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COMPUTERIZED DATA COMPRESSION AND
ANALYSIS USING POTENTIALLY NON-ADJACENT
PAIRS

PRIORITY CLAIMS

[0001] This application claims priority of (i) U.S. provisional App. Serial No.
62/939,448, filed November 22, 2019, and (ii) U.S. non-provisional App. Serial No.
16/951,954, filed November 18, 2020, both of which are hereby incorporated by
reference in their entireties.

FIELD OF THE INVENTION

[0002] The field of the present invention relates to data compression and analysis.
Specifically, the invention involves specific techniques thought useful for improved
lossless compression of text and other information that can be represented by

symbols.

SUMMARY

[0003] A computerized method of compressing symbolic information organized
into a plurality of documents is disclosed. Each document has a plurality of
symbols. With a first document of the plurality of documents as an input document,
a computer automatically identifies a plurality of symbol pairs. Each symbol pair
consists of two sequential or non-sequential symbols in the input document; at least
ohe symbol pair consists of two non-sequential symbols in the input document. The
computer counts the number of appearances of each unique symbol pair. The
computer produces a compressed document that includes a corresponding
replacement symbol at each position associated with one of the plurality of symbol
pairs from the input document. At least one replacement symbol corresponds to a
symbol pair consisting of two non-sequential symbols, and for each such pair the
compressed document includes corresponding indicia indicating a distance
between locations of the non-sequential symbols of the pair in the input document.
In some instances the plurality of symbol pairs includes only those pairs of non-
sequential symbols for which the distance between locations of the non-sequential
symbols of the pair in the input document is less than a numeric distance cap.
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[0004] Objects and advantages pertaining to data compression and analysis may
become apparent upon referring to the example illustrated in the drawings and
disclosed in the following written description or appended claims.

[0005] This Summary is provided to introduce a selection of concepts in a
simplified form that are further described below in the Detailed Description. This
Summary is not intended to identify key features or essential features of the
claimed subject matter, nor is it intended to be used as an aid in determining the
scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Fig. 1 is a visual representation of an example of a symbol dictionary
generated by and employed in compression methods disclosed herein.

[0007] Fig. 2 is a visual representation of an example of a compression dictionary
generated by and employed in compression methods disclosed herein.

[0008] Fig. 3 is a visual representation of replacement of symbol pairs according
to compression methods disclosed herein.

[0009] Fig. 4 is a flow diagram showing operation of compression methods
disclosed herein.

[0010] The embodiments depicted are shown only schematically; all features may
not be shown in full detail or in proper proportion; for clarity certain features or
structures may be exaggerated or diminished relative to others or omitted entirely.
The embodiments shown are only examples and should not be construed as
limiting the scope of the present disclosure or appended claims.

DETAILED DESCRIPTION

[0011] This disclosure describes what may be considered extensions or
improvements of applicant’s issued US Patent 10,387,377 (“the Patent”), which is
hereby incorporated by reference in its entirety (including figures and computer
code appendix) as if set forth in full herein. The disclosure of the Patent was first
published November 22, 2018.

[0012] For ease of description, this disclosure initially describes an example
central embodiment, with only some discussion of variations. It is intended, though,
that the disclosed central embodiment, and equivalents thereof, can be modified to

-9 .
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create variations. Some variations or options (or purposes for applying the
disclosed techniques) are discussed here, some are summarized here with more
detail provided in the Patent, and some are described in the Patent but generally
equally applicable to this disclosure (with the exception of any portions that clearly
and necessarily conflict with teachings herein). Terminology may differ slightly
between the Patent and this disclosure.

[0013] The embodiments described herein group various features (including
method steps or acts) together for the purpose of streamlining the disclosure. This
method of disclosure is not to be interpreted as reflecting an intention that any
particular embodiment requires each and every features recited. Nor is the term
“embodiment” intended to refer to a necessary combination of features. The term
“‘embodiment” is not intended to reflect exclusion of features discussed in
connection with different embodiments or with no embodiment at all. Nor is any
feature to be considered “essential” or “necessary” to any particular or all
embodiments, unless explicitly stated.

[0014] Rather, it is contemplated that any particular feature or group of features
discussed herein can be isolated from other features, even if disclosed in
connection with a particular “embodiment” having additional features. In addition, a
feature or group of features from one embodiment can be combined with features
discussed elsewhere, or in the Patent (unless clearly and necessarily inconsistent).
The present disclosure shall be understood, therefore, as disclosing any
embodiment having any suitable set of one or more features (i.e., a set of features
that are neither incompatible nor mutually exclusive) that appear in (including via
incorporation) the present disclosure, including combinations of features that may
not be explicitly disclosed in a combination in a particular embodiment.

[0015] This disclosure generally describes apparatus for and methods of
compressing information that is organized into one or more documents. Each
uncompressed document has a plurality of symbols. A document can contain or
consist of a string of symbols of any length (e.g., a sentence, a paragraph, a text
file, or a library of other documents). The disclosure can be applied to multiple
documents considered individually as well. The compression ratio is expected to
improve as the size of the uncompressed data increases, which can be achieved by
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using multiple or longer documents. The larger the data set, the more replacements
produced by the disclosed systems and the higher the compression achieved.

[0016] A symbol can be any code that constitutes or carries information (e.g., a
letter, number, non-alphanumeric character, syllable, or word). Symbols can
constitute or represent alphanumeric characters, discrete groups of alphanumeric
characters such as syllables or words, or numeric information of various types. If
representative, a symbol can consist of any code that carries information, encoded
in any way. For example, an ASCII code is a numeric representation of a letter of
the alphabet or a special character. Various encoding schemes are possible. Other
coded symbols can represent words for example.

[0017] For purposes of this disclosure, the article “a” shall be interpreted as “one

” i

or more” unless “only one,” “a single,” or other similar limitation is stated explicitly or

is implicit in the particular context; similarly, the article “the” shall be interpreted as

“one or more of the” unless “only one of the,” “a single one of the,” or other similar
limitation is stated explicitly or is implicit in the particular context. For purposes of
this disclosure, the conjunction “or” is to be construed inclusively (e.g., “a dog or a
cat” would be interpreted as “a dog, or a cat, or both”; e.g., “a dog, a cat, or a
mouse” would be interpreted as “a dog, or a cat, or a mouse, or any two, or all

» W

three”), unless: (i) it is explicitly stated otherwise, e.g., by use of “either...or,” “only
one of,” or similar language; or (ii) two or more of the listed alternatives are mutually
exclusive within the particular context, in which case “or” would encompass only

those combinations involving non-mutually-exclusive alternatives.

[0018] For purposes of this disclosure, words “comprising,” “including,” “having,”
and variants thereof, wherever they appear, shall be construed as open-ended
terminology, with the same meaning as if the phrase “at least” were appended after
each instance thereof.

[0019] The disclosed computerized data compression and data analysis systems
(including apparatus and processes) may (not must) offer various objects and
advantages.

[0020] In particular, general text compression techniques are typically usable on
one file or document at a time. Such techniques do not scale easily to snormous
data sets, i.e., “Big Data,” or where data is spread across many different containers.
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Disclosed computerized data compression and data analysis systems may have
advantages in improving compression for Big Data.

[0021] Also, compression techniques generally do not track the number of times a
particular symbol or string of symbols appears in uncompressed text. That is
valuable information, useful for saving space, reducing processing time, or
conducting contextual analysis. Disclosed computerized data compression and
data analysis systems may have advantages resulting from retaining such

information.

[0022] General text compression techniques also typically rely on compressing
symbols or strings of symbols that are adjacent to one another. Disclosed
computerized data compression and data analysis systems may have advantages
resulting from ability to compress or analyze based on either or both adjacent or
non-adjacent symbols.

[0023] Other objects or advantages may become apparent from the example
embodiments disclosed below.

[0024] The disclosure here contemplates implementing data compression and
data analysis systems with a computer. Disclosed techniques can be programmed
in computer code as a set of computer instructions. Even if programmed on a
general-purpose computer, such a computer should be considered non-generic and
special-purpose once adapted because of the presence of specific programmed
computer instructions, which control at least one computer processor and cause it
to perform the functions described herein. Alternative instantiations can be
accomplished equivalently with dedicated special-purpose computers or dedicated
computer appliances, rather than program-adapted general-purpose computing
machines. Either way, the specially programmed or structured computer comprises
an improved computing machine that accomplishes functions not possible with
computers not so constructed or adapted.

[0025] Computer instructions (e.g., computer software, if used in lieu of hardware-
wired machines), can be stored in any computer memory accessible to the
computer or encoded in computer hardware. The documents on which the
embodiments operate can be stored in the same or a different computer memory
accessible to the computer.
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[0026] References to “a computer” or “computer” (or simply references to
computer-programmed operations) should be understood to allow for
implementation on either a single computer or on multiple computers, such as a
system of interconnected devices, or a set of devices using distributed processing
techniques. Each computer device, also, may utilize one or more processors.

[0027] The word “step” is intended to refer to computer operations or acts, or
phases, in the case of a method, or computer equipment programmed to perform
such operations or acts, in the case of an apparatus. The word is not intended as
having any special legal meaning.

[0028] The disclosure focuses on a method or process, but the disclosure should
be understood to refer equally to equipment or apparatus, such as a computer, that
implements such methods or processes, as well as to computer instructions stored
in tangible media that control a computer to implement such methods or processes.

[0029] The example central embodiment disclosed here is illustrated with respect
to a series of symbols, each symbol standing for a word, and with respect to a
single document. Those choices have been selected for ease of description, but
other alternatives are possible, as indicated in the definitions of “document” and
“symbol” above.

[0030] The illustrative central method includes the following steps.

[0031] Step 1: Make a pass through the document 101 (see Fig. 1), replacing the
words in the document 101 with associated symbols (denoted S1, S2, S3, ..., Sn,
...), while creating a symbol dictionary (e.g., table 140 of Fig. 1) correlating symbols
with words that respective symbols symbolize.

[0032] The document 111 containing the symbols may be considered an input
document to the method discussed. It may be desired to store the symbolic version
(input document 111) in a separate memory location while retaining the original
document 101.

[0033] During the pass, check for duplication, and if found, increment a count of
the number of instances of each word.

[0034] When the pass is complete, the symbol dictionary contains a series of
entries, each having a symbol (e.g., column 150 of the table 140), the word
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associated with that symbol (e.g., column 160 of the table 140), and a count of the
number of times that word appears in the document (e.g., column 170 of the table
140).

[0035] If multiple corresponding symbolic documents (e.g., 112, 113, 114, ...) are
so created with the same encoding from multiple original documents (e.g., 102,
103, 104, ...), efficiencies can result. The symbol dictionary can be viewed as a
standardization memory, allowing encoding or decoding of any or all of the multiple

documents.
[0036] Step 2: Optionally, sort the dictionary by order of frequency.

[0037] Step 3: In a cataloging phase 10 (e.g., see Fig. 4), make passes through
the input document 111 (and input documents 112, 113, 114, ..., if present),
creating a table of unique pairs of symbols, adjacent or not.

[0038] For example, start with the pair consisting of the symbols in the first and
second locations, using the order of appearance in the document 111, then the
symbols in the first and third locations, and then continue until reaching the symbols
in the first and last locations.

[0039] Optionally, a numeric cap can be imposed to limit the number of locations,
so that the process will consider only locations separated by less than the cap. For
example, if the cap is ten words (and the document has more than ten words), then
the process will continue through the symbols in the first and tenth locations, rather
than through the symbols in the first and last locations.

[0040] After completing all (or the limited number) of pairs that include the first
appearing symbol, continue with the symbols paired with the symbol in the second
location. Start with the symbols in the second and third locations, then those in the
second and fourth, and continue through the second and last (or through the
second and eleventh, if the cap is ten, for example).

[0041] Then continue to repeat the process through the symbols in the
penultimate and last locations. At that point, all combinations have been considered
(assuming no cap).

[0042] Parallel processing computers can usefully assist with the cataloging phase
10 if desired, because the number of combinations expands with the factorial of
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the number of symbols and can grow large readily, especially with Big Data
scenarios. The numeric cap, also, can be imposed to reduce the number of
possible combinations to improve speed of this phase. As computers become faster
and more powerful, the speed of this phase becomes less of an important

consideration.

[0043] As the symbol pair at each location described above is encountered, add it
to a table (e.g., table 200 of Fig. 2), if that pair is being encountered for the first
time, or increment a counter in the table associated with the symbol pair, if the
same pair has been encountered previously at one or more different location pairs,
such that the table 200 already contains it.

[0044] The table 200 may be considered a compression dictionary, which
associates unique stored symbol pairs with respective replacement symbols,
keeping a count of the number of times the different symbol pairs appear in the
input document 111 (or multiple input documents 111, 112, 113, ...).

[0045] Step 4: Sort the table 200 (compression dictionary) based on the frequency
of appearance of a symbol pair. Sorting has the advantage of placing more
frequently appearing symbol pairs in more accessible memory locations than less
frequently appearing symbol pairs. This potentially facilitates decreased lookup
times during a replacement phase 20 discussed below.

[0046] Step 5: Optionally, truncate the table 200 using a threshold. For example,
entries can be removed from the table where the counters indicate that particular
pairs of symbols have occurred only in one location each. For another example, the
table can be truncated to remove entries reflecting symbol pairs that have occurred
only once or twice. A higher threshold can be used as well. This step, if done, can
reduce further the calculation overhead, perhaps at the cost of only some loss with
respect to the degree of compression.

[0047] Step 6: In a replacement phase 20 (e.g., see Fig. 4), make further passes
through the input document 111, using the table 200 of symbol pairs to replace
symbol pairs with replacement symbols. Each replacement symbol indicates one of
the corresponding symbol pairs. Store with the replacement symbol data specifying
the distance between the locations at which the two members of a symbol pair are
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found (e.g., a number of intervening symbols, in which case adjacent symbols can
be assigned a distance of zero; other distance schemes can be employed).

[0048] For example, starting with the most frequently occurring pair, and beginning
at the first location in the document, scan the input document for the first
occurrence of the first member of the symbol pair (Location1). From the location
immediately after Location1, search forward until locating the first occurrence of the
second member of the same symbol pair (Location2). If the optional numeric cap
discussed above limits the number of locations, the “search forward” process here
would stop after that number of locations. When the second member of the same
symbol pair is found (Location2), perform three acts: (a) Replace the symbol at
Location1 with the replacement symbol indicating the symbol pair (from the
compression dictionary). (b) Include data specifying the distance between
Location1 and Location2. (c) Delete the symbol at Location2.

[0049] The distance between two locations can be specified by a number
indicating the count of places (e.g., number of words or symbols) between the two
locations, the difference between two location numbers, or any other method. If the
two symbols in a pair happen to be in adjacent locations, the distance may be
considered “0” in a system specifying the number of words between locations. A
number may be dropped entirely for adjacent locations in some embodiments.
Absolute locations of the second symbol of a pair can be used instead of the
relative addressing described in this paragraph if desired.

[0050] Next, beginning from the next location after Location1, search forward until
locating the next occurrence of the first member of the same symbol pair
(Location3). From the next location after Location3, search forward, again limited by
the numeric cap if present, until locating the next occurrence of the second member
of the same symbol pair (Location4). Replace the symbol at Location3 with the
same replacement symbol indicating the symbol pair, include at Location3 indicia of
the distance between Location3 and Location4, and delete the symbol at Location4.
Continue until all instances of the most frequently occurring symbol pair have been
exhausted.

[0051] Repeat the process with the next most frequently occurring pair. This will
cause insertion of a different replacement symbol, also found in the compression
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dictionary, this time signifying the second pair. Repeat the process again for all
symbol pairs in the (possibly truncated) compression dictionary.

[0052] In the example of Fig. 3, the symbol pair “S5 S1” appears twice, and is
replaced by “R2;1” in the first instance (indicating one symbol or symbol location
between them) and is replaced by “R2;3” in the second instance (indicating three
symbols or symbol locations between them). Similarly, in that example the symbol
pair “S2 S79” is replaced by “R3;4” and “S75 S4” by “R4;2". Further replacement
can be made based on other symbol pairs from the table 200 that appear in the
document 111.

[0053] Note that the compression dictionary may contain instances in which two
different symbol pairs have one symbol in common. For example, the most
frequently occurring symbol pair may symbolize Word1 in combination with Word2
while a less frequently occurring symbol pair may symbolize Word3 in combination
with Word2. For illustration, the top pair may symbolize the words “is ... a” while the
other pair symbolizes “are ... a.” In such instances, the number of replacements in
a later pass through the document may result in fewer replacements than the
frequency recorded in the compression dictionary, because some instances of the
common word have been “used up” during the prior pass and thus are not available
to be combined with the non-identical member of the lower-ranking symbol pair.
This is not a problem, though, because it is considered advantageous to give
higher priority to more frequently occurring symbol pairs. In some instances, if the
number of replacements of a particular symbol pair fall below the threshold (or
possibly a different threshold, or perhaps to zero) as a result of this effect, then that
symbol pair may be truncated as well, to avoid further evaluation and storage of null

entries or entries considered of limited value.

[0054] Step 7: In a compression phase 30 (e.g., see Fig. 4), produce a
compressed output document by shifting the remaining symbols (replacement and
unreplaced original symbols) so that they are in sequence, i.e., removing
intervening empty memory locations. In the example of Fig. 3, output document 321
is shown before such compression; it will become shorter than document 111 when
the spaces are removed.

- 10 -
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[0055] It may be desired to shift after the replacement phase 20 concludes
entirely, because unless shifting occurs after the entire replacement phase 20
ends, the measurements stated will not identify the actual number of words
between those locations or may contain ambiguities. In Fig. 3 for example, the
second instance of “S5 S1” is replaced with “R2;3” (at the location of the second
occurrence of “S5”), indicative of the three symbols or symbol locations between
them before any shifting has occurred (i.e., before the location of “S79” is removed
by shifting due to replacement of “S2” with “R3;4”).

[0056] Alternatively, step 7 can be done during step 6, either as each deletion is
made, after each “pass” for each symbol pair, or in some other pattern (such as
after a specified number of deletions or passes). If shifting can be done quickly, this
may avoid the need to check empty memory locations.

[0057] Suppose shifting occurs after the top-ranked symbol pair is used to make
replacements but before the process occurs for the next-ranked symbol pair. If one
of the symbols in the top-ranked symbol pair has been deleted from an intermediate
location, i.e., between the two symbols of the lower-ranking symbol pair, then the
number indicating the distance between the two symbols of a lower-ranking symbol
pair will not accurately list the number of words between those locations. In the
example of Fig. 3, if the location of “S79” has already been removed, then the
second occurrence of “S5 S1” would be replaced by “R2;2” at the location of “S5”,
instead of “R2;3 as described above and shown in Fig. 3. Nevertheless, it still may
identify a location between adjacent remaining symbols (either symbols identifying
unreplaced words or replacement symbols indicating the first member of a word
pair).

[0058] If shifting is done before the replacement phase 20 concludes entirely,
further, the process must adjust other distance measurements that span the
removed memory location. For example, suppose location 10 contains a
replacement symbol with the number 3, indicating that there were three memory
locations between the locations of the first and the second symbols of that pair. Put
another way, the number 3 indicates that the second symbol of the pair was found
after location 13. Note that location 15 shifts one location lower with the removal of
location 14. Now suppose a later replacement causes deletion of memory location
12 because that is the second member of the later pair. At that time, if shifting is

19 -
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done immediately, location 13 shifts to location 12. Now, the number 3 for the first
pair, stated at location 10, must be changed to the number 2, to indicate that there
are now only two memory locations between the locations of the first and the
second symbols of that pair (i.e., the second member of that first pair is found after
what is now location 12). To accomplish such adjustments, upon doing the shifting,
such an immediate-shifting embodiment checks the data (subject to the cap on
maximum distance if present) in previous locations to determine which have

numbers referring to locations after the memory location being deleted.

[0059] As a result of the replacements and shifting, whenever it occurs, the
document compresses. When the process finishes steps 6 and 7, whether or not
those are combined, the compressed table 321 (with blanks removed; see Fig. 3)
can be considered as an output document.

[0060] Again, alternatively, instead of overwriting the series of symbols
representing the input document, the output document can be written in a different
memory location while keeping the input document as well. However, if the input
document (containing the symbols) has been saved separately from the original
document (containing the actual words) in the first place, there is likely no need to
save the input document, as the original document exists and the input document
acts as a working copy anyway.

[0061] Step 8: Optionally, repeat the compression process by using the output
document as an input document for another cycle, and further optionally repeat

such cycles recursively.

[0062] At the inception of the first such additional cycle (second cycle overall), a
symbol at a given location does not represent a single word but rather a word pair,
separated by a stated distance. If such symbols occur in several locations in the
input document, it indicates that a word pair is commonly used with a given
separation. A document may contain repeated uses of a given phrase, or a given
form. For instance, a variety of sentences may appear beginning with the words,
“The <subject> is <object>" with the subject and object being different in different
sentences, but the words “The” and “is” may be frequently paired at a fixed, non-
adjacent distance. This may also occur with more substantive words of course, and
patterns of more substantive words of course provide more interesting information

12 -
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for analysis. If such a word-pair commonly appears close to a different word-pair, in
the first additional cycle, those two symbol pairs will appear in the input document
to that cycle frequently in association with one another. The second cycle, if
present, thus would cause replacement of the associated “pair of pairs” with a
single, second-level replacement symbol, signifying four words (with specified
spacings between each pair). A third cycle, if present, operating on second-level
replacement symbols, would create third-level replacement symbols signifying

eight-word combinations, and so forth.

[0063] Such a recursive process can operate for a fixed number of cycles. Or the
process can perform cycles recursively until no further possible replacements are
detected, which would result in the highest possible compression. Or the process
can repeat for a maximum number of cycle unless, before the maximum is reached,

no further possible replacements are detected.

[0064] If truncation is desired, or a cap is used (in both cases as those options are
discussed in connection with the first cycle), such numbers applied during
successive cycles can differ from the corresponding numbers applied during the
first cycle or use the same numbers.

[0065] The replacement symbols can be the address of the replaced symbol pair
in the compression dictionary. In some cases, the replacement symbol can be just
the row identifier in a spreadsheet. In some cases with recursive cycles, the
replacement symbol can be just the portion of the address associated with a row
identifier in a spreadsheet, where columns represent sequential cycles and it can
be assumed from context that the column refers to the previous cycle. Such
embodiments thereby can achieve increased space savings and decreased lookup
time needed to access the compression dictionary.

[0066] The Patent discusses various uses of, or ways to apply, the compression
techniques. Likewise, the modified processes disclosed above can be applied to
compression or for any of the various other purposes listed in the Patent.

[0067] For example, in some embodiments, a system can use patterns of
replacement symbols and associated counts to analyze content or investigate texts.
Especially if recursive cycles are used, the presence of higher-order replacement
symbols can be used to deduce a relationship between different documents,

- 13 -



10

15

20

25

30

WO 2021/102263 PCT/US2020/061508

suggesting two texts are related in some fashion. Metadata, such as the number of
times certain pairs appear, generated during compression of documents can be
used to analyze documents and find similarities therebetween.

[0068] The system can be applied (as noted above) to analyze various sorts of
data that can be symbolized other than by words, which can lead to still further
applications. One example is facial recognition based on numeric (or other) coding
of different facial dimensions or characteristics, which can be used, for example, to
control access to a secure location, such as a physical place (e.g., a building) or a
device (e.g., a computer system, database, or secured portion thereof). The system
can be used not only for recognizing faces but also (or instead) for distinguishing
whether or not certain measurements represent a human face or for the purpose of

improving facial recognition systems.

[0069] The system can also be used to infer preferences or interests (such as for
advertising) or to determine commonalities of interest.

[0070] Any combinations of the numbered steps listed above (with or without the
options described), in combination with any selected one of the applications
(compression or any other) described herein can be considered an example
embodiment taught by this disclosure.

[0071] Computer code (Microsoft Visual Basic for Applications 7.1 in Microsoft
Excel 2016) for one example implementation of the compression process, wherein
the symbols operated on are words, is disclosed in U.S. provisional App. Serial No.
62/939,448, incorporated by reference herein, as stated above.

[0072] The systems and methods disclosed herein, implemented using a
“programmed computerized machine,” can be implemented as or with general or
special purpose computers or servers or other programmable hardware devices
programmed through software, or as hardware or equipment “programmed” through
hard wiring, or a combination of the two. A “computer” or “server” can comprise a
single machine or can comprise multiple interacting machines (located at a single
location or at multiple remote locations). Computer programs or other software
code, if used, can be implemented in tangible, non-transient, temporary or
permanent storage or replaceable media, such as by including programming in
microcode, machine code, network-based or web-based or distributed software

- 14 -
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modules that operate together, RAM, ROM, CD-ROM, CD-R, CD-R/W, DVD-ROM,
DVDzR, DVDxR/W, hard drives, thumb drives, flash memory, optical media,
magnetic media, semiconductor media, or any future computer-readable storage
alternatives. Electronic indicia of a dataset can be read from, received from, or
stored on any of the tangible, non-transitory computer-readable media mentioned
herein.

[0073] In addition to the preceding, the following examples fall within the scope of

the present disclosure or appended claims:

[0074] Example 1. A computerized method of compressing symbolic information
organized into a plurality of documents, each document having a plurality of
symbols, the method comprising, with a first document of the plurality of documents
as an input document, automatically with a computer: (a) identifying a plurality of
symbol pairs, each symbol pair consisting of two sequential or non-sequential
symbols in the input document, one or more symbol pairs consisting of two non-
sequential symbols in the input document; (b) for each unique symbol pair of the
plurality of symbol pairs, updating a count identifying the number of appearances of
the unique symbol pair; and (c) producing a compressed document by causing the
compressed document to include, at each position associated with one of the
plurality of symbol pairs from the input document, including one or more symbol
pairs consisting of two non-sequential symbols, (i) a replacement symbol
associated by a compression dictionary with the unique symbol pair matching the
one of the plurality of symbol pairs, if the count for the unique symbol pair exceeds
a threshold, and (ii) for at least those symbol pairs consisting of two non-sequential
symbols, indicia indicating a distance between locations of the non-sequential
symbols of the pair in the input document.

[0075] Example 2. The method of Example 1 wherein the plurality of symbol pairs
includes only those pairs of non-sequential symbols for which the distance between
locations of the non-sequential symbols of the pair in the input document is less
than a numeric distance cap.

[0076] Example 3. The method of Example 2 wherein the numeric distance cap is
ten symbols.

[0077] Example 4. The method of any one of Examples 1 through 3 wherein the
threshold is two.
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[0078] Example 5. The method of any one of Examples 1 through 4 further
comprising sorting the compression dictionary in order of the count for the
respective unique symbol pairs.

[0079] Example 6. The method of Example 5 further comprising excluding or
removing from the compression dictionary all unique symbol pairs having a count
that does not exceed the threshold and making an association in the compression
dictionary between each unique symbol pair having a count that exceeds the
threshold and a replacement symbol.

[0080] Example 7. The method of any one of Examples 1 through 6 further
comprising performing an additional pass by repeating parts (a), (b), and (c) using
as the input document the compressed document.

[0081] Example 8. The method of Example 7 further comprising performing
additional passes, until the compressed document created by one of the passes is
unaltered from the compressed document created by the immediately previous
pass.

[0082] Example 9. The method of any one of Examples 1 through 8 wherein each
symbol from the first document indicates a word.

[0083] Example 10. The method of Example 9 further comprising, before part (a),
creating the first document by replacing each word of a text document with a
corresponding one of the plurality of symbols.

[0084] Example 11. The method of any one of Examples 1 through 10 wherein
each symbol in the first document indicates an alphanumeric character.

[0085] Example 12. The method of any one of Examples 1 through 11 wherein
each replacement symbol comprises an address of an entry in the compression
dictionary, which entry stores the unique symbol pair associated with replacement
symbol.

[0086] Example 13. The method of any one of Examples 1 through 12 further
comprising performing parts (a), (b), and (c) on each of the other documents of the
plurality of documents, wherein the respective counts for the symbol pairs identifies
the number of previous appearances of that symbol pair in any of the plurality of
documents.
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[0087] Example 14. The method of Example 13 wherein parts (a) and (b) are
performed on each of the plurality of documents before part (c) is performed on any
of the plurality of documents.

[0088] Example 15. The method of Example 14 further comprising, before part (c)
is performed on any of the plurality of documents, making an association in the
compression dictionary between each unique symbol pair and a replacement
symbol if and only if the unique symbol pair has a count that exceeds the threshold.

[0089] Example 16. The method of any one of Examples 13 through 15 further
comprising sorting the compression dictionary in order of the count for the
respective unique symbol pairs.

[0090] Example 17. The method of Example 16 further comprising excluding or
removing from the compression dictionary all unique symbol pairs having a count
that does not exceed the threshold and making an association in the compression
dictionary between each unique symbol pair having a count that exceeds the
threshold and a replacement symbol.

[0091] Example 18. The method of any one of Examples 13 through 17 further
comprising repeating parts {(a), (b), and (c) on each of the other documents to make
at least one additional pass by repeating parts (a), (b), and (c), using as the input
document the compressed document previously produced by the process, until the
compressed document created by one of the passes is unaltered from the
compressed document created by the immediately previous pass.

[0092] Example 19. The method of Example 18 further comprising assigning the
first document at least one of a plurality of attributes based on the frequency with
which a replacement symbol associated with a unique symbol pair appears in an
output document associated with the first document.

[0093] Example 20. The method of Example 19 further comprising suggesting a
related document based the at least one attribute of the first document and the at
least one attribute of the related document.

[0094] Example 21. A computer system having at least one processor capable of
compressing symbolic information organized into a plurality of documents, each
document having a plurality of symbols, the computer system programmed to
perform automatically, with the processor, the method of any one of Examples 1
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through 20 with a first document of the plurality of documents as an input
document.

[0095] Example 22. A computer-readable storage medium that is not a transitory
propagating signal storing a set of computer instructions for compressing symbolic
information organized into a plurality of documents, each document having a
plurality of symbols, wherein the set of computer instructions, when executed on
the computer, causes the computer to perform automatically the method of any one
of Examples 1 through 20 with a first document of the plurality of documents as an
input document.

[0096] For purposes of the present disclosure and appended claims, any labelling
of elements, steps, limitations, or other portions of an embodiment, example, or
claim {e.qg., first, second, third, etc., (a), (b), (c), etc., or (i), {ii), (iii), etc.) is only for
purposes of clarity, and shall not be construed as implying any sort of ordering or
precedence of the portions so labelled. If any such ordering or precedence is
intended, it will be explicitly recited in the embodiment, example, or claim or, in
some instances, it will be implicit or inherent based on the specific content of the
embodiment, example, or claim. In the appended claims, if the provisions of 35
USC § 112(f) are desired to be invoked in an apparatus claim, then the word
“means” will appear in that apparatus claim. If those provisions are desired to be
invoked in a method claim, the words “a step for” will appear in that method claim.
Conversely, if the words “means” or “a step for” do not appear in a claim, then the

provisions of 35 USC § 112(f) are not intended to be invoked for that claim.

[0097] The Abstract is provided as required as an aid to those searching for
specific subject matter within the patent literature. However, the Abstract is not
intended to imply that any elements, features, or limitations recited therein are
necessarily encompassed by any particular claim. The scope of subject matter
encompassed by each claim shall be determined by the recitation of only that claim.
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