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(57) Abstract: Disclosed is a system and method for managing one or more duplicate entities based on a relationship cardinality in a
production knowledge base repository. The method comprises steps of performing a first level detection of duplicates in existing data
present in the production knowledge base repository through an object harmonisation module (202). The first level detection identifies
duplicates of one or more attribute objects within a specific entity. The object harmonisation module (202) implements a sanitization and
standardization operation on the identified attribute objects. Then the method performs a second level detection of duplicates between
entities of a specific concept through a homogeneity recognition module (204). The homogeneity recognition module (204) identifies
duplicates according to base-attributes of the specific concept based on a predefined similarity threshold. The method then enables a
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user to determine the similarity of the entities and further enables the user to merge the similar entities through an entity conflation
and merging module (206).
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SYSTEM AND METHOD FOR MANAGING DUPLICATE ENTITIES BASED ON A

RELATIONSHIP CARDINALITY IN PRODUCTION KNOWLEDGE BASE
REPOSITORY

FIELD OF INVENTION

[0001] The present invention relates to a production knowledge base repository, in

particular to system and method of preserving semantic relationship and data integrity in
the production knowledge base repository while merging duplicates and ensuring data

quality.

BACKGROUND

[0002] Typically, a database stores data which is a collection of values for multiple fields.

These databases accumulate duplicate data over a period due to various reasons ranging
from error-prone data-entry to merge multiple databases. Further, the quality of data can
have a significant impact on organizations that rely on data to function and conduct
business. In today’s world, many organizations utilize big data as a way to better support

their companies and serve their customers.

[0003] Additionally, big data warrants innovative processing solutions to create new

growth opportunities, improve product quality and assist decision making. The
effectiveness of big data technology relies on the accuracy of data. However, duplicate data
has become one of the most common data quality errors for businesses. Further, the
organizations suffer from the data loss and missing semantic relationships during data

cleansing.

[0004] Hence, many initiatives have been put in place to counter the problem of duplicate

data. However, the existing systems and methods have many drawbacks such as poor data
integrity by having similar data, utilisation of valuable disk space by duplicate data,
complicated and extensive effort in the manual reconciliation of duplicate and non-useful
data, time-consuming cleansing and sanitisation of data, inaccurate and inconsistent data

which is hard to use etc.
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[0005] US patent number 8,838,549 B2 issued to Bodapati, et al. discloses a system and

method for detecting and removing duplicate records. It achieves detection and removal of
duplicates by finding duplicates through matching a group of fields in the data records. The
method uses an application of appropriate matching functions to match information across
different fields within a group selectively. However, the method for detecting and
eliminating duplicates does not manage the duplicate entities based on relationship
cardinality and normalizes the data to predefined fields in the knowledge base such as
name, email, phone and address. Further, this reference uses the knowledge base to store
predefined format, mapping, and rules. It further involves clustering of the records based
on the generated keys and calculates the matching percentage of each record concerning a
reference record in a cluster. Furthermore, it merges the records with non-overlapping

information and purges the records having identical information in each cluster.

[0006] US patent number 8,577,899 B2 issued to Maxwell discloses a system and method

to support curation of items in a searchable knowledge base. It mines one or more search
queries of the searchable knowledge base. Then it uses a processor to determine one or
more pairs of items, where each of the pairs of items includes a correlation value exceeding
a threshold. The correlation values for the pairs of items are based upon the frequency the
items of the pairs of items co-occur within the search queries. Further, a curator may
manually review the pairs of items. However, the supporting curation of items in a
searchable knowledge base is not able to accurately eliminate the duplication of data in a
production knowledge base repository and selects the pair of items having a correlation
value exceeding a threshold value. Further, the disclosed ranking is based on the frequency

of pair items co-occur in the search results of search queries.

[0007] It is, therefore, a need for a reliable and efficient system and method to improve

data consistency and accuracy by eliminating the duplication of data in a production

knowledge base repository.

[0008] The present invention mainly deals the technical problems existing in the prior art.

in response to these problems, the present invention provides a system and method of

rendering data-sets for differentiating a plurality of potential threat actors.



10

15

20

25

30

WO 2020/101478 3 PCT/MY2019/050093

SUMMARY

[0009] There is a need for a system and method to manage duplicate entities based on

relationship cardinality in a production knowledge base repository. Furthermore, there is
also aneed for a system and method to preserve the semantic relationship and data integrity
in the production knowledge base repository while merging duplicates and ensuring data

quality.

[0010] An aspect of the present invention relates to a method for managing one or more

duplicate entities based on a relationship cardinality in a production knowledge base
repository. The method comprises steps of performing a first level detection of duplicates
in existing data present in the production knowledge base repository through an object
harmonisation module. The first level detection identifies duplicates of one or more
attribute objects within a specific entity. The object harmonisation module implements a
sanitization and standardization operation on the identified attribute objects. Then the
method performs a second level detection of duplicates between entities of a specific
concept through a homogeneity recognition module. The homogeneity recognition module
identifies duplicates according to base-attributes of the specific concept based on a
predefined similarity threshold. The method then enables a user to determine the similarity
of the entities and further enables the user to merge the similar entities through an entity
conflation and merging module. The entity conflation and merging module enables the user
to nominate a primary entity within a similar entity. The entity conflation and merging
module implements merging of a plurality of secondary entities into the primary entity
according to the relationship cardinality. The data in the secondary entities do not overwrite

the data in the primary entity.

[0011] In another aspect of the present invention, the object harmonisation module further

performs steps of extracting and grouping a plurality of entity triples per concept-attribute.
The object harmonisation module quantifies the attribute objects for the specific entity and
then identifies a predefined classification of attribute object. The classification comprises
a resource description framework (RDF), a uniform resource identifier (URI), and a
plurality of literals. Further, object harmonisation module includes a step of sanitizing and
standardizing a format of a plurality of object values. Further, the object harmonisation
module compares the object values and identifying exact duplicate of the object values.

The object harmonisation module then harmonizes object data by deleting one or more
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duplicate triples of duplicate object URI/literals for an entity to ensure the uniqueness of

the attribute objects and updates the production knowledge base repository.

[0012] In a further aspect of the present invention, the step of sanitizing and standardizing

the format of object values further comprises steps of removing of unnecessary characters
from the object labels and literals, and modifying into the standard format of object labels

and object literals based on a predefined object literal rules.

[0013] In yet a further aspect of the present invention, the homogeneity recognition module

comprises a concept base-attribute definition for analysis of a reference scope. The
homogeneity recognition module performs a step of identifying if the concept has more
than one base-attribute and executing the homogeneity recognition based on a predefined
similarity threshold. Then the homogeneity recognition module repeats the execution of
homogeneity recognition for each base-attribute having a first base-attribute as the primary
base-attribute in identifying the concepts has more than one base-attribute. The
homogeneity recognition module further computes a similarity ranking as per similar entity
group, and stores the identified list of similar entity group for usage of the entity conflation

and merging module.

[0014] In yet another aspect, the similarity ranking is obtained by receiving a base-attribute

count (X) of the specific concept, identifying the primary base-attribute for the specific
concept, computing the primary base-attribute value per entity by multiplying 0.65 to X,
computing the base-attribute value per entity by dividing 0.35 by the difference of X-1, and
multiplying the result by X. The similarity ranking is based on the summation of primary

base-attribute value and the base-attribute values per entity.

[0015] In a further aspect, the entity conflation and merging module comprises a user

interface for verification. The entity conflation and merging module presents a list of
similar entity groups in a concept sorted by the similarity ranking. Then the entity
conflation and merging module displays relationships with the corresponding objects for
each entity, enables the user to verify data, and nominates the primary entity and the
secondary entity. The entity conflation and merging module further validates property
cardinality as defined in the relationship cardinality reference. The entity conflation and

merging module then merges the duplicate entities to ensure the preservation of the
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semantic relationship. The entity conflation and merging module further updates the

production knowledge base repository with cleansed data.

[0016] The merging of duplicate entities comprise steps of replacing URI of secondary

entities triple with the primary entity URI based in the property cardinality, appending the
data in the primary entity not contained in the secondary entities to ensure the preservation

of the semantic relationship of the primary entity, and removing the redundant data triples.

[0017] A further aspect of the present invention relates to a device in a network. The device

includes a non-transitory storage device having embodied therein one or more routines
operable to manage one or more duplicate entities based on a relationship cardinality in a
production knowledge base repository. The one or more routines include an object
harmonisation module, a homogeneity recognition module, and an entity conflation and

merging module.

[0018] The object harmonisation module is configured to perform a first level detection of

one or more duplicates in existing data present in the production knowledge base
repository. The first level detection identifies duplicates of one or more attribute objects
within a specific entity. The object harmonisation module implements a sanitization
operation and a standardization operation on the identified attribute objects. The
homogeneity recognition module performs a second level detection of one or more
duplicates between entities of a specific concept. The homogeneity recognition module
identifies duplicates according to one or more base-attributes of the specific concept based
on a predefined similarity threshold. The entity conflation and merging module enables a
user to determine the similarity of the entities and further enables the user to merge the
similar entities. The entity conflation and merging module enables the user to nominate a
primary entity within a similar entity. The entity conflation and merging module
implements merging of a plurality of secondary entities into the primary entity according
to the relationship cardinality. The data in the secondary entities do not overwrite the data

in the primary entity.

[0019] Yet, an aspect of the present invention relates to a system to manage one or more

duplicate entities based on a relationship cardinality in a production knowledge base
repository. The system includes a processor and a memory. The memory stores machine-

readable instructions that when executed by the processor cause the processor to perform a
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first level detection of one or more duplicates in existing data present in the production
knowledge base repository through an object harmonisation module. The first level
detection identifies duplicates of one or more attribute objects within a specific entity. The
object harmonisation module implements a sanitization operation and a standardization

operation on the identified attribute objects.

[0020] Further, the processor is configured to perform a second level detection of one or
more duplicates between entities of a specific concept through a homogeneity recognition
module. The homogeneity recognition module identifies duplicates according to one or
more base-attributes of the specific concept based on a predefined similarity threshold. The
processor is further configured to enable a user to determine the similarity of the entities
and further enables the user to merge the similar entities through an entity conflation and
merging module. The entity conflation and merging module enables the user to nominate a
primary entity within a similar entity. The entity conflation and merging module
implements merging of a plurality of secondary entities into the primary entity according
to the relationship cardinality. The data in the secondary entities do not overwrite the data

in the primary entity.

[0021] Accordingly, one advantage of the present invention is that it automatically

identifies the similar data in the production knowledge base repository.

[0022] Accordingly, one advantage of the present invention is that it merges duplicate data

while preserving the semantic relationship, data integrity, and data quality.

[0023] Accordingly, one advantage of the present invention is that it speeds up the
cleansing of the data in the production knowledge base repository to ensure that it is

relevant, up to date, qualified and useful to the end-users.

[0024] Accordingly, one advantage of the present invention is that it speeds up the process
of eliminating similar data in the production knowledge base repository while a system is

running.

[0025] Accordingly, one advantage of the present invention is that it utilizes a user-friendly

interface to implement the present system and method.
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[0026] Other features of embodiments of the present invention will be apparent from

accompanying drawings and from the detailed description that follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] In the figures, similar components and/or features may have the same reference
label. Further, various components of the same type may be distinguished by following the
reference label with a second label that distinguishes among the similar components. If
only the first reference label is used in the specification, the description applies to any one
of the similar components having the same first reference label irrespective of the second

reference label.

[0028] FIG. 1 illustrates a flowchart of a method for managing one or more duplicate
entities based on a relationship cardinality in a production knowledge base repository, in

accordance with an embodiment of the present invention.

[0029] FIG. 2 illustrates a block diagram of a duplicate entity cleaning system, in

accordance with an embodiment of the present invention.

[0030] FIG. 3 illustrates an operational flowchart of the object harmonisation module, in

accordance with an embodiment of the present invention.

[0031] FIG. 4 illustrates an operational flowchart of the homogeneity recognition module,

in accordance with an embodiment of the present invention.

[0032] FIG. 5 illustrates an operational flowchart of the entity conflation and merging

module, in accordance with an embodiment of the present invention.

[0033] FIGs. 6A-61 illustrate examples of processing duplicates through the embodiments

of the present invention.
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DETAILED DESCRIPTION

[0034] Systems and methods are disclosed for managing one or more duplicate entities

based on a relationship cardinality in a production knowledge base repository.
Embodiments of the present invention include various steps, which will be described
below. The steps may be performed by hardware components or may be embodied in
machine-executable instructions, which may be used to cause a general-purpose or special-
purpose processor programmed with the instructions to perform the steps. Alternatively,
steps may be performed by a combination of hardware, software, firmware, and/or by

human operators.

[0035] Embodiments of the present invention may be provided as a computer program

product, which may include a machine-readable storage medium tangibly embodying
thereon instructions, which may be used to program a computer (or other electronic
devices) to perform a process. The machine-readable medium may include, but is not
limited to, fixed (hard) drives, magnetic tape, floppy diskettes, optical disks, compact disc
read-only memories (CD-ROMs), and magneto-optical disks, semiconductor memories,
such as ROMs, PROMs, random access memories (RAMs), programmable read-only
memories (PROMs), erasable PROMs (EPROMs), electrically erasable PROMs
(EEPROMs), flash memory, magnetic or optical cards, or other type of media/machine-
readable medium suitable for storing electronic instructions (e.g., computer programming

code, such as software or firmware).

[0036] Various methods described herein may be practised by combining one or more

machine-readable storage media containing the code according to the present invention
with appropriate standard computer hardware to execute the code contained therein. An
apparatus for practicing various embodiments of the present invention may involve one or
more computers (or one or more processors within a single computer) and storage systems
containing or having network access to computer program(s) coded in accordance with
various methods described herein, and the method steps of the invention could be
accomplished by modules, routines, subroutines, or subparts of a computer program

product.

[0037] The present invention discloses a system and method whereby the similar data in a

production knowledge base repository is automatically identified. The system and method
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include an object harmonisation module, a homogeneity recognition module, and an entity
conflation and merging module. The function of the object harmonisation module is to
perform the first level of identification of duplicates involves data sanitization,
standardization, and identification of duplicate objects per concept-attribute of a specific
entity. It harmonizes data to ensure the uniqueness of objects in every entity property.
Further, the function of the homogeneity recognition module is to perform a second level
of duplicate identification. It analyses and groups homogenous entity based on attributes
and its objects according to the defined similarity threshold and ranking the similarity of
entities. The function of the entity conflation and merging module is to enable the data
verification and merging process on similar entity groups by subject matter experts to

ensure data correctness and the preservation of data semantic relationship.

[0038] Although the present invention has been described with the purpose of managing

duplicate entities based on relationship cardinality in the production knowledge base
repository, it should be appreciated that the same has been done merely to illustrate the
invention in an exemplary manner and any other purpose or function for which explained
structures or configurations could be used, is covered within the scope of the present

invention.

[0039] Exemplary embodiments will now be described more fully hereinafter with

reference to the accompanying drawings, in which exemplary embodiments are shown.
This invention may, however, be embodied in many different forms and should not be
construed as limited to the embodiments set forth herein. These embodiments are provided
so that this invention will be thorough and complete and will fully convey the scope of the
invention to those of ordinary skill in the art. Moreover, all statements herein reciting
embodiments of the invention, as well as specific examples thereof, are intended to
encompass both structural and functional equivalents thereof. Additionally, it is intended
that such equivalents include both currently known equivalents as well as equivalents
developed in the future (i.e., any elements developed that perform the same function,

regardless of structure).

[0040] Thus, for example, it will be appreciated by those of ordinary skill in the art that the

diagrams, schematics, illustrations, and the like represent conceptual views or processes
illustrating systems and methods embodying this invention. The functions of the various

elements shown in the figures may be provided through the use of dedicated hardware as



10

15

20

25

30

WO 2020/101478 10 PCT/MY2019/050093

well as hardware capable of executing associated software. Similarly, any switches shown
in the figures are conceptual only. Their function may be carried out through the operation
of program logic, through dedicated logic, through the interaction of program control and
dedicated logic, or even manually, the particular technique being selectable by the entity
implementing this invention. Those of ordinary skill in the art further understand that the
exemplary hardware, software, processes, methods, and/or operating systems described
herein are for illustrative purposes and, thus, are not intended to be limited to any particular

name.

[0041] Specific details are given in the following description to provide a thorough

understanding of the embodiments. However, it will be understood by one of ordinary skill
in the art that the embodiments may be practised without these specific details. For
example, circuits, systems, networks, processes, and other components may be shown as
components in block diagram form in order not to obscure the embodiments in unnecessary
detail. In other instances, well-known circuits, processes, algorithms, structures, and

techniques may be shown without unnecessary detail to avoid obscuring the embodiments.

[0042] The term “machine-readable storage medium” or ‘“computer-readable storage

medium” includes, but is not limited to, portable or non-portable storage devices, optical
storage devices, and various other mediums capable of storing, containing, or carrying
instruction(s) and/or data. A machine-readable medium may include a non-transitory
medium in which data can be stored, and that does not include carrier waves and/or
transitory electronic signals propagating wirelessly or over wired connections. Examples
of a non-transitory medium may include but are not limited to, a magnetic disk or tape,
optical storage media such as compact disk (CD) or versatile digital disk (DVD), flash

memory, memory or memory devices.

[0043] FIG. 1 illustrates a flowchart 100 of a method for managing one or more duplicate

entities based on a relationship cardinality in a production knowledge base repository, in
accordance with an embodiment of the present invention. The method comprises a step
102 of performing a first level detection of duplicates in existing data present in a
production knowledge base repository through an object harmonisation module. The first
level detection identifies duplicates of one or more attribute objects within a specific entity.
The object harmonisation module implements a sanitization and standardization operation

on the identified attribute objects.
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[0044] Then a step 104 of performing a second level detection of duplicates between

entities of a specific concept through a homogeneity recognition module. The homogeneity
recognition module identifies duplicates according to base-attributes of the specific concept
based on a predefined similarity threshold. The predefined similarity threshold can be

defined by user. In one embodiment, the predefined similarity threshold can be set as 0.8.

[0045] It follows with a step 106 of enabling a user to determine the similarity of the entities

and further enables the user to merge the similar entities through an entity conflation and
merging module. The entity conflation and merging module enables the user to nominate a
primary entity within a similar entity. The entity conflation and merging module
implements merging of a plurality of secondary entities into the primary entity according
to the relationship cardinality. The data in the secondary entities do not overwrite the data

in the primary entity.

[0046] FIG. 2 illustrates a block diagram of a duplicate entity cleaning system 200 in

accordance with an embodiment of the present invention. The duplicate data cleaning
system 200 includes routines, programs, objects, components, data structures, etc., which
perform particular tasks or implement particular abstract data types to process data stored
in a production knowledge base repository 208. The duplicate data cleaning system 200
comprises an object harmonisation module 202, a homogeneity recognition module 204
and an entity conflation and merging module 206 adapted to process data in the production
knowledge base repository 208. The object harmonisation module 202 is adapted to
perform a first level detection of duplicates based on a set of object literal rules 222. Object
literal rules are a set of rules adapted for standardising the format of object of object labels
and literals, which may vary from one knowledge base to another depending on its
configurations. Giving a non-limiting example, the concept: Person with concept-attribute:
rdfs:label, the object literals (1) first letter of a word should be capitalised (2) should not
contain @#!$%&*()+=<>?/ characters . In another example, the concept: Person with
concept-attribute: sample:hasEmail, the object literals (1) must contain @ character at most
once (2) must not have space and (),:;<>[\] characters. It is understood to a skilled person
that entities of different concept-attributes may be formatted in a predefined format known
in the art. The homogeneity recognition module 204 adapts homogeneity recognition
algorithm 244 to carry out second level detection of duplicates based on concept base-

attributes definition 242. Homogeneity recognition is a process using combination of string
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metrics to identify similarities. Concept Base-Attributes definition are defined by
application domain. For example: Concepts: C1, C2....Cn. Base-Attributes: B1, B2...Bn.
If concept C1 = Person, base-attributes can be B1 = rdfs:label, B2 = sample:hasEmail, B3

= sample:fromOrganisation .

[0047] The detected duplicates are grouped and stored in a similar entity groups 262. The
grouped entities can be used for validating the duplicate entities per concept. The entity
conflation and merging module 206 retrieves a relationship (property) cardinality reference

264 to aid the duplicate entities conflation and merging according to the user preferences.

[0048] After the entities of the knowledge base repository 208 are processed by the
duplicate entity cleaning system 200, a clean production knowledge base repository (210)

is output and stored with the duplicate entities cleaned up.

[0049] FIG. 3 illustrates an operational flowchart 300 of the object harmonisation module
202, in accordance with an embodiment of the present invention. The object harmonisation
module 202 retrieves a list of the concepts at step 302 and a list of the attributes of a concept
at step 304. Following that, the object harmonisation module 202 extracts all entity triples
for each attribute at step 306. Samples of the triples are provided in the FIG. 6A.

[0050] At step 318, the object harmonisation module 202 processes an entity at a time. At
step 320, the entity is checked if it has more than one object for the attributes. If there isn’t,
the object harmonisation module 202 checks if there are more entity to check, if there are
the step of 318 and 320 are repeated. If there is no more entity to check, the object
harmonisation module 202 checks if there are more attributes and/or more concepts to
process. Similarly, when there are more attributes and/or concepts to be processed, steps
302, 304, 306, 318 and 320 are repeated accordingly. FIG. 6B provides an example of literal

objects being processed by the object harmonisation module 202.

[0051] The triple objects comprise “Leigh spencer”, “Leigh S.” and “leigh_spencer”,
whereby the sanitization process removes unwanted symbol mentioned above. Following
that, the objects standardize the font case into title case (i.e., capitalized the first character

of each word). Thereafter, the sanitized triples are deleted.

[0052] Returning to the step 320, when the entity have found to have more than one object

for the attribute, the object harmonisation module 202 identifies if the object is a resource
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description framework (RDF) uniform resource identifier (URI) at step 312. At step 315,
if the object is an RDF URI, its URI label is retrieved from the production knowledge-
based respiratory 208. The object harmonisation module 202 proceeds to sanitise labels and
literals based on object literal rules 222 at step 308. If the object is not an RDF URI, the
object harmonisation module 202 proceeds immediately to the step 308 to sanitise the labels
and the literals. The sanitised labels and literals will be normalised in a standardise format
at step 310. Based on the standard format entities, the object harmonisation module 202
determines, in this first level of detection, if the values of the object of triples for a specific
entity and attribute are duplicates at step 316. If there isn’t any duplicate, the object
harmonisation module 202 loops back to the earlier process to harmonize the other objects.
If a duplicate is found, the object harmonisation module 202 retains only the triple of the
object and delete the triple of the other objects at step 314. In one embodiment, selection
of triple is based on the completeness and uniqueness of information. In another
embodiment, a first among the triples with duplicate object values for a specific entity and

attribute will be retained while the others can be deleted.

[0053] FIG. 6C shows an example of entity harmonisation process for an RDF URI object..

As shown, the objects are identified as RDF URI. As explained above, the object

harmonisation module 202 retrieves the URI label. After the process, the triples are deleted.

[0054] FIG. 4 illustrates an operational flowchart 400 of the homogeneity recognition

module 204, in accordance with an embodiment of the present invention. The homogeneity
recognition module 204 carries out a second level detection of one or more duplicates
between entities of a specific concept. The homogeneity recognition module 204 identifies
duplicates according to one or more base-attributes of the specific concept based on a
predefined similarity threshold. The second level detection starts with retrieving a list of
all main concepts and its designed based-attribute from concept base attributes definition
401 at step 402. In one embodiment, the concept based-attributes definition can be defined
by an application domain specifics to its knowledge base design known in the art. At step
404, the homogeneity recognition module 204 lists all entity having the base-attributes with
its corresponding object from the production knowledge base respiratory 403. In one
embodiment, the production knowledge base respiratory 403 stores entities processed by
the object harmonisation module 202. At step 406, the homogeneity recognition module

204 obtains a base-attribute count, X, to be processed. At step 408, if there is only one
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entity in the same group, the homogeneity recognition module 204 executes its
homogeneity recognition with base-attribute object based on defined similarity threshold
at step 409, wherein the homogeneity recognition is based on a homogeneity recognition
algorithm 411. In one embodiment, the homogeneity recognition module may adapts any
homogeneity recognition or detection algorithms, proprietary or opened source, that are
well known in art. Similarly, the similarity threshold for purpose of homogeneity is can
be set according to the adapted algorithm. Then, the homogeneity recognition module 204
checks if there are any similar entities at step 413. If similar entities found, at step 414, it
stores as a list of entity group in a similar entity group (data) 415. If there are no similar
entities found at step 413, the module 204 further checks if there are more concepts at step

416. When more concept is found, the process loops to step 404.

[0055] Referring back to the step 408, when there is more than one entity of the same

group, the homogeneity recognition module 204 execute its homogeneity recognition with
base-attribute object based on a defined similarity threshold 410. The homogeneity
recognition is based on homogeneity recognition algorithm 411. Similarly, the
homogeneity recognition module 204 determines if similar entities are found at step 412.
If no similar entities are found, it stores 414 as a list of entity group in the similar entity
group 415. If similar entities found at step 412, it computes a similarity ranking data at
step 422, then checks for more base-attribute at step 420. If there isn’t, similarity ranking
is computed at step 418, and stores a list of similar entity group at step 414. If there are

more base-attribute, it loops to the step 410 to perform homogeneity recognition.

[0056] Over the above process, the homogeneity recognition module 204 repeats the

execution of homogeneity recognition for each base-attribute having a first base-attribute
as the primary base-attribute in identifying the concepts that have more than one base-
attribute. The homogeneity recognition module 204 further computes 422 the similarity
ranking as per similar entity group 412, and stores 414 the identified list of similar entity

group for later use.

[0057] In an embodiment, the similarity ranking 418 is obtained by receiving a base-

attribute count (X) of the specific concept, identifying the primary base-attribute for the
specific concept, computing the primary base-attribute value per entity by multiplying 0.65
to X, computing the base-attribute value per entity by dividing 0.35 by the difference of X-

1, and multiplying the result by X. The parameters are use to give more weight to the
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primary base-attribute then other base-attributes. In other embodiments, other ratios or the
parameters can be used. In an embodiment, the similarity ranking is based on the

summation of primary base-attribute value and the base-attribute values per entity.

[0058] Returning to the step 414, besides storing the outcome to the similar entity group

4135, the process loops to the step 416 to determine if more concept to be processed.

[0059] FIG. 6D and FIG. 6E exemplifies a homogeneity recognition of the entities. In the

first round of process, entities of the primary base-attribute B1 = rdfs:label are being
processed. Among the entities, similar entities of the primary base-attribute are selected
for the next secceeding process. In the illustrated example, PersonEntity2, PersonEntity3
and PersonEntity5 are selected. In the second round of process, the base-attribute B2 =
sample:hasEmail of each of the selected (similar) entities are process to determine for
similarties. In the second round, PersonEntity2 and PersonEntity3 have an identical email
address. In its third round, the base-attribute B3 = sample:fromOrganisation, the same
same set of selected (similar) entities are processed. PersonEntity2 doesn’t contain any

entry for B3, whereby the PersonEntity3 and PersonEntity5 contain similar entry.

[0060] Subsequently, a similarity ranking will be computed as shown in FIG. 6E.

Foremost, since three entities are selected, X=3. Accordingly, a primary base-attribute
value is X*0.65 = 1.95. For B2, the base-attribute value = X[0.35/(X-1)] and a value 0.525
is obtained. The same goes to B3. But B2 is absent in PersonEntity5 and B3 is absent in
PersonEntity2, therefore, no value (or zero) will be assigned. Following that, the base-
attribute value for each entity will be summed up to determine the ranking for each entity,
and the selected entities will be sorted according to similarity ranking forming a similar

entity group.

[0061] FIG. 5 illustrates an operational flow 500 carried out by the entity conflation and

merging module 206, in accordance with an embodiment of the present invention. The
entity conflation and merging module 206 allows the user to perform the final duplicates
cleaning according to the user preferences. At step 502, the entity conflation and merging
module 206 prompts the user to select a concept, and based on the input, the entity
conflation and merging module 206 displays a list of similar entity group under the selected
concept at step 504. Following that, at step 506, all the value of object of an entity

belonging to a group is shown. At step 508, the user is prompt to select the primary entity
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in the group and subsequently, at step 510, to select secondary entities in the group. With
the selections, the entity conflation and merging module 206 implements the merging of a
plurality of secondary entities into the primary entity according to the relationship
cardinality, if it is required at step 512. If the entities are to be merged, the entity conflation
and merging module 206 keep properties of at least the (selected) primary entity in the
group and store it in a temporary properties list 515 of the primary entity at step 514. At
step 516, it processes properties of the secondary entities. At step 518, the entity conflation
and merging module refers to a relationship (property) cardinality reference 520 to check
property cardinality of the second entities' properties. If the property cardinality 1=1, it
further checks if the property is existing in the primary entity at step 522. If so, the
secondary property is removed at step 523. At step 524, the entity conflation and merging
module 206 determines if more secondary properties to be processed. If so, the steps 516,

518, 522, 523 to 524 are repeated until no other secondary property is available.

[0062] In step 512, the selections is performed by user to decide whether a pair of records

shall be consider a duplicate, and is required to be merged. Records that contain criteria
such as maximum or most information available will be considered as a primary record in
the group. One or more secondary records can be merged with the primary record
according to the relationship’s cardinality. In one embodiment, secondary records will not
be overiding the primary record, rather, any additional data in the secondary record that is
not present in the primary record will be appended to the primary record for ensuring

preservation of its semantic relationship.

[0063] Returning to the steps 521 and 522, when either the property existing in the primary

cardinality 1=1 is not true or no property existing in the primary entity, the entity conflation
and merging module 206 replaces secondary entity URI of the corresponding triple with
the primary entity URI at step 525. At step 526, it adds the property to the temporary
properties list of the primary entity 515. Thereafter, the process loops back to the step 524

to check if more secondary properties.

[0064] Returning to the steps 512, and the step 524, when the entities are not to be merged

(or no entities to be merged) or no other second properties to be processed, the entity
conflation and merging module 206 check if there are more similar entity group. In one
embodiment, user manually checks if there are more similar entity group through the

conflation and merging module 206. If there is, the process loops back to process 506 to
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carry out the aforesaid process. When there is no other similar entity group found, the
selections are updated to the production knowledge base 210 at step 528. Subsequently, at
step 529, if there are more similar entity group, the process 500 is repeated. If no more

similar entity group, the process is concluded.

[0065] FIG. 6F provides an example of processing the selected primary entity and the
selected secondary entity through the entity conflation and merging module. In the
illustrated example, the PersonEntity3 is assigned as the primary record, whilst the

PersonEntity2 and PersonEntity5 are assigned as the secondary records.

[0066] FIG. 6G illustrates an example of merging secondary entity <PersonEntity2-URI>
to the primary entity through the entity conflation and merging module. Based on the
relationship cardinality of each record of PersonEntity2, relationship cardinality that are
one-to-one and properties exist in the primary entity are remoted, whilst the relationship
cardinality is one-to-many, it replaces secondary entity URI with the primary entity in the

triple. Thereafter, the knowledge base will be updated with the triple.

[0067] FIG. 6H illustrates an example of merging secondary entity <PersonEntityS-URI>
to the primary entity through the entity conflation and merging module. Similarly,
relationship cardinality that is one-to-many in the PersonEntity5, the secondary entity URI
will be replaced with the primary entity URI in the triple and the knowledge base will be
updated with the triple.

[0068] FIG. 61 illustrates an example of merged triples for the primary entity in the

production knowledge base.

[0069] Thus the present system and method automatically identifies the similar data in the
production knowledge base repository and merges the duplicate data while preserving the
semantic relationship, data integrity, and data quality. Further, the present invention speeds
up the cleansing of the data in the production knowledge base repository to ensure that it is
relevant, up to date, qualified and useful to the end-users. Furthermore, the present
invention speeds up the process of eliminating similar data in the production knowledge
base repository while a system is running and utilizes a user-friendly interface to implement

the present system and method.
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[0070] While embodiments of the present invention have been illustrated and described, it
will be clear that the invention is not limited to these embodiments only. Numerous
modifications, changes, variations, substitutions, and equivalents will be apparent to those
skilled in the art, without departing from the scope of the invention, as described in the

claims.
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CLAIMS:

1.

A method for managing one or more duplicate entities based on a relationship cardinality

in a production knowledge base repository, the method comprises steps of:

performing, by one or more processors, a first level detection of one or more duplicates in
existing data present in the production knowledge base repository through an object
harmonisation module (202), wherein the first level detection identifies duplicates of one
or more attribute objects within a specific entity, wherein the object harmonisation module
(202) implements a sanitization operation and a standardization operation on the identified

attribute objects;

performing, by one or more processors, a second level detection of one or more duplicates
between a plurality of entities of a specific concept through a homogeneity recognition
module (204), wherein the homogeneity recognition module (204) identifies duplicates
according to one or more base-attributes of the specific concept based on a predefined

similarity threshold; and

enabling, by one or more processors, a user to determine the similarity of the entities and
further enables the user to merge the similar entities through an entity conflation and
merging module (206), wherein the entity conflation and merging module (206) enables
the user to nominate a primary entity within a similar entity, wherein the entity conflation
and merging module (206) implements the merging of a plurality of secondary entities into
the primary entity according to the relationship cardinality, wherein the data in the

secondary entities do not overwrite the data in the primary entity.

The method according to claim 1, wherein the object harmonisation module (202) further
performs steps of:

extracting and grouping a plurality of entity triples per concept-attribute;

quantifying the attribute objects for the specific entity;

identifying a predefined classification of attribute object, wherein the classification
comprises a resource description framework, RDF, a uniform resource identifier,URI, and
a plurality of literals;

sanitizing and standardizing a format of a plurality of object values;

comparing the object values and identifying exact duplicate of the object values;
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harmonizing object data by deleting one or more duplicate triples of duplicate object
URI/literals for an entity to ensure the uniqueness of the attribute objects; and

updating the production knowledge base repository.

The method according to claim 2, wherein the sanitizing and standardizing format of object
values comprises steps of:

removing of unnecessary characters from the object labels and literals; and

modifying into the standard format of object labels and object literals based on a predefined

object literal rules.

The method according to claim 1, wherein the homogeneity recognition module (204)
comprises a concept base-attribute definition for analysis of a reference scope,

wherein the homogeneity recognition module operably comprises the steps of:

identifying if the concept has more than one base-attribute;

executing homogeneity recognition based on a predefined similarity threshold;

repeating the execution of homogeneity recognition for each base-attribute having a first
base-attribute as the primary base-attribute on identifying the concepts have more than one
base-attribute;

computing a similarity ranking as per similar entity group; and

storing the identified list of similar entity group for usage of the entity conflation and

merging module (206).

The method according to claim 4, wherein the similarity ranking is obtained by performing
a plurality of steps comprises:

receiving a base-attribute count,X of the specific concept;

identifying the primary base-attribute for the specific concept;

computing the primary base-attribute value per entity by multiplying 0.65 to X;
computing the base-attribute value per entity by dividing 0.35 by the difference of X-1; and
multiplying the result by X, wherein the similarity ranking is based on the summation of

primary base-attribute value and the base-attribute values per entity.

The method according to claim 1, wherein the entity conflation and merging module (206)
comprises a user interface for verification, wherein the entity conflation and merging

module presents a list of similar entity groups in a concept sorted by the similarity ranking;
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displays a plurality of relationships with the corresponding objects for each entity; enables
the user to verify data; nominates the primary entity and the secondary entity; validates
property cardinality as defined in the relationship cardinality reference; merges duplicate
entities to ensure the preservation of the semantic relationship, wherein the merging of
duplicate entities comprise steps of replacing URI of secondary entities triple with the
primary entity URI based in the property cardinality; appending the data in the primary
entity not contained in the secondary entities to ensure the preservation of the semantic
relationship of the primary entity; removing the redundant data triples; and updates the

production knowledge base repository with cleansed data.

A system for managing one or more duplicate entities based on a relationship cardinality

in a production knowledge base repository, the system comprises:

a memory (206) to store machine-readable instructions pertaining to manage the duplicate

entities; and

a processor (202) coupled to the memory and operable to execute the machine-readable

instructions stored in the memory, wherein the processor (202) comprises:
an object harmonisation module (202) to perform a first level detection of one or more
duplicates in existing data present in the production knowledge base repository,
wherein the first level detection identifies duplicates of one or more attribute objects
within a specific entity, and wherein the object harmonisation module (202) implements
a sanitization operation and a standardization operation on the identified attribute
objects;
a homogeneity recognition module (204) to perform a second level detection of one or
more duplicates between a plurality of entities of a specific concept, wherein the
homogeneity recognition module (204) identifies duplicates according to one or more
base-attributes of the specific concept based on a predefined similarity threshold; and
an entity conflation and merging module (206) enables a user to determine the similarity
of the entities and further enables the user to merge the similar entities, wherein the
entity conflation and merging module (206) enables the user to nominate a primary
entity within a similar entity, wherein the entity conflation and merging module (206)
implements merging of a plurality of secondary entities into the primary entity
according to the relationship cardinality, and wherein the data in the secondary entities

do not overwrite the data in the primary entity.
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The system according to claim 1, wherein the object harmonisation module (202) is
configured for extracting and grouping a plurality of entity triples per concept-attribute;
quantifying the attribute objects for the specific entity; identifying a predefined
classification of attribute object, wherein the classification comprises a resource description
framework,RDF, a uniform resource identifier, URIL and a plurality of literals; sanitising
and standardising format of a plurality of object values; comparing the object values and
identifying exact duplicate of the object values; harmonizing object data by deleting one or
more duplicate triples of duplicate object URI/literals for an entity to ensure the uniqueness

of the attribute objects; and updating the production knowledge base repository.

The system according to claim 1, wherein the homogeneity recognition module (204)
comprises a concept base-attribute definition for analysis of a reference scope, wherein the
homogeneity recognition module (204) is configured for identifying if concept has more
than one base-attribute; executing homogeneity recognition based on a predefined
similarity threshold; repeating the execution of homogeneity recognition for each base-
attribute having a first base-attribute as the primary base-attribute on identifying the
concepts have more than one base-attribute; computing similarity ranking as per similar
entity group; and storing the identified list of similar entity group for usage of the entity

conflation and merging module (206).

The system according to claim 1, wherein the entity conflation and merging module (206)
comprises a user interface for verification, wherein the entity conflation and merging
module (206) presents a list of similar entity groups in a concept sorted by the similarity
ranking; displays a plurality of relationships with the corresponding objects for each entity;
enables the user to verify data; nominates the primary entity and the secondary entity;
validates property cardinality as defined in the relationship cardinality reference; merges
duplicate entities to ensure the preservation of the semantic relationship; and updates the

production knowledge base repository with cleansed data.
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