gibbs appearing in
Applied Physics Letters Vol. 44(2), January 15,1984, 



55   pp. 172-174 or "The Quantum Well Self-Electrooptic Effect Device:
Optoelectronic Bistability and Oscillation and Self-Linearized Modulation",
by D. A. B. Miller, D. S. Chemla, T. C. Damen, T. H. Wood, C. A. Burrus, A.
C. Gossard and W. Wiegmann, appearing in the IEEE Journal of Quantum
Electronics QE-21, page 1462, (1985). With respect to beam array 235 of
FIG. 2, the lower left elements of section 220-2 and 220-3 are dark 6    EP
0 253 544 B1 while the lower left elements of sections 220-1 and 220-4 are
bright. Consequently, the inversion operation is effective to produce beam
array 305 of FIG. 3 wherein only the lower left elements of sections 305-2
and 305-3 are bright. The apparatus of FIG. 4 or FIG. 5 may also serve as a
pattern substituter. With reference to input beam 5   array 201, Array 305
has two sections (305-2 and 305-3) corresponding to sections of input beam
array 201 that match the dark element pattern of reference pattern 205.
Array 305 is applied from optical device 128-1 to pattern substituter
130-1. First and second copies of beam array 305 are produced by the beam
splitter ar- rangement of FIG. 4 in accordance with the rules corresponding
to the formation of reference pattern 301. In the beam splitter, the first
and second copies are displaced by the angling mirrors 405 and 410 so that
one 10  copy is shifted one element up and the other copy is shifted one
element to the right. The shifted copies are superimposed at output plane
435 where the superposition array 310 is formed. In the even the
arrangement of FIG. 5 is utilized as a pattern substituter, lens 530 and
lens 540 are positioned by devices 531 and 518 to achieve the one element
up and one element right shift. The pattern substituter operation results
in a superposition array in which sections 310-2 and 310-3 correspond to
reference pattern 15  301 and sections 310-4 have all dark elements. Using
either the structure of FIG. 4 or FIG. 5, only pattern recognizer 120-1 and
corresponding pattern substituter 130-1 are utilized to detect the
occurrences of the two dark beams of reference pattern 205 and to
substitute the two bright beams of reference pattern 301. The other pattern
recognizer and pattern substi- tuter sets of FIG. I may be used to provide
recognition and substitution of other patterns that may be present 20   in
sections 201-1 and 201-4. The plurality of substituted patterns are then
combined into a single beam array by combining mirrors 140-1 through 140-n
of FIG. 1. The beam output of substituter 130-n passes through lens 135-n
and is deflected from mirror 140-n to mirror 160 through partially
reflecting mirrors 140-4, 140-3, 140- 2 and 140-1. The beam outputs of
substjtuters 130-4, 130-3, 130-2 and 130-1 are directed to mirror 160 via
partially reflecting mirrors 140-4 through :140-1 and lens 143 as shown in
FIG. 1. Consequently, the beam ar- 25  rays from the substituters are
superimposed and combined into a single beam array at mirror 160. This
single beam array is directed to utilization device 150 via mirror 165 and
through mirror 170 and may be redirected to the logic arrangement input
through mirror 105. The combining mirror structure of mirrors 140-1 through
140-n, 1 60, 65, and 170 are located so that the beam arrays through each
recognizer substituter combination travel the same distance through the
logic arrangement. Mirrors 170 and 105 may be of the partially reflecting
30  type so that the beam array incident thereon may be looped from the
logic arrangement output to its input, directed from source 101 into the
logic arrangement or sent to utilization device 150. In accordance with the
Invention, one or more reference patterns in a radiant energy beam array
are detected in parallel and prescribed patterns substituted in parallel.
As is well known In the art, all binary arithmetic can be implemented from
binary addition, shifting and 35  complementing. The processor of FIG. 1 is
adapted to perform such binary arithmetic based on the symbolic
substitution rules illustrated in FIG. 6. Referring to FIG. 6, each binary
number is represented by a 1-0 pattern or a 0-1 pattern in a dual-rail
logic. For purposes of illustration, it is assumed that the apparatus of
FIG. 1 is used to perform binary addition of two multi-bit numbers 5=0101
and 13=1110. In dual-rail logic for symbolic substitution, these numbers
may be coded into an input light beam array pattern as 40        0101 1010
1110 0001 45   The first twp rows represent one input number (5) and the
second two rows represent the other input number (13) in dual-rail
notation. The rules for binary addition in symbolic substitution logic are
listed in Table 1. TABLE I 50  



EP 0 253 544 B1 0    0                0    0 1 -> 1                1 -> 1 0
0             1       1 1       1             0       0 Rule 1: (0,0) ->
(0,0) Rule 2: (0,1) -> (0,1) 1    0                1    1 0 -> 1
0 -> 0 0       1             1       0 1       0             0       1 Rule
3: (1,0) ->  (0,1)   Rule 4: (1,1) ->  (1,0) 15 Each rule includes
detection of an occurrence of a column of four pixels indicated in the left
side column of the rule and substitution by a two column pattern Indicated
to the right. The lower two rows of the right side of the rule represent
the result in that column and the left shifted upper two rows of the right
side of the rule 20  represents the carry to the next higher order column.
The upper half of the result column is blank to accom- modate any possible
carry of the next lower order column. FIG. 6 illustrates the radiant energy
beam patterns for the rules of Table 1. Beam patterns 601 and 605
correspond to rule 1 for adding a binary zero to a binary zero. Single
column pattern 601 Is a dual rail representation of the two input zeros as
a 01 above a 01. Rec- ognition of pattern 601 results of the formation of
two column pattern 605. The sum is placed in the same col- 25  umn as in
pattern 601 and the carry beam is shifted left to the next higher order
column. Similarly, rules 2, 3, and 4 of Table 1 are implemented In
dual-rail radiant beam logic as shown in pattern 610 and 615, 620 and 625
and 630 and 635, respectively. In the apparatus of FIG. 1, each pattern
recognizer and its associated pattern substituter is arranged to implement
one rule of Table I. 30   Recognizer 120-1 and substituter 130-1 may be
adapted to carry out the (0,0)--> (0,0) rule. The (0,1) --> (1,0) rule may
be assigned to recognizer 120-2 and substituter 130-2. The (1,0) --> (1,0)
rule may be assigned to recognizer 120-3 and substituter 130-3 while
recognizer 120-4 and substituter 130-4 may be adapted to im- plement the
(1,1) --> (0,1) rule. Each recognizer receives a copy of input radiant
energy or light beam array 601 shown in FIG. 6. 35      Using the optical
arrangement of FIG. 5 in recognizer 120-1, shifters 518 and 531 are
positioned to shift the copies on paths 572 and 574 relative to each other
to perform the recognition of the (0,0) --> (0,0) rule. In particular, lens
530 is positioned by shifter 531 so that the copy of input beam array 601
along path 574 is shifted three beam positions down at output image plane
545 and the copy on path 572 is shifted one position down. In this way, the
dark beam of the upper binary input is superimposed on the dark beam of the
lower 40  binary bit input at superposition plane in the lowermost position
of pattern 601. To implement rule 2 in recog- nizer 120-2, lens 530 is
positioned to shift the copy of patter 610 on path 574 three beam element
positions down at plane 545 while lens 540 is positioned so that the copy
of pattern 610 on path 572 remains unshifted. As a result the dark beams of
both inputs are superimposed at plane 545 in the lowermost or reference
cell position of pattern 610. For rule 3, pattern recognizer 120-3 is
arranged whereby the copy of pattern 620 on 45 path 572 is shifted two beam
positions down by adjusting the position lens 540 while the copy of pattern
620 on path 574 is shifted one position down by appropriate positioning of
lens 530. Rule 4 is carried out in the optical apparatus of FIG. 5 by
arranging lens 540 to shift the copy on path 572 two beam element positions
down at output image plane 545 and setting lens 530 so that the copy on
path 574 remains unshifted. In this way, both binary input dark elements
are superimposed at the output plane in the lowermost position of pattern
50  630. As aforementioned, output plane 545 of each pattern recognizer
supplies a beam array which indicates the occurrences of prescribed pattern
by the state of the beam element in the reference cells of the array e.g.,
the lowermost position of each column. A dark element in the reference
cells os applied to the corresponding optical logic gate inverter via a
reference cell masking device. In the binary adder arrangement, the
reference 55  cell is the lowermost cell of each column. If a column of the
input array matches a prescribed pattern of column patterns 601,610, 620
and 630, the lowermost position of the corresponding pattern recognizer is
a dark pixel. For example, if a column section of an input array matches
that of column pattern 601, the lowermost position of the resulting column
array at masking plane 545 of the column is a dark beam. The other possible
input array 8 



EP 0 253 544 B1 column pixel configurations result in a bright element at
this lowermost position. The optical gate array for each recognizer is
operative to invert the reference cell position pixels of the array through
the corresponding optical mask to provide a pattern occurrence array at the
input of the corresponding pattern substituter. The substituter in turn is
responsive to the pattern occurrence indicative array to generate 5   an
output pattern that corresponds to the binary addition rule performed by
the recognizer substituter com- bination. The outputs of all substituters
are combined to form the result beam array of the addition. As an example
of substituter, considerthe arrangementof FIG. 5 adapted to be substituter
130-1. A column pattern of a bright element below three dark beam elements
corresponding to the detection of the occurrence of pattern 601 may be
received at input plane 501 of substituter 130-1 from mask 125-1 and
inverter 128-1. 10  The copy of the occurrence pattern on path 572 is
undeflected while the copy of the image of the occurrence pattern on path
574 is displace by lens 530 so that the bright element at the bottom of the
occurrence detection pattern is shifted two element positions up and one
element position to the left. This shift results in the two columns of
pattern 605. In the event a pattern other than that of pattern 601 is
applied to pattern recognizer 120-1, the occurrence 15  array from mask
125-1 and inverter 128-1 applies an all dark beam element column to
substituter 130-1. Con- sequently, only an all dark output pattern appears
on the output of substituter 130-1. Pattern substituters 130- 2, 130-3 and
130-4 operate in similar fashion to implement the rules
(0,1)->(1,0),(1,0)->(1,0) and (1,1)->(0,1), respectively. In substituters
130-2 and 130-3, the copy on path 574 is shifted one position up while the
copy on path 572 is shifted two positions up and one position left
Substituter 130-4 is operative to shift the copy 20  on path 574 three
positions up and one position left while the copy on path 572 is unshifted.
FIG. 7 illustrates the binary addition of the aforementioned numbers 0101
and 1101. The dual-rail radiant energy beam pattern for these input binary
numbers is shown in array 701. The upper two rows represent the number 0101
and the lowertwo rows represent the number 1101. Array 701 from source 101
of FIG. I is applied to pattern recognizers 120-1, 120-2,120-3, and 120-4
through beam splitters 110-1 through 110-4 as previ- 25  ously described.
Recognizer 120-1 is set to implement recognition of the (0,0) pattern of
rule 1. Recognizer 120-2 is adapted to detect the occurrence of the (0,1)
pattern of rule 2. Recognizer 120-3 performs the rec- ognition of the (1,0)
pattern of rule 3 and recognizer 120-4 implements the recognition of the
(1,1) pattern of rule 4. As indicated in array 701, the pattern of rule 1
is detected in array columns 1-4 and 7, the pattern of rule 2 is recognized
in array column 5, and the pattern of rule 4 is detected In columns 6 and 8
of the array. 30      Substituter 130-1 receives a bright beam in the
lowermost pixel position of array columns 1-4 and produces pattern 605 of
FIG. 8. In like manner, substituter 130-2 receives a bright beam in the
lowermost (reference) cell of column 5 and column 7 and produces pattern
615. Substituter 130-3 receives a bright beam in the ref- erence cell of
column 8 and emits pattern 625 while substituter 130-4 receives a bright
beam in the reference cell of column 6 and emits pattern 630. The output
arrays from substituters 130-1 through 130-4 are redirected 35  in pattern
combiner 140 to produce array 710 in accordance with the symbolic
substitution binary arithmetic rules of FIG. 6. Array 710 is reflected from
mirrors 170 and 105 to reenter pattern splitter 110 and is transformed by
the pattern recognizers, inverters, masks and substituters of FIG. 1 into
beam array 720 at the output of pattern combiner 140. Columns 1-4, 6 and 8
of array 710 are detected as rule 1 patterns in recognizer 120-1. Column 40
5 pattern Is detected as a rule 4 pattern in recognizer 120-4 and the
column 7 pattern is detected as a rule 3 pattern in recognizer 120-3. The
outputs of recognizers 120-1 through 120-4 are supplied through mask 125
and gate array 128 to substituters 130-1 through 130-4. Array 720 is
produced by combining the output beam arrays of these substituters which
operate according to the substitution rules of FIG. 6. Beam array 720 is
redirected to beam splitters 110-1 through 110-4 via mirrors 170 and 105.
The processing 45  of array 720 according to the rules illustrated in FIG.
6 results in the beam array illustrated in array 730. Array 730 is
reapplied to the input beam splitters of FIG. 1 so that the final carry
position may be formed. In the il- lustrative example, however, there is no
change in the most significant column so that array 740 is the same as
array 730. Array 740 is obtained after four iterations and consists of zero
codes in all upper two rows and the sum result 00010010 in the lower two
rows. 50      The invention provides an arrangement for performing symbolic
substitution to implement two-dimension circuits with constant fan-in and
constant fan-out and space invariant Interconnections. While the use of the
invention in performing binary arithmetic has been described, the invention
may be applied to any other com- putation that can be decomposed into
symbolic transformations implementable via symbolic substitution such 



as Boolean algebra, pattern generators, pattern recognizers and Turing
machines. 55 9    Claims 1.  Apparatus for processing information in the
form of radiant energy beams, using the principle of symbolic substitution,
comprising: receiving and generating means (105, 107, 110-1 - 110-n) for
receiving an array 5       of information carrying radiant energy beams and
generating therefrom a plurality of identical arrays of radiant energy
beams carrying information, each corresponding to said received array,
CHARACTER- IZED BY a plurality of prescribed reference pattern detecting
means (e.g.120-1, 125-1, 128-1), each being responsive to a respective one
of said generated identical arrays for detecting the locations in said re-
10      spective one of said generated identical arrays where a prescribed
reference pattern of a radiant energy beam array occurs, and for forming a
second array of radiant energy beams indicative of said detected locations
of said prescribed reference patterns, and each of said prescribed
reference pattern detecting means (e.g. 120-1, 125-1, 128-1) com- prises:
15                        means (510) for producing a plurality of copies
of said respective one of said identical generated arrays: and means (531)
responsive to the prescribed reference pattern fordisplacing atleast one of
said plurality of produced copies of said generated identical array
relative to the other produced copies; and 20                        means
(535) for superimposing said relatively displaced copies of said respective
one of said identical generated arrays; and means (e.g. 125-1, 128-1)
responsive to said superimposed relatively displaced cop- les of said
respective one of said identical generated arrays for forming said second
array of radiant energy beams. 25             said apparatus further
comprising a plurality of modifying means (e.g. 130-1), each being respon-
sive to a respective second array for modifying the radiant energy beams in
said second array to form a respective modified radiant energy beam array,
each modifying means being associated with a respective prescribed
reference pattern detecting means to implement a particular rule in
symbolic substitution logic; and 30                  combining means(e.g.
135-1,140-1 and 160)for combining all said modified radiant energy beam
arrays from said plurality of prescribed pattern modifying means to form an
output radiant energy beam array. 2.  Apparatus for processing information
in the form of radiant energy beams according to claim 1 wherein, 35
In each said detecting means, said means for producing said plurality of
copies of the generated identical array is adapted to pro- duce a first and
a second copy of said generated identical array; said means for relatively
displacing comprises means (525,530,531 and 515,518,520,540) respon- sive
to said prescribed reference pattern for displacing the second copy of the
generated identical array 40      relative to said first copy of the
generated identical array; said means for superimposing is adapted to
superimpose said first copy and said relatively dis- placed second copy of
the generated identical array; said means for forming comprises means (545)
responsive to said superimposed relatively dis- placed first and second
copies of the generated identical array for forming said second array of
radiant 45       energy beams. 3.  Apparatus for processing information in
the form of radiant energy beams according to claim 2 wherein, in each said
detecting means, said means adapted to produce first and second copies
comprises beam splitting means (510) for 50       directing said generated
identical array along a first path (572) and for directing said generated
identical array along a second path (574) distinct from said first path;
and said means for relatively displacing comprises means (530) for altering
said second path relative to said first path. 55   4.  Apparatus for
processing information in the form of radiant energy beams according to any
of the preced- 



ing claims, wherein the means for forming the second array of radiant
energy beams further comprises means (e.g. 125-1, 128-1) for selecting
predetermined beam positions in the superimposed relatively displaced
copies 10    of the generated identical array and inverting the state of
the beams at said predetermined beam positions. 5. Apparatus for processing
information in the form of radiant energy beams according to any of the
preced- ing claims wherein: 5              each said modifying means
comprises: means (510) for producing a plurality of copies of the
respective second array of radiant energy beams means (531) for relatively
displacing said plurality of copies of said second array; and means
(535,545) for superimposing the relatively displaced copies of said second
array to form 10      said modified radiant energy beam array. 6.
Apparatus for processing information in the form of radiant energy beams
according to claim 5 wherein, in each said modifying means, said means for
producing a plurality of copies of said second array Is adapted to produce
a first and a second copy of said second array; said means for relatively
displacing said plurality of copies of said second array comprises means
(525,530,531 and 515,518,520,540) for displacing said second copy of the
second array relative to said first copy; and the means (535,545) for
superimposing the relatively displaced copies of the second array to form
20      said modified radiant energy beam array is adapted to superimpose
said first copy and said relatively dis- placed second copy of the second
array to form said modified radiant energy beam array. 7.  Apparatus for
processing information in the form of radiant energy beams according to
claim 6 wherein, in each said modifying means, the means for producing
first and second copies of said second array comprises beam splitting 25
means (510) for directing the said second array along a first path (572)
and for directing said second array along a second path (574) distinct from
said first path; and said means for relatively displacing the first and
second copies of the second array comprises means (530) for altering said
second path relative to said first path. 30 Patentansorrlche 1.
Vorrichtung zum Bearbelten von Information in Form von Strahlen mit
Strahlungsenergie unter Verwen- 35      dung des Prinzips der symbolischen
Substitution, umfassend: eine Einrichtung zum Empfangen und Er- zeugen
(105, 107, 110-1 - 100-n) fMir das Empfangen sines Feldes von Information
tragenden Strahlen mit Strahlungsenergie und das Erzeugen einer Vielzahl
identischer Felder von Strahlen mit Strahlungs- energie, die Information
tragen, daraus, wobei jedes dem empfangenen Feld entspricht, gekennzeichnet
durch: _                esine Vlelzahl von Elnrichtungen (belspielsweise
120-1,125-1,128-1) zum Detektieren vorbeschrie- bener Bezugsmuster, wobei
jade in Ansprechen auf ein jeweiliges erzeugtes identisches Feld die
Stellen in dem jweiligen erzeugten, Identischen Feld detektiert, an welchen
eln vorbeschriebenes Bezugsmuster eines Feldes von Strahlen mit
Strahlungsenergie auftritt und ain zweites Feld von Strahlen mit Strah-
lungsenergie ausbildet, das die detektiertan Stellen der vorbeschriebenen
Bezugsmuster anzeigt, und 45            wobel jede Einrichtung zum
Detektieren vorbeschriebener Bezugsmuster (beispielsweise 120-1,
125-1,128-1) umfaft: eine Einrichtung (510) zum Erzeugen einer Vieizahl von
Kopien desjeweiligen identischen erzeug- tan FeWaes und WIne Elnrichtung
(531), die in Ansprechen auf das vorbeschriebene Bezugsmuster wenigstens
eine aus der Vielzahl von erzeugten Kopien der erzeugten Identischen Felder
relativ zu den anderen erzeugten Kopiern versetzt, und eine Elnrichtung
(535) zum Oberlagern der relativ versetzten Kopien des jeweiligen
Identischen erzeugten Feldes, und Oine Einrichtung (belspielsweise 125-1,
128-1), die in Ansprechen auf die uberlagerten relativ ver- 55
setzten Kopien des Jewelligen identischen erzeugten Feldes aln zweites Feld
von Strahien mit Strah- 



lungsenergie ausbildet, wobei die Vorrichtung ferner eine Vielzahl von
Modifizierungseinrichtungen (beispielsweise 130- 1) umfaRt, die jade in
Ansprechen auf sin jewelliges zweites Feld die Strahlen mit
Strahlungsenergie in    EP  253 544 B1 11111  11111
li! dem zweiten Feld modifiziert, um ein jeweiliges modifiziertes Feld von
Strahlen mit Strahlungsenergie auszutsilden, wobei jede
Modifizierungselnrichtung einer Einrichtung zum Detektieren
vorbeschriebener Bezugimuster zugeordnet ist, um elne spezielle Regel in
symbolischer Substitutionslogik zu realisleren, und 5             eine
Kombinierungseinrichtung (beispielsweise 135-1, 140-1 und 160) zum
Kombinieren aller mo- difizlerten Felder von Strahlen mit Strahlungsenergie
von der Viizahl von Elnrichtungen zurn Modifizie- ren vorbeschriebener
Muster urnfasst, um ein Feld von Ausgangsstrahlen mit Strahlungsenergle
auszu- bilden., 10  2.  Vorricitung zum Bearbeiten von Information in Form
von Strahlen mit Strahlungsenergie nach Anspruch 1, in weicher in jeder
Einrichtung zum Detektieren die Einrichtung zum Erzeugen der Viizahl von
Kopien des erzeugten identischen Feldes elne er- ste und elne zweite Kopie
des erzeugten identischen Feldes erzeugen kann, wobel die Elnrichtung zum
relativen Versetzen eine Einrichtung (525, 530, 531 und 515, 518, 520, 15
540) In Ansprechen auf das vorbeschrlebene Bezugsmuster die zwelte Kopie
des erzeugten identischen Feldes relativ zu der ersten Kopie des erzeugten
identischen Feldes versetzt, wobei die Elnrichtung fOr das Oberlagern die
erste Kople und die relativ versetzte zweite Kople des erzeugten
identischen Feldes Oberlagern kann, wobei die Einrichtung zum Ausbilden
eine Einrichtung (545) umfaBt, die in Ansprechen auf die 20
Oberlagerte relativ versetzte erste und zweite Kopie des erzeugten
identischen Feldes das zweite Feld von Strahlen mit Strahlungsenergie
ausbildet. 3. Vorrichtung zum Bearbeiten von Information in Form von
Strahlen mit Strahlungsenergie nach Anspruch 2, in welcher in jeder
Einrichtung zum Detektieren 25            Pie Einrichtung, die erste
undszweite Kopien erzeugen kann, eine strahiteilende Elnrichtung (510)
umfalt, urn das erzeugte, ldentische Feld entlang eines ersten Pftades
(572) zu richten und um das er- zeugteoidentische Feld entlang eines
zwelten Pfades (574) zu richten, der sich von dem ersten Pfad un-
terscheidet und dile Einrichtung zum relativen Versetzten eine Einrichtung
(530) zum Andern des zwelten Pfades 30      relativ zum ersten  efad umfaB.
4.  Vorrichtung zum Bearbeiten von Information in Form von Strahlen mit
Strahlungsenergie gemaB einem der vorstehenden Ansprrlche, in welcher die
Einrichtung zurn Ausbilden des zweiten Feldes von Strahlen mit
Strahlungsenergle ferner elne 35      Einrichtung (beispielswelse 125-1,
128-1) umfait zum Auswahlen vorbestimmter Strahipositlonen in den
Oiberlagerten relativ versetzten Kopien der erzeugten, identischen Felder
und zum Invertieren des Zu- stands der Strahlen an den vorbestimmten
Strahipositionen. 5.  Vorrichtung zum Bearbeiten von Information in Form
von Strahlen mit Strahlungsenergie gemflB einem 4-      der vorstehenden
AnsprOche, In weicher: jede Modifizierungseinrichtung umfait: eine
Elnrichtung (510) zum Erzeugen einer Vieizahl von Kopien desjeweiligen
zweiten Feldes von Strahlen mit Strahlungsenergie, elne Einrichtung (531)
zum relativen Versetzen der Viizahl von Kopien des zweiten Feldes und eine
Einrichtung (535, 545) zum Oberlagern der relativ versetzten Koplen des
zweiten Feldes, um das modifizierte Feld von Strahlen mit Strahlungsenergie
auszubilden. 6. Vorrich tung zum Bearbeiten von Information in Form von
Strahlen mit Strahlungsenergie gemiaB An- spruclf 5, in welcher in jeder
Modif izierungseinrichtung die Einrichtung zum Erzeugen elner Vielzahl von
Kopien des zweiten Feldes eine erste und elne so      zweite!Kopie des
zweiten Feldes erzeugen kann, die Einrichtung zum relativen:Versetzen der
Vielzahl von Kopien des zwelten Feldes eine Einrich- tung (525, 530, 531
und 515, 518, 520, 540) zum Versetzen der zweiten Kople des zweiten Feldes
relativ zur ersten Kopie umfiaBt und  i die Einrichtung (535, 545) zum
Oberlagern der relativ versetzten Koplen des zweiten Feldes, um 



55       das modifizierta Feld von Strahlen mit Strahlungsenergie
auszubilden die erste Kopie und die relativ ver- setzte zweite Kopie des
zweitn Feldes Oberlagern kann, um das modifizierte Feld von Strahlen mit
Strahlungsenergie auszubilden. 12    EP 0 253 544 B1I Dliii lIlI 11111 llIl
II Ii * C   L   M   S * 7.  Vorrichtung zum Bearbeiten von Information in
Form von Strahlen mit Strahlungsenergie nach Anspruch 6, In welcher in
Jeder Modifizierungseinrichtung, ,,ie, Einrichtung zum Erzeugen erster und
zweiter K6plen des zweiten Feldes eine Strahiteilerein- richturig (510)
umfaft zum Richten des zweiten Feldes entlang eines ersten Pfades (572) und
zum Richten 5       des zWeiten Feldes entlang eines zweiten Pfades (574),
der sich von dem ersten Pfad unterscheidet, und *die Einrichtung fur das
relative Versetzen der ersten und zweiten Kopie des zweiten Feldes eine
Elnrichlung (530) zum Andern des zweiten Pfades relativ zum ersten Pfad
umfa~t. 1o   RevendicAions 1.  Dispositif pour traiter de l'information
sous la forme de faisceaux d'energle rayonnante, utilisant le prin- cipe do
substitution symbolique, comprenant: des moyens de reception et de
gen6ration (105, 107, 110- 1 - 1140 n) pour recevoir un r6seau de faisceaux
d'energle rayonnante acheminant de l'information et pour 15      g6nbrer A
partir de celul-ci un ensemble de reseaux identiques de faisceaux d'energie
rayonnantre ache- minant de l'information, chacun d'eux correspondant au
r6seau regu, CARACTERISE PAR un ensemble de moyens de detection de
configuration de r6ference d6termineo (par exemple 120- 1, 125-1, 128-1),
chacun d'eux reagissant A I'un respectif des reseaux identiques generes de
facon A de- tecter les positions dans le reseau respectif parmi les reseaux
Identiques generes auxquelles se trouve ,  20       une configuration de
reference dbterminee d'un r6seau de faisceaux d'energie rayonnante, et A
former un second reseau de faisceaux d'6nergie rayonnante indiquant les
positions dhtect~es des configurations de reference d6termin6es, et chacun
des moyens de dbtection de configuration de rbf~rence dhterminie (par
exemple 120-1, 125-1,!128-1) comprend: 25            pes moyens (510) pour
produjre un ensemble de copies du reseau respectif parmi les reseaux gb-
neres jientiques; et des moyens (531) qui reagissent A la conf iguration de
rbference dbterminee en dhplagant l'une au moins pes copies de l'ensemble
de copies produites du rbseau identique genere, relativement aux autres
copiessprodultes; et 30            des moyens (535) pour superposer los
copies ayant subi un deplacement relatif, du reseau res- pectif parmi les
reseaux generes identiques; et des moyens (par exemple 125-1, 128-1) qui
reagissent aux copies superposbes, apres un dbpla- cement relatif, du
reseau respectif parmi les reseaux generes identiques, de fagon A former le
second reseau de falsceaux d'energie rayonnante, 35            re
dispositif comprenant en outre un ensemble de moyens de modification (par
exemple 130-1), chacun d'eux reagissant A un second reseau respectif en
modifiant les faisceaux d'energie rayonnante dans ce second reseau pour
former un reseau de faisceaux d'energie rayonnante modifie respectif, cha-
cun des moyens de modification etant associe A un moyen respectif de
dbtection de configuration de re- ference detorminea de fagon A mettre en
oeuvre une rbgle particulibre en logique ds substitution sym- 40
bolique; et des moyens de combinalson (par exemple 135-1, 140-1 et 160)
pour combiner tous les reseaux de faisceau d'energie rayonnante modifies
provenant de l'ensemble de moyens de modification de confi- guration
determines, pour fommer un reseau de faisceaux d'Anergie rayonnantb de
sortie. 45  2.  Dispositif pour traitor de l'information sous la forme de
faisceaux d'energie rayonnante selon la revendi- cation 1 dans lequel, dans
chacun des moyens de detection, les moyens destines A produ're un ensemble
de copies du reseau identique generb sont congus de
cpie et une seconde copie du reseau identique genere; )os moyens de
deplacement relatif comprennent des moyens (525,530Q 531 et
515,518,520,540) so      qui rea,gissent a la configuration de reference
determinbe on deplacant la seconde copie du reseau iden- tique g;nere,
relativement A la premiere copie du reseau identique genere; ies moyens de
superposition sont congus de facon A superposer la premiere copie et la
seconde 



copie ayant subi un deplacement relatif, du rbseau identique genbre; les
moyens de formation comprennent des moyens (545) qui reagissent aux
premiere et seconds 55       copies deplacees de fagon relative et
superposees du reseau identique genere, de fagon A former le se- cond
reseau de faisceaux d'energie rayonnants. 3.  Dispositif pour traiter de
l'information sous la forme de faisceaux d'energie rayonnante selon la
revendi- 13    EP 0 263 644~~ ~~~~ 1ll IIIIIfil *Xx  lxl 11 IIII cation 2
dans lequel, dans chacun des moyens de detection, les moyens concus pour
produire des premibre et seconde copies comprennent des moyens de divisio6
de faisceau (510) pour dirig~r le reseau Identique genere selon un premier
chemin (572) et pour dirigerle reseau identique genere selon un second
chemin (574) distinct du premier chemin; et 5            ies moyens de
deplacement relatifs comprennent des moyens (530) qui sont destines a
modifier le second chemin par rapport au premier chemin. 4.  Dispositif
pour traiter de l'information sous la forms de faisceaux d'energie
rayonnanto selon l'une quel- conque des revendications precedentes, dans
lequel 10           loes moyens destines A former le second reseau de
faisceaux d'energle rayonnante comprennent en outre des moyens (par exomple
125-1, 128-1) qui sont destines A s6lectionner des positions de fais- ceau
predtehrminees dans les copies deplacees de fagon relative et superpos6es
du reseau identique gonero, et A inverser l'otat des faisceaux aux
positions de faisceau predeterminees. 5.  Dispositif pour traiter de
l'information sous la formo de faisceaux d'energie rayonnante selon l'une
quel- conque des revendications precedentes, dons lequel: chacun des moyens
de modification comprend: des moyens (510) pour produire un ensemble de
copies du second reseau respectif de faisceaux d'energie rayonnante; 20
des moyens (531) pour produire un doplacement relatif de l'ensemble de
copies du second reseau; et des moyens (535, 545) pour superposer les
copies deplacees de fagon relative du second reseau; pour former le reseau
de faisceaux d'6nergie rayonnante modifie. 25  6.  Dispositif pour traitor
de l'information sous la forms de faisceaux d'energie rayonnante selon la
revendi- cation ', dans lequel dans chacun des moyens de modification, les
moyens destines A produire un ensemble de copies du second reseau sont
concus de fagon A produile une premibre copie et une seconds copie du
second reseau; les moyens destines A produire un deplacement relatif de
i'ensemble de copies du second reseau 30      comprennent des moyens
(525,530,531 et 515,518,520,540) pour deplacerla seconds copie du second
reseaul par rapport A la premibre copis; et tes moyens (535, 545) destirlds
A superposer les copies deplacees de fagon relative du second reseau', pour
former le reseau de faisceaux d'enorgie rayonnante modif iA, sont congus de
fagon A super- poser la premiere copie et la seconds copie deplacbe de
facon relative du second reseau, pour former le reseau de faisceaux
d'energie rayonnante modif iA. 7.  Dispositif pour traiter de l'information
sous la forms de faisceaux d'energie rayonnante solon la revendi- cation 6,
dans lIquel dans chacun des moyens de modification, les moyens destinas a
produire des premibre et seconds copies du second reseau comprennent des
moyens de division de falsceau (510) qui sont destines a diriger le second
r6seau selon un premier 40      chemin (572) et a diriger le second
falsceau selon un second chemin (574) distinct du premier chemin; et lea
moyens destines A deplacer de faon relative les premibre et seconds copies
du second reseau comprennent des moyens (530) destines A modifier le second
chemin par rapport au premier chemin. 45 50 55 14    


