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OPTIMIZED DATA CONDENSER AND METHOD

BACKGROUND

{000 1] Data storage & a central issue for researchers and others facing the daunting
challenge of interpreting vast genomic and other datasets i the terabyie, petabyie range and
bevond. Collaboration and the critical sharing of data such as between rescarch and chnical
facilities (both local and remote) requires the handling of a huge mflax of datasets and requires
strategies for lossless data compression to enable efficient and accurate comparison such as log
files or a reference genome, which are federally required for audit and reporting purposes. Data
storage and secure transfer of the same has been accomplished by sending physical hard drives to
local or distant locations, which is cumbersome, expensive and increasingly unsustamable.

0002} Freely available research-based toels exist as do other apphcations and
publications in fields related 1o algorithims and methods for selective compression, coding,
indexing, annotation, mapping, and alignment of large data files tncluding, but not fimited to:
repetitive sequence collections, text, binary text images, and databases.

0003} Rapid improvements in high-throughput next generation sequencing technologies
vield genomic datasets (both complete genomes and population-type) that are accumulating at an
exponential rate. Puoblicly available genomic datasets are typically stored as flat text files with
wmereasing burdens for digital storage, analysis, and secure transmission.  Storing, sharing,
analyzing, or downloading large data files such as genetic mformation or other Big Data
remotely is faborions and nearly impossible for many mstitations, especially those in parts of the
world lacking high-speed internet gecess. Today, large storage sites spend muillions of dollars on
storage, and massive dala transfer remains an imposing burden on servers and 1nternet networks.
There exists an wgent technical need for a solution to enable the stormg, shanag, transmission,
ete. of large datasets without the loss or deterioration of data. With present technologies, this is
at best laborious and, in many cases, nearly impossible for many entities, such as institutions,

especially research centers, hospitals and others.

SUMMARY
{0004] An optimized data condenser and method reduces the burden on storage media,

such as but not Hmited to, disk, solid state, or any form of storage media, fixed or portable, along
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with data transfer overheads associated with the storage of data, such as derived from next
ceneration whole genome sequencing.  Input files could mclude, without mitation, BLAST
formats, lop/error files, databases, and other common file formats.

[000S5] The optimized data condenser and method condenses data, such as numbers,
letters, words, phrases, and other mdicia also known ag data objects, {0 one or more values
defined by  manually defined andior  automatically  optimized  Hexadecimal,
Duocentosexapeniagesimaal {Base-256), or other NBage value{s). NBase {(Nb) &5 defined as a
variable numerical base system that has a minimum measure of two base anits (Binary) and no
apper numerical base limit.  As necessary, a complete reversion of this new condensed
Hexadecimal, Base-236, or other NBase file can be decoded 1o return the data to the original
format, without any loss of data. For clarity, the condensation process is not compression as seen
in some zip archives, but rather a condensation that leads to a condensed file size.

0006} A library contains one or more reference files. Each reference file contains data
andfor groupings of data with associated assigned onigue Hexadecumal, Base-236, or other
NBase codes used to correlate with wdentified dats objects. Such wdentified data objects as well
as duphicated (1.e. repeated) and other data objects not found in the bibrary {which are assigned an
associated unigque code) are added to an optimized version of the origmal reference files
contained in the library,

{6007} The produced Hexadecumnal, Base-236¢, or other NBase values associated with the
assigned codes are stored in a formatted reference file(s) wherein a data object is associated with
a unique Hexadecimal, Bagse-256, or other NBase valae that can be located via a simple request
{e.g. X, Y axis). Condensed files have the gbility to expand both horizontally and vertically
uniike a text document or data base that has defined and himited columns that require added
pages to expand. Condensed files are stored i lossless formats. This allows for data objects to
be assigned Hexadecimal, Base-256, or other NBase values within the condensed file(s).
Specific use and general use versions can be designed by modifyving the reference filefs), while
the core engine remains the same. Selection of & structured format based on Hle size may farther
optimize file storage and handhling.

j6008] The condensed file(s) effectively hides the true nature of the embedded data
objects since various Hexadecimal, Base-256, or other NBase values that are used to represent

the data obyects in the file(s) cannot easily be discerned, thereby providing a natural state
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encryption.  Even if the Hexadecimal, Base-256, or other NBase valuey are differentiated
through use of computer analysis, there 1s no way to tell which data objects they represent, orif
an alternate order of alignment has been applied. While the condensed file(s) may be created on
an X, Y axis and by default s populated left to right, top to bottom, there s nothing imiting the
data condenser and method to starling 1o the muddle and populate counter clockwise or any other
starting place and/or method of population.

{8609} In one aspect of the present application, a lossless data condenser for reducing
data storage and handling reguirements comprises a data memory including a sowrce file having
data objects to be condensed, a predetermined reference file having predetermined data objects
and predetermined data object groups, an advanced reference file having algorithmically selected
data objects and algorithmically selected data object groups obtained from at least one of the
source file and the predetermined reference file, a condensation file meluding condensed data
objects and condensed data object groups, and an array file including an array of the condensed
data objects and the condensed data object groups, and a condensation processor operative to
select at least one numerncal base coding system based at least in part on a count of the data
objects, select a pack depth for the arrav file based at least in part on the count of the data
obiects, limit the at least one numerical base coding svstem based at least in part on the count of
the data objects, analyze the data objects in the source file to locate one or more recurnng data
objects and recurring data object groups, assign a first snique code to the data objects and data
object groups in the predetermined reference file, assign a second unigue code to a selected
recurring and a selected non-recurring data objects and data object groups in the advanced
reference tile, place the coded data objects and the coded data object groups in the condensation
file, and build an array of the condensed data objects in the array file, wheremn the lossless data
condenser allows efficient and accurate lossless data storage and tansfer, wherein the
condensation processor has a base-256 coding system assigned  to predetermined data objects
and data object groups and a base-16 coding system assigned o non- predetermined data objects
and data ohject groups, and the memory array 18 dehined by the square root of the total namber of
coded data objects and data object groups rounded up if necessary to a whole number with null
data objects filling the array if necessary.

{60010} in another aspect of the preseni application, an apparatus for performing lossless

condensation operations comprises a data source memory having at least one data file including
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mput data of data objects. a condensation processor configured to differentiate a group of data
objects from a single data object and to differentiate a repeating group of data objects that repeat
beyond a selected threshold value, and a reference library including a customized file including
predefined data objects and predetermined data object groups, wherein the condensation
processor is further configured to assign a unique code to the repeating repetitive and a non-
repeating data object and data object group to provide a condensed file.

{80011} in another aspect of the present application, a lossless data condenser for reducing
data storage and handling requirements comprises a data source memory having at least one data
file contabung input data of data objects, a condensation memory having data object groups cach
containing one or more data objects according to vepetitive patterns of data objects in the data
source memory, a condensation processor operative to select at least one of a plurality of
numerical base coding systems based on the number of data objects and groups of data objects in
the data source memory, & customized reference library memory having pre-defined data objects
and pre-defined data object groups assigned a anique code from at least one of the selected
numerical base coding systems, and a formulased reference library memory having recurning and
non-recurring data objects and groups of data objects assigned a wmique code from at least one of
the numerical base coding systems together with selected coded predefined data object groups,
and the formulated reference library memory having @ memory array defined by the sqoare root
of the total number of coded data objects and data object groups rounded up if necessary to a
whole number with null data objects filling the aray if necessary, with the memory array pack
depth based on a count of the total number of coded data objects and data object groaps n the
formulated reference library,

{00012} In another aspect of the present application, a lossless data condenser for reducing
data storage and handhng requirements comprises a data memory having at least one source file
storing nput data mcloding a plurahity of recorring and non-recwrring data objects to be
condensed, an mierface memory operative to receive and read data objects from input data, a
reference hibrary storing coded values related to comresponding data objects, a condensation
processor connected to the veference hbrary to optimize the input data, and a condensation
memory connected to receive optimized input data and provide condensed output data.

{60013} in another aspect of the present application, a lossless daia condensation system

comprises a condensation processor configured to select at least one numerical base coding

4



CA 02936485 2016-07-08

WO 2015/116762 PCT/US2015/013424

system from a plurality of numerical base coding systems based on the number of repetitive
patterns of data object groups and assign a unique code from the at least one of the selected
numerical base coding systems to each data object group, and a condensation memory having
coded data object groups to provide condensed data storage and data transter,

{00 14] In another aspect of the present application, a lossless data condensation system
comprises condensation processor configured to assign unique code to data object groups
contaming repetitive patterns of data objects, and a memory arvay storing coded data object
aroups having a pack depth selected to reduce storage reguirements for the memory array,
{00015] In another aspect of the present application, an apparatus to revert condensed data
objects to uncondensed form comprises a data memory including a condensation file having
condensed data objects, at least one destination mode for yncondensed data objects, a reference
file having coded recurring and non-recurring condensed data objects and  information
wdentifving at least one or more numerical coding systems and the pack depth i applicable
associated with the condensation file, and a reversion processor operative to select at least a
portion of the condensed data objects to revert, select the destination mode for the use of
uncondensed data objects, and link the condensation file with the reference file {o revert the
condensed data objects to uncondensed data objects for efficient and accurate use without loss of
the data objects.

{0016} In another aspect of the present application, a method for lossless data
condensation of data objects such as numbers, letters, words, phrases and other indicia to allow
efficient and accurate secure data evaluation, data storage and data transter, comprises obtaining
a collection of data objects to be condensed, placing the collection of data objects into a source
file, condacting an analysis of the source file including counting the total nomber of data
objects, reading the source file and creating data object groups each containing one or more data
objects i response to repetitive patterns of data objects within the source file, coonting the total
number of data object groups, selecting ong or more numerical base coding systems based on a
sefected quantity of data object groups, establishing one or more library reference files of pre-
defined data object groups, assigning a first unique code from the selected coding system o each
pre-defined daia object group, identifving individual recurring groups of data objects as
distinguished from non-recurring groups of daia objects, assigning a second unigoe code from

the selected coding system 1o each recurring and non-recurring group of data objects which are

14



not pre-defined data object groups, placing coded data object groups into one or more library
reference files, reading the source file and counting the total number of coded data object groups,
selecting the pack depth for a memory array, forming the memory array defined by the square
root of the total number of selected coded data object groups and rounding up if necessary to
establish a whole number, adding null coded data objects to fill the array, and placing the array
on storage media.

[00017] In another aspect of the present application, a method of condensing data to
provide reduced data storage and handling comprises reading a data file containing a plurality of
data objects, identifying recurring data object groups each containing one or more data objects
as distinguished from non-recurring data object groups, assigning a code to each recurring and
non-recurring group of data objects, formulating a reference library of optimum size, and placing
the coded data object groups in the reference library for data storage and handling.

[00018] In another aspect of the present application, a method for lossless data reversion
of condensed data objects such as numbers, letters, words, phrases and other indicia comprises
obtaining a condensation file of condensed data objects, selecting at least a portion of the
condensed data objects to revert, selecting a destination mode for reverted data objects, obtaining
a reference file having code assigned to recurring and non-recurring condensed data objects, the
reference file having information identifying at least one or more numerical coding systems and
the pack depth if applicable associated with the condensation file, and reading the condensation
file based on links with the reference file to revert the condensed data objects to uncondensed
data objects for efficient and accurate use without loss of the data objects.

[00018a] In another aspect of the present application, a lossless data condenser for reducing
data storage and handling requirements comprises: a data memory including: a source file having
data objects to be restructured and condensed; a predetermined reference file having
predetermined coded data objects and predetermined coded data object groups, wherein each
predetermined data object and each predetermined data object group is assigned a first unique
code; an advanced reference file having algorithmically selected data objects and algorithmically
selected data object groups obtained from at least one of the source file and the predetermined

reference file; and a condensation file including a structured array of restructured condensed data
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objects and restructured condensed data object groups, wherein a pack depth for the array defines
a number of the restructured condensed data objects and restructured condensed data object
groups packed in the structured array; and a condensation processor operative to: analyze the
source file to create data object groups, wherein each created data object group contains a
plurality of data objects based on repetitive patterns of data objects within the source file;
determine each data object remaining in the source file that is not part of a created data object
group; select a pack depth for the array based at least in part on a count of the data objects in the
source file; modify the advanced reference file to include any unique data objects and unique
created data object groups which are not contained in the predetermined reference file; select a
coding system for the data objects and data object groups added to the advanced reference file;
assign a second unique code from the selected coding system to each added data object and each
added data object group to the advanced reference file; initialize the structured memory array,
wherein the structured memory array is defined by the selected pack depth and a square root of
a total number of restructured condensed data objects to be stored in the structured memory array
rounded up if necessary to establish a whole number for an x-axis and a y-axis of the structured
memory array, wherein the total number of restructured condensed data objects is a sum divided
by the selected pack depth, the sum being a total number of data objects, data object groups, and
at least one end file data; for each data object and data object group in the source file, determine
a unique code for the corresponding data object and corresponding data object group from the
predetermined reference file or the advanced reference file, wherein the data objects and data
object groups in the source file become coded data objects and coded data object groups; populate
the structured memory array, in order, with the coded data objects and coded data object groups
from the source file, wherein the coded data objects and coded data object groups from the source
file become restructured condensed data objects when populated into the structured memory
array, wherein each restructured condensed data object populated into the structured memory
array is defined by the selected pack depth of the structured memory array; and fill a remainder
of the structured memory array with a null coded data, once an end of the source file is reached,
wherein the lossless data condenser allows efficient and accurate lossless data storage and

transfer.
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[00018Db] In another aspect of the present application, a method for lossless data
condensation of data objects such as numbers, letters, words, phrases and other indicia to allow
efficient and accurate secure data evaluation, data storage and data transfer, comprises: obtaining
a collection of data objects to be condensed; placing the collection of data objects into a source
file; conducting an analysis of the source file including counting a total number of data objects;
reading the source file and creating data object groups each data object group containing one or
more data objects in response to repetitive patterns of data objects within the source file; counting
a total number of data object groups; counting a total number of remaining data objects which
are not part of a data object group; receiving one or more library reference files of a set of
predefined data objects and a set of predefined data object groups; modifying the one or more
library reference files to include any data objects and any created data objects groups not already
contained in the one or more library reference files; selecting one or more numerical base
coding systems based on a number of the predefined data objects and the predefined data object
groups in the one or more library reference file; assigning a first unique code from the one or
more selected numerical based coding system to each pre-defined data object and each predefined
data object group; selecting a numerical based coding system for the data object groups added to
the one or more library reference files; assigning a second unique code from the selected
numerical based coding system to each added data object group to the one or more library
reference files; selecting a pack depth for a structured memory array, wherein the structured
memory arry is defined by the pack depth and a square root of a total number of restructured
condensed data objects to be stored in the structured memory array rounded up if necessary to
establish a whole number of an x-axis and a y-axis of the structured memory array, wherein the
total number of restructured condensed data objects is a sum divided by the pack depth, the sum
being a total number of data objects, data object groups, and at least one end of file data object;
for each data object and data object group in the source file, determining the first or second unique
code for the corresponding data object and corresponding data object group in the one or more
library reference file, wherein the data objects and data object groups in the source file become
coded data objects and coded data object groups; populating the structured memory array, in
order, with the coded data objects and coded data object groups from the source file, wherein the

coded data objects and coded data object groups become restructured condensed data objects

6b
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when populated into the structured memory array, wherein each restructured condensed data
object is defined by the pack depth of the structured memory array; filling a remainder of the
structured memory array with a null coded data, once an end of the source file is reached; and
placing the structured memory array, containing the restructured condensed data objects, on
storage media.

BRIEF DESCRIPTION OF THE DRAWINGS
[00019] Fig. 1 is a flow chart that depicts an embodiment of a method of condensation of
data files of the present application.
[00020] Fig. 2 is a flow chart that depicts an embodiment of a method of reversion of a
condensed file to its original un-condensed state of the present application.
[00021] Fig. 3 is a system diagram of an exemplary embodiment of an optimized data

condenser system of the present application.

DETAILED DISCLOSURE
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{002 2§ in the present description, certain terms have been used for brevity, clearness and

understanding. No wanecessary limitations are to be applied therefrom beyond the requirement of
the prior art because such tenms are used for descriptive purposes only and are intended to be
broadly construed. The different systems and methods deseribed herein may be used alone or in
combination with other systems and methods. Various equivalents, alternatives and modifications
are possible within the scope of the appended claims. Each limitation n the appended claims is
imtended to wvoke interpretation ander 35 US.C. §112, sixth paragraph, only if the terms
“means for” or “step for” are explicitly recited in the respective hmitation.

{00023} In the following detailed description, reference is made to the accompanyving
drawings that form a part hereof, and in which is shown by way of illustration specific
embodiments that may be practiced. These embodiments are described in sufficient detail o
enable those skilled in the art to practice the embodiments, and i is to be understood that other
embodiments may be utilized and that logical, mechanical, electrical and other changes may be
made withoat departing from the scope of the embodiments. The following detatted deseription
15, therefore, not to be taken as limiting the scope of the nvention.

{00024} The system and method of the present apphcation nhilizes lossless condensation
{which resulis in reduction of file size) of data which condenses smgle numbers, letters, words,
phrases, and other indicia to Hexadecimal, Base-236, or other NBase valoes which are agnostic
to sequencing technigues to form one or more condensed files. The system and method of the
present application utilizes lossless condensed files to retain their ability to be read from and
written to. The system and method of the present application utilizes a lossless condensed files
1o be reverted to their previous original uncondensed state for yse in applications that are unable
to interact with a condensation file(s) {or amray file{s)). Thus, the system and method of the
present application utilizes apparatos and svstem which: {a) significantly reduces storage
requirements, particalarly for large data files; (b) allows faster data transmission, particularly of
large text or database files; (¢} allows the nclusion of other data {e.g. electronic medical records,
chinical metadata, relevant audit logs, ete. with mintmal ncrease in file size; (d) allows rapid
analysis and modification of the condensed files; (&) provides natural state encryption; and/or (f}
serves as a platform for further development leading to the ability to tmplement GPU-based
processing and mathematical/scientific analysis. The smaller file sizes of condensed data allows

for large files frequently stored on specialized svstems to now be more widely stored on smaller
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capacity systems, and also reduces network traflic or reguired bandwidth in conmnunications.
{00025} The term “data object”™ may be used in its broadest sense to inclode the smallest
single component represented by alpha-mumeric {Le. digital) values that are carried by electronic
signals. Each data object 13 assigned one or more Hexadecimal, Base-256, or other NBase (1e.
digital) values.

{00026] The term “pack depth” is used to define the number of Base-16, Base-256 or other
NBase data objects that are packed {stored) in an array file.  Pack depth must be a positive
mnteger +1n value and can be sef to a default of greater than or equal to one (=1} by the system
or manually set to a value of greater than or equal one (1) at time of conversion to a condensed
form.

{60027} The technical advantage or technical effect of the optimized condenser described
herein is that the condensed file sizes are an exwemely smaller fraction of the origingl {file size,
than is achieved m current compression systens, that operate much differently. Some obvious

examples of where this 1s not only usetul, bat actoally necessary include, but are not limited to,

genetics.
00028} Most current computers employ binary digits (Le. "bils”™), alse known as "base~2".

Seme computers operate using 8 bit collections (i.e. "bytes") each having 256 values. When
asing ASCIH {Unicode) format, values 0 to 127 generally relate to specific characters, while
values 128 to 255 generally relate to special items, such as accent characters from foreign
languages. Notepad in Windows uses one byie of memory per character or space. The
optimized data condenser and methods disclosed berein may use various numenical based
systems, such as Hexadecimal, Base-256 or other NBase, manually or automatically selected for
optimization and 1s not restricted to base-16, described earlier as hexadecimal, provided in the
examples contained within.
{60029} If a binary base-2 system s employed, each data object can include one bit or a
plurality of bits to define values, as measured by bits or in the case of a collection of 8 bits, a
byte. Hexadecnnal 1s a base-16 system and ecach singular hexadecimal value s equal to 4 bits of
binary code. For example and without limitation:

1 Hexadecimal value = 16 potential data objects or 4 bits

2 Hexadecimal values = 256 potential data objects or 8 bits/1 byte

3 Hexadecimal values = 4096 potential data objects or 12 bits
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4 Hexadecimal values = 65536 potential data objects or 16 bite/2 bivtes
3 Hexadecimal values = 1048576 potential data objects or 20 bits
¢ Hexadecimal values = 16777218 potential data objects or 24 bits/3 bytes
7 Hexadecimal values = 268435456 potential datg objects or 28 bitg
8 Hexadecimal values = 4294967296 potential data objects or 32 bits4
bytes
It takes one-fourth (¥} of the space in hexadecimal to represent the same namber of data objects
1 binary.
{00030} In another embodiment, if a binary base-2 system is emploved, cach data object
can include one bit or a plurality of bits to define values, as measured by bits or in the case of a
collection of' 8 bits, a byte. Duocentosexapentagesimal is a base-256 system and each singular
value is equal to § bits of biary code. For example and without limitation:
1 Duocentosexapentagesimal value = 256 potential data objects or 8 bits/1 byte
2 Duocentosexapentagesimal values = 653536 potential data objects or 16 bits/2 bytes
3 Duocentosexapentagesimal values = 16777216 potential data objects or 24 bits/3 bytes
4 Pruocentosexapentagesimal values = 4294967296 potential data objects or 32 bits/d
bytes
[60031] In another emsbodiment, if a binary base-2 system is employed, each data object
can include one bit or a plurality of bits to define values, as measured by bits or in the case of a
collection of § bits, a bvte. NBase 18 a variable base system, base~-N, where N is defined as any
positive integer {(+1} greater than or equal to one (=1} and each singular value is a positive integer

pack depth where pack depth is a positive integer () greater than or equal to one (21},

I NBase value > +1 data object/s and > +1 biv's in 8 +1 Packdepth

[00032] Figs. 1 and 2 are flow charts that respectively depict exemplary enthbodiments of a
method 100 to condense data files to a substantially smaller size and a method 200 of reversion
of the smaller size files o the original data file{s) size without loss of data (i.e. lossless). The

optimized data condenser svstem 300 illustrated in Fig. 3 15 generally a computing system that

9
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may mnclude, but are not Houwted to, desktop computers, hand-hield devices, multiprocessor
systems, personal digital assistants (PDAg), laptops, network computers, cloud servers,
minicomputers, mainframe computers, and the like. The condenser system 300 includes
mterface(s) 301, one or more processor(s) 302, and & memory 303 coupled to the processor(s)
302, The processor{s) 302 loads and executes software from the memory 303, When exeonted
by the condenser system 300, module 304 directs the process(s) 302 to operate as described with
the method of condensation 100 or method of reversion 200 described hervein.

80033} Interface 301 can include a mouse, a keyboard, a voice input device, a touch taput
device for receiving a gesture from a user, & motion input device for detecting non-touch gestures
and other motions by a user, and other comparable input devices and associated processing
elements capable of receiving user input from a user. Output devices such as a video display or
graphical displav can display an interface further associated with embodiments of the system and
method as disclosed heremn. Speakers, printers, haptic devices and other types of output devices
may alse be included in the pser imterface 301 Further, the interface(s) 301 may enable the
system 300 to commumcate with other devices, such as web servers and external databases. The
interface(s) 301 can facilitate moltiple communications within a wide variety of networks and
protoco} types, mcluding wired networks, for example, local area network {LAN), cable, etc,,
and wireless networks, such as Wireless LAN (WLAN), cellular, or satellite. For the purpose, the
witerface(s) 301 may include one or more ports for connecting a number of computing systems
with one another or to another server computer.

{00034} The processor(s} 302 can be a single processing unit or a number of units, alt of
which could include multiple computing units. The processor 302 may be implemented as one or
more MICroprocessors, microcomputers, microcontroliers, digital signal processors, central
processing nnits, state machines, logic circnitries, andfor any devices that manipulate signals
based on operational instructions. Among other capabilitics, the processor(s) 302 s configured to
fetch and execnte computer-readable instructions and data stored in the memory 303,

{80035] The memory 303 may include any computer-readable mediuom known in the art
mchiding, for example, volatile memory, such as stafic random access memory (SRAM) and
dynamic random access memory (DRAM), andior non-volatile memory, such as read only
memory (ROM), erasable programmable ROM, {lash memories, hard disks. optical disks, and

nmagaetic tapes. The memory 303 also includes module(s) 304 and data 305,

{0
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jgude] The modules 304, amongst other things, include routines, programs, objects,

components, data structures, etc., which perform particular tasks or implement particular data
tvpes. The modules 304 further include an interface moduie 306, a condensation module 307, a
library castormzation madale 308, a visual viewer module 309, a reversion module 310, and
possibly other modules as needed. The other modules may mclude programs that supplement
applications on the system 300, for example, programs in the operating svstem. On the other
hand, the data memory 35S serves, amongst other things, as a repository for storing data
processed, received, and generated by one or more of the modules 304, The data memory 3035
mchudes mput data 311, which could mclude a source file, library data 312 consisting of
reference files 314 such as a predetermined reference file and/or an advanced reference file, and
output data 313 such as within a condensation file and/or an array file, The output data 313
inctudes data generated as a result of the execution of ene or more of the above modules.

00037} For comndensation the system 300 s associated with input data 311, The input data
311, such as a soarce file, may inchude, but are not lunited to, text, image, spreadsheet, or
database formats, and are chosen by interface module 306 and provided to the system 300 for
condensing via wmodule 307, Modaole 307 will optionally activate the hbrary custonuzation
modele 308 to analyze the input data 311 and optimize the lilwary 312, The condensation
module 307 will then vse the Hbrary 312 to condense the input data 311 into output data 313,
The interface module 306 returns the output data 313 as a condensation file(s) {or array file(s)) of
data 305 which may be accessed from fixed or portable storage media in memory 303,

{00038} For reversion, the system 300 is associated with input data 311, such as a
condensation file. The mput data in this case is a condensation file(s) (or array file(s)) produced
i the process as detailed above. The input data 311 is chosen by mterface module 306 and is
provided to the system 300 for reversion via module 310, The interface module 306 will offer a
destination mode option o revert to either file or screen.  If file is chosen, the mterface module
306 will activate the reversion module 310, The reversion module 310 will nse a reference
flels) from the hbrary 312 to revert the input data 311 into output data 313, The mterface
module 306 returns the output data 313 as a file of data 305 which may include but is not himited
to text, wnage, spreadsheet, or database formats, and may be accessed from fixed or portable
storage media in memory 303, I screen i3 chosen, the mierface module 306 will activate the

reversion modnle 310, The reversion module 310 will use a reference file(s) from the library 312

1
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to revert the input data 311 into output data 313, The interface module 306 retums the output
data 313 to visual viewer module 309 which uses interface module 301 1o display the output data
313 on a computer monitor or other device capable of display in a visually wncondensed
viewable format,

{00039] In conjunction with the condensation module 307, the processor{s} 302 reads all
forms of data, such as letters, numbers, spaces, etc. i the sowrce file, and distmguishes the
spaces from the other types of data {e.g letters, mambers, efc).  In conjunction with the
condensation module 307, the processor{s} 302 then determines the number of times that data
object(s) are repeated (e.g recurs) within the entire source file.

[00040] Based on this data, the processor{s) 302 edits the source file or produces an
advanced reference file(s) and add such reference file(s) to the librarvy. Data object(s) recuming
more than once will be added to the advanced reference file(s). The amount of times {threshold}
that & data object{s) must appear in order to be added may be manually defined by the user or
automatically determined by the condensation module 307,

60041] For example, the data condenser might determine that beyond the common 128
values ased for specific characters when usig ASCH (Unicode} format, 20 terms bave §
characters that repeat 20 times, 15 terms have 10 characters that repeat 15 times, and 5§ terms
have 50 characters that repeat 3 times. During this process, the data condenser determines that
there are a total of 40 internal structures that meet the threshold requirements beyond the 128
common specific characters within the ASCH format.

{00042} The following provides examples of optimization for 5, 10 and 30 characters
found in a data file utilizing the embodiment of the hexadecimal method;

8 Character Terms Data Objects (20) where *r” refers o number of repeais.

Term 01 — 150 Term 02 —r100 Term €3 - ¢30 Term 04 — 8¢
Term 05 ~vi50 Term 46 —r120 Term 07 - 1170 Term 08 — 190
Term 08 70 Term 10 - r140 Term 11 -v130 Term 12 550
Term 13 - 190 Term ¥4 - 170 Term 15 - 210 Term 16 1180
Term 17 - ri6d Term 18 1210 Term 19 - 330 Term 20 - 160

Each term is written once to the hibrary 312 as the 111 of the term data object and will represent

the recursive term that was counted past the threshold. Each term data object will require an

wdentification hexadecimal data object plus a pomter hexadecimal data object. This will reguire

12
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{20x53+20 hexadecimal data objects, or 120 total hexadecimal data obyjects,

10 Character Terms {15) where “r* refers to number of yepeats,

Term 01 ¢ 130 Term 02 1100 Term 03 - 150
Term 04 — 180 Term 05 — 150 Term 06 ~v 128
Term 07 - 1170 Term 08 90 Term 09 - 70
Term 10— 140 Term 11 -1 130 Term {2 30
Term 13 - v80 Term 4 ~v70 Term 15 1210

Each term is written once to the hibrary 312 as the 111 of the wror and will represent the recursive
term that was counted past the threshold. Each term will require an identification hexadecinal
data object plus a pointer hexadecimal data object. This will requive (15x10)y+15 hexadecimal
data objects, or 165 total hexadecimal data objects.

S50 Character Terms {5) where “r” refers to number of repeats.

Term 01 —170 Term 02 - 50 Term O — 90 Term 03 - 180 Term §1 —v60
Each term is written once to the fibrary 312 as the 111 of the term and will represent the recursive
term that was counted past the threshold, Each term will require an tdentification hexadectmal
data object plus a pomter hexadecimal data object.  This will require (Sx503+35 (hits)
hexadecimal data objects, or 235 total hexadecimal data objects.
j00043] For recursion optinuzation limited to terms of 5, 10 and 50 characters as
tlustrated above, the total content written to the library 312 15 120+1654255 for a grand total of
540 hexadecimal data objects that will be supphed to the virtual memory prefix file. Such
lustrated recursion process thas replaces 52 500 characters with 340 hexadecimal data objects
in condensed data.
{00044] Instead of using threshold optimization, such as by limiting the recursion process
to terms of 5, 10 and 50 characters, the data condenser and method could sense all recursions of
two or more characters which would result in a sigmificant reduction in the total number of
hexadectmal (or other NBase) data objects required to be used and sull provide a lossless
condensation of the eatire file.
{00045] Each identified, non-repeating single character or group of characters is
associated with a single hexadecimal (or other NBase) data object. In the case of a misspelled
word, the system checks the letters of the purported word until it 1s no longer able o continue;

then condenses the single letters to hexadecimal {or other NBase) data objects, instead of the full
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word, This allows for the compensation of internal data object errors and fperfections without
software fault or errant output.

{00046} At the completion of the recursion process, the data condenser and method
performs a second count of the condensed data comtained in the library 312 which 15 generally a
number which 1s significantly reduced from the mibial count due to the recursion.

{60047] An optimized hibrary may use a condensation file{s} which is used for storing the
entiies identified through recursion, and s optinnized to reduce the capacity reqairements for
storing the condensed data.  If using a square condensed array file, for example, the data
condenser and method determines the square root of the total count of condensed data. If the
square root includes a numerical fraction, the square root number is adjusted 1o the next higher
whole number to prevent loss of data. For example, the square root of 456,840 i3 675 8 x 673 8.
However, the data condenser and method rounds up to 676 x 676 (next closest whole number
rounded up). The array file is thereafter populated with all of the hexadecimal, Base-256, or
other NBase data objects from the condensation files), with the remaining space filled by non-
value (e.g. null) data objects ontil the end of file.

{00048} in hexadecimal embodiment, the data condenser and method provides, but s not
limited to, a number of pre-determined hexadecimal data objects designated by the number of
individoal hexadecimal values. Described for brevity as “Hex Per Object” (HPQ), such formats
may be astomatically andfor mapually selected based on the condensed data to further optimize

data handling and storage.

Hexadeelmal Data Object Decimal Equivalent Hex Per Object Maximum Values
Example

B {11 m decimal) 1 hpo 16

e {28 in decimal) 2 hpo 236

FTA {3962 in decimal) 3 hpo 4,096

3AF6 {19190 wm decimal) 4 hpo 65,536

FFATS (1047157 in decimal) 5 hpo 1048576
ATRIES (10992101 in decimal) 6 hpo 16777 216

andd soon



CA 02936485 2016-07-08

WO 2015/116762 PCT/US2015/013424

The data condenser and method will thus condense the storage requirements by selecting a
structured format for further optimization.  For example, wtihzation of 16777218 values
provided by the 6 hpo format may be far too many to be efficiently optimized. 1If i is assumed
that the English langoage has approximately 130,000 common words including vartable versions
{ing. ed, est .. .ele}), use of the 4 hpo format {65536 values) is too small. Rather, the data
condenser and method may select the 5 hpo format 1,048,576 values as the optimized format. As
another example, the exonfintron genomic sequences span approximately 45,000,000 1o
260,000,000 characters in length, at a data mass balance of approximately 1,000,000 bits per
1,000,000 characters. In a genomic sequence, there are only eight possible characters, plus a
nullnon-read (N}, and the end of file. There is no need to use 2 hpo, 4 hpo, or 6 hpo formats.
Rather, the 1 hpo format providing 16 values is more than sufficient.  With only eight toal
characters in a genomic sequence, & heavy pattern of recursion occurs, and optinuzation is
therefore determined and provided directly 1o a predetermined reference file 314 or the hbvary
312, Chromosome 16, for example, contains approximately 88,827 255 genetic base pairs.
When placed in a text file, approximately 88,830,625 bits may be required, including associated
file information.  When condensed by the data condenser and method, the file size 15
automatically adjusted to 94235 x 9424 with no base paiurs lost. The selection of the 1 hpo format
results in file reduction to 2,683 293 bits, which is approximately 3% of the original size.

[60049] The data condenser and method may provide one or more predeternnned
reference files containing pre~defined data objects. The data condenser and method correlates
identified repetitive data objects m each source file with pre-determuned data objects in the
predetermined reference file to thereby form an advanced reference file. The new data objects
located in the advanced reference file are assigned unigue hexadecimal {or other NBase) values
with such new data objects added ¢ a new condensation file. In either event, nsing the data
condenser and method adds digital pomters to each data object in the condensation file. For
example, one predefermined reference file could contain 130,000 common English words with a
5 hpo format providing 1,048,576 values. Ancther predetermined reference file could contain
the exonfintron genomic sequence for full chromosomes with a 1 hpo format providing 16
values. Another predetermined reference file could contam a FastQ multi-vanable format with a
3 hpo format providing 4096 values.  Another predetermined reference file could nchude

common languages with variations for each conunon language i the world. Optimization could

{5
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be provided for predetermined reference files at or above the § hpo format. Carriage returns, null
areas such as end of file or end of hine, cell notations, columng, rows, tabs, etc. may be bt into
the common and/or Fast(} Hibraries.

[00050) Predetenmined reference files can be structured to allow multiple data objects {o
merge so as to be designated by a single bexadecimal (or NBase) data object. Thus, values from
two {or more) related but not identical sliding scales can be merged. When working with
genomic data, for example, a base pair "A" {Adenine) may be combined with a Phred score of
" within a tolerance of a specific ink and location to create one value identified by a single
hexadecimal {or NBase) data object.

{00051} The data condenser and method assigns a unigue hexadecumal {or NBase} object
code to each of the condensation file {e.g. predetermined and/or advanced reference fileg). Asan
example, the data "Q say can you see by the dawn's early light,” can be assigned hexadecimal

data object code values as follows:

READ CODE ¢ hpa WRITE
] Fg g0
Spacs &% 1
s 15 0,2
a Y 0.3
¥ 1< a4
Space A8 4.5
< 06 35
B 04 0,7
ft 11 0.8
Space &3 19
y 1w 0,10
O 12 g,11
w 1% 12
Space A3 .13
$ 16 3,14
e 0% 0,15
# 08 0,16
Space 49 3,17
] 05 0,18
¥ 1 0,19
Space 49 3,20

{6
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READ ‘:DDE {2 hpo} WR!TE
t 17 0,23
h s D22
¢ 08 0.23
soace 49 0,24
d oy 0,35
& 04 0.26
w 14 9,27
n 1 0,28
‘ 4 0,29
s 16 1,30
Space 9 0,31
& 08 0,32
a a4 9,33
r 15 0,34
! ok .35
¥ i 0,36
Spae A3 0,37
i OF 138
i < 0,38
¢ o8 0,40
h OB 041
t 17 0,42
. 45 140,

00052} The data condenser and wmethod provides inherent encryption through the

asstgnment of unique Hexadecinal, Base-256, or other NBase values to the condensed data
stored in the library (e condensation {ile, aray file, etc.). Such Hexadecimal, Base-236, or
other NBase valaes must be known by the recipients in order to use the condensad data file(s).
(00053} The data condenser and method may enhance encryption by cresting alternate
start points, position shifts, false data objects, blanks, and non-lnear write patierns for the data
contained in the condensed data file(s).

00054} Further, the data condenser and method may utilize a conventional encryption
techmque that aliows the selection of the current date, current time, a key word, or other general
alpha/numenic mput to create a one-time key to encrypt the recording of the data. Of course, the

recipient of the data must alse have access to the key to unlock and utihize the data. The data

{7
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condenser and method also permits users to create their own algorithms or provide added
security.  For example, one condensed data file could be encrypted with another condensed or
standard data file.

{00055] The data condenser and method will function on a conventional computer
processing unit (CPLU), bat wall also work on other processing units, such as for example a
graphical processing unit {GPU).

[60036] The wherent or special encryption provided by the data condenser and method
will support the standard first-tn-first-out (FIFO), but is not required to operate with that format.
It is possible to start in a random area of a file and thereafier jump from coordinate to coordinate
in a non-linear fashion.

[00057] In another embodiment, the condensed daw filefs) {e.n condensation file, aray
file, etc.} may be populated directly from the contents of a FastQ text file. For each FastQ) data
packet, cach single character (e.g. number or letter) in line 1 is coded, followed by an end of line
marker. Lines 2 and 4 of each FastQ} data packet are combined to make a double letter code
condensed to a hexadecimal {or NBase) data object followed by an end of line (Eol) marker,
while fine 3 15 1gnored. When condensation of all Fast() data packets is complete, an end of file
marker 1s added. Next, the processor{s} 302 translates each single letter or double letter code
into a hexadecimal (or NBase} data object, so that each condensed data file element constitutes a
single hexadecimal {or NBase) data object. The remamder of the condensed data file s filled
with valueless (e.g. null) hexadecimal {or NBase) data objects until the end of file marker (EoF}.

{00038} In a reversion process, the hexadecimal {(or NBase) data objects i the
condensation file (or amvay file} file are reverted to the origingl data in the sowrce file. In the
above illustrated alternative embodiment, the processor(s) 302 iz ovsed to tanslate each
hexadecimal (or NBase) data object into single or double letter uncondensed data objects. Each
reverted FastQ data packet is now 2 lines. For each FastQ data packet: (a) all hexadecimal (or
NBase} data objects are read until the end of bing, (b} cach hexadecimal {or NBase} data object is
transtated into a single letter, with a data file populated with the text, {¢) the FastQ packet line 1
of text i3 written to a uncondensed data object, {d) all hexadecimal {or NBase) data objects are
read until the end of line {(Eol.), (¢ the FastQQ packet Iine 2 is read into an uncondensed data file
{each element will have two text characier), () the first chavacter of each wncondensed data file

element to a line of text (Fast(} packet line 2} is written, (g} a line of text with the + character

{8
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{Fast) packet line 3) is written | and (h) the second character of each condensed data file
element to a line of text (FastQ packet line 4) 15 written. The end of file marker (FoF} and all
valueless hexadecimal data objects are ignored. The resulting text file is no longer condensed,
and may be saved.

{00059] The data condenser and method could employ computers having different
numeral systems, such as, but not bBmited 1o octal (base-8), decimal (base-10), tetradecumal
{base-14), pentadecimal (base-15), hexadecimal (base-16), tetravigesimal (base-24},
duotrigesimal  {base-32}),  hexatrigesimal  (base-36), tetrasexagesimal  (base-64), and
Duocentosexapentagesimal (base-256).

[00060] Some base-2 computers use a base-16 (hexadecimal} code to represent computer
memory addresses,  Such hexadecimal notation provides a human~ftiendly representation of
binarv-coded values. It uses sixteen district svinbels, most often the symbols 0-9 to represent
values zero to ning, and A, B, C, D, E and F (or altematively g-f} to represent values ten 1o
fifteen. One hexadecimal digit represents a mibble, which 1s half of a byte {8 bits). Byte values
can range from O to 255 (decimal), but may be more conveniently represented as two
hexadecimal digits n the range of 00 to FE

06061} in the Base-256 embodiment, a predetermined {e.g. predefined) reference file of
256 values is utilized to convert and condense data objects which may occur in the onginal data
source file. In this embodiment all common characters, alpha-numeric and symbols, are included
along with action characters such as but not Himited to, carniage return, tab, End of File, and null.
Then long terms are added, defined by the most commonty used multi-chavacter words m the
English language. The predetermined {e.g. predefined) reference file can be constructed for any
fangnage’s andvor topic/s and i3 not limited to English.

The following example demonstrates usage of Base-256 predetermined reference file,

{Original file for conversion:

-~ The big brown rabbit hikes green leaty carrots; he cats them all n the garden. --

The following words are common words already assigned a Base-236 value in the predetermined

reference file.
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The= 130 Likes =131 he=132 them = 137

Tk
s
5
oot
et

green = 135 brown = 136 big= 137

The predetermined reference file also mclades all common English alphanumenc characters and

symbols along with the action characters.

The data condenser then converts the onginal source file mto the condensed data objects. The
original source file contains 81 data objects {alphanmumernic characters, symbols, action
characters). Condensation of the origmal data objects reduces that number by the following

method.

Two uses of “the” = 2 data objects reduced from a total of 6
“hig" = 1 reduced from 3

“hrown' = | reduced from S

‘likes” = | reduced from §

‘green” = | reduced from 5

‘he’ = 1 reduced from 2

“them” = | reduced from 4

all”™ = 1 reduced from 3

Total rednced data objects (H+3+545+542:04+3% 33 resalting in 9 condensed data objects.
(81 original data objects, including End of Line and Ead of File ~ 33} + 9 resubtant condensed
data objects.

Condensed data object total = 57 total data objects.

The array file 18 then defined with a total data object count of 57 instead of 81, the square root is
determined and rounded up to the nearest whole number and the array file is populated as
defined in paragraph [00047].

[60062] Condensation with the NBase embodiment is done with variable methods,
selection of opitmization by single data object or recwrrence of many data objects (Jong read)

mdy be chosen along with optimization methodology for a single original source file or many
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ariginal Hles.
{00063} Short read NBase utitizes only single alphanumeric characters, symbols, and
action characters when creating the optimized library.

In the following example, Short read NBase will be used to optimize a single original source file.

Original source file for conversion:

-~ AACCTOG Tecce TTTCCGGAAAANNNNNC Cecttgganaa -~

Short read optimization examines the data objects m the file and determines that there are a total
of 42 including the End of Line and Ead of File variables. NBase then determines that the data
objects used are A, C, T, G, g, ¢, 1, g N, End of Line, and End of File. There are a total of 11
unique data objects m the original sowrce file, therefor the NBase condensation file will be
defined as a Base-11 set, with only needmng to use 11 unigue data objects. The awrray file is the
created as described in paragraph [000471

[60064] Long read NBase also reads all single use alphanumeric characters, svimbaols, and
action characters used and then proceeds to read all words and/or phrases looking for the most
recursive to fill the remaining spaces in the condensation file.  Once completed, the new
condensation file 1z used to determine the official data object total for creation of the array file
described in paragraph {00047}

[80065] NBase multiple file optimization is the same as described in paragraphs [00063]
and [00064] with the only caveat being that instead of reading a single oniginal source file w
define the optimized condensation file, it reads more than one file to determine the optimized
condensation file.

{600606] in the Base-256 {or NBase) embodiments, pack depth is the snumber of Base-250
{andior NBase) assigned values that are packed mfo one condensed array file to be written by the
method in paragraph [00047]. Pack depth must be a positive integer +3 that is greater than or
equal to one (21}

[30067] In the below example, the ftems i {DO] will be designated as examples of Base-
256 (or NBase) data objects that have been associated with values from a predetermined
reference file.  Jtems inside of { ) will be consider held in a single condensed data object defined

by pack depth. EoL will hold the data object reference for End of Line and EoF will hold the

21
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data object reference for End of File.

Pack depth of 1
({DOHEPORELONDONHDONILODDONDOHIDODE PO DO EoLIN[EoF )

In the above example there are 13 data objects for condensation including Eol. and EoF Thus,
the array file will be defined with the square oot of thirteen (13} so that an array file will be

created m the manner described 1n paragraph [00047]

Pack depth of 2:
{(IDOT DO DO DOIHDOHDON DO DO NI DO DONI DO EsLIX [ EoFNULLD

In the above example there are 7 data objects for condensation inchuding EoL and EoF. Thus, the
array file that will be defined as the square root of seven {7} so that an array file will be created

i1 the manner deseribed in paragraph {00047}

Pack depth of 3:

{({DOYDODOIKIDOIDODONDOHDOYRON DO DO Fel N EoFINULLINULLD

fn the above example there are § data objects for condensation including Eol and EoF. Thus,
that array file will be defined as the square root of five (5) so that an array file will be created m

the manner described in paragraph {00047}

Pack depth of 4:
(IDOYDODOIDONKIDO DO DOHDO N DOYDOH DO EoL [ EoFIINULLINULL}NU
LLD

In the above example there are 4 data objects for condensation including Eol. and EoF  Thaus,
that array file will be defined as the square voot of four {4) so that an array file will be created in

the manner described in paragraph [000471.
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Pack depth can be presset or manually defined in the two embodiments deseribed above. For all
intents and purposes the pack depth of the above examples could be set to thirteen (13) and the
array file would be one {1} condensed data object in size with thirteen Base-256 {or NBase)
values stored inside of that single array file.

[00068] Figure 1 iHustrates one method of condensation 100 of data files. As set forth
various places in the application, the systemy and method may be effectuated by a processor
executing compter code stored in a storage medium.

j00069) The processor can comprise a microprocessor and other cirouitry that retrieves
and executes software from storage system. The processor can be implemented within a single
processing device but can also be distributed across multiple processing devices or sub-systems
that cooperate in executing program instructions.  Examples of processors include general-
purpose central processing units, application specific processors, and logic devices, as well as
any other type of processing device, combinations of processing devices, or varations thereof.
{0070} The storage device can comprise any storage medium readable by processor, and
capable of storing software. The storgge system can mclude volatile and nonvolatile, removable
and non-removable media mmplemented m any method or technology for storage of imformation,
such as computer readable instructions, data structures, program modules, or other data. Storage
system can be implemented as a single storage device but may also be implemented across
multiple storage devices or subsystems. Storage system can further inchude additional elements,
such as a controller capable of communicating with the processor.

{00071} Examples of storage media include a random access memory, read only memory,
magnetic disks, optical disks, flash memory, virtual memory, and non-virtual memory, magnetic
sets, magnetic tape, magnetic disk storage or other magnetic storage devices, or any other
medinm which can be used to store the desired information and that may be accessed by an
mstruction exceuntion system, as well as any combination or variation thereof, or any other type
of storage medinm.

{00072} Step 1.0 tnvolves the launch of the condensation sofiware. The code for the
condensation of the source file(s) is executed, run, and/or mitiated based on the operating system
platform it resides on.  Upon this action, the condensation software will load appropriate
components into active memory {RAM) and ancillary components onto fixed or portable storage

media for use as needed during the course of the condensation processes.
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{0073] Step 1.1 involves the selection of the source fue(s) to condense, identified
hereaiter as source filels). The selection of the source file(s) 15 made through the condensation
software menus.  This may include but is not limited to a browsing menn dialog box, drag and
drop of a file(s) into the condensation software, and/or an open and select file(s) option. This
loads the file(s) for condensation and creates the Imkage to the source file(s} for the process of
condensation.
{80074} Step 1.2 involves the analysis of the source file(s). Source file(s) analysiy may
include one or more of the following and is not limited to the examples hsted:

s Count of all data objects residing in the source file(s}.

*  Assessment of mternal formatting (e.g. spreadsheet, FastQ file, ete.)

»  Recursive data objects identification {e.g. define groups)

s Predetermined/Inherited data object wdentification {e.g. from

predetermined reference file)

+ Predetermined/Manually entered algorithm (2.g numerical base coding

sysiem)

When all critenia are met either by default or manually determined methods, the total of those
data objects {e.g., one or more ASCH text characters) will be set and known, permitting the
process o move to the next step in condensation.

{00075] Step 1.3 initiates optional optimization of the predetermined veference file(s) and
condensation file(s). Based on source file analysis, the option exists to customize the
predetermined reference file(s) (and condenzation file(3)) by associating Hexadectmal, Base-256,
ot other NBase values with a data object(s), and the selection of a pack depth other than the
defanlt valee of 3 for the array file. Customized methods of optimizing the condensation may be
manually specified or automatically selected.

190076} Step 1.4 relates to cstablishinent of an array filefs) to hold condensed data. The
whole of the known data object(s) 1s a whole number. The square root of the data objects s
derived. This 15 used to determine the parameters for the X and Y axes of the array file(s). Duoe
to the fact that the majority of square roots mvolve the usage of decimal places, the dertved
square root of the total condensed data objects is rounded up to the nearest whole number so that

the array file(s} is abwavs large enough to handle the condensation of the sowrce file(s}, but never

Pec
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wastes more space than the additional nead for less than one additional row of data objects.
Given the square root of the data objects rounded up to the nearest whole number, the condensed
array file(s) will be defined as whole number value for both the X and Y Axes. This prepares
virtual memory for the process of forming the array.
{00077} Step 1.8 initiates the condensation process. Imbiation of condensation on the
source file{s) begins with the acknowledgment to proceed.
{80078} Step 1.6 relates to reading the assessed data objects into the souree file for
processing. The reading of data objects for condensation takes place as one or more methods,
but is not linited to the examples listed:

s One datg object at a time

+ Based on optimization analysis performed in step 1.3

+  Predetermined/inherited structures

The data objects are read into active memory for condensation processing.
{00079] Step 1.7 relates to addressing the souwrce file to obtain Hexadecimal, Base-256 or
other NBase values defined for assessed data objects and/or groups of data objects. The data
objects m active memory are compared to the predetermined reference filels) which hold(s) a
designated Hexadecimal, Base-250 or other NBase valve assignment for the data object(s)
contained in the original source fife(s).
{000B0] Step 1.8 relates to populating the condensation file(s) with coded data. Write of
Hexadecimal, Base-256 or other NBase values may be written to the condensation file(s) m
varying methods, but is not limited to the examples listed:

s Left to right, top to bottem {default);

¢ {Counter clockwise from the center;

+ A custom design and assigned pattern; andfor

» Fractal methodology

»  Stream

+ Based on optinnzation analysis performed mstep 1.3

{80081} Step 1.9 refers to the conversion cyele. The population of the condensation file(s)

will continue until there are no additional data objects to read from the source file(s). The
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condensation file(s) will continue to populate if additional data objects are encountered {see step
1.6) and proceed again through steps 1.7 and 1.8, If no additional data objects are encovnfered,
the process will proceed to step 1.10, which terminates the cyclical process. When this ocours
the process proceeds to the file completion protocols.

{0082} Step 1.10 relates to marking the end of the condensation Blefs). A Hexadecunal,
Base-236 or other NBase value i3 assigned to the end of file terminator. This Hexadecimal,
Base-256 or other NBase value is never shared with any other Hexadecimal, Base-256 or other
NBase value assignments, but may vary in the actual designated Hexadecimal, Base-256 or other
NBase value assigned for a broad range of reasons. This Hexadecimal, Base-256 or other NBase
value is used only once in a data file.

{60083} Step 1.11 relates 1o populating the remaining file space in the condensation file(s)
with a Hexadecimal, Base-236 or other NBase value for nudl. Null also known as emipty space
andd is simidar to end of file, however, since end of file may only be used once as a terminator;
any remamning space in the condensation file(s) residing in virtual memory must be populated per
the structural requirements of the condensed filefs). A Hexadecimal, Base-236 or other NBase
value s assigned {o noll. This value 15 never shared with any other Hexadecimal, Base-256 or
other NBase value assignments, but may vary in the actual destgnated Hexadecimal, Base-256 or
other NBase value assigned for a broad range of reasons.

[{0084] Step 1.12 selates to namng the condensation file(s). The condensation output
file(s) may be stored on any fixed or portable storage media that has sofficient wnite space
necessary for the condensed file{s). A name may be determuined for the condensed file(s) at this
time, This naming has no specific requirements and may be determmed ad hoc or by an
externally determined standard.

{00085] Step 1.13 writes the condensation file(s) to disk for storage. The condensation
file(s) I active memory 18 written to storage on fixed or portable storage media and 15 now
referred to as the condensed data output file. The condensation file(s) may be accessed as
necessary from fixed or portable storage media without modification w its new condensed state.
{80086] Step 1.14 closes the source file(s) and condensation file(s). Seurce file(s) and
condensation file(s) are released from active memory.

{00087} Step 1.15 closes the condensation sofiware.  Condensation software is refeased

from active memory. Anv temporary data files used in the software's execution are deleted.
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{008 8] Figare 2 illustrates one method of reversion 200 of the condensed data to s
original un-condensed state.
{00089} Step 2.0 relates to the launching of the reversion program.  The code for the
reversion of the condensed file(s) 1s exccuted, run, and/or initigted based on the oporating system
platform i resides on. Upon this action, the reversion software will load appropriate components
mto active memory {RAM) and ancillary components onto fixed or portable storage media for
use as needed during the course of the reversion processes. Reversion use revolves around the
need to quickly view some of the condensed file(s) in a virtual environment or reversion o a full
source file(s) for transfer to a system or entity that does not have equivocal condensed data file
technology available.
{60090} Step 2.1 relates to the selection of the condensation {e.g condensed file or
reversion file) file(s) through the reversion software menus. The selection of the condensation
file(s) is made through the reversion software menus. This may mclude but is not limited 1o a
browsing menuy dialog box, drag and drop of a condensation file(s) into the reversion software,
andfor an open and select condensation file(s) option.  This loads the condensation file(s) for
reversion and creates the linkage to the condensation file(s) for the process of reversion.
06091} Step 2.2 relates to the amount of condensed data file(s) to revert. The user may
specify a certam amount less than 100% of the condensation filefs) to revert. This amount may
be a selected percentage, line number, or other unlisted method.
[66092] Step 2.3 relates to the selection of output method. The user may specify output to
an outpot data file(s) (e.g. destination or virmal file} or viewing window on a visual medium.
The ouput data file(s) may be stored on any fixed or portable storage media that has sutficient
write space necessary for the output data file(s). A name may be determined for the output data
file{s) at this time. This naming has no specific requirements and may be determined ad hoc or
by an extentally determined standard.
00093} Step 2.4 relates to the reading of the condensation file(s). The condensation file(s)
15 read ushng oue of the following methods, but is not limited to the examples Histed.

s Left to right top to bottom {default)

»  Counter clockwise from the center

*  Algornithmically assigned patiern

+ Fractal methodology
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*  As determined by hbrary

¢ Stream

{00094] Step 2.5 relates reading a Hexadecimal, Base-256 or other NBase value from the
condensation file. A Hexadecimal, Base-256 or other NBase value is read from the condensation
file(s).
100095} Step 2.6 refers to the consultation of the advanced reference file and the pack
depth specified in the condensation fike. A Hexadectmal, Base-256 or other NBase value 15
qualified agamnst the hibrary. The hbrary links a Hexadecimal, Base-256 or other NBase value
with an assigned data object associated with the original source file(s).
{00096} Step 2.7 refers 1o the writing of the reveried data objects fo a destination dafa
file(s) in memory. The reverted data objects then populated imto a destination file(s) in one or
more of the following methods, but not limited to the examples in the list.

+ Reversion of a prederermined/manually entered algorithm

¢ Ideniified recusive structural entities

s Format specific

o As determined by library

s Siream

The destination file(s) resides in active memory (RAM). The populaiion of the destination file(x)
will continue antid the end of file (EoF} Hexadecimal, Base-256 or other NBase value (1.11) (s
encountered in the condensation file(s). The destination files) will be formatted in g manner that
15 the same as the original source file(s) prior to condensation, this original source file(s) may be

a file of one of the following tvpes, but is not Himited to the examples listed:

*  Word, Excel, Text Files

= Database Files

s Electronic Medical Records
« LogFiles

e« FASTQ/Genomics Files

*  Binary Files
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{00097} Step 2.8 refers to the reversion eycle. A write evele 1s defined as a single instance

i which the reversion software muost write information to active memory or fixed or pontable
storage media. 1 system hmitations will accommodate the writing of the user specified amount
i 2.2 or the entire destination file to active memory (RAM), the reversion software will
recognize that only g single write cvcle 18 needed and population of the destination file(s) will
continue uniil there are no additional Hexadecimal, Base-236 or other NBase vahues to read from
the condensation file(s). If system Hmitations will not accommodate the writing of the user
spectfied amounnt 1o 2.2 or the entive destination file to active memory (RAM). the reversion
program will calculate an amount of write ¢ycles greater than one (1) that will allow for
population of the destination file{s) i parts.  Determination of how the size of a write cycle

should be calculated can be, but 1s not himited to, one of the following methods:

. By end of line in the condensed data file
. By a fraction or percentage of the condensed file
. Using a fraction or percentage of available RAM
{80098} Step 2.9 refers to the determination of the reversion software that it has reached

the end of its final write cycle. If the end of the final write cyvcle has been reached, the reversion
software proceeds to step 2,10, If the end of the fing] write cyele has not been reached, the
reversion software proceeds to stepy 2.9.5

[60099] Step 2.9.5 refers to the writing of the destination file to a temporary data file on
fixed or portable storage media.  Temporary data file characteristics follow the same
specifications and restrictions as the destination files described in step 2.7

[003100] Step 2,10 refers to the earlier choice of data file(s) cutput or viewer output. {step
2.3} The process diverges at this point between ontpui to data fle{s) or viewer,

[000101} Step 2.11 relates to the finahization of writing of the destination file(s) to fixed or
poriable storage media. Temporary data file(s) involved with the reversion process and the
destination file{s} m active memory are combined and written to fixed or portable storage media.
The destination file(s) now resides as a data file which may be accessed as necessary from fixed
or portable storage media.

800102} Step 2.12 closes source and cuntput data files. Source and outpot data files ave
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refeased from active memory. Temporary data files involved in the reversion provess are delsted
from fixed or portable storage media.

000103} Step 2.13 refers to the creation of a viewing window if visual viewing has been
chosen (step 2.3). Create 8 process in active memory that is capable of viewing the destimation
file.

{00104} Step 2.14 refers to the output of a reverted destination file(s) to the viewer
window created w step 2.13. Temporary data fe(s) involved with the reversion process and the
destination filefs) in active memory are combined and prepared for viewing in the viewer
window,  This is the wansmission for display on g visual medium for inspection, or
diagnosis/review of content.

[600105] Step 2,15 closes the sowce destinntion file(s) and viewer window, Destination
file(s) and viewing window are released from active memory. Temporary data files involved in
the reversion process are deleted from fixed or portable storage media.

[003106] Step 2.16 closes the reversion software. Reversion software 1 released from
active memery. Any temporary files used in the software's execution are deleted.

000107} in the foregomg description, certam terms have been used for brevity, clearness, and
understanding. No umnecessary Hmitations are to be inferred therefrom bevond the requirement of
the prior art because sach terms are used for descriptive purposes and are intended to be broadly
construed. The different configurations, systems, and method steps descrubed heremny may be used
alone or in combination with other configurations, systems and method steps. It is to be expected
that various equivalents, altermatives and mwodifications are possible within the scope of the

appended claims.

30



CLAIMS

What is claimed is:

1. A lossless data condenser for reducing data storage and handling
requirements comprising:

a data memory including:

a source file having data objects to be restructured and condensed;

a predetermined reference file having predetermined coded data objects and
predetermined coded data object groups, wherein each predetermined data object and each
predetermined data object group is assigned a first unique code;

an advanced reference file having algorithmically selected data objects and
algorithmically selected data object groups obtained from at least one of the source file and the
predetermined reference file; and

a condensation file including a structured array of restructured condensed data
objects and restructured condensed data object groups, wherein a pack depth for the array defines a
number of the restructured condensed data objects and restructured condensed data object groups
packed in the structured array; and

a condensation processor operative to:

analyze the source file to create data object groups, wherein each created
data object group contains a plurality of data objects based on repetitive patterns of data objects
within the source file;

determine each data object remaining in the source file that is not part of a
created data object group;

select a pack depth for the array based at least in part on a count of the data
objects in the source file;

modify the advanced reference file to include any unique data objects and
unique created data object groups which are not contained in the predetermined reference file;

select a coding system for the data objects and data object groups added to
the advanced reference file;

assign a second unique code from the selected coding system to each added

data object and each added data object group to the advanced reference file;
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initialize the structured memory array, wherein the structured memory array
is defined by the selected pack depth and a square root of a total number of restructured condensed
data objects to be stored in the structured memory array rounded up if necessary to establish a whole
number for an x-axis and a y-axis of the structured memory array, wherein the total number of
restructured condensed data objects is a sum divided by the selected pack depth, the sum being a
total number of data objects, data object groups, and at least one end file data;

for each data object and data object group in the source file, determine a
unique code for the corresponding data object and corresponding data object group from the
predetermined reference file or the advanced reference file, wherein the data objects and data object
groups in the source file become coded data objects and coded data object groups;

populate the structured memory array, in order, with the coded data objects
and coded data object groups from the source file, wherein the coded data objects and coded data
object groups from the source file become restructured condensed data objects when populated into
the structured memory array, wherein each restructured condensed data object populated into the
structured memory array is defined by the selected pack depth of the structured memory array; and

fill a remainder of the structured memory array with a null coded data, once
an end of the source file is reached,

wherein the lossless data condenser allows efficient and accurate lossless data storage and

transfer.

2. The lossless data condenser in claim 1, wherein the condensation processor
has a base-256 coding system assigned to predetermined data objects and data object groups and a

base-16 coding system assigned to non- predetermined data objects and data object groups.

3. A method for lossless data condensation of data objects such as numbers,
letters, words, phrases and other indicia to allow efficient and accurate secure data evaluation, data
storage and data transfer, comprising:

obtaining a collection of data objects to be condensed;
placing the collection of data objects into a source file;

conducting an analysis of the source file including counting a total number of data objects;
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reading the source file and creating data object groups each data object group containing one
or more data objects in response to repetitive patterns of data objects within the source file;

counting a total number of data object groups;

counting a total number of remaining data objects which are not part of a data object group;

receiving one or more library reference files of a set of predefined data objects and a set of
predefined data object groups;

modifying the one or more library reference files to include any data objects and any created
data objects groups not already contained in the one or more library reference files;

selecting one or more numerical base coding systems based on a number of the predefined
data objects and the predefined data object groups in the one or more library reference file;

assigning a first unique code from the one or more selected numerical based coding system
to each pre-defined data object and each predefined data object group;

selecting a numerical based coding system for the data object groups added to the one or
more library reference files;

assigning a second unique code from the selected numerical based coding system to each
added data object group to the one or more library reference files; |

selecting a pack depth for a structured memory array, wherein the structured memory arry
is defined by the pack depth and a square root of a total number of restructured condensed data
objects to be stored in the structured memory array rounded up if necessary to establish a whole
number of an x-axis and a y-axis of the structured memory array, wherein the total number of
restructured condensed data objects is a sum divided by the pack depth, the sum being a total number
of data objects, data object groups, and at least one end of file data object;

for each data object and data object group in the source file, determining the first or second
unique code for the corresponding data object and corresponding data object group in the one or
more library reference file, wherein the data objects and data object groups in the source file become
coded data objects and coded data object groups;

populating the structured memory array, in order, with the coded data objects and coded data
object groups from the source file, wherein the coded data objects and coded data object groups
become restructured condensed data objects when populated into the structured memory array,
wherein each restructured condensed data object is defined by the pack depth of the structured

memory array;
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filling a remainder of the structured memory array with a null coded data, once an end of the
source file is reached; and

placing the structured memory array, containing the restructured condensed data objects, on

storage media.
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