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SYSTEM, METHOD, AND COMPUTER
PROGRAM PRODUCT FOR EFFICIENTLY
JOINING TIME-SERIES DATA TABLES

BACKGROUND

1. Technical Field

[0001] This disclosure relates generally to joining and
merging datasets and, in non-limiting embodiments or
aspects, to systems, methods, and computer program prod-
ucts for efficiently joining time-series data tables.

2. Technical Considerations

[0002] Large tables of data may need to be joined together
(e.g., fuzzily joined) to allow for combined analysis and to
provide for more meaningful insights than from one data
table alone. Joining large tables may involve identifying a
primary key column and matching up records (e.g., rows) of
two data tables based on matching values of a column and
rules for a fuzzy join. For example, transaction processing
systems in electronic payment processing networks may
need to join datasets of payment authorization and settle-
ment data by use of multiple fuzzy rules (e.g., matching
payment authorization and settlement records even if there
is a 10% deviation in transaction amount) in addition to an
account number. For large data tables (e.g., with millions of
records), the joining process may be computationally slow
and resource intensive. A join operation where one or both
tables are large may take time on the scale of hours, days, or
longer.

[0003] The computational inefficiency of joining large
data tables may be particularly acute when such large data
tables are populated continually, e.g., constantly receiving
new data over a period of hours, days, etc. This type of data
may also be sortable by time (e.g., time-series records) as it
is continually produced. For example, transaction process-
ing systems in electronic payment processing networks may
receive and generate large volumes of transaction data every
second, such as for the purposes of authorization and settle-
ment of payment transactions. If a transaction service pro-
vider desired to join such large data tables for analytic
purposes, and if said join took a long time to execute (e.g.,
processing records slower than the rate of new data being
generated, joining in a time interval longer than an interval
for data collection, etc.), then it may be difficult to obtain
meaningful insights from such a join in a timely manner.
[0004] Computational inefficiencies may also be exacer-
bated if the number of records for a specific value in the join
column varies substantially. For example, in an electronic
payment processing network, some merchants may have a
few hundred transactions in a month, while others may have
more than millions. This situation is also referred to as data
skew. Use of multiple processors to join tables of unequal
size may lead to certain processors executing a large portion
of the join process, while other processors are executing a
small portion of the join process. As such, only some of the
join process is effectively in parallel, and the overall com-
putation time may be undesirably extended until the over-
loaded processor finishes processing its larger portion.
[0005] Accordingly, there is a need in the art for a tech-
nical solution that provides for efficient fuzzy and non-fuzzy
joining of data tables, including large data tables, time-series
data tables, and/or skewed data tables of unequal size. There
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is a need to reduce the overall computation time in joining
such data tables to improve the functioning of a computer
system that relies on such joined data tables.

SUMMARY

[0006] According to some non-limiting embodiments or
aspects, provided are systems, methods, and computer pro-
gram products for efficiently joining time-series data tables
that overcome some or all of the deficiencies identified
above.

[0007] According to some non-limiting embodiments or
aspects, provided is a computer-implemented method for
efficiently joining time-series data tables. The method
includes loading, with at least one processor, a first table and
a second table into at least one memory, the first table
including a set of first time-series records and the second
table including a set of second time-series records, each first
time-series record of the set of first time-series records
including a first plurality of attributes, and each second
time-series record of the set of second time-series records
including a second plurality of attributes, wherein a first
attribute of the first plurality of attributes is of a target type
and a second attribute of the second plurality of attributes is
of the target type, and wherein the first plurality of attributes
further includes a respective first time stamp of each first
time-series record and the second plurality of attributes
further includes a respective second time stamp of each
second time-series record. The method further includes
generating, with at least one processor, a set of first key-
value pairs based on the set of first time-series records of the
first table and a set of second key-value pairs based on the
set of second time-series records of the second table,
wherein each first key-value pair of the set of first key-value
pairs includes, for each first time-series record, a first key
based on the first attribute and a first value based on at least
one first other attribute of the first plurality of attributes, and
wherein each second key-value pair of the set of second
key-value pairs includes, for each second time-series record,
a second key based on the second attribute and a second
value based on at least one second other attribute of the
second plurality of attributes. The method further includes
sorting, with at least one processor, the set of first key-value
pairs based on the first key and the respective first time
stamp of each first time-series record. The method further
includes sorting, with at least one processor, the set of
second key-value pairs based on the second key and the
respective second time stamp of each second time-series
record. The method further includes interleaving, with at
least one processor, the set of first key-value pairs with the
set of second key-value pairs based on the respective first
time stamp of each first time-series record and the respective
second time stamp of each second time-series record. The
method further includes sequentially matching, with at least
one processor, each respective second time-series record
with a respective first time-series record based on the second
key, the respective second time stamp, the first key, and the
respective first time stamp, to form a respective joined
record in a joined table. The method further includes, in
response to matching each respective second time-series
record with the respective first time-series record, removing,
with at least one processor, the respective second time-series
record from the at least one memory.

[0008] In some non-limiting embodiments or aspects, the
matching of each respective second time-series record with
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a respective first time-series record may be carried out on
one of a plurality of server nodes, and each node of the
plurality of server nodes may execute an independent map-
per to match a different subset of first time-series records of
the set of first time-series records in parallel with each other
node of the plurality of server nodes.

[0009] In some non-limiting embodiments or aspects, at
least one of the first table and the second table may be
skewed. The method may further include replicating, with at
least one processor and before generating the set of first
key-value pairs, each first time-series record of the set of
first time-series records a predetermined number of times to
yield a plurality of identical records for said each first
time-series record, thereby increasing a size of the set of first
time-series records in proportion to the predetermined num-
ber. The matching of each respective second time-series
record with a respective first time-series record may further
include randomly matching said each respective second
time-series record with one time-series record of the plural-
ity of identical records for said respective first time-series
record.

[0010] In some non-limiting embodiments or aspects, the
predetermined number of times each first time-series record
is replicated may be at least ten. A number of the plurality
of identical records may be a same number as the plurality
of server nodes. FEach identical record of the plurality of
identical records may be sent to a different mapper of the
plurality of server nodes. The randomly matching of said
each respective second time-series record further may
include randomly selecting a mapper of the plurality of
server nodes.

[0011] In some non-limiting embodiments or aspects, the
set of first time-series records may include a plurality of
transaction authorization records processed by a transaction
processing system. The set of second time-series records
may include a plurality of transaction settlement records
processed by the transaction processing system.

[0012] In some non-limiting embodiments or aspects, the
removing of each respective second time-series record from
the at least one memory may occur in real-time immediately
after said each respective second time-series record is
matched with the respective first time-series record.

[0013] According to some non-limiting embodiments or
aspects, provided is a system for efficiently joining time-
series data tables. The system includes at least one server
including at least one processor. The at least one server is
programmed or configured to load a first table and a second
table into at least one memory, the first table including a set
of first time-series records and the second table including a
set of second time-series records, each first time-series
record of the set of first time-series records including a first
plurality of attributes, and each second time-series record of
the set of second time-series records including a second
plurality of attributes, wherein a first attribute of the first
plurality of attributes is of a target type and a second
attribute of the second plurality of attributes is of the target
type, and wherein the first plurality of attributes further
includes a respective first time stamp of each first time-series
record and the second plurality of attributes further includes
a respective second time stamp of each second time-series
record. The at least one server is programmed or configured
to generate a set of first key-value pairs based on the set of
first time-series records of the first table and a set of second
key-value pairs based on the set of second time-series
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records of the second table, wherein each first key-value pair
of the set of first key-value pairs includes, for each first
time-series record, a first key based on the first attribute and
a first value based on at least one first other attribute of the
first plurality of attributes, and wherein each second key-
value pair of the set of second key-value pairs includes, for
each second time-series record, a second key based on the
second attribute and a second value based on at least one
second other attribute of the second plurality of attributes.
The at least one server is programmed or configured to sort
the set of first key-value pairs based on the first key and the
respective first time stamp of each first time-series record.
The at least one server is programmed or configured to sort
the set of second key-value pairs based on the second key
and the respective second time stamp of each second time-
series record. The at least one server is programmed or
configured to interleave the set of first key-value pairs with
the set of second key-value pairs based on the respective first
time stamp of each first time-series record and the respective
second time stamp of each second time-series record. The at
least one server is programmed or configured to sequentially
match each respective second time-series record with a
respective first time-series record based on the second key,
the respective second time stamp, the first key, and the
respective first time stamp, to form a respective joined
record in a joined table. The at least one server is pro-
grammed or configured to, in response to matching each
respective second time-series record with the respective first
time-series record, remove the respective second time-series
record from the at least one memory.

[0014] In some non-limiting embodiments or aspects, the
at least one server may include a plurality of server nodes.
Matching each respective second time-series record with a
respective first time-series record may be carried out on one
of the plurality of server nodes. Each node of the plurality
of server nodes may execute an independent mapper to
match a different subset of first time-series records of the set
of first time-series records in parallel with each other node
of the plurality of server nodes.

[0015] In some non-limiting embodiments or aspects, at
least one of the first table and the second table may be
skewed. The at least one server may be further programmed
or configured to replicate, before generating the set of first
key-value pairs, each first time-series record of the set of
first time-series records a predetermined number of times to
yield a plurality of identical records for said each first
time-series record, thereby increasing a size of the set of first
time-series records in proportion to the predetermined num-
ber. Matching each respective second time-series record
with a respective first time-series record may further include
randomly matching said each respective second time-series
record with one time-series record of the plurality of iden-
tical records for said respective first time-series record.

[0016] In some non-limiting embodiments or aspects, the
predetermined number of times each first time-series record
is replicated may be at least ten. A number of the plurality
of identical records may be a same number as the plurality
of server nodes. Each identical record of the plurality of
identical records may be sent to a different mapper of the
plurality of server nodes. The randomly matching of said
each respective second time-series record may further
include randomly selecting a mapper of the plurality of
server nodes.



US 2023/0306024 Al

[0017] In some non-limiting embodiments or aspects, the
at least one server may be a part of a transaction processing
system. The set of first time-series records may include a
plurality of transaction authorization records processed by
the transaction processing system. The set of second time-
series records may include a plurality of transaction settle-
ment records processed by the transaction processing sys-
tem.

[0018] In some non-limiting embodiments or aspects,
removing each respective second time-series record from the
at least one memory may occur in real-time immediately
after said each respective second time-series record is
matched with the respective first time-series record.

[0019] According to some non-limiting embodiments or
aspects, provided is a computer program product for effi-
ciently joining time-series data tables. The computer pro-
gram product includes 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 load a first table and a second table into at least
one memory, the first table including a set of first time-series
records and the second table including a set of second
time-series records, each first time-series record of the set of
first time-series records including a first plurality of attri-
butes, and each second time-series record of the set of
second time-series records including a second plurality of
attributes, wherein a first attribute of the first plurality of
attributes is of a target type and a second attribute of the
second plurality of attributes is of the target type, and
wherein the first plurality of attributes further includes a
respective first time stamp of each first time-series record
and the second plurality of attributes further includes a
respective second time stamp of each second time-series
record. The program instructions further cause the at least
one processor to generate a set of first key-value pairs based
on the set of first time-series records of the first table and a
set of second key-value pairs based on the set of second
time-series records of the second table, wherein each first
key-value pair of the set of first key-value pairs includes, for
each first time-series record, a first key based on the first
attribute and a first value based on at least one first other
attribute of the first plurality of attributes, and wherein each
second key-value pair of the set of second key-value pairs
includes, for each second time-series record, a second key
based on the second attribute and a second value based on
at least one second other attribute of the second plurality of
attributes. The program instructions further cause the at least
one processor to sort the set of first key-value pairs based on
the first key and the respective first time stamp of each first
time-series record. The program instructions further cause
the at least one processor to sort the set of second key-value
pairs based on the second key and the respective second time
stamp of each second time-series record. The program
instructions further cause the at least one processor to
interleave the set of first key-value pairs with the set of
second key-value pairs based on the respective first time
stamp of each first time-series record and the respective
second time stamp of each second time-series record. The
program instructions further cause the at least one processor
to sequentially match each respective second time-series
record with a respective first time-series record based on the
second key, the respective second time stamp, the first key,
and the respective first time stamp, to form a respective
joined record in a joined table. The program instructions
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further cause the at least one processor to, in response to
matching each respective second time-series record with the
respective first time-series record, remove the respective
second time-series record from the at least one memory.
[0020] In some non-limiting embodiments or aspects, the
at least one processor may include a plurality of server
nodes. Matching each respective second time-series record
with a respective first time-series record may be carried out
on one of the plurality of server nodes. Each node of the
plurality of server nodes may execute an independent map-
per to match a different subset of first time-series records of
the set of first time-series records in parallel with each other
node of the plurality of server nodes.

[0021] In some non-limiting embodiments or aspects, at
least one of the first table and the second table may be
skewed. The program instructions may further cause the at
least one processor to replicate, before generating the set of
first key-value pairs, each first time-series record of the set
of first time-series records a predetermined number of times
to yield a plurality of identical records for said each first
time-series record, thereby increasing a size of the set of first
time-series records in proportion to the predetermined num-
ber. Matching each respective second time-series record
with a respective first time-series record may further include
randomly matching said each respective second time-series
record with one time-series record of the plurality of iden-
tical records for said respective first time-series record.
[0022] In some non-limiting embodiments or aspects, the
predetermined number of times each first time-series record
is replicated may be at least ten. A number of the plurality
of identical records may be a same number as the plurality
of server nodes. Each identical record of the plurality of
identical records may be sent to a different mapper of the
plurality of server nodes. The randomly matching of said
each respective second time-series record may further
include randomly selecting a mapper of the plurality of
server nodes.

[0023] In some non-limiting embodiments or aspects,
removing each respective second time-series record from the
at least one memory may occur in real-time immediately
after said each respective second time-series record is
matched with the respective first time-series record.

[0024] Other non-limiting embodiments or aspects will be
set forth in the following numbered clauses:

[0025] Clause 1: A computer-implemented method com-
prising: loading, with at least one processor, a first table and
a second table into at least one memory, the first table
comprising a set of first time-series records and the second
table comprising a set of second time-series records, each
first time-series record of the set of first time-series records
comprising a first plurality of attributes, and each second
time-series record of the set of second time-series records
comprising a second plurality of attributes, wherein a first
attribute of the first plurality of attributes is of a target type
and a second attribute of the second plurality of attributes is
of the target type, and wherein the first plurality of attributes
further comprises a respective first time stamp of each first
time-series record and the second plurality of attributes
further comprises a respective second time stamp of each
second time-series record; generating, with at least one
processor, a set of first key-value pairs based on the set of
first time-series records of the first table and a set of second
key-value pairs based on the set of second time-series
records of the second table, wherein each first key-value pair
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of the set of first key-value pairs comprises, for each first
time-series record, a first key based on the first attribute and
a first value based on at least one first other attribute of the
first plurality of attributes, and wherein each second key-
value pair of the set of second key-value pairs comprises, for
each second time-series record, a second key based on the
second attribute and a second value based on at least one
second other attribute of the second plurality of attributes;
sorting, with at least one processor, the set of first key-value
pairs based on the first key and the respective first time
stamp of each first time-series record; sorting, with at least
one processor, the set of second key-value pairs based on the
second key and the respective second time stamp of each
second time-series record; interleaving, with at least one
processor, the set of first key-value pairs with the set of
second key-value pairs based on the respective first time
stamp of each first time-series record and the respective
second time stamp of each second time-series record;
sequentially matching, with at least one processor, each
respective second time-series record with a respective first
time-series record based on the second key, the respective
second time stamp, the first key, and the respective first time
stamp, to form a respective joined record in a joined table;
and, in response to matching each respective second time-
series record with the respective first time-series record,
removing, with at least one processor, the respective second
time-series record from the at least one memory.

[0026] Clause 2: The method of clause 1, wherein the
matching of each respective second time-series record with
the respective first time-series record is carried out on one of
a plurality of server nodes, and wherein each node of the
plurality of server nodes executes an independent mapper to
match a different subset of first time-series records of the set
of first time-series records in parallel with each other node
of the plurality of server nodes.

[0027] Clause 3: The method of clause 1 or clause 2,
wherein at least one of the first table and the second table is
skewed, the method further comprising: replicating, with at
least one processor and before generating the set of first
key-value pairs, each first time-series record of the set of
first time-series records a predetermined number of times to
yield a plurality of identical records for said each first
time-series record, thereby increasing a size of the set of first
time-series records in proportion to the predetermined num-
ber; and wherein the matching of each respective second
time-series record with the respective first time-series record
further comprises randomly matching said each respective
second time-series record with one time-series record of the
plurality of identical records for said respective first time-
series record.

[0028] Clause 4: The method of any of clauses 1-3,
wherein the predetermined number of times each first time-
series record is replicated is at least ten.

[0029] Clause 5: The method of any of clauses 1-4,
wherein a number of the plurality of identical records is a
same number as the plurality of server nodes, wherein each
identical record of the plurality of identical records is sent to
a different mapper of the plurality of server nodes, and
wherein the randomly matching of said each respective
second time-series record further comprises randomly
selecting a mapper of the plurality of server nodes.

[0030] Clause 6: The method of any of clauses 1-5,
wherein the set of first time-series records comprises a
plurality of transaction authorization records processed by a
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transaction processing system, and wherein the set of second
time-series records comprises a plurality of transaction
settlement records processed by the transaction processing
system.

[0031] Clause 7: The method of any of clauses 1-6,
wherein the removing of each respective second time-series
record from the at least one memory occurs in real-time
immediately after said each respective second time-series
record is matched with the respective first time-series record.

[0032] Clause 8: A system comprising at least one server
comprising at least one processor, wherein the at least one
server is programmed or configured to: load a first table and
a second table into at least one memory, the first table
comprising a set of first time-series records and the second
table comprising a set of second time-series records, each
first time-series record of the set of first time-series records
comprising a first plurality of attributes, and each second
time-series record of the set of second time-series records
comprising a second plurality of attributes, wherein a first
attribute of the first plurality of attributes is of a target type
and a second attribute of the second plurality of attributes is
of the target type, and wherein the first plurality of attributes
further comprises a respective first time stamp of each first
time-series record and the second plurality of attributes
further comprises a respective second time stamp of each
second time-series record; generate a set of first key-value
pairs based on the set of first time-series records of the first
table and a set of second key-value pairs based on the set of
second time-series records of the second table, wherein each
first key-value pair of the set of first key-value pairs com-
prises, for each first time-series record, a first key based on
the first attribute and a first value based on at least one first
other attribute of the first plurality of attributes, and wherein
each second key-value pair of the set of second key-value
pairs comprises, for each second time-series record, a sec-
ond key based on the second attribute and a second value
based on at least one second other attribute of the second
plurality of attributes; sort the set of first key-value pairs
based on the first key and the respective first time stamp of
each first time-series record; sort the set of second key-value
pairs based on the second key and the respective second time
stamp of each second time-series record; interleave the set of
first key-value pairs with the set of second key-value pairs
based on the respective first time stamp of each first time-
series record and the respective second time stamp of each
second time-series record; sequentially match each respec-
tive second time-series record with a respective first time-
series record based on the second key, the respective second
time stamp, the first key, and the respective first time stamp,
to form a respective joined record in a joined table; and, in
response to matching each respective second time-series
record with the respective first time-series record, remove
the respective second time-series record from the at least one
memory.

[0033] Clause 9: The system of clause 8, wherein the at
least one server comprises a plurality of server nodes,
wherein matching each respective second time-series record
with a respective first time-series record is carried out on one
of' the plurality of server nodes, and wherein each node of the
plurality of server nodes executes an independent mapper to
match a different subset of first time-series records of the set
of first time-series records in parallel with each other node
of the plurality of server nodes.
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[0034] Clause 10: The system of clause 8 or clause 9,
wherein at least one of the first table and the second table is
skewed, and wherein the at least one server is further
programmed or configured to: replicate, before generating
the set of first key-value pairs, each first time-series record
of' the set of first time-series records a predetermined number
of times to yield a plurality of identical records for said each
first time-series record, thereby increasing a size of the set
of first time-series records in proportion to the predeter-
mined number; and wherein matching each respective sec-
ond time-series record with a respective first time-series
record further comprises randomly matching said each
respective second time-series record with one time-series
record of the plurality of identical records for said respective
first time-series record.

[0035] Clause 11: The system of any of clauses 8-10,
wherein the predetermined number of times each first time-
series record is replicated is at least ten.

[0036] Clause 12: The system of any of clauses 8-11,
wherein a number of the plurality of identical records is a
same number as the plurality of server nodes, wherein each
identical record of the plurality of identical records is sent to
a different mapper of the plurality of server nodes, and
wherein the randomly matching of said each respective
second time-series record further comprises randomly
selecting a mapper of the plurality of server nodes.

[0037] Clause 13: The system of any of clauses 8-12,
wherein the at least one server is part of a transaction
processing system, wherein the set of first time-series
records comprises a plurality of transaction authorization
records processed by the transaction processing system, and
wherein the set of second time-series records comprises a
plurality of transaction settlement records processed by the
transaction processing system.

[0038] Clause 14: The system of any of clauses 8-13,
wherein removing each respective second time-series record
from the at least one memory occurs in real-time immedi-
ately after said each respective second time-series record is
matched with the respective first time-series record.

[0039] Clause 15: A computer program product compris-
ing 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: load
a first table and a second table into at least one memory, the
first table comprising a set of first time-series records and the
second table comprising a set of second time-series records,
each first time-series record of the set of first time-series
records comprising a first plurality of attributes, and each
second time-series record of the set of second time-series
records comprising a second plurality of attributes, wherein
a first attribute of the first plurality of attributes is of a target
type and a second attribute of the second plurality of
attributes is of the target type, and wherein the first plurality
of attributes further comprises a respective first time stamp
of each first time-series record and the second plurality of
attributes further comprises a respective second time stamp
of each second time-series record; generate a set of first
key-value pairs based on the set of first time-series records
of'the first table and a set of second key-value pairs based on
the set of second time-series records of the second table,
wherein each first key-value pair of the set of first key-value
pairs comprises, for each first time-series record, a first key
based on the first attribute and a first value based on at least
one first other attribute of the first plurality of attributes, and
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wherein each second key-value pair of the set of second
key-value pairs comprises, for each second time-series
record, a second key based on the second attribute and a
second value based on at least one second other attribute of
the second plurality of attributes; sort the set of first key-
value pairs based on the first key and the respective first time
stamp of each first time-series record; sort the set of second
key-value pairs based on the second key and the respective
second time stamp of each second time-series record; inter-
leave the set of first key-value pairs with the set of second
key-value pairs based on the respective first time stamp of
each first time-series record and the respective second time
stamp of each second time-series record; sequentially match
each respective second time-series record with a respective
first time-series record based on the second key, the respec-
tive second time stamp, the first key, and the respective first
time stamp, to form a respective joined record in a joined
table; and, in response to matching each respective second
time-series record with the respective first time-series
record, remove the respective second time-series record
from the at least one memory.

[0040] Clause 16: The computer program product of
clause 15, wherein the at least one processor comprises a
plurality of server nodes, wherein matching each respective
second time-series record with a respective first time-series
record is carried out on one of the plurality of server nodes,
and wherein each node of the plurality of server nodes
executes an independent mapper to match a different subset
of first time-series records of the set of first time-series
records in parallel with each other node of the plurality of
server nodes.

[0041] Clause 17: The computer program product of
clause 15 or clause 16, wherein at least one of the first table
and the second table is skewed, and wherein the program
instructions further cause the at least one processor to:
replicate, before generating the set of first key-value pairs,
each first time-series record of the set of first time-series
records a predetermined number of times to yield a plurality
of identical records for said each first time-series record,
thereby increasing a size of the set of first time-series records
in proportion to the predetermined number; and wherein
matching each respective second time-series record with a
respective first time-series record further comprises ran-
domly matching said each respective second time-series
record with one time-series record of the plurality of iden-
tical records for said respective first time-series record.

[0042] Clause 18: The computer program product of any
of clauses 15-17, wherein the predetermined number of
times each first time-series record is replicated is at least ten.

[0043] Clause 19: The computer program product of any
of clauses 15-18, wherein a number of the plurality of
identical records is a same number as the plurality of server
nodes, wherein each identical record of the plurality of
identical records is sent to a different mapper of the plurality
of server nodes, and wherein the randomly matching of said
each respective second time-series record further comprises
randomly selecting a mapper of the plurality of server nodes.

[0044] Clause 20: The computer program product of any
of clauses 15-19, wherein removing each respective second
time-series record from the at least one memory occurs in
real-time immediately after said each respective second
time-series record is matched with the respective first time-
series record.
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[0045] Clause 21: A computer-implemented method com-
prising: partially or completely loading, with at least one
processor, a first table and a second table into at least one
memory, the first table comprising a set of first records and
the second table comprising a set of second records, each
first record of the set of first records comprising a first
plurality of attributes, and each second record of the set of
second records comprising a second plurality of attributes,
wherein a first attribute of the first plurality of attributes is
of a target type and a second attribute of the second plurality
of attributes is of the target type, and wherein at least one of
the first table and the second table is skewed; replicating,
with at least one processor, each first record of the set of first
records a predetermined number of times to yield a plurality
of identical records for said each first record, thereby
increasing a size of the set of first records in proportion to
the predetermined number; generating, with at least one
processor, a set of first key-value pairs based on the set of
first records of the first table and a set of second key-value
pairs based on the set of second records of the second table,
wherein each first key-value pair of the set of first key-value
pairs comprises, for each first record, a first key based on the
first attribute and a first value based on at least one first other
attribute of the first plurality of attributes, and wherein each
second key-value pair of the set of second key-value pairs
comprises, for each second record, a second key based on
the second attribute and a second value based on at least one
second other attribute of the second plurality of attributes;
sorting, with at least one processor, the set of first key-value
pairs based on the first key; sorting, with at least one
processor, the set of second key-value pairs based on the
second key; and matching, with at least one processor, each
respective second record with a respective first record based
on the second key and the first key, to form a respective
joined record in a joined table, wherein the matching is
carried out on one of a plurality of server nodes, wherein
each node of the plurality of server nodes executes an
independent mapper to match a different subset of first
records of the set of first records in parallel with each other
node of the plurality of server nodes, and wherein the
matching of each respective second record with a respective
first record further comprises randomly matching said each
respective second record with one record of the plurality of
identical records for said respective first record.

[0046] Clause 22: A system comprising at least one server
comprising at least one processor, wherein the at least one
server is programmed or configured to: partially or com-
pletely load a first table and a second table into at least one
memory, the first table comprising a set of first records and
the second table comprising a set of second records, each
first record of the set of first records comprising a first
plurality of attributes, and each second record of the set of
second records comprising a second plurality of attributes,
wherein a first attribute of the first plurality of attributes is
of a target type and a second attribute of the second plurality
of attributes is of the target type, and wherein at least one of
the first table and the second table is skewed; replicate each
first record of the set of first records a predetermined number
of times to yield a plurality of identical records for said each
first record, thereby increasing a size of the set of first
records in proportion to the predetermined number; generate
a set of first key-value pairs based on the set of first records
of'the first table and a set of second key-value pairs based on
the set of second records of the second table, wherein each
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first key-value pair of the set of first key-value pairs com-
prises, for each first record, a first key based on the first
attribute and a first value based on at least one first other
attribute of the first plurality of attributes, and wherein each
second key-value pair of the set of second key-value pairs
comprises, for each second record, a second key based on
the second attribute and a second value based on at least one
second other attribute of the second plurality of attributes;
sort the set of first key-value pairs based on the first key; sort
the set of second key-value pairs based on the second key;
and match each respective second record with a respective
first record based on the second key and the first key, to form
a respective joined record in a joined table, wherein the
matching is carried out on one of a plurality of server nodes,
wherein each node of the plurality of server nodes executes
an independent mapper to match a different subset of first
records of the set of first records in parallel with each other
node of the plurality of server nodes, and wherein the
matching of each respective second record with a respective
first record further comprises randomly matching said each
respective second record with one record of the plurality of
identical records for said respective first record.

[0047] Clause 23: A computer program product compris-
ing 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:
partially or completely load a first table and a second table
into at least one memory, the first table comprising a set of
first records and the second table comprising a set of second
records, each first record of the set of first records compris-
ing a first plurality of attributes, and each second record of
the set of second records comprising a second plurality of
attributes, wherein a first attribute of the first plurality of
attributes is of a target type and a second attribute of the
second plurality of attributes is of the target type, and
wherein at least one of the first table and the second table is
skewed; replicate each first record of the set of first records
a predetermined number of times to yield a plurality of
identical records for said each first record, thereby increas-
ing a size of the set of first records in proportion to the
predetermined number; generate a set of first key-value pairs
based on the set of first records of the first table and a set of
second key-value pairs based on the set of second records of
the second table, wherein each first key-value pair of the set
of first key-value pairs comprises, for each first record, a first
key based on the first attribute and a first value based on at
least one first other attribute of the first plurality of attri-
butes, and wherein each second key-value pair of the set of
second key-value pairs comprises, for each second record, a
second key based on the second attribute and a second value
based on at least one second other attribute of the second
plurality of attributes; sort the set of first key-value pairs
based on the first key; sort the set of second key-value pairs
based on the second key; and match each respective second
record with a respective first record based on the second key
and the first key, to form a respective joined record in a
joined table, wherein the matching is carried out on one of
a plurality of server nodes, wherein each node of the
plurality of server nodes executes an independent mapper to
match a different subset of first records of the set of first
records in parallel with each other node of the plurality of
server nodes, and wherein the matching of each respective
second record with a respective first record further com-
prises randomly matching said each respective second
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record with one record of the plurality of identical records
for said respective first record.

[0048] These and other features and characteristics 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 to be
expressly understood, however, that the drawings are for the
purpose of illustration and description only and are not
intended as a definition of the limits of the present disclo-
sure. 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

[0049] Additional advantages and details of the disclosure
are explained in greater detail below with reference to the
exemplary embodiments that are illustrated in the accom-
panying figures, in which:

[0050] FIG. 1 is a schematic diagram of a system for
efficiently joining data tables, according to some non-lim-
iting embodiments or aspects;

[0051] FIG. 2 is a diagram of one or more components,
devices, and/or systems, according to some non-limiting
embodiments or aspects;

[0052] FIG. 3 is a flow diagram of a method for efficiently
joining time-series data tables, according to some non-
limiting embodiments or aspects;

[0053] FIG. 4 is a flow diagram of a method for efficiently
joining data tables with data skew, according to some
non-limiting embodiments or aspects;

[0054] FIG. 5 is an illustrative diagram of a method for
efficiently joining large data tables, according to some
non-limiting embodiments or aspects;

[0055] FIG. 6 is a schematic and flow diagram of a system
and method for efficiently joining data tables, according to
some non-limiting embodiments or aspects;

[0056] FIG. 7 is a schematic diagram of a method for
efficiently joining data tables of with data skew, according to
some non-limiting embodiments or aspects; and

[0057] FIG. 8 is a schematic diagram of a method for
efficiently joining time-series data tables, according to some
non-limiting embodiments or aspects.

[0058] It should be appreciated by those skilled in the art
that any block diagrams herein represent conceptual views
of illustrative systems embodying the principles of the
present subject matter. Similarly, it may be appreciated that
any flow charts, flow diagrams, state transition diagrams,
pseudo code, and the like represent various processes which
may be substantially represented in computer readable
medium and executed by a computer or processor, whether
or not such computer or processor is explicitly shown.

DETAILED DESCRIPTION

[0059] For purposes of the description hereinafter, the
terms “upper”, “lower”, “right”, “left”, “vertical”, “horizon-
tal”, “top”, “bottom”, “lateral”, “longitudinal,” and deriva-
tives thereof shall relate to non-limiting embodiments or

aspects as they are oriented in the drawing figures. However,

Sep. 28, 2023

it is to be understood that non-limiting embodiments or
aspects may assume various alternative variations and step
sequences, except where expressly specified to the contrary.
It is also to be understood that the specific devices and
processes illustrated in the attached drawings, and described
in the following specification, are simply exemplary
embodiments or aspects. Hence, specific dimensions and
other physical characteristics related to the embodiments or
aspects disclosed herein are not to be considered as limiting.
[0060] No aspect, component, element, structure, act, step,
function, instruction, and/or the like used herein should be
construed as critical or essential unless explicitly described
as such. Also, as used herein, the articles “a” and “an” are
intended to include one or more items and may be used
interchangeably with “one or more” and “at least one.”
Furthermore, as used herein, the term “set” is intended to
include one or more items (e.g., related items, unrelated
items, a combination of related and unrelated items, etc.) and
may be used interchangeably with “one or more” or “at least
one.” Where only one item is intended, the term “one” or
similar language is used. Also, as used herein, the terms
“has,” “have,” “having,” or the like are intended to be
open-ended terms. Further, the phrase “based on” is intended
to mean “based at least partially on” unless explicitly stated
otherwise.

[0061] Some non-limiting embodiments or aspects are
described herein in connection with thresholds. As used
herein, satistying a threshold may refer to a value being
greater than the threshold, more than the threshold, higher
than the threshold, greater than or equal to the threshold, less
than the threshold, fewer than the threshold, lower than the
threshold, less than or equal to the threshold, equal to the
threshold, and/or the like.

[0062] As used herein, the term “acquirer institution” may
refer to an entity licensed and/or approved by a transaction
service provider to originate transactions (e.g., payment
transactions) using a payment device associated with the
transaction service provider. The transactions the acquirer
institution may originate may include payment transactions
(e.g., purchases, original credit transactions (OCTs), account
funding transactions (AFTs), and/or the like). In some
non-limiting embodiments or aspects, an acquirer institution
may be a financial institution, such as a bank. As used herein,
the term “acquirer system” may refer to one or more
computing devices operated by or on behalf of an acquirer
institution, such as a server computer executing one or more
software applications.

[0063] 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 “token” 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 and/or sym-
bols. Tokens may be associated with a PAN or other original
account identifier in one or more data structures (e.g., one or
more databases, and/or the like) such that they may be used
to 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.

[0064] As used herein, the term “communication” may
refer to the reception, receipt, transmission, transfer, provi-
sion, and/or the like, of data (e.g., information, signals,
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messages, instructions, commands, and/or the like). For one
unit (e.g., a device, a system, a component of a device or
system, combinations thereof, and/or the like) to be in
communication with another unit means that the one unit is
able to directly or indirectly receive information from and/or
transmit information to the other unit. This may refer to a
direct or indirect connection (e.g., a direct communication
connection, an indirect communication connection, and/or
the like) that is wired and/or wireless in nature. Additionally,
two units may be in communication with each other even
though the information transmitted may be modified, pro-
cessed, relayed, and/or routed between the first and second
unit. For example, a first unit may be in communication with
a second unit even though the first unit passively receives
information and does not actively transmit information to
the second unit. As another example, a first unit may be in
communication with a second unit if at least one interme-
diary unit processes information received from the first unit
and communicates the processed information to the second
unit.

[0065] As used herein, the term “computing device” may
refer to one or more electronic devices configured to process
data. A computing device may, in some examples, include
the necessary components to receive, process, and output
data, such as a processor, a display, a memory, an input
device, a network interface, and/or the like. 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., watches, glasses, lenses, clothing, and/or the
like), a personal digital assistant (PDA), and/or other like
devices. A computing device may also be a desktop com-
puter or other form of non-mobile computer. An “applica-
tion” or “application program interface” (API) may refer to
computer code or other data sorted on a computer-readable
medium that may be executed by a processor to facilitate the
interaction between software components, such as a client-
side front-end and/or server-side back-end for receiving data
from the client. An “interface” may refer to a generated
display, such as one or more graphical user interfaces (GUIs)
with which a user may interact, either directly or indirectly
(e.g., through a keyboard, mouse, etc.).

[0066] As used herein, the terms “electronic wallet” and
“electronic wallet application” refer to one or more elec-
tronic devices and/or software applications configured to
initiate and/or conduct payment transactions. For example,
an electronic wallet may include a mobile device executing
an electronic wallet application, and may further include
server-side software and/or databases for maintaining and
providing transaction data to the mobile device. An “elec-
tronic wallet provider” may include an entity that provides
and/or maintains an electronic wallet for a customer, such as
Google Pay®, Android Pay®, Apple Pay®, Samsung Pay®,
and/or other like electronic payment systems. In some
non-limiting examples, an issuer bank may be an electronic
wallet provider.

[0067] As used herein, the term “issuer institution” may
refer to one or more entities, such as a bank, that provide
accounts to customers for conducting transactions (e.g.,
payment transactions), 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
uniquely identifies one or more accounts associated with that
customer. The account identifier may be embodied on a
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portable financial device, such as a physical financial instru-
ment, e.g., a payment card, and/or may be electronic and
used for electronic payments. The term “issuer system”
refers to one or more computer devices 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 transaction.

[0068] As used herein, the term “merchant” may refer to
an individual or entity that provides goods and/or services,
or access to goods and/or services, to customers based on a
transaction, such as a payment transaction. The term “mer-
chant” or “merchant system” may also refer to one or more
computer systems operated by or on behalf 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 periph-
eral devices used by a merchant to engage in payment
transactions with customers, including one or more card
readers, scanning devices (e.g., code scanners), Bluetooth®
communication receivers, near-field communication (NFC)
receivers, radio frequency identification (RFID) receivers,
and/or other contactless transceivers 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.

[0069] As used herein, the term “payment device” may
refer to a payment card (e.g., a credit or debit card), a gift
card, a smartcard, smart media, a payroll card, a healthcare
card, a wristband, a machine-readable medium containing
account information, a keychain device or fob, an RFID
transponder, a retailer discount or loyalty card, a cellular
phone, an electronic wallet mobile application, a PDA, a
pager, a security card, a computing device, an access card,
a wireless terminal, a transponder, and/or the like. In some
non-limiting embodiments or aspects, the payment device
may include volatile or non-volatile memory to store infor-
mation (e.g., an account identifier, a name of the account
holder, and/or the like).

[0070] As used herein, the term “payment gateway” may
refer to an entity and/or a payment processing system
operated by or on behalf of such an entity (e.g., a merchant
service provider, a payment service provider, a payment
facilitator, a payment facilitator that contracts with an
acquirer, a payment aggregator, and/or the like), which
provides payment services (e.g., transaction service provider
payment services, payment processing services, and/or the
like) to one or more merchants. The payment services may
be associated with the use of portable financial devices
managed by a transaction service provider. As used herein,
the term “payment gateway system” may refer to one or
more computer systems, computer devices, servers, groups
of servers, and/or the like, operated by or on behalf of a
payment gateway.

[0071] 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 network 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 pos-
sible. Further, multiple computing devices (e.g., servers,
POS devices, mobile devices, etc.) directly or indirectly
communicating in the network environment may constitute
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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 com-
bination of servers and/or 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.

[0072] As used herein, the term “transaction service pro-
vider” may refer to an entity that receives transaction
authorization requests from merchants or other entities and
provides guarantees of payment, in some cases through an
agreement between the transaction service provider and an
issuer institution. For example, a transaction service pro-
vider may include a payment network such as Visa® or any
other entity that processes transactions. The term “transac-
tion processing system” may refer to one or more computer
systems operated by or on behalf of a 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 or aspects, may be operated by or
on behalf of a transaction service provider.

[0073] The systems, methods, and computer program
products described herein provide numerous technical
advantages and improvements in systems for efficiently
joining data tables. As described herein, the disclosure
provides for more computationally efficient techniques (e.g.,
faster, better data distribution for parallel processing, etc.)
for joining large data tables, including for data tables of
time-series records and data tables of unequal size. For
example, for two tables of time-series data, the records may
be sorted in time order, interleaved, and matched by a
common key value, such as in a mapper. The transactions
may be then processed in a streaming manner, such as in a
reducer function, and once one of the records is matched, it
may be freed from memory. Doing so reduces the compu-
tational memory footprint for a join of two time-series data
tables.

[0074] Moreover, for joining two tables with data skew,
the present disclosure provides a technical solution for
improved parallel processing, such that overall computa-
tional time is reduced. For example, for the smaller table,
records may be replicated a number of times, and each
replicated record may be assigned to a separate mapper. The
second larger table may then be joined by matching a record
of the second table with one of the many identical records
from one of the mappers. One of the mappers may be
randomly chosen for matching a record from the first table
and a record from the second table. In this fashion, one
mapper (e.g., being executed on one server node) may be
prevented from being relied on for a proportionally overly
large number of the matches with the second table. By way
of further example, when merging a merchant table (e.g., a
comparatively smaller table) with a transaction authoriza-
tion table (e.g., a comparatively larger table), certain mer-
chant records may be associated with a high number of
transactions. By replicating merchant records and allocating
the replicated merchant records to multiple mappers, then
more than one mapper may be used to match transactions
with each merchant. This prevents one mapper from becom-
ing unbalanced and being utilized for an overly large pro-
portion of matches simply because it contains a merchant
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record corresponding to a large number of transactions. The
above-described solutions thereby reduce overall computa-
tion time.

[0075] In practical experimentation, employing the meth-
ods described herein has shown significant improvements in
computational speed. For example, for joining several tables
(e.g., authorization data table, settlement data table, fraud
data table, and merchant data table) for transactions pro-
cessed over a period of more than six months, the described
methods decreased overall computation time by a factor of
seventeen times. Joining the same data tables over even
larger periods of time, such as two years, has shown
improvements in computational speed by a factor of thirty.
In other words, if joining billions of records of transaction
data from a number of tables populated over a period of two
years previously took two months, the described methods
would improve that process to take only two days for the
same join. This allows for much more rapid analysis and
response in other systems that rely on the combined data
tables.

[0076] Referring now to FIG. 1, a system 100 for effi-
ciently joining data tables is shown, according to some
non-limiting embodiments or aspects. Specifically, the sys-
tem 100 may include transaction processing system 102, a
server cluster 101 including a plurality of server nodes 104,
a user device 106, a database 110, and a communication
network 108.

[0077] Transaction processing system 102 may include
one or more computing devices configured to communicate
with a user device 106, server cluster 101, and/or database
110, including at least partly over a communication network
108. In some non-limiting embodiments or aspects, trans-
action processing system 102 may include server cluster
101, user device 106, database 110, and/or communication
network 108. In some non-limiting embodiments or aspects,
transaction processing system 102 may receive and process
transaction authorization requests generated from merchants
and/or acquirer systems, thereby populating a transaction
authorization data table of database 110 on an ongoing (e.g.,
continual) basis. Transaction processing system 102 may
further facilitate the settlement of the transactions it pro-
cesses on an ongoing basis, thereby populating a transaction
settlement data table of database 110 on an ongoing basis.
Transaction processing system 102 may further include a
fraud detection system and may maintain a transaction fraud
data table of database 110. Transaction processing system
102 may further maintain merchant data in a merchant data
table in database 110. It will be appreciated that other types
of systems, other than those in an electronic payment
processing network, may be employed in connection with
the techniques for joining data tables described herein.

[0078] Server cluster 101 may include one or more com-
puting devices, such as a plurality of server nodes 104,
configured to communicate with transaction processing sys-
tem 102, user device 106, and/or database 110, including at
least partly over communication network 108. For executing
a join process of two data tables, each server node 104 may
be associated with one or more mappers (described further
herein below, also called “map functions” or “mapper func-
tions”). Each server node 104 may be further associated with
one or more reducers (described further herein below, also
called “reduce functions” or “reducer functions™). The
server cluster 101 may receive a data input, such as data
tables to be joined, and may execute a mapper-reducer (also
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called a “mapper-reducer function” or a “MapReduce func-
tion”) to join two or more data tables together. The output
results of the mapper-reducer may be a combined (e.g.,
joined) data table. The server cluster 101 may be configured
for parallel processing, such as a Hadoop® cluster. One or
more process steps attributed to server cluster 101 may be
executed by one or more server nodes 104 of the server
cluster 101.

[0079] User device 106 may include one or more com-
puting devices configured to communicate with transaction
processing system 102, server cluster 101, and/or database
110, including at least partly over communication network
108. User device 106 may be used by personnel to request
the joining of two or more data tables. User device 106 may
also receive display data configured to display at least a
portion of the results of a combined data table. Moreover,
user device 106 may be used to initiate one or more analysis
processes based on a combined data table of two or more
tables.

[0080] Database 110 may include one or more computing
devices, including one or more distributed and networked
data repositories, configured to communicate with transac-
tion processing system 102, server cluster 101, and/or user
device 106, including at least partly over communication
network 108. Database 110 may be configured to store two
or more data tables that may be joined according to methods
of the present disclosure. Database 110 may also be config-
ured to store the output results of a combined data table.
Database 110 may be configured to store data tables in a
relational database system. The data tables of database 110
may include a plurality of records (e.g., rows) including a
plurality of attributes (e.g., columns). Time-series data tables
in database 110 may include records having an attribute with
a type of a date-time, such as a timestamp. Attributes may
include various other types, include Boolean values, text
values, categorical values, hash values, numerical values,
and/or the like. Two attributes may be said to be of a same
type when said attributes have a same kind of value and/or
format such that the values of the two attributes can be
compared and determined if they are equal. For example,
records in two different tables may each have an attribute of
a transaction identifier (ID), which may include a unique
numerical identifier to identify a transaction—said records
may then be considered to have attributes of the same type,
namely, transaction ID. While attributes of the same type
often have the same name, attributes of the same type may
have different names (e.g., “TRANS_ID” and “TID”) but
still be capable of comparison to identify a matching value.
A column that is used to join two tables may be considered
an attribute of the same type for both tables.

[0081] Communication network 108 may include one or
more wired and/or wireless networks. For example, com-
munication network 108 may include a cellular network
(e.g., a long-term evolution (LTE®) network, a third gen-
eration (3G) network, a fourth generation (4G) network, a
fifth generation (5G) network, a code division multiple
access (CDMA) network, and/or the like), a public land
mobile network (PLMN), a local area network (LAN), a
wide area network (WAN), a metropolitan area network
(MAN), a telephone network (e.g., the public switched
telephone network (PSTN)), a private network, an ad hoc
network, a mesh network, a beacon network, an intranet, the
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Internet, a fiber optic-based network, a cloud computing
network, and/or the like, and/or a combination of these or
other types of networks.

[0082] With further reference to FIG. 1, server cluster 101
may load (e.g., partially or completely) a first table and a
second table into at least one memory (e.g., of the one or
more server nodes 104). The first table may include a set of
first time-series records, and each first time-series record
may include a first plurality of attributes. The second table
may include a set of second time-series records, and each
second time-series record may include a second plurality of
attributes. The first plurality of attributes and the second
plurality of attributes may share an attribute of the same type
(also referred to herein as a “target” type, which may refer
to the target attribute for joining the two tables). The first
plurality of attributes may further include a time stamp
attribute (e.g., a date-time value) such that each first time-
series record has a respective time stamp (e.g., a respective
first time stamp). The second plurality of attributes may also
include a time stamp attribute such that each second time-
series record has a respective time stamp (e.g., a respective
second time stamp).

[0083] Server cluster 101 may further generate a set of
first key-value pairs based on the set of first time-series
records of the first table. Each first key-value pair of the set
of first key-value pairs may include (for each first time-
series record) a key (e.g., a first key) based on the attribute
of'the target type and a value (e.g., a first value) that includes
one or more attributes of the first plurality of attributes.
Server cluster 101 may sort the set of first key-value pairs
based on the first key and the respective first time stamp of
each first time-series record (e.g., the key-value pairs of the
first time-series records being sorted in time order from
oldest to newest). Server cluster 101 may further generate a
set of second key-value pairs based on the set of second
time-series records of the second table. Each second key-
value pair of the set of second key-value pairs may include
(for each second time-series record) a key (e.g., a second
key) based on the attribute of the target type and a value
(e.g., a second value) that includes one or more attributes of
the second plurality of attributes. Server cluster 101 may sort
the set of second key-value pairs based on the second key
and the respective second time stamp of each second time-
series record (e.g., the key-value pairs of the second time-
series records being sorted in time order from oldest to
newest).

[0084] Server cluster 101 may interleave (e.g., combine in
a set in an alternating fashion) the set of first key-value pairs
with the set of second key-value pairs based on the respec-
tive first time stamp of each first time-series record and the
respective second time stamp of each second time-series
record. For example, the combined, interleaved set of first
key-value pairs and second key-value pairs may be arranged
in time order (e.g., descending or ascending) after being
output from a mapper. An illustrative example of an inter-
leaving process is shown further in FIG. 8.

[0085] Server cluster 101 may sequentially match (e.g.,
matching in the same order as the sort described above) each
respective second time-series record with a respective first
time-series record based on the second key, the respective
second time stamp, the first key, and the respective first time
stamp, to form a respective joined record in a joined table.
For example, where the first key and the second key match,
and where the respective time stamps are within an accept-
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able interval of time of each other and/or time order (e.g.,
within an hour, within a week, within a month, etc., and/or
where the second record has a time stamp occurring after the
first record’s time stamp). By way of further example, the
second time-series record may be a transaction settlement
record and the first time-series record may be a transaction
authorization record. The match may be based on a common
key (e.g., merchant ID, transaction 1D, account ID, etc.) and
the settlement record may require a time stamp after the
authorization record, but within a threshold interval of time
(e.g., within a week, within a month, etc.). Each server node
104 of the plurality of server nodes 104 may execute an
independent mapper to match a different subset of first
time-series records of the set of time-series records in
parallel with each other server node 104 of the plurality of
server nodes 104. A mapper may refer to a function that
receives input (e.g., table records, <key,value> pairs, etc.),
processes them (e.g., sorts, arranges, partitions, etc.), and
produces a set of <key,value> pairs as output. A reducer may
refer to a function that receives the output from the mapper
and iterates through the values that are associated with a key
and produce zero or more outputs (e.g., a join, a count, a
reduced list, etc.). A mapper may be paired with a reducer in
a mapper-reducer. A mapper-reducer includes a mapper,
which performs filtering and sorting, and a reducer, which
performs a summary operation. A mapper-reducer facilitates
processing big data sets in parallel by using distributed
servers, such as the server cluster 101, to execute tasks in
parallel.

[0086] In response to matching each respective second
time-series record with the respective time-series record,
server cluster 101 may remove the respective second time-
series record from the at least one memory. For example, the
second time-series record may be removed as it is repre-
sented in the interleaved list of keys, in view of the second
time-series record not needing to be used for matches with
subsequent records further down the interleaved list.
Removing records from memory once a match is made,
especially before the matching process for all records is
complete, reduces the memory footprint (e.g., overall com-
putational storage capacity required) of the server cluster
101 for the join operation. Removal of each respective
time-series record from memory may occur in real-time
immediately after said each respective second time-series
record is matched with the respective first time-series record.

[0087] Certain table joins may be skewed. When the
number of records for a value in the join attribute vary
substantially, the join is skewed. Joining unequally sized
tables may contribute to data skew. Accordingly, server
cluster 101 may, before generating the set of first key-value
pairs, replicate each first time-series record of the set of first
time-series records to yield a plurality of identical records
for said each first time-series record. Doing so thereby
increases a size of the set of first time-series records in
proportion to the predetermined number (e.g., a set of size
x that is replicated y times would have an end size of
x(y+1)). For example, if each first time-series record of the
set of first time-series records is replicated n times (e.g. ten
times), then there may be n+1 copies (e.g., eleven copies,
including ten replicated copies plus an original copy) of said
each first time-series record. After replication, matching
each respective second time-series record with a respective
first time-series record may include randomly matching said
each respective second time-series record with one time-
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series record of the plurality of identical records for said
respective first time-series record. The number of times each
first time-series record is replicated may be a same number
as the plurality of server nodes 104. An identical record of
the plurality of identical records may be sent to a different
mapper of the plurality of server nodes, and randomly
matching each respective second time-series record may
include randomly selecting a mapper of the plurality of
server nodes 104. A process for addressing data skew is
further detailed in connection with FIG. 7.

[0088] The number and arrangement of devices and/or
systems shown in FIG. 1 are provided as an example. In
some non-limiting embodiments or aspects, system 100 may
include additional devices and/or systems, fewer devices
and/or systems, different devices and/or systems, or differ-
ently arranged devices and/or systems than those shown in
FIG. 1. Additionally, or alternatively, a set of devices and/or
systems (e.g., one or more devices and/or systems) of system
100 may perform one or more functions described as being
performed by another set of devices and/or systems of
system 100.

[0089] Referring now to FIG. 2, shown is a diagram of
example components of a device 200, according to some
non-limiting embodiments or aspects. Device 200 may
correspond to one or more devices of the transaction pro-
cessing system 102, server cluster 101, server nodes 104,
user device 106, database 110, and/or communication net-
work 108, as shown in FIG. 1. In some non-limiting embodi-
ments or aspects, such systems or devices 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 non-limiting
embodiments or aspects, 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.g., one
or more components) of device 200 may perform one or
more functions described as being performed by another set
of components of device 200.

[0090] As shown in FIG. 2, device 200 may include a bus
202, a processor 204, memory 206, a storage component
208, an input component 210, an output component 212, and
a communication interface 214. Bus 202 may include a
component that permits communication among the compo-
nents of device 200. In some non-limiting embodiments or
aspects, processor 204 may be implemented in hardware,
firmware, or a combination of hardware and software. For
example, processor 204 may include a processor (e.g., a
central processing unit (CPU), a graphics processing unit
(GPU), an accelerated processing unit (APU), etc.), a micro-
processor, a digital signal processor (DSP), and/or any
processing component (e.g., a field-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 memory (RAM),
read only memory (ROM), and/or another type of dynamic
or static storage device (e.g., flash memory, magnetic
memory, optical memory, etc.) that stores information and/
or instructions for use by processor 204.

[0091] With continued reference to FIG. 2, storage com-
ponent 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., a magnetic
disk, an optical disk, a magneto-optic disk, a solid state disk,
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etc.) and/or another type of computer-readable medium.
Input component 210 may include a component that permits
device 200 to receive information, such as via user input
(e.g., a touch screen display, a keyboard, a keypad, a mouse,
a button, a switch, a microphone, etc.). Additionally, or
alternatively, input component 210 may include a sensor for
sensing information (e.g., a global positioning system (GPS)
component, an accelerometer, a gyroscope, an actuator,
etc.). Output component 212 may include a component that
provides output information from device 200 (e.g., a display,
a speaker, one or more 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 via a wired connection, a
wireless connection, or a combination of wired and wireless
connections. Communication interface 214 may permit
device 200 to receive information from another device
and/or provide information to another device. For example,
communication interface 214 may include an Ethernet inter-
face, 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 cellular network
interface, and/or the like.

[0092] 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 computer-readable
medium may include any non-transitory 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 instruc-
tions may be read into memory 206 and/or storage compo-
nent 208 from another computer-readable medium or from
another device via communication interface 214. When
executed, software instructions stored in memory 206 and/or
storage component 208 may cause processor 204 to perform
one or more 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 or
aspects 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 combi-
nation thereof on one or more devices.

[0093] Referring now to FIG. 3, a flow diagram of a
method 300 for efficiently joining time-series data tables is
shown, according to some non-limiting embodiments or
aspects of the present disclosure. The method 300 may be
performed by one or more processors of a server cluster 101,
transaction processing system 102, and/or another comput-
ing device. One or more steps performed by a first processor
may be performed by a same or different processor. The
steps shown in FIG. 3 are for example purposes only. It will
be appreciated that additional, fewer, different, and/or a
different order of steps may be used in non-limiting embodi-
ments or aspects.

[0094] In step 302, a first table and a second table may be
loaded (e.g., partially or completely) into at least one
memory. For example, server cluster 101 may load a first
table and a second table into at least one memory (e.g., of
one or more server nodes 104). The first table may include
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a set of first time-series records (e.g., transaction authoriza-
tion records of authorization requests for transactions pro-
cessed by the transaction processing system 102) and the
second table may include a set of second time-series records
(e.g., transaction settlement records of the settlement
requests for transactions processed by the transaction pro-
cessing system 102). Each first time-series record may
include a first plurality of attributes, and each second time-
series record may include a second plurality of attributes.
The first plurality of attributes and the second plurality of
attributes have the same or different types of attributes. A
first attribute of the first plurality of attributes may be of a
target type (e.g., a type intended to be used as a key) and a
second attribute of the plurality of attributes may be of the
target type. The first plurality of attributes may further
include a respective first time stamp for each first time-series
record, and the second plurality of attributes may further
include a respective second time stamp for each time-series
record.

[0095] In step 304, a set of first key-value pairs and a set
of second key-value pairs may be generated. For example,
server cluster 101 may generate a set of first key-value pairs
based on the set of first time-series records of the first table
and a set of second key-value pairs based on the set of
second time-series records of the second table. Each first
key-value pair may include, for each corresponding first
time-series record, a first key based on the first attribute of
the target type and a first value based on one or more other
first attributes of the first plurality of attributes. Each second
key-value pair may include, for each corresponding second
time-series record, a second key based on the second attri-
bute of the target type and a second value based on one or
more other second attributes of the second plurality of
attributes.

[0096] In step 306, the set of first key-value pairs may be
sorted. For example, server cluster 101 may sort the set of
first key-value pairs based on the first key and the respective
first time stamp of each second time-series record. By way
of further example, the sort may be executed first on a key
and second on the time stamp, first on the time stamp then
second on the key, or any combination thereof.

[0097] In step 308, the set of second key-value pairs may
be sorted. For example, server cluster 101 may sort the set
of second key-value pairs based on the second key and the
respective second time stamp of each second time-series
record. By way of further example, the sort may be executed
first on a key and second on the time stamp, first on the time
stamp then second on the key, or any combination thereof.
[0098] In step 310, the set of first key-value pairs may be
interleaved with the set of second key-value pairs. For
example, server cluster 101 may interleave the set of first
key-value pairs with the set of second key-value pairs based
on the respective first time stamp of each first time-series
record and the respective second time stamp of each second
time-series record.

[0099] In step 312, ecach respective second time-series
record may be matched with a respective first time-series
record. For example, server cluster 101 may sequentially
match each respective second time-series record with a
respective first time-series record based on the second key,
the respective second time stamp, the first key, and the
respective first time stamp, to form a respective joined
record in a joined table. By way of further example, the
joined record may be a result of matching the keys of the
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respective key-value pairs, and may be based on a time
interval between time stamps of a respective record being
within a predetermined threshold. The matching of each
respective second time-series record with a respective first
time-series record may be carried out on one of the plurality
of server nodes 104 of the server cluster 101. Each node 104
of the server cluster 101 may execute an independent
mapper to match a different subset of first time-series
records of the set of first time-series records in parallel with
each other server node 104 of the server cluster 101.
[0100] In step 314, cach respective second time-series
record may be removed from memory. For example, in
response to matching each respective second time-series
record with the respective first time-series record, the server
cluster 101 may remove the respective time-series record
from the at least one memory. The removal may occur in
real-time immediately (e.g., directly after) when each
respective second time-series record is matched with the
respective first time-series record.

[0101] Referring now to FIG. 4, a flow diagram of a
method 400 for efficiently joining data tables of unequal size
is shown, according to some non-limiting embodiments or
aspects of the present disclosure. The method 400 may be
performed by one or more processors of a server cluster 101,
transaction processing system 102, and/or other computing
device. One or more steps performed by a first processor
may be performed by a same or different processor. The
steps shown in FIG. 4 are for example purposes only. It will
be appreciated that additional, fewer, different, and/or a
different order of steps may be used in non-limiting embodi-
ments or aspects.

[0102] After executing step 302, described above in con-
nection with FIG. 3, step 402 may include replicating each
first time-series record a predetermined number of times. For
example, server cluster 101 may replicate, before generating
the set of first key-value pairs in step 304, each first
time-series record of the set of first time-series records a
predetermined number of times (e.g., two, five, ten, etc.) to
yield a plurality of identical records for said each first
time-series record, thereby increasing a size of the set of first
time-series records in proportion to the predetermined num-
ber. The predetermined number of times each time-series
record is replicated may be a same number as the plurality
of server nodes 104. Each identical record of the plurality of
identical records may be sent to a different mapper of the
plurality of server nodes 104.

[0103] After generating the set of first key-value pairs and
the set of second key-value pairs in step 304, the server
cluster 101 may match each respective second time-series
record with a respective first time-series record, in step 310.
Matching may comprise, in sub-step 404, randomly match-
ing said each respective second time-series record with one
time-series record of the plurality of identical records for
said respective first time-series record. Randomly matching
said each respective second time-series record may further
include randomly selecting a mapper of the plurality of
server nodes 104 that have a mapper including one of the
identical records of said respective first-time series record. It
will also be appreciated that steps 306 and 308, described in
connection with FIG. 3, may be executed between step 304
and step 310 depicted in FIG. 4.

[0104] Referring now to FIG. 5, an illustrative diagram of
a method 500 for efficiently joining data tables is shown,
according to some non-limiting embodiments or aspects of
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the present disclosure. The method 500 may be performed
by one or more processors of a server cluster 101, transac-
tion processing system 102, and/or another computing
device. As shown, the methods described herein for joining
two tables may be executed a number of times to join more
than two tables. For example, a plurality of individual tables
502 may be joined into a composite table 504 by joining a
first pair of individual tables 502 and sequentially joining
additional individual tables 502. By way of further example,
where this disclosure is implemented in an electronic pay-
ment processing network, a first individual table 502 may be
a transaction authorization record table, a second individual
table 502 may be a transaction settlement record table, a
third individual table 502 may be a transaction fraud record
table, and a fourth individual table 502 may be a merchant
record table. It will be appreciated that many configurations
and environments are possible.

[0105] Referring now to FIG. 6, a schematic and flow
diagram of a method 600 for efficiently joining data tables
is shown, according to some non-limiting embodiments or
aspects of the present disclosure. The method 600 may be
performed by one or more processors of a server cluster 101,
transaction processing system 102, database 110, and/or
other computing device. One or more steps performed by a
first processor may be performed by a same or different
processor. Method 600 may be referred to herein as execut-
ing a mapper-reducer for use in joining two or more tables.
[0106] Input data 602 may be initially received for a
mapper-reducer. The input data 602 may include at least one
table. The input data 602 may be divided into distributed
data 604 and may be sent to a distributed file system (DFS)
606. The distributed data 604 may be each sent to a server
node 104 of a server cluster 101, for example. A mapper 608
(e.g., one for each set of distributed data 604) may read the
distributed data 604, add tags to distinguish different tables,
and output key-value pairs. The key of the key-value pair
may be the attribute of the record on which tables are joined,
and the value of the key-value pair may include the remain-
ing attributes of a record.

[0107] The output of the mapper 608 may be shuffled (e.g.,
rearranged through data transfer) to be input to a reducer 610
(e.g., one for each set of distributed data 604). The reducer
610 may receive the key-value pairs for a key, aggregate
values for a key, and produce an output of the join. The
output of the reducer 610 may be individual processing
results 612, which may be aggregated to receive a final
output of the mapper-reducer.

[0108] Referring now to FIG. 7, a schematic diagram of a
method 700 for efficiently joining data tables with data skew
is shown, according to some non-limiting embodiments or
aspects of the present disclosure. The method 700 may be
performed by one or more processors of a server cluster 101,
transaction processing system 102, database 110, and/or
other computing device. One or more steps performed by a
first processor may be performed by a same or different
processor.

[0109] As shown, a join of two tables may include a
smaller table 710 and a larger skewed table 708. To prevent
the issue of data skew, the server cluster 101 may, before
generating the set of first key-value pairs, replicate each
record of the smaller table 710 a predetermined number of
times to yield a plurality of identical records for said each
record, thereby increasing a size of the set of records from
the smaller table 710 in proportion to the predetermined
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number. One of each of the plurality of identical records may
be assigned to a different mapper, such as one or more of a
plurality of mappers 702a, 70256, 702¢, 702d, 702r. Match-
ing records of the larger table 708 with records of the smaller
table 710 may include matching each of the records of the
larger table 708 with one of the plurality of identical records
from one of the mappers 702a, 70256, 702¢, 7024, 702n. A
mapper 702a, 7025, 702¢, 702d, 702r may each correspond
with one server node 104 of the server cluster 101.

[0110] Referring now to FIG. 8, a schematic diagram of a
method 800 for efficiently joining time-series data tables is
shown, according to some non-limiting embodiments or
aspects of the present disclosure. The method 800 may be
performed by one or more processors of a server cluster 101,
transaction processing system 102, database 110, and/or
other computing device. One or more steps performed by a
first processor may be performed by a same or different
processor.

[0111] As shown, a set of second key-value pairs 802, 804,
806 have been sorted, as have a set of first key-value pairs
822, 824, 826. After sorting, the sets of key-value pairs may
be interleaved. Interleaving may be based on a respective
time stamp of the records corresponding to each key-value
pair. For example, as depicted, the time stamps of the
key-value pairs may be ordered chronologically as follows:
802, 804, 822, 824, 806, and 826. This allows for corre-
sponding time-series records to be matched by proceeding
sequentially through the interleaved key-value pairs to find
matches between second key-value pairs and first key-value
pairs. For example, second key-value pair 802 may corre-
spond with first key-value pair 822, according to the key of
each pair and based on the time stamp of the respective
key-value pairs being close enough in time (e.g., within a
day, week, etc.). Second key-value pair 804 may likewise
correspond with first key-value pair 824, and second key-
value pair 806 may correspond with first-key value pair 826.
Based on the correspondences between second key-value
pairs 802, 804, 806 and first key-value pairs 822, 824, 826
in the interleaved set, the respective time-series records
related to said key-value pairs may be matched in a sequen-
tial order. Once a match is made, at least one of the
time-series records related to a matched set of key-value
pairs may be removed from memory, to reduce overall
memory required for the join.

[0112] With further reference to the foregoing figures, a
number of computational and speed improvements may be
combined to support the underlying join of two or more
tables. In some non-limiting embodiments or aspects, a
reduce-side join based on the MapReduce framework (de-
scribed above) may be employed to allow for scalability of
joining large data tables. This is further detailed in connec-
tion with FIG. 6.

[0113] In some non-limiting embodiments or aspects,
multi-format input handling may be implemented to directly
read files of the input tables. This may include a combined
file reader that merges small input files together, which
reduces the number of mappers (thereby reducing compu-
tational overhead), and which reduces skew across mappers.
This may further include handling multiple schemas, such as
by employing multiple Apache® Parquet readers with han-
dling different schemas. Parquet is a data format for colum-
nar data. The Parquet files may be directly read by the
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mappers to handle the partition logic. Furthermore, flat data
structures may be used for handling Parquet files, to reduce
the memory footprint further.

[0114] In some non-limiting embodiments or aspects, cus-
tom light-weight Parquet data structures may be employed.
This may include pushdown projections and selections that
are handled by the Parquet file reader, which reduces input-
output processing and improves read performance. A push-
down projection may include projecting a number of attri-
butes (e.g., ~100 fields of a larger domain of ~1000 fields),
selecting, and joining two tables. A pushdown selection may
include joining, selecting attributes from respective tables,
and separately projecting (e.g., ~10 fields from a larger
domain of ~100 fields, and ~100 fields from a larger domain
of 1000 fields).

[0115] In some non-limiting embodiments or aspects, a
data skew handling method may be employed, such as the
method 700 shown in FIG. 7. Moreover, a streaming join
method may be employed, such as the method 800 shown in
FIG. 8.

[0116] In some non-limiting embodiments or aspects,
user-defined functions may be executed in connection with
the other techniques. These user-defined functions may be
input at the user device and saved in a database 110. In some
non-limiting embodiments or aspects, for joining tables
related to transactions processed in an electronic payment
processing network, declined transactions may be skipped
when joining authorization records and settlement records.
This further increases the speed of the overall join.

[0117] In some non-limiting embodiments or aspects,
when joining multiple tables of different size, a smaller table
may be joined first, to prevent a slowdown caused by joining
the smaller table after the combined table has already grown
in size through previous joins. In some non-limiting embodi-
ments or aspects, the ultimate output (e.g., a combined table)
may be data-compressed to save computational resources
when transmitting the results over a communication network
108.

[0118] In some non-limiting embodiments or aspects, a
combined table may be stored in memory and, instead of
being regenerated every time new data is received for one of
the tables included therein, a delta table (e.g., a table of
records indicative of new/changed data) may be appended to
the combined table to capture changes to the underlying
data. For example, the combined table may include a version
field, and for each appended delta table, the version number
field may be incremented for the records of the appended
delta table. For records of the delta table that match with
records of the combined table, a newer version number field
may be referenced for manual or automatic renewal of an old
record with an older version number. Alternatively or addi-
tionally, delta tables may be stored separately and updated
separately from the combined table. When referencing the
combined table, delta tables may be merged with the com-
bined table in real-time. In this manner, the larger combined
table need not be constantly updated, which reduces the
computational resources for capturing changes to the under-
lying data.

[0119] With further reference to the foregoing figures,
“electronic payment processing network™ may refer to a
plurality computing devices that transmit and/or receive
communications between one or more entities for processing
the transfer of monetary funds to one or more transactions.
The electronic payment processing network may include a
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merchant system, an acquirer system, a transaction service
provider system, and an issuer system.

[0120] Although the disclosure has been described in
detail for the purpose of illustration based on what is
currently considered to be the most practical and preferred
embodiments or aspects, it is to be understood that such
detail is solely for that purpose and that the disclosure is not
limited to the disclosed embodiments or aspects, but, on the
contrary, is intended to cover modifications and equivalent
arrangements that are within the spirit and scope of the
appended claims. For example, it is to be understood that the
present disclosure contemplates that, to the extent possible,
one or more features of any embodiment or aspect can be
combined with one or more features of any other embodi-
ment or aspect, and one or more steps may be taken in a
different order than presented in the present disclosure.

1. A computer-implemented method comprising:

loading, with at least one processor, a first table and a
second table into at least one memory, the first table
comprising a set of first time-series records and the
second table comprising a set of second time-series
records, each first time-series record of the set of first
time-series records comprising a first plurality of attri-
butes, and each second time-series record of the set of
second time-series records comprising a second plural-
ity of attributes, wherein a first attribute of the first
plurality of attributes is of a target type and a second
attribute of the second plurality of attributes is of the
target type, and wherein the first plurality of attributes
further comprises a respective first time stamp of each
first time-series record and the second plurality of
attributes further comprises a respective second time
stamp of each second time-series record;

replicating, with at least one processor, each first time-
series record of the set of first time-series records to
yield a plurality of identical records for said each first
time-series record;

generating, with at least one processor, a set of first
key-value pairs based on the set of first time-series
records of the first table and a set of second key-value
pairs based on the set of second time-series records of
the second table, wherein each first key-value pair of
the set of first key-value pairs comprises, for each first
time-series record, a first key based on the first attribute
and a first value based on at least one first other
attribute of the first plurality of attributes, and wherein
each second key-value pair of the set of second key-
value pairs comprises, for each second time-series
record, a second key based on the second attribute and
a second value based on at least one second other
attribute of the second plurality of attributes;

sorting, with at least one processor, the set of first key-
value pairs based on the first key and the respective first
time stamp of each first time-series record;

sorting, with at least one processor, the set of second
key-value pairs based on the second key and the
respective second time stamp of each second time-
series record;

interleaving, with at least one processor, the set of first
key-value pairs with the set of second key-value pairs
based on the respective first time stamp of each first
time-series record and the respective second time stamp
of each second time-series record;

Sep. 28, 2023

sequentially matching, with at least one processor, each
respective second time-series record with a respective
first time-series record based on the second key, the
respective second time stamp, the first key, and the
respective first time stamp, to form a respective joined
record in a joined table, wherein matching each respec-
tive second time-series record with the respective first
time-series record further comprises:
randomly matching said each respective second time-
series record with one time-series record of the
plurality of identical records for said each respective
first time-series record; and

in response to matching each respective second time-

series record with the respective first time-series
record, removing, with at least one processor, the
respective second time-series record from the at least
one memory.

2. The method of claim 1, wherein the matching of each
respective second time-series record with a respective first
time-series record is carried out on one of a plurality of
server nodes, and wherein each node of the plurality of
server nodes executes an independent mapper to match a
different subset of first time-series records of the set of first
time-series records in parallel with each other node of the
plurality of server nodes.

3. The method of claim 2, wherein at least one of the first
table and the second table is skewed, and wherein replicating
each first time-series record of the set of first time-series
records comprises:

replicating, each first time-series record of the set of first

time-series records a predetermined number of times to
yield the plurality of identical records for said each first
time-series record, thereby increasing a size of the set
of first time-series records in proportion to the prede-
termined number.

4. The method of claim 3, wherein the predetermined
number of times each first time-series record is replicated is
at least ten.

5. The method of claim 3, wherein a number of the
plurality of identical records is a same number as the
plurality of server nodes, wherein each identical record of
the plurality of identical records is sent to a different mapper
of the plurality of server nodes, and wherein the randomly
matching of said each respective second time-series record
further comprises randomly selecting a mapper of the plu-
rality of server nodes.

6. The method of claim 1, wherein the set of first
time-series records comprises a plurality of transaction
authorization records processed by a transaction processing
system, and wherein the set of second time-series records
comprises a plurality of transaction settlement records pro-
cessed by the transaction processing system.

7. The method of claim 1, wherein the removing of each
respective second time-series record from the at least one
memory occurs in real-time immediately after said each
respective second time-series record is matched with the
respective first time-series record.

8. A system comprising at least one server comprising at
least one processor, wherein the at least one server is
programmed or configured to:

load a first table and a second table into at least one

memory, the first table comprising a set of first time-
series records and the second table comprising a set of
second time-series records, each first time-series record
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of the set of first time-series records comprising a first
plurality of attributes, and each second time-series
record of the set of second time-series records com-
prising a second plurality of attributes, wherein a first
attribute of the first plurality of attributes is of a target
type and a second attribute of the second plurality of
attributes is of the target type, and wherein the first
plurality of attributes further comprises a respective
first time stamp of each first time-series record and the
second plurality of attributes further comprises a
respective second time stamp of each second time-
series record;

replicate each first time-series record of the set of first
time-series records to yield a plurality of identical
records for said each first time-series record;

generate a set of first key-value pairs based on the set of
first time-series records of the first table and a set of
second key-value pairs based on the set of second
time-series records of the second table, wherein each
first key-value pair of the set of first key-value pairs
comprises, for each first time-series record, a first key
based on the first attribute and a first value based on at
least one first other attribute of the first plurality of
attributes, and wherein each second key-value pair of
the set of second key-value pairs comprises, for each
second time-series record, a second key based on the
second attribute and a second value based on at least
one second other attribute of the second plurality of
attributes;

sort the set of first key-value pairs based on the first key
and the respective first time stamp of each first time-
series record;

sort the set of second key-value pairs based on the second
key and the respective second time stamp of each
second time-series record,;

interleave the set of first key-value pairs with the set of
second key-value pairs based on the respective first
time stamp of each first time-series record and the
respective second time stamp of each second time-
series record;

sequentially match each respective second time-series
record with a respective first time-series record based
on the second key, the respective second time stamp,
the first key, and the respective first time stamp, to form
a respective joined record in a joined table, wherein,
while matching each respective second time-series
record with the respective first time-series record, the at
least one server is programmed or configured to:

randomly match said each respective second time-
series record with one time-series record of the
plurality of identical records for said each respective
first time-series record; and

in response to matching each respective second time-
series record with the respective first time-series
record, remove the respective second time-series record
from the at least one memory.

9. The system of claim 8, wherein the at least one server
comprises a plurality of server nodes, wherein matching
each respective second time-series record with a respective
first time-series record is carried out on one of the plurality
of server nodes, and wherein each node of the plurality of
server nodes executes an independent mapper to match a
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different subset of first time-series records of the set of first
time-series records in parallel with each other node of the
plurality of server nodes.

10. The system of claim 9, wherein at least one of the first
table and the second table is skewed, and wherein, while
replicating each first time-series record of the set of first
time-series records, the at least one server is further pro-
grammed or configured to:

replicate each first time-series record of the set of first

time-series records a predetermined number of times to
yield the plurality of identical records for said each first
time-series record, thereby increasing a size of the set
of first time-series records in proportion to the prede-
termined number.

11. The system of claim 10, wherein the predetermined
number of times each first time-series record is replicated is
at least ten.

12. The system of claim 10, wherein a number of the
plurality of identical records is a same number as the
plurality of server nodes, wherein each identical record of
the plurality of identical records is sent to a different mapper
of the plurality of server nodes, and wherein the randomly
matching of said each respective second time-series record
further comprises randomly selecting a mapper of the plu-
rality of server nodes.

13. The system of claim 8, wherein the at least one server
is part of a transaction processing system, wherein the set of
first time-series records comprises a plurality of transaction
authorization records processed by the transaction process-
ing system, and wherein the set of second time-series
records comprises a plurality of transaction settlement
records processed by the transaction processing system.

14. The system of claim 8, wherein removing each
respective second time-series record from the at least one
memory occurs in real-time immediately after said each
respective second time-series record is matched with the
respective first time-series record.

15. A computer program product comprising at least one
non-transitory computer-readable medium including pro-
gram instructions that, when executed by at least one pro-
cessor, cause the at least one processor to:

load a first table and a second table into at least one

memory, the first table comprising a set of first time-
series records and the second table comprising a set of
second time-series records, each first time-series record
of the set of first time-series records comprising a first
plurality of attributes, and each second time-series
record of the set of second time-series records com-
prising a second plurality of attributes, wherein a first
attribute of the first plurality of attributes is of a target
type and a second attribute of the second plurality of
attributes is of the target type, and wherein the first
plurality of attributes further comprises a respective
first time stamp of each first time-series record and the
second plurality of attributes further comprises a
respective second time stamp of each second time-
series record;

replicate each first time-series record of the set of first

time-series records to yield a plurality of identical
records for said each first time-series record;

generate a set of first key-value pairs based on the set of

first time-series records of the first table and a set of
second key-value pairs based on the set of second
time-series records of the second table, wherein each



US 2023/0306024 Al

first key-value pair of the set of first key-value pairs
comprises, for each first time-series record, a first key
based on the first attribute and a first value based on at
least one first other attribute of the first plurality of
attributes, and wherein each second key-value pair of
the set of second key-value pairs comprises, for each
second time-series record, a second key based on the
second attribute and a second value based on at least
one second other attribute of the second plurality of
attributes;
sort the set of first key-value pairs based on the first key
and the respective first time stamp of each first time-
series record;
sort the set of second key-value pairs based on the second
key and the respective second time stamp of each
second time-series record,;
interleave the set of first key-value pairs with the set of
second key-value pairs based on the respective first
time stamp of each first time-series record and the
respective second time stamp of each second time-
series record;
sequentially match each respective second time-series
record with a respective first time-series record based
on the second key, the respective second time stamp,
the first key, and the respective first time stamp, to form
a respective joined record in a joined table, wherein the
program instructions that cause the at least one proces-
sor to match each respective second time-series record
with the respective first time-series record cause the at
least one processor to:
randomly match said each respective second time-
series record with one time-series record of the
plurality of identical records for said each respective
first time-series record; and
in response to matching each respective second time-
series record with the respective first time-series
record, remove the respective second time-series record
from the at least one memory.
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16. The computer program product of claim 15, wherein
the at least one processor comprises a plurality of server
nodes, wherein matching each respective second time-series
record with a respective first time-series record is carried out
on one of the plurality of server nodes, and wherein each
node of the plurality of server nodes executes an indepen-
dent mapper to match a different subset of first time-series
records of the set of first time-series records in parallel with
each other node of the plurality of server nodes.

17. The computer program product of claim 16, wherein
at least one of the first table and the second table is skewed,
and wherein the program instructions that cause the at least
one processor to replicate each first time-series record of the
set of first time-series records further cause the at least one
processor to:

replicate each first time-series record of the set of first

time-series records a predetermined number of times to
yield the plurality of identical records for said each first
time-series record, thereby increasing a size of the set
of first time-series records in proportion to the prede-
termined number.

18. The computer program product of claim 17, wherein
the predetermined number of times each first time-series
record is replicated is at least ten.

19. The computer program product of claim 17, wherein
a number of the plurality of identical records is a same
number as the plurality of server nodes, wherein each
identical record of the plurality of identical records is sent to
a different mapper of the plurality of server nodes, and
wherein the randomly matching of said each respective
second time-series record further comprises randomly
selecting a mapper of the plurality of server nodes.

20. The computer program product of claim 15, wherein
removing each respective second time-series record from the
at least one memory occurs in real-time immediately after
said each respective second time-series record is matched
with the respective first time-series record.

#* #* #* #* #*



