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SYSTEM, METHOD, AND COMPUTER PROGRAM PRODUCT FOR LOAD
BALANCING TO PROCESS LARGE DATA SETS

CROSS REFERENCE TO RELATED APPLICATION
[0001] This application claims priority to U.S. Patent Application No. 16/157,543,
filed Oclober 11, 2018, entiled “System, Method, and Computer Program Product for

Load Balancing to Process Large Data Sets,” the entire disclosure of which is herehy

incorporated by reference.

BACKGROUND

Field

[0002] The present disclosure relates to load balancing processing tasks and, in
non-limiting embodiments or aspects, a system, method, and computer program
product for load balancing to process large data sets.

Description of Related Adt

[0003] Large data sets, including transaction data sets, are often skewed such that
the data is not evenly distributed. For example, with transaction data for a plurality of
fransactions, there are often a large number of account identifiers, such as personal
account numbers (PANs), associated with a small portion of transactions and a small
number of account identifiers associated with a large portion of transactions. Likewise,
for transaction values for each transaction, there are often a large number of account
identifiers associated with transaction values that are relatively lower than transaction
values associated with a smaller number of account identifiers.

[00604] Toprocesslarge transaction data sets, ransactions may be grouped by PAN
or by total spend per PAN. This results in uneven processing times for each set of
data because, as an example, the processing units that are assigned processing tasks
for transaction data for PANs associated with numerous transactions will take longer
to process their respective tasks than processing units that are sllocated transaction
data for PANs with relatively fewer transactions. As an example, transaction records
for PANs with few relative transactions could take seconds or minutes fo process,
whereas transaction records for PANs with more relative transactions at the other end
of the spectrum could take an hour or longer to process. This resulis in an inefficient

use of computing resources, such as memory and processing units.
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SUMMARY

[0005] According to a non-limiting embodiment or aspect, provided is a computer-
implemented method for load balancing for processing large data sets, including:
identifying, with at least one processor, a number of segmenis and a transaction data
set comprising transaction data for a plurality of transactions, the transaction data for
each transaction of the plurality of transaciions comprising a transaction value;
determining, with at least one processor, an entropy of the transaction data set based
on the transaction value of each transaction of the plurality of transactions;
segmenting, with at least one processor, the fransaction data set into the number of
segments based on the entropy of the transaction data set and balancing respective
entropies of each segment of the number of segments; and distributing, with at least
one processor, processing tasks associated with each segment of the number of
segments 1o at least one processor of a plurality of processors 1o process each
fransaction in each respective segment.

[0608] In non-imiting embodiments, the transaction dala set comprises a plurality
of transaction values sorted in a data structure stored in memory of a computer
system. In non-limiting embodiments, the data structure comprises an array, and the
plurality of transaction values are stored in the array as floating point values. In non-
limiting embodiments, the plurslity of processors comprises a plurality of cores of at
least one processor, and each segment is assigned 1o a core of the at least ons
processor.  In nondimiting embodiments, balancing respective entropies of each
segment of the number of segments comprises adjusting a scope of each segment
based on a comparison to at least one entropy of at least one adjacent segmeant such
that the respective entropies of each segment are within a predefined tolerance of the
at least one entropy of the at least one adjacent segment.

[6007] According fo ancther non-limiting embodiment, provided is a computer-
implemented method for load balancing for processing large daia sets based on
entropy, including: () identifying, with at least one processor, a number of segments
and a transaction data sel for a plurality of transactions 1o be processed, the
fransaction data sel comprising dala distributed over a transaction value of each
fransaction and at least one other parameter; (b) determining, with at least one
processor, an entropy of the transaction data set; (¢) segmenting, with at least one
processor, the transaction data set into respective pairs of transaction data sets based

on the entropy of the transaction data set and a closest match between respective
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entropies of each individual fransaction data set in the pair of transaction data sets;
{d) repeating step (c) for each transaction data set formed by segmentation until a {otal
number of transaction data sets reaches the number of segments; and {g) distributing,
with at least one processor, processing tasks associated with each segment of the
number of segments to at least one processor of a plurality of processors to process
each fransaction in each respective segment.

[6068] In non-limiting embodimenits, the transaction data set comprises a plurality
of transaction values sorted in a data structure stored in memory of a computer
system. In non-limiting embodiments, the data struclure comprises an array, and the
plurality of transaction values are stored in the array as floating point values. In non-
limiting embodiments, the plurality of processors comprises a plurality of cores of at
least one processor, and each segment is assigned to a core of the at izast one
processor.  In non-limiting embodiments, balancing respective entropies of each
segment of the number of segments comprises adjusting 2 scope of each segment
based on a comparison to at least one entropy of at least one adjacent segment such
that the respective entropies of each segment are within a predsfined tolerance of the
at least one entropy of the at least one adjacent segment.

[000%8] According to anocther non-limiting embodiment, provided is a computer
program product for load balancing for processing large data sets, including at least
one non-fransitory computer-readable medium including program instructions that,
when executed by at least one processor, cause the at least one processor {o: identify
a number of segments and a transaction dala set comprising transaction data for a
plurality of transactions, the transaction data for each transaction of the plurality of
fransactions comprising a transaction value; determine an entropy of the transaction
data set based on the transaction value of each transaction of the plurality of
fransactions; segment the transaction data set into the number of segments based on
the entropy of the transaction data set and balancing respective entropies of each
segment of the number of segments; and distribute processing tasks associated with
each segment of the number of segments to at least one processor of a plurality of
processors to process each transaction in each respective segment.

18016] In nondimiting embodiments, the transaction data set comprises a plurality
of fransaction values sorted in a data structure stored in memory of a computer
system. In non-limiting embodiments, the data structure includes an array, and the

plurality of transaction values are stored in the array as floating point values. In non-
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limiting embodiments, the plurality of processors comprises a plurality of cores of at
least one processor, and each segment is assigned to a core of the at least one
processor.  In nondimiting embodiments, balancing respective entropies of each
segment of the number of segments comprises adjusting a scope of each segment
based on a comparison to at least one entropy of at least one adjacent segment such
that the respective eniropies of each segment are within a predefined tolerance of the
at least one entropy of the at least one adjacent segment.

[0011] According io ancther non-limiting embodiment, provided is a computer
program product for load balancing for processing large data sets based on enfropy,
including at least one non-transitory computer-readable medium including program
instructions that, when executed by at least one processor, cause the at least one
processor to: (a) identify a number of segments and a transaction data set for 2
plurality of transactions to be processed, the fransaction data set comprising data
distributed over a transaction value of each fransaction and at least one other
parameter; (b) determine an entropy of the transaction data sel; (¢} segment the
transaction data set into respective pairs of fransaction data sets based on the entropy
of the transaction data set and a closest maich between respective entropies of each
individual transaction data set in the pair of transaction data sets; {d) repeat step (c)
for each transaction data sel formed by segmentation untll a total number of
fransaction data sels reaches the number of segments; and (e} distribule processing
tasks associated with each segment of the number of segmenis to at least one
processor of a plurality of processors (o process each transaction in each respective
segment.

060121 In non-limiting embodimenits, the transaction data set comprises a plurality
of transaction values sorted in a data structure stored in memory of a computer
system. In non-limiting embodiments, the data structure includes an array, and the
plurality of transaction values are stored in the array as floating point values. In non-
limiting embodiments, the plurslity of processors comprises a plurality of cores of at
least one processor, and each segment is assigned 1o a core of the at least ons
processor.  In non-dimiting embodiments, balancing respective entropies of each
segment of the number of segments comprises adjusting a scope of each segment
based on a comparison to at least one entropy of at least one adjacent segment such
that the respective entropies of each segment are within a predefined tolerance of the
at least one entropy of the at least one adjacent segment.
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[0013] According to another non-limiting embodiment, provided is a system for load
balancing for processing large data sets, including: a plurality of data storage arrays
comprising transaction data; and at least one processor in communication with the
plurality of data storage arrays, the at least one processor programmed or configured
to: identify a number of segmenis and a transaction data set for a plurality of
transactions from the transaction data, the transaction data for each fransaction of the
plurality of transactions comprising a transaction value; determine an entropy of the
fransaction data set based on the transaction value of each transaction of the plurality
of transactions; segment the transaction data set into the number of segments based
or the entropy of the transaction data set and balancing respective entropies of each
segment of the number of segments; and distribute processing tasks associated with
each segment of the number of segments to at least one processor of a plurality of
processors (o process each transaction in each respective segment.

[0014] In non-imiting embodiments of the system, the fransaction data set
comprises a plurality of transaction values sorted in & data structure stored in memory
of a computer system. In non-limiting embodiments, the data structure includes an
array, and the plurality of transaction values are stored in the array as floating point
values. In non-limiting embodiments, the plurality of processors comprises a plurality
of cores of at least one processor, and each segment is assigned to a core of the at
least one processor. in non-limiting embodiments, balancing respective entropies of
gach segment of the number of segments comprises adjusting a scope of each
segment based on a comparison to at least one entropy of at least one adjacent
segment such that the respective entropies of each segment are within a predefined
tolerance of the at least one entropy of the at least one adjacent segment.

[0015] According to another non-limiting embodiment, provided is a system for load
balancing for processing large data sets, including: a plurality of data storage arrays
comprising transaction data; and at least one processor in communication with the
plurality of data storage arrays, the at least one processor programmed or configured
to: {a) identify a number of segments and a transaction data set for a plurality of
fransactions from the transaction data, the iransaction dala sel comprising data
distributed over a transaction value of each transaction and at least one other
parameter; (b) determine an entropy of the transaction data set; (¢) segment the
transaction data set into respective pairs of fransaction data sets based on the entropy

of the transaction data set and a closest malch between respective entropies of each
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individual transaction data set in the pair of ransaction data sets; (d} repeat step {¢)
for each transaction data set formed by segmentation until a total number of
transaction data sets reaches the number of segments; and (g) distribute processing
tasks associated with each segment of the number of segmenis to at least one
processor of a plurality of processors 1o process each transaction in each respeciive
segment.

[0016] Further embodiments or aspects are set forth in the following numbered
clauses:

[06017] Clause 1. A computer-implemented method for load balancing for
processing large data sets, comprising: identifying, with at least one processor, &
number of segments and a transaction data set comprising transaction data for a
plurality of transactions, the transaction data for each transaction of the plurality of
fransactions comprising a transaction value; determining, with at least one processor,
an entropy of the transaction data set based on the transaction value of each
transaction of the plurality of transactions; segmenting, with at least one processor,
the transaction data set info the number of segments based on the entropy of the
fransaction data set and balancing respective entropies of each segment of the
number of segments; and distributing, with at least one processor, processing tasks
associated with each segment of the number of segments to at least one processor of
a plurality of processors 1o process each transaction in sach respective segment.
[0018] Clause 2: The method of clause 1, wherein the transaction data set
comprises a plurality of transaction values sorted in a data structure stored in memory
of a computer system.

[0019] Clause 3: The method of clause 1 or 2, wherein the data structure comprises
an array, and wherein the plurality of transaction values are stored in the array as
floating point values.

[0020] Clause 4: The method of any of clauses 1-3, wherein the plurality of
processors comprises a plurality of cores of at least one processor, and whergin sach
segment is assigned 1o a core of the at least one processor.

[6021] Clause 5 The method of any of clauses 1-4, wherein balancing respective
entropies of each segment of the number of segments comprises adjusting a scope of
each segment based on a comparisen {0 at least one entropy of at least one adjacent
segment such that the respective entropies of each segment are within a predefined
tolerance of the at least one entropy of the at least one adjacent segment.
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[0022] Clause &6 A computer-implemented method for load balancing for
processing large data sets based on entropy, comprising: {(a) identifying, with af least
one processor, a number of segments and a transaction data set for a plurality of
fransactions to be processed, the transaction data set comprising data distributed over
a transaction value of each fransaction and at least one other parameter; {b)
determining, with at least one processor, an entropy of the transaction data set; (¢}
segmenting, with at least one processor, the transaction dala set into respective pairs
of transaction data sets based on the entropy of the transaction data set and a closest
match between respective entropies of each individual transaction data set in the pair
of transaction data sels; {d) repeating step () for each fransaction data set formed by
segmentation until a total number of transaction data sets reaches the number of
segments; and {e) distributing, with at least one processor, processing tasks
associated with each segment of the number of segments 1o at least one processor of
a plurality of processors to process each transaction in each respective segment.
[0623] Clause 7. The method of clause 6, wherein the fransaction dala set
comprises a plurality of transaction values sorted in a data structure stored in memory
of a computer system.

[0024] Clause 8: The method of clause 6 or 7, wherein the data struclure comprises
an array, and whergin the plurality of transaction values are stored in the array as
floating point values.

[0025] Clause 9. The method of any of clauses 6-8, wherein the plurality of
processors comprises a plurality of cores of at least one processor, and wherein each
segment is assigned to a core of the at least one processor.

[0026] Clause 10: The method of any of clauses 6-9, wherein balancing respeciive
entropies of each segment of the number of segments comprises adjusting a scope of
each segment based on a comparison {o at least one entropy of at least one adjacent
segment such that the respective entropies of each segment are within a predsfined
tolerance of the at least one entropy of the at least one adjacent segment.

{60271 Clause 11: A compuier program product Tor load balancing for processing
large data sets, comprising at least one non-transitory computer-readable medium
including program instructions that, when executed by at isast one processor, cause
the at least one processor to: identify a number of segments and a transaction data
set comprising transaction data for a plurality of transactions, the fransaction data for

gach transaction of the plurality of transactions comprising a transaction value,
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determine an entropy of the fransaction data set based on the transaction value of
each transaction of the plurslity of transactions; segment the transaction data set into
the number of segments based on the entropy of the transaction data set and
balancing respective entropies of each segment of the number of segments; and
distribute processing tasks associated with each segment of the number of segments
to at least one processor of a plurality of processors to process sach fransaction in
each respective segment.

[6028] Clause 12: The computer program product of clause 11, wherein the
fransaction data set comprises a plurality of transaction values sorted in a data
structure stored in memory of a computer system.

[0029] Clause 13: The computer program product of clause 11 or 12, wherein the
data structure comprises an array, and wherein the plurality of ransaction values are
stored in the array as floating point values.

[0030] Ciause 14: The computer program product of any of clauses 11-13, wherein
the plurality of processors comprises a plurality of cores of at least one processor, and
wherein each segment is assigned to a core of the at least one processor.

[6031] Clause 15: The computer program product of any of clauses 11-14, wherein
balancing respective entropies of each segment of the number of segments comprises
adjusting a scope of each segment based on & comparison o at least one entropy of
at least one adjacent segment such that the respective entropies of each segment are
within a predefinad tolerance of the at least one entropy of the at least one adjacent
segment.

[06032] Ciause 16: A computer program product for load batancing for processing
large data sets based on entropy, comprising at least one non-transitory computer-
readable medium including program instructions that, when exsculed by at least one
processor, cause the af least one processor to: {(a) identify a number of segments and
a transaction data set for a plurality of transactions o be processed, the transaction
data set comprising data distributed over a fransaction value of each transaction and
at least one other parameter; (b) determine an entropy of the transaction data sef; {¢)
segment the transaction data set into respective pairs of transaction data sets based
on the entropy of the transaction data set and a closest match between respeciive
entropies of each individual transaction data set in the pair of transaction data sets;
{d) repeat step (¢) for each fransaction data set formed by segmentation until a total

number of transaction data sets reaches the number of segments; and (&) distribute
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processing tasks associated with each segment of the number of segments to at least
one processor of a plurality of processors {0 process each transaction in each
respective segment.

[0033] Clause 17: The computer program product of clause 16, wherein the
fransaction data set comprises a plurality of transaction values sorted in a data
structure stored in memory of a computer system.

[0034] Clause 18: The computer program product of clause 16 or 17, wherain the
data structure comprises an array, and wherein the plurality of transaction values are
stored in the array as floating point values.

[0635] Ciause 19 The computer program product of any of clauses 18-18, wherein
the plurality of processors comprises a plurality of cores of at least one processor, and
wherein each segment is assigned to a core of the at least one processor,

[0038] Clause 20: The computer program product of any of clauses 16-18, wherein
balancing respective entropies of each segment of the number of segments comprises
adjusting a scope of each segment based on a comparison to at least one entropy of
at least one adjacent segment such that the respective entropies of each segment are
within a predefined tolerance of the at least one entropy of the at least one adjacent
segment.

[0637] Clause 21. A system for lead balancing for processing large data sets,
comprising: a plurality of data storage arrays comprising fransaction data; and at least
one processor in communication with the plurality of data storage arrays, the at least
one processor programmed or configured to: identify a number of segments and a
fransaction data set for a plurality of transactions from the transaction data, the
fransaction data for each fransaction of the plurality of transactions comprising a
transaction value; determine an entropy of the transaction data set based on the
fransaction value of each fransaction of the plurality of transactions; segment the
fransaction data set into the number of segmenis based on the entropy of the
transaction data set and balancing respective entropies of each segment of the
number of segments; and distribute processing tasks associated with sach segment
of the number of segments o at least one processor of a plurality of processors {0
process each transaction in each respective segment.

[0038] Ciause 22: The system of clause 21, wherein the fransaction data set
comprises a plurality of transaction values sorted in a data structure stored in memory

of a computer system.
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[0039] Clause 23: The system of clause 21 or 22, wherein the data structure
comprises an array, and wherein the plurality of transaction values are stored in the
array as floating point values,

[0040] Clause 24: The system of any of clauses 21-23, wherein the plurality of
processors comprises a plurality of cores of at least one processor, and wherain each
segment is assigned 1o a core of the at least one processor.

[0041] Clause 25: The system of any of clauses 21-24, wherein balancing
respective entropies of each segment of the number of segments comprises adjusting
a scope of each segment based on a comparison to at least one entropy of at least
one adjacent segment such that the respective entropies of each segment are within
a predefined tolerance of the at least one entropy of the atleast one adjacent segment.
(60421 Clause 26. A system for load balancing for processing large data sets,
comprising: a plurality of data storage arrays comprising transaction data; and at least
one procassor in communication with the plurality of data storage arrays, the at least
one processor programmed or configured to: (a) identify a number of segments and a
transaction data set for a plurality of transactions from the transaction data, the
fransaction data set comprising data distributed over a fransaction value of each
fransaction and at least one other parameter; (b) determine an entropy of the
transaction data set; {¢) segment the transaction data setl into respective pairs of
fransaction data setls based on the entropy of the transaction data set and a closest
match between respective entropies of each individual transaction data set in the pair
of transaction data sets; {d) repeat step (¢) for each transaction data set formed by
segmentation until a total number of transaction data sets reaches the number of
segments; and (e) distribute processing tasks associated with each segment of the
number of segments 1o at least one processor of a plurality of processors to process
gach transaction in each respective segment.

[0043] These and other features and characleristics of the present disclosure, as
well as the methods of operation and functions of the related elements of structures
and the combination of parts and economies of manufacture, will become more
apparent upon consideration of the following description and the appended claims with
reference to the accompanying drawings, all of which form a part of this specification,
wherein like reference numerals designate corresponding parts in the various figures.
it is fo be expressly understood, however, that the drawings are for the purpose of

Hlustration and description only and are not intended as a definition of the limits of the
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disclosure. As used in the specification and the claims, the singular form of “a,” “an,

and “the” include plural referents unless the context clearly dictates otherwise.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] Additional advantages and details are explained in greater detail below with

reference to the exemplary embodiments that are illustrated in the accompanying
schematic figure and appendices, in which:

[0045] FiG. 1A is a schematic diagram of a system for load balancing o process
large data sets according 1o a non-limiting embodiment;

[60468] FIG. 1B is a schematic diagram of a system for load balancing {o process
large data sets according to a non-limiting embodiment;

[6047] FIG. 2 is a schematic diagram of example componeants of a computing
device according to non-limiting embodiments;

[0048] FIG. 3is a flow diagram of 2 method for load balancing to process large data
sets according to a non-limiting embodiment; and

[0049] FIG. 4is an example data distribution chart showing skewed transaction data
to be processed in accordance with non-limiting embodiments.

DESCRIPTION
[0050] Forpurposes of the description hereinafier, the terms “end,

LT

upper,” “lower,”
‘right,” “left,” “vertical,” “horizontal,” ™op,” “bottom,” Matersl,” “longitudinagl,” and
derivatives thereof shall relate to the embodiments as they are oriented in the drawing
figures. However, it is to be undersiood that embodiments may assume various
alternative variations and slep sequences, except where expressly specified to the
contrary. His also to be understood that the specific devices and processes illustrated
in the aftached drawings, and described in the following specification, are simply
exemplary embodiments or aspects of the disclosure. Hence, specific dimensions and
other physical characteristics related {0 the embodiments or aspects disclosed herein
are not to be considered as limiting.

[0051] As used herein, the terms “communication” and “communicate” refer to the
receipt or ransfer of one or mors signals, messages, commands, or other type of data.
For one unit (e.g., any device, system, or component thereof) to be in communication
with another unil means that the one unit is able to directly or indirectly receive dala

from and/or fransmit data to the other unit. This may refer to a direct or indirect
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connection that is wired and/or wireless in nature. Additionally, two units may be in
communication with each other even though the data transmitted may be modified,
processed, relayed, and/or routed between the first and second unit. For example, &
first unit may be in communication with a second unit even though the first unit
passively receives data and doss not actively fransmit data to the second unit. As
another example, a first unit may be in communication with a second unit if an
intermediary unit processes data from one unit and transmits processed data fo the
second unit. 1t will be appraciated that numerous other arrangements are possible.
[0052] As used herein, the term “transaction service provider” may refer {o an entity
that receives transaction authorization requests from merchants or other entities and
provides guaraniees of payment, in some cases through an agreement between the
transaction service provider and an issuer institution. The terms "transaction service
provider” and “transaction processing system” may also refer to one or more computer
systems operated by or on behalf of 2 transaction service provider, such as a
transaction processing server executing one or more software applications. A
transaction processing server may include one or more processors and, in some non-
limiting embodiments, may be operated by or on behalf of a transaction service
provider.

[06583] As used herein, the term “account identifier” may include one or more
primary account numbers {PANs), tokens, or other identifiers associated with a
customer account. The term “oken” may refer to an identifier that is used as a
substitute or replacement identifier for an original account identifier, such as a PAN.
Account identifiers may be alphanumeric or any combination of characters andfor
symbols. Tokens may be associated with a PAN or other original account identifier in
one or more databases such that they can be used {0 conduct a transaction without
directly using the original account identifier. In some examples, an original account
identifier, such as a PAN, may be associated with a plurality of tokens for different
individuals or purposes. An issuer institution may be associated with a bank
identification number or other unigue identifier that uniguely identifies it among other
issuer institutions.

[0001] Asused herein, the term “issuer institution” may refer {0 one or more entities,
such as a bank, that provide accounts to customers for conducting payment
fransactions, such as initiating credit and/or debit payments. For example, an issuer

institution may provide an account identifier, such as a PAN, to a customer that
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uniquely identifies one or more accounts associated with that customer. The account
identifier may be embodied on a physical financial instrument, such as a payment card,
andfor may be electronic and used for electronic payments. The terms “issuer
institution,” “issuer bank,” and “issuer system” may also refer to one or more computer
systems operated by or on behalf of an issuer institution, such as a server computer
executing one or more software applications. For example, an issuer system may
include one or more authorization servers for authorizing a payment transaction.
[0054] As used herein, the term “merchant” may refer to an individual or entity that
provides goods and/or services, or access o goods and/or services, to customers
based on a transaction, such as a payment transaction. The term “merchant” or
“merchant system” may also refer to one or more computer systems operated by or
on hehalf of a merchant, such as a server computer executing one or more software
applications. A“point-of-sale (POS) system,” as used herein, may refer to one or more
computers and/or peripheral devices used by a merchant to engage in payment
transactions with customers, including one or more card readers, nearfield
communication (NFC) receivers, RFID receivers, andfor other contactless
fransceivers or receivers, contact-based receivers, payment terminals, computers,
servers, input devices, and/or other like devices that can be used to initiate a payment
transaction.

[60558] As used herein, the term “computing device” may refer {0 one or mors
glectronic devices configured to process data, such as a processor {e.g., CPU, GPU,
microcontroller, or the like). A computing device may, in some examples, include the
necessary componernts to receive, process, and output data, such as a display, a
processor, a memaory, an input device, and a nefwork interface. A computing device
may be a mobile device. As an example, a mobile device may include a cellular phone
{e.g., a smartphone or standard cellular phone), a portable computer, a wearable
device (e.g., walches, glasses, lenses, clothing, and/or the like), a personal digital
assistant (PDA), and/or other like devices. A computing device may be a mobils
device, a deskiop computer, andfor any other like device. The term “processor,” as
used herein, may represent any fype of processing unit, such as a single processor
having one or more cores, one or more cores of one or more processors, multiple
processors each having one or more cores, and/or other arrangements and

combinations of processing units.
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[0002] As used herein, the term “server” may refer to or include one or more
computing devices that are operated by or facilitate communication and processing for
multiple parties in a nelwork environment, such as the Internet, although it will be
appreciated that communication may be facilitated over one or more public or private
network environments and that various other arrangements are possible. Further,
multiple computing devices (e.g., servers, mobile devices, etc.) directly or indirectly
communicating in the network environment may constitule a "system.” Reference to
“a server” or “a processor,” as used herein, may refer to a previously-recited server
and/or processor that is recited as performing a previous step or function, a different
server and/or processor, and/or a combination of servers andfor processors. For
example, as used in the specification and the claims, a first server and/or a first
processor that is recited as performing a first step or function may refer to the same or
different server and/or a processor recited as performing a second step or function.
[00568] The term “account data,” as used herein, refers to any data conceming ona
or more accounts for one or more users. Account data may include, for example, one
or more account identifiers, user identifiers, transaction histories, balances, credit
limits, issuer institution identifiers, and/or the like.

[0057] Non-limiting embodimenis described herein are directed to a system,
method, and computer program product for load balancing to process large data sets
with multiple processing units. Processing large data sets, such as transaction data
processed by a transaction processing system for multiple issuers, merchants, and
consumers, utilizes a vast amount of computing resources, such as processing cycles
and memory. Non-limiting embodiments described herein utilize an allocation
processor configured with an aliocation algorithm to segment (e.g., bin) large data sets
in order t¢ load balance the associated processing tasks across multiple transaction
processors {e.g., one or more processors and/or cores) to increase the speed of the
computing system and to optimize the use of computing resources. By utilizing an
allocation processor configured with an allocation algorithm to segment fransaction
data based on the distribution entropy of a data set and the individual segments, an
gfficient use of computing resources is obtained that allows for fransactions o be
processed evenly (e.g., such that the processors complete their respective tasks at
the same time or in temporal proximity) and more efficiently (e.g., such that more
fransactions can be processed in a shorter period of time). Moreover, in non-limiting

embodiments, transaction data sets are sorted based on a floating point value, such
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as a transaction value, rather than a PAN or other discrete-valued parameter. By
sorting and segmenting based on a floating point value, rather than a discrete value,
the data set can be segmented in an even manner that allows for consistent and
gfficient parallel processing.

[0058] Referring now to FIG. 1A, shown is a system 1000 for load balancing to
process large data sefs according to a non-limiting embodiment. The system 1000
includes an aliocation processor 102, a storage array 108 including one or more dala
storage devices 110, 111, 112, and a processing stack 101 including one or more
fransaction processors 103, 104, 105. The aliocation processor 102 and transaction
processors 103, 104, 105 may be one or more processors, such as a processor where
fransaction processors 103, 104, 105 represent cores of the processor. In other non-
imiting embodiments, allocation processor 102 and transaction processors 103, 104,
105 may represent physically separate processors. it will be appreciated that various
arrangements are possible, and that references to a "processor” herain may represent
any type of processing unit, such as a single processor having one or more ¢ores, oneg
or more cores of one or more processors, multiple processors each having one or
maore cores, and/or other arrangements and combinations of processing units. In non-
limiting embodiments, for example, each segment of data is assigned {0 one or more
specified cores 103, 104, 105 of a plurality of processors to complete the associated
processing tasks.

[0059] With continued reference to FIG. 1A, the allocation processor 102 may be in
communication with the storage array 108 through a paralle! data processing system
such as, but not limited fo, implementations of the Hadoop framework. 1t will be
appreciated that various data processing systems may be used. In some non-limiting
embodiments, a separate processor may be amanged between the allocation
processor 102 and the storage array 108 io retrieve transaction data slored in the
storage array 108. A transaction processing system (nof shown in FIG. 1Ay may be in
communication with the storage array 108 such that transaction data communicated
to the transaction processing system is stored in the storage array 108. In some non-
limiting examples, the fransaction processing system may include aliocation processor
102 and transaction processors 103, 104, 105, although it will be appreciated that one
or more of allocation processor 102 and transaction processors 103, 104, 105 may be
operated external to a transaction processing system.
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[0060] With continued reference to FIG. 1A, the allocation processor 102 identifies
a transaction data set to be processed from the storage array 108. The transaction
data set may comprise a plurality of ransaction records, where esach transaction
record includes iransaction data parameters such as, but not limited fo, an account
identifier {e.g., a PAN or a token), a merchant identifier, a transaction value, a
transaction identifier, a transaction time, loyalty data, and/or other parameters relevant
to a transaction. The allocation processor 102 may also identify a number of segments
{&.g., bins) to segment the transaction data set into. The number of segments may be
predetermined or, in other examples, may be determined based on the size of the
transaction data set, a number of available processors 103, 104, 105, a number of
processors assigned o a particular stack {e.q., a Hadoop stack), a total number of
processors in a given system, or in any other manner.

[6061] Stll referring to FIG. 1A, the allocation processor 102 sorts the transaction
records in the transaction data set according 1o one or more algorithms and based on
one or more key fields of the transaction data. For example, the allocation processor
102 may sort the transaction records based on the transaction value of each
fransaction record such that the key field is the transaction value associated with each
fransaction. The transaction records may be reduced transaction records for purposes
of sorting, such as data structures including a transaction identifier and a fransaction
value. The sorted values may be stored in memory as floating point values in an array.
it will be appreciated that various parameters may be used as the key field and that
various data structures and sorting algorithms may be utilized.

[0062] With continued reference to FIG. 1A, the allocation processar 102 allocates
each segment o a transaction processor 103, 104, 105 for processing. In some
examples, the allocation processor 102 may distribute the segments among the
fransaction processors 103, 104, 105 such that the processing of each segment is
finished at or near the same time. As an exampile, the allocation of segments may be
performed with or in conjunction with a parallel data processing system, such as
Hadoop. In non-imiting examples utilizing Hadoop, the platform’s Map/Reducs
framework may be used. The “Map” framework may be used to segment {(e.g., bin or
partition) the data set into segments using a first key field {e.g., such as a transaction
value) for processing, resulting in a data ocutput. The "Reduce” framework may be
used to coliect the data output based on a second key field, which may be the same
or different from the first key field, process the output with the second key field, and
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generate a final oufput. In some examples, two processors {e.g., two cores) may be
assigned to a segment such that one processor is used for the "“Map” framework and
another for the “Reduce” framework., it will be appreciated that various other
arrangements are possible with different data processing systems and frameworks.
[3063] In nondlimiting embodiments, the number of segments may be determined
based on a number of available processors. For example, g Hadoop environment has
a fixed number of processors (e.g., individual processors or cores of processors). The
number of segments may be the fixed number of processors or a multiple of the fixed
number of processors. In an example implementation in which 400 processors are
avallable {e.q., 400 cores of a plurality of processaors), it may be desirable o have 200
segments such that 200 processors are assigned as mappers {&.q., to process the
“‘Map” aspects of the framework mentioned above} and 200 processors assigned as
reducers {(e.g., to process the “Reduce” aspects of the framework mentioned above)
in order to complete all processes in a single cycle. n the example implementation in
which 400 processors are available, it may be desirable to have 1000 segments such
that each processor runs through five cycles of data. It will appreciated that various
other arrangements are possible.

[0084] Referring now to FIG. 18, shown is a system 1001 for load balancing to
process large data sets according to 2 non-limiting embodiment.  In this example, the
allocation processor 102 is part of a fransaction processing system 100. The
transaction processing systern 100 is in communication with a merchant system 114
through an acguirer system 116 or payment gateway. The {ransaction processing
system 100 is also in communication with one or more issuer systems 118. In this
manner, the transaction processing system collects fransaction data, such as
transaction data from transaction requests, authorization requests, authorization
responses, and/or other like packets or messages communicated within the system
1001. The transaction data may be stored in a storage array 108 by the fransaction
processing system 100. In this manner, and as described with respect to the system
1000 shown in FIG. 1A, the allocation processor 102 may access the transaction data
in the storage array 108, segment the transaction data, and assign a transaction
processor to each segment.

[0065] In non-limiting embodiments, each transaction record may be updated or
modified to include a segment number {e.q., a bin number) as a parameter. This

process may be performed periodically to update each record with the segment
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number that the record is assigned to. An output of this process results in a list of
segments, where each segment is associated with a segment number, a lower limit
on transaction value, and an upper limit on transaction value. The list of segments
may be stored in any type of data structure such as, but not limited to, a table, array,
and/or the like. Once the list of segments is identified, the full transaction data set may
be processed according to the segmentation. For example, the list of segmenis may
be used as a look-up table for each transaction record to determine which segment
{and which processor} each fransaction is allocated to. In non-limiting embodiments,
each segment is assigned 1o a core of a processor such that the transaction record
can then be communicated to the corresponding processing unit.

[0066] Referring now to FIG. 3, a method for load balancing to process a large data
set is shown according to a non-limiting embodiment. The meathod shown in FIG. 3
includes an allocation algorithm for segmenting a data set into a plurality of segmenis
for controlling distribution of processing tasks to a plurality of processors. At a first
step 300, a data set is identified. The data set may be identified through user input,
automatically based on the stored location of the data, automatically by searching for
the data, and/or the like. [t will be appreciated that a component of the system, such
as an allocation processor, may identify a data set in any other manner. In some non-
limiting examples, a data set may be a transaction data set for a time period that
represenis a plurality of transactions requested in that time period. In other non-
limiting examples, a data set may be a transaction data set of a predetermined size
such that each data set is processed in baiches based on size. It will be appreciated
that the data set may include any type of data and may be of any size.

[0067] With continued reference to FIG. 3, at step 302, the data set is sorted based
on one or more parameters of the data set. For example, in non-limiting embodiments,
the data set may include a plurality of records having one or more parameters, such
as a record ideniifier parameter (e.g., tfransaction identifier). The data set may be
stored in memory to be sorted. For example, in non-limiting embodiments, the data
set may be slored in an array where one or more parameter values are siored as
floating point values. Various other arrangements are possible. One or more sorting
algorithms such as, but not limited to, a quick sort, a bubble sort, a merge sort, an
insertion sort, and/or the like, may be used to sort the data set based on the value of
one or more parameters. In non-limiting embodiments, the data set represents

fransaction data and each record includes at least a transaction identifier and a
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transaction value. The data set may be sorted based on the transaction value of each
fransaction.
[0068] At step 304 of the method shown in FIG. 3, an entropy of the data set is
determined. In non-limiting embodiments, the entropy of a data set or segment is
determined by the following eqguation:

HEO = 27, Pel(x) = — T, P(x) log, P(x)
[0069] In the above egquation, b is the base of the logarithm used and common
values for & may include two (2), Euler's number (e}, and ten (10}, each rasulting in
different units of enfropy. For example, using base two (2), the units of entropy are
bits, using base e, the units of entropy are nats/nits/nepits, and using base ten (10),
the units of entropy are bans/hartleys/dits. 1t will be appreciated that various units and
metrics of entropy may be used. Further, P in the above eguation represents the
probability that that a particular value or data set will appear in a particular segment.
(00701 At step 306 of the method shown in FIG. 3, the data set is divided into two
segments based on the entropy of the data set. For example, the data set may be
divided into two segments such that each segment has half of the entropy of the full
data set. Each segment may therefore have equal or near-equal entropy values. |t
will be appreciated that the respective entroples may not be equal becauss the entropy
of the data set being segmented may not be divisible by two.
[0071] St referring to FIG. 3, at step 308 the entropy of each individual segment is
determined. This value may have already been identified at step 306 and, in such
examples, steps 308 and 308 may be a single slep. In other examples, the entropy of
each segment may be determined individually for each segment. At step 310, sach
segment is divided inlo two segments based on the entropy of the segment. Each
segmenti may be a segment of the two segments that result from step 306, or a
subsequent iteration of staps 308 through 312. For example, each segment may be
split into two segments such that each segment of the two new segments has half of
the entropy of the original segment. Each resulting segment may therefore have equal
or near-gqual entropy values.
[B072] At step 312, it is determined if a number of segments has been achieved.
For example, a desired number of segments may be predetermined, input by a user,
determined dynamically based on the data set, and/or the like. In other examples, the

number of segments may be based on the initial size of the data sef. Various other
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arrangements are possible. Until the number of segments is satisfied, the method
may loop at step 312 by proceeding back to step 308. [n this manner, some non-
imiting embodiments operate recursively to continue segmenting the data set and
gach segmeni. Once the number of segments is satisfied at step 312, the method
proceeds to step 314.

[0073] With continued reference to FIG. 3, at step 314, each transaction record is
assigned o a processor of a plurality of processors (e.g., individual processors or
cores of one or more processors). For example, each segment of the plurality of
segmenis may be assigned io an available transaction processor of a plurality of
available transaction processors. The available transaction processors may be, for
example, determined from a total number of processors (e.g., individual processors or
cores of processors), a predetermined number of processors, a number of available
processors, currently-pending or queused processing jobs, andlor the like. As
explained above, in nondimiting embodiments, the segments may be initially
determined by first sorting transaction records by transaction values. Processors may
be allocated {o each segment in a static manner {e.g., a specific processor core
assigned to a specific segment number) or in a dynamic manner {(e.g., processors
assigned 1o segment numbers based on then-current availability or other factors).
Therefore, in some non-limiting examples, step 314 may include analyzing sach
individual transaction data record, determining which segment the data record should
be assigned {o, based on the transaction value of that record and the transaction value
range of each segment, updating the data record to identify the segment number, and
assigning the data record to the corresponding processor.

[0074] Although the method shown in FIG. 3 is illustrated as including a loop at
steps 308 through 312 to recursively process and divide each segment until a number
of segments is reached, it will be appreciated that an allocation algorithm may use also
use one or more non-recursive methods for segmenting the data set into a number of
segments. For example, after the transaction records are sorted at step 302 and the
entropy of the data step delermined at siep 304, the allocation algorithm may
determine to divide the data set inlo a number of segments based on determined
ranges or values within the sorted range of fransaction records. Division may be by
powers of two (2}, such as in the recursive example, or by any other power based on
the number of segments desired. The entropies of each segment may be stored in

memory during the segmentation process to ensure that the respective enfropies of
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each segment are halanced. As an example, the entropy of the data set may be
divided by a total number of segments to determine an average eniropy per segment.
The sorted data structure of transaction records may then be divided into separate
data structures, such as separate arrays or sub-arrays within the array, wherein each
new segment has an entropy that is equal to, or near-egual 1o {e.g., within a tolerance
of}, the average entropy per segment. in non-liimiting embodiments, a scope of each
segment {e.g., a range of transaction values from a sorted array of ransaction values)
may be adjusted based on a comparison of at least one other entropy of an adjacent
segment such that the eniropies of the respective adjacent segments are equal or
within a predefined tolerance of gach other.

[0075] FIG. 4 shows an example data distribution chart 400 for a transaction data
set with skewed values. In particular, the chart 400 shows a heavily skewed
distribution of values produced from a gamma function, typical of the type of
histograms seen in fransaction processing. The horizontal or x-axis indicates the
index of a value {e.q., an account identifier, such as a PAN, segquenced in
alphanumeric order, or a dollar amount of a transaction sequenced by increasing dollar
amount). The vertical or y-axis indicates the cardinality of that particular value (i.e., the
number of times this value is observed in the dala set). The skew {0 the left of this
distribution shows there is a majority of values occurring in smaller index values,
typical of dollar values of payment transactions. Splitting this distribution based solely
on equal ranges of index values {e.g., 0-200, 200-400, etc.} will result in a skewed
allocation of values being assigned to processors. This skewed allocation will result
in an overload of some processors and an underload of other processors. Accordingly,
the assignment of data sets {o computational resources will be suboptimal in such an
arrangement, resulling in a job taking neediessly more time than required. Non-
limiting embodiments described herein employ the use of an entropy metric {0
subdivide the distribution of values into segments so as 1o partition the underlying data
into chunks. With this arrangement, available processing resources are given
comparable processing loads which results in eqguitable distribution of processing load
and ensures the total processing time needed for a particular data set is minimized in
an environment where multiple cores are available for usage.

[06076] Referring now to FIG. 2, shown is a diagram of example components of a
device 200 according to non-limiting embodiments. Device 200 may correspond (o
one or more devices of the systems 1000, 1001 shown in FIGS. 1A and 1B, such as
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fransaction processing system 100 and allocation processor 102, In some non-limiting
embodiments, transaction processing system 100 and/or allocation processor 102
may include at least one device 200 and/or at least one component of device 200.
The number and arrangement of components shown in FIG. 2 are provided as an
example. In some nondimiting embodiments, device 200 may include additional
components, fewer components, different components, or differently arranged
components than those shown in FIG. 2. Additionally, or alternatively, a set of
components (e.q., one or more components) of device 200 may perform one or more
functions described as being performed by another sat of components of device 200.
[0077] As shown in FIG. 2, device 200 may include a bus 202, a processor 204,
memory 206, a siorage component 208, an input component 210, an output
component 212, and a2 communication interface 214. Bus 202 may include a
component that permits communication among the components of device 200. In
some non-limiting embodiments, processor 204 may be implemented in hardware,
firmware, or a combination of hardware and software. For example, processor 204
may include a processor (e.9., a central processing unit (CPU), a graphics processing
unit (GPU), an accelerated processing unit (APU), etc.), a microprocessor, a digital
signal processor (DSP), and/or any processing component {e.g., a fleld-programmable
gate array (FPGA), an application-specific integrated circuit (ASIC), etc.) that can be
programmed to perform a function. Memory 206 may include random access memaory
{(RAM), read-only memory (ROM), and/or ancther type of dynamic or static storage
device (e.g., flash memory, magnetic memory, optical memory, eic.} that stores
information and/or instructions for use by processor 204.

[0078] With continued reference fo FIG. 2, storage component 208 may store
information and/or software related to the operation and use of device 200. For
example, storage component 208 may include a hard disk {e.g., 2 magnetic disk, an
optical disk, a magneio-optic disk, a solid state disk, etc.) and/or another type of
computer-readable medium. Input component 210 may include a component that
permils device 200 to receive information, such as via user input (e.g., a touch screen
display, a kevboard, a keypad, a mouse, a butlon, a switch, a microphone, etc.).
Additionally, or alternatively, input component 210 may include a sensor for sensing
information (e.g., 2 global positioning system (GPS) component, an accelerometer, a
gyroscope, an actuator, ete.). Output component 212 may include a component that

provides output information from device 200 {(e.g., a display, 2 speaker, one or more
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light-emitting diodes (LEDs), etc.}. Communication interface 214 may include a
transceiver-like component (e.g., a transceiver, a separate receiver and transmitter,
etc.) that enables device 200 to communicate with other devices, such as viag a wired
connection, a wireless connection, or a combination of wired and wirsless
connections. Communication interface 214 may permit device 200 o receive
information from ancther device andfor provide information to ancther device. For
example, communication interface 214 may include an Ethernet interface, an optical
interface, a coaxial interface, an infrared interface, a radio frequency (RF) interface, a
universal serial bus (USB) interface, a Wi-FI® interface, a celiular network interface,
and/or the iike.

[0079] Device 200 may perform one or more processes described herein. Device
200 may perform these processes based on processor 204 executing software
instructions stored by a computer-readable medium, such as memory 206 and/or
storage component 208. A computerreadable medium may include any non-
transifory memory device. A memory device includes memory space located inside
of a single physical storage device or memory space spread across multiple physical
storage devices. Software instructions may be read into memory 206 and/or storage
component 208 from another computer-readable medium or from ancther device via
communication interface 214. When executed, software instructions stored in memory
206 and/or storage component 208 may cause processor 204 1o perform one oF mors
processes described herein. Additionally, or alternatively, hardwired circuitry may be
used in place of or in combination with software instructions to perform one or more
processes described herein. Thus, embodiments described herein are not limited to
any specific combination of hardware circuitry and software. The term “programmed
or configured,” as used herein, refers to an arrangement of software, hardware
circuitry, or any combination thereof on one or more devices.

[00380] Although the invention has been described in detail for the purpose of
ilustration based on what is currently considered o be the most practical and preferred
embodiments, it is {0 be understood that such detail is solely for that purpose and that
the invention is not limited to the disclosed embodiments, but, on the contrary, is
intended to cover modifications and equivalent arrangements that are within the spirit
and scope of the appended claims. Forexample, itis 0 be understood that the present
invention contemplates that, to the extent possible, one or more features of any

embaodiment can be combined with one or more features of any other embodiment.
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THE INVENTION CLAIMED 18:

1. A computer-implemented method for load balancing for
processing large data sets, comprising:

identifying, with at least one processor, a number of segments and &
fransaction data set comprising transaction data for a plurality of transactions, the
fransaction data for each fransaction of the plurality of transactions comprising a
fransaction value;

determining, with at least one processor, an entropy of the transaction
data set based on the transaction value of each ftransaction of the plurality of
transactions;

segmenting, with atleast one processor, the transaction data set into the
number of segments based on the entropy of the transaction data set and balancing
respective entropies of each segment of the number of segments; and

distributing, with at least one processor, processing tasks associated
with each segment of the number of segmenis to at least one processor of a plurality

of processors 1o process each transaction in sach respective segment.

2. The computer-implementied method of claim 1, wherein the
fransaction data set comprises a plurality of transaction values sorted in a data

structure stored in memory of a computer system.

3. The computer-implemented method of claim 2, wherein the data
structure comprises an array, and wherein the plurality of transaction values are stored

in the array as floating point values.

4. The compuler-implemented method of claim 1, wherein the
plurality of processors comprises a plurality of cores of at least one processor, and

wherein each segment is assigned to a core of the at least one processor.
5, The computer-implementad method of claim 1, wherein balancing

respective entropies of each segment of the number of segments comprises adjusting

a scope of each segment based on a comparison to at least one entropy of at least
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one adjacent segment such that the respective entropies of each segment are within
a predefined tolerance of the at least one entropy of the atleast one adjacent segment.

8. A computer-mplemented method for load balancing for
processing large data sets based on enfropy, comprising:

{a} identifying, with at least one progessor, a number of segments
and a transaction data set for a plurality of transactions 1o be processed, the
fransaction data set comprising data distributed over a fransaction value of each
fransaction and at least one other parameter;

{b}y  determining, with at least one processor, an enitropy of the
fransaction data sef;

{c} segmenting, with at least one processor, the transaction data set
into respective pairs of transaction data sets based on the entropy of the transaction
data set and a closest match between respective entroples of each individual
transaction data set in the pair of fransaction data sets;

{d} repealing step (c) for each transaction data set formed by
segmentation until a total number of transaction data sets reaches the number of
segments; and

{¢} distributing, with at least one processor, processing tasks
associated with each segment of the number of segmentis {0 at least one processor of

a plurality of processors to process each transaction in each respective segment.

7. The computer-implemented method of claim 6, wherein the
fransaction data set comprises a plurality of transaction values sorted in a data

structure stored in memory of a computer system.

8. The computer-implemented method of claim 7, wherein the data
structure comprises an array, and whergin the plurality of transaction values are siored

int the array as floating point values.
9. The computer-implemented method of claim 6, wherein the

plurality of processors comprises a plurality of cores of at least one processor, and

wheregin each segment is assigned to a core of the at least one processor.
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10.  The computer-implemented method of claim 6, wherein balancing
respective entropies of each segment of the number of segments comprises adjusting
a scope of each segment based on a comparison to at least one entropy of at least
one adjacent segment such that the respective entropies of each segment are within

a predefined tolerance of the at least one entropy of the at least one adjacent segment.

11. A computer program product for load balancing for processing
large data sets, comprising at least one non-transitory computer-readable medium
including program instructions that, when executed by at least one processor, cause
the at least one processor {o)

identify a number of segments and a transaction data set comprising
transaction data for a plurality of transactions, the transaction data for each transaction
of the plurality of transactions comprising a transaction value;

determine an entropy of the transaction data set based on the
transaction value of each transaction of the plurality of transactions;

segment the transaction data set into the number of segments based on
the entropy of the transaction data set and balancing respective entropies of each
segment of the number of segments; and

distribuie processing tasks associated with each segment of the number
of segmenis 1o at least one processor of a plurality of processors 1o process each

fransaction in each respective segment.

12.  The computer program product of claim 11, wherein the
fransaction data set comprises a plurality of transaction values sorted in a data

structure stored in memory of a computer system.

13.  The computer program product of claim 12, wherein the data
structure comprises an array, and whergin the plurality of transaction values are siored

int the array as floating point values.
14.  The computer program product of claim 11, wherein the plurality

of processors comprises a plurality of cores of at least one processor, and wherein

each segment is assigned to a core of the at least one processor.
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16. The computer program product of claim 11, wherein balancing
respective entropies of each segment of the number of segments comprises adjusting
a scope of each segment based on a comparison to at least one entropy of at least
one adjacent segment such that the respective entropies of each segment are within

a predefined tolerance of the at least one entropy of the at least one adjacent segment.

168. A computer program product for load balancing for processing
large dala sets based on entropy, comprising at least one non-transitory computer-
readable medium including program instructions that, when execuied by at least one
processor, cause the at least one processor to:

(a} identify a number of segments and a transaction data set for a
plurality of transactions {¢ be processed, the transaction data set comprising data
distributed over a transaction vaiue of each transaction and at least one other
parameter;

(b}  determine an entropy of the transaction data set;

{c} segment the f{ransaction data set into respective pairs of
fransaction data sets based on the entropy of the transaction data set and a closest
match between respective entropies of each individual transaction data set in the pair
of transaction data ssis;

{d} repsat step (¢} for each ftransaclion data set formed by
segmentation untll a fotal number of transaction dala sets reaches the number of
segments; and

(8} distribute processing tasks associated with each segment of the
number of segments o at least one processor of a plurality of processors to process
gach transaction in each respective segment.

17.  The computer program product of claim 16, wherein the
fransaction data set comprises a plurality of transaction values sorted in a data

structure stored in memory of a computer system.
18.  The computer program product of claim of dlaim 17, wherein the

data structure comprises an array, and wherein the plurality of transaction values are

stored in the array as floating point values.
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19. The computer program product of claim 18, wherein the plurality
of processors comprises a plurality of cores of at least one processor, and wherein

gach segment is assigned to a core of the at least one processor.

20. The computer program product of claim 18, wherein balancing
respective entropies of each segment of the number of segments comprises adjusting
a scope of each segment based on a comparison to at least one entropy of at least
one adjacent segment such that the respective entropies of each segment are within
a predefined tolerance of the at least one entropy of the at least one adjaceni segment.

21. A computer program product for load balancing for processing
large data sets, comprising at least one non-transitory computer-readable medium
including program instructions that, when executed by at least one processor, cause
the at least one processor to

identify a number of segmenis and a transaction data set comprising
transaction data for a plurality of transactions, the transaction data for each fransaction
of the plurality of transactions comprising a transaction value;

determine an eniropy of the transaction data set based on the
transaction value of each transaction of the plurality of transactions;

segment the transaction data set into the number of segments based on
the entropy of the transaction data set and balancing respective entropies of each
segment of the number of segments; and

distribute processing tasks associated with each sagmeant of the number
of segments to at least one processor of a plurality of processors to process each

transaction in each respective segment.

22.  The computer program product of claim 21, wherein the
transaction data set comprises a plurality of transaction values sorted in a dats

structure stored in memory of a computer system.
23. The computer program product of claims 21 or 22, wherein the

data structure comprises an array, and wherein the plurality of transaction values are

stored in the array as floating point values.
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24, The computer program product of any of claims 21-23, whersin
the plurality of processors comprises a plurality of cores of at least one processor, and

wherein each segment is assigned to a core of the at least one processor.

25. The computer program product of any of claims 21-23, wherein
balancing respective entropies of each segment of the number of segments comprises
adjusting a scope of each segment based on a comparison {0 at least one entropy of
at least one adjacent segment such that the respective entropies of each segment are
within a predefined folerance of the af least one entropy of the at least one adjacent

segment.

26. A computer program product for load balancing for processing
large data sets based on eniropy, comprising at least one non-transitory computer-
readable medium including program instructions that, when executed by at least one
processor, cause the at least one processor to:

{a) identify a number of segments and a transaction data sef for a
plurality of transactions to be processed, the fransaction data set comprising data
distributed over a transaction value of each fransaction and at least one other
parameter,

{b} determine an entropy of the fransaction data set;

{c} segment the transaction data set into respective pairs of
fransaction data sets based on the entropy of the transaction data set and a closest
match between respective entropies of each individual transaction data set in the pair
of transaction data sets;

{d} repeat step (¢} for each transaction datz set formed by
segmentation until 2 total number of transaction data sets reaches the number of
segments; and

{¢}  distribute processing tasks associated with sach segment of the
number of segmenis 1o at least one processor of a plurality of processors to process

gach transaction in each respeciive segment.

27.  The computer program product of claim 26, wherein the
transaction data set comprises a plurality of transaction values sorted in a data

structure stored in memory of a computer system.
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28.  The computer program product of claims 26 or 27, wherein the
data structure comprises an array, and wherein the plurality of transaction values are

stored in the array as floating point valuas.

29.  The computer program product of any of claims 26-28, wherein
the plurality of processors comprises a plurality of cores of at least one processor, and

wherein each segment is assigned to a core of the at least one processor.

30. The computer program product of any of claims 26-29, wherein
balancing respective entropies of each segment of the number of segments comprises
adjusting a scope of each segment based on a comparison {o at least one entropy of
at least one adjacent segment such that the respective entropies of each segment are
within a predefined tolerance of the at least one entropy of the at least one adjacent

segment.

31. A computer-implemented method for load balancing for
processing large data sets, comprising:

identifying, with at least one processor, a number of segments and a
transaction data set comprising transaction data for a plurality of transactions, the
fransaction data for each fransaction of the plurality of transactions comprising a
fransaction value;

determining, with at least one processor, an entropy of the transaction
data set based on the transaction value of each transaction of the plurality of
transactions;

segmenting, with at least one processor, the transaction data set into the
number of segments based on the entropy of the transaction data set and balancing
respective eniropies of each segment of the number of segments; and

distributing, with at least one processor, processing tasks associated
with each segment of the number of segments {0 at least one processor of a plurality

of processors {0 process each transaction in each respective segment.

32. The computer-implemented method of claim 31, whergin the
transaction data set comprises a plurality of transaction values sorted in a data

structure stored in memory of a computer system.
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33. The computer-implemented method of claims 31 or 32, wherein
the data structure comprises an array, and wherein the plurality of transaction values

are stored in the array as floating point values.

34. The computer-implemented method of any of claims 31-33,
whergin the plurality of processors comprises a plurality of cores of at least one
processor, and wherein each segment is assigned to a core of the at least one

Rrocaessor.

35, The computer-implemented methoed of any of claims 31-34,
wherein balancing respective entropies of each segment of the number of segments
comprises adjusting a scope of each segment based on a comparison o at izast one
entropy of at least one adjacent segment such that the respective entropies of each
segment are within a predefinad tolerance of the at least one entropy of the at least

one adjacent segmaent.
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