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data sources (802); pre-detining set of semantic
rules (804); forwarding predefined semantic rules
into Rules Based Data Connection Engine to link
schema-to-schema, property-to-property and
schema-to property of said data sources and to map
schema and data values from said data sources based

on a set of predetined semantic rules (803); generating connected data from said mapped schema and data values (805); and return-
ing relationships between schemas and values to user (806). Accuracy of intermediate and final results as obtained through the

present invention is independent from the sequence of algorithms execution.
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A SYSTEM AND METHOD FOR DATA INTEGRATION

FIELD OF INVENTION

The present invention relates to a system and method for data integration. In particular,
the invention relates to a system and method for data integration that involves
connection of data from various data sources. Originality of data is maintained as
synonyms data are connected based on pre-defined semantic rules utilizing Rules-

based Data Connection Engine.

BACKGROUND ART

Traditional algorithm based data cleansing processes usually involve the detection and
correction of corrupt or inaccurate records from data sources. During the cleansing
process, so called dirty data is replaced, modified or deleted. This process produces a

smaller dataset in which some of the original information collected is permanent lost.

Data cleansing processes usually involve more than one algorithm. The selection of
algorithms to be used and the execution sequence of the selected algorithms are always
questionable issues as most algorithms selected are not symmetric to one another.
Often, the algorithms are not dependent on one another, nor do they satisfy the
Commutative (a + b = b + a) and Associative ((a x b) xc = a x (b x ¢)) laws.

An example of a traditional data cleansing process (100) is illustrated in Figures 1-4. As
illustrated, data source (101) is collected from a variety of sources (102) and cleansed
through a plurality of algorithms (103). From this process, a final result (104) is obtained.
As shown in Figures 2 and 3 in slightly more detail, after application of a first algorithm
(103a), and a first intermediate result (105a) is obtained. This is then passed through a
second algorithm (103b) to obtain a second intermediate result (105b). This process is
repeated through any number of algorithms (103c....103n), returning further intermediate
results (105c....105n), until the final result (104) is reached.
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The difficulty with this process lies in the selection of the algorithms (103) and
determination of the best execution sequence of the algorithms (103). Each intermediate
result (105) will invariably lose some of the original data source (101) input to the
process (100). This is illustrated in Figure 4, in which data is collected from three data
sources (102a, 102b and 102c¢). The data source (102a) is processed using a traditional
cleansing process (100) to arrive at a final result 104. In this example, data source 1
(102a) provides for “Sex” with options “M” for “male” and “F” for “female”. Data source 2
(102b) provides for “Jantina”, the Malay word for “sex”, with options “L” and “P’,
representing “male” and “female” respectively, rather than “M” and “F”. Data source 3
(102c) provides for “Gender” with options “1” and “2". As such, the data collected may be
combined if appropriate rules are employed. However, in traditional cleansing processes
(100), the original schema and information may be lost in the final result (104). In this
example, “Sex”, “L", “P", “Jantina”, “1” and “2" are lost in the process (100). That is, 2/3

of the original schema and information is lost.

United States Patent No. 8,166,048 describes a system for maintaining master reference
data for entities. The system includes muiltiple reference data sets at multiple different
data storages. A reference data set for a particular entity uniquely identifies the particular
entity. The system also includes a first master reference data set at a first data storage
that is at least as reliable as a second reference data set at a second data storage. In
some embodiments, the first data storage can be updated through real-time process or
an offline process (e.g. a batch process). The first master reference data set includes at
least one data record, and content metadata regarding the data record. In some
embodiments, content metadata comprises lineage data that includes each preceding
value that was contained in the data record. In some of these embodiments, lineage
includes other factors that affected the present and previous values contained in the

data record.

United States Patent Publication No. 2012/0095973 A1 describes a method and system
for developing data integration applications with reusable semantic types to represent
and process application data. Methods include creating schemas to describe external
data, creating semantic types to describe internal data, mapping schemas to semantic

types, developing dataflow that configure input and output operations using schemas,
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mappings, and semantic types and all other transformation operations and functions

based solely on semantic types, and executing dataflow defined in this manner.

The present invention advantageously provides systems and methods that perform data
integration by connecting data from a variety of data sources without changing the data
source. Advantageously, data originality is maintained as none of the data source is
edited or removed, which is usually the case using traditional algorithm based
approaches. As such, accuracy of the intermediate and final results is advantageously
independent of the sequence of algorithm execution.

The subject matter claimed herein is not limited to embodiments that solve any
disadvantages or that operate only in environments such as those described above.
Rather, this background is only provided to illustrate one exemplary technology area

where some embodiments described herein may be practice.
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SUMMARY OF INVENTION

The present invention relates to a system and method for data integration. In particular,
the invention relates to a system and method for data integration that involves
connection of data from various data sources by maintaining data originality as
synonyms data are connected based on pre-defined semantic rules utilizing Rules-

based Data Connection Engine.

One aspect of the present invention provides a system (500) for data integration by
connecting synonyms data based on pre-defined semantic rules and maintaining data
originality. The system comprising at least one decision support system (DSS) agent
(502) comprising at least one rules based data connection engine (503) adapted to
generate linked data from a plurality of data retrieved from a plurality of heterogeneous
data sources (501); and at least one semantic based decision support system (DSS)
(504) in communication with said decision support system agent (502) and comprising a
predefined set of semantic rules; and concepts and relations mapping information. The
at least one rule based data connection engine (503) further having means for
defining coverage of subject domain; defining schemas, properties and relationships;
reusing schemas and properties; implanting domain coverage into relationships;
ensuring relationships between schemas and values are coherent; mapping to
knowledge base to increase matching; linking schema-to-schema, property-to-property
and schema-to property incrementally; and returning connected schema and properties.

Another aspect of the invention provides that the said semantic based decision support
system (DSS) (504) further comprises at least one workflow manager module (505); at
least one data integration module (506), at least one decision model manager module
(507); and at least one rule based reasoned module (508) adapted to link concepts and

relations mapping and semantic rules into the rules based data connection engine (503).

A further aspect of the invention provides that the said semantic based decision support
system (DSS) (504) is in communication with at least one persistence store (511)
comprising at least one storage (512), at least one knowledge base (513) and at least

one file base (504). The said persistence store (511) is an ontology model.
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Another aspect of the invention provides a method (800) for data integration by
connecting synonyms data based on pre-defined semantic rules and maintaining data
originality. The said method comprising steps of pre-defining set of semantic rules (804);
retrieving a plurality of data from a plurality of heterogeneous data sources (802);
forwarding predefined semantic rules into Rules Based Data Connection Engine to link
schema-to-schema, property-to-property and schema-to property of said data sources
and to map schema and data values from said data sources based on a set of
predefined semantic rules (803); and generating connected data from said mapped
schema and data values (805); and returning relationships between schemas and values
to user (806). The step of forwarding predefined semantic rules into Rules Based Data
Connection Engine to link schema-to-schema, property-to- property and schema-to
property of said data sources and to map schema and data values from said data
sources based on a set of predefined semantic rules (803) further comprising steps of
defining coverage of subject domain (901); defining schemas, properties and
relationships (902); reusing schemas and properties (903); implanting domain coverage
into relationships (904); ensuring relationships between schemas and values are
coherent (905); mapping to knowledge base to increase matching (906); linking schema-
to-schema, property-to-property and schema-to property incrementally (908); and
returning connected schema and properties (909). The said semantic rules are a set of

rules adapted to connect data from heterogeneous data sources.

Yet another aspect of the invention relates to a method additionally comprising

establishing relationships between the heterogeneous data sources.

The present invention consists of features and a combination of parts hereinafter fully
described and illustrated in the accompanying drawings, it being understood that various
changes in the details may be made without departing from the scope of the invention or

sacrificing any of the advantages of the present invention.
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BRIEF DESCRIPTION OF ACCOMPANYING DRAWINGS

To further clarify various aspects of some embodiments of the present invention, a more
particular description of the invention will be rendered by references to specific
embodiments thereof, which are illustrated in the appended drawings. It is appreciated
that these drawings depict only typical embodiments of the invention and are therefore
not to be considered limiting of its scope. The invention will be described and explained
with additional specificity and detail through the accompanying drawings in which:

FIG. 1 illustrates a generic flow diagram for a traditional data cleansing process.

FIG. 2 illustrates another flow diagram for a traditional data cleansing process.

FIG. 3 illustrates a further flow diagram for a traditional data cleansing process.

FIG. 4 illustrates an example of data collection and loss using a traditional data

cleansing process.

FIG. 5 illustrates a system of an embodiment of the invention.

FIG. 6 illustrates an embodiment of the rules based data connecting approach of the

invention.

FIG. 7 illustrates an example of rule based data connection in accordance with an

embodiment of the invention.

FIG. 8 illustrates a simplified flow diagram of the methodology of an embodiment of the

invention.

FIG. 9 illustrates a flow diagram of the operation of the rules based data connection

engine.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention relates to a system and method for data integration. In particular,
the invention relates to a system and method for data integration that involves
connection of data from various data sources by maintaining data originality as
synonyms data are connected based on pre-defined semantic rules utilizing Rules-

based Data Connection Engine.

Hereinafter, this specification will describe the present invention according to the
preferred embodiments. It is to be understood that limiting the description to the
preferred embodiments of the invention is merely to facilitate discussion of the present
invention and it is envisioned without departing from the scope of the appended claims.

Referring to Figure 5, a system (500) for data integration by connecting synonyms data
based on pre-defined semantic rules wherein originality of data is maintained is
illustrated. According to this system (500) data source is retrieved from a plurality of
heterogeneous data sources (501) through a decision support system agent (DSS
Agent) (502). The DSS Agent (502) comprises a rules based data connection engine
(503) that is adapted to receive the collected data and generate linked data from the
data retrieved from heterogeneous data sources (501). The rule based data connection
engine (503) having means for defining coverage of subject domain; defining schemas,
properties and relationships; reusing schemas and properties; implanting domain
coverage into relationships; ensuring relationships between schemas and values are
coherent; mapping to knowledge base to increase matching; implanting domain
coverage into relationships; linking schema-to-schema, property-to-property and

schema-to property incrementally; and returning connected schema and properties.

The DSS Agent (502) is in communication with a semantic based decision support
system (DSS) (504). The DSS (504) includes a workflow manager module (505), a data
integration module (506), a decision model manager module (507) and a rule based
reasoned module (508). Importantly, the DSS (504) is provided with a predefined set of
semantic rules (609) and concepts and relations mapping information (510) that facilitate
linking of schema-to-schema, property-to-property and schema-to property of the data
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sources (501) and mapping of the schema and data values from the data sources (501)
based on the set of predefined semantic rules (509). The said semantic based decision
support system (DSS) (504) is adapted to link concepts and relations mapping (510) and
semantic rules (509) into the rules based data connection engine (503). A persistence
store (511) is also provided comprising storage (512), knowledge base (513) and file
base (514). The said persistence store (511) is an ontology model.

A general method (600) of an embodiment of the invention is illustrated generically in
Figure 6. Referring to that figure, again a plurality of heterogeneous data sources (601)
generate data that is retrieved and processed by a rules based data connection engine
(603) based on semantic rules and concepts and relations mapping provided in a DSS
(604). As muitiple rules are applied in a single process, issues faced by the application
of multiple algorithms are advantageously avoided as data source is connected (605) to
generate the final result (606).

An example of rules based data connection (700) is provided in Figure 7. For
convenience, the example corresponds with that provided in Figure 4 relating to
traditional algorithm based processing. Referring to Figure 7, data source (701) is
retrieved from a plurality of heterogeneous data sources (702). Semantic rules (703) as
provided in a DSS (704) are used to connect (705) the data source (701). In this way,
data is not lost, as is the case with traditional processing as illustrated in Figure 4.

The methodology (800) of the present invention for data integration by connecting
synonyms data based on pre-defined semantic rules and maintaining data originality is
illustrated in Figure 8. As illustrated, a plurality of heterogeneous data sources (801)
generates data and the set of semantic rules are pre-defined (804). Thereafter, the
plurality of data is retrieved from a plurality of heterogeneous data sources (802) and
processed in a rules based data connection engine (803). The set of semantic rules are
used to process the data and generate connected data from mapped schema and data
values (805). The said semantic rules are a set of rules adapted to connect data from
heterogeneous data sources. The predefined semantic rules are forwarded into the rules
based data connection engine to link schema-to-schema, property-to-property and

schema-to property of said data sources and to map schema and data values from said
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data sources based on a set of predefined semantic rules (803). This returns the final
result wherein relationships between schemas and values are returned to the user (806).

Referring to Figure 9, the work flow (900) of the rules based data connection engine is
illustrated. The process generally includes initially defining coverage of a subject domain
(901) and defining schemas, properties and relationships (902). Schemas and properties
are reused as much as possible (903). Implanting domain coverage into relationships
(904) follows, and relationships between schemas and values are confirmed and
ensured as coherent (905). Mapping to knowledge base is carried out to increase the
likelihood of matching (906). Linking of schema-to-schema, property-to-property and
schema-to property incrementally (908) is carried out and connected schema and
properties returned. The said method further includes estabiishing relationships between
said heterogeneous data sources. This generally completes the work flow (900).

The present invention is directed to integrate data from various and variety data sources,
without changing the source of the data itself. Originality of the data will be maintained
as none of the data source will be edited or removed, as compared to traditional
algorithms based approach. Further, accuracy of intermediate and final results as
obtained through the present invention is independent from the sequence of algorithms
execution. Data is integrated by connecting synonyms data based on pre-defined
semantic rules by utilizing rules-based data connection engine.

Unless the context requires otherwise or specifically stated to the contrary, integers,
steps or elements of the invention recited herein as singular integers, steps or elements
clearly encompass both singular and plural forms of the recited integers, steps or

elements.

Throughout this specification, unless the context requires otherwise, the word
“comprise”, or variations such as “comprises” or “comprising”, will be understood to imply
the inclusion of a stated step or element or integer or group of steps or elements or
integers, but not the exclusion of any other step or element or integer or group of steps,

elements or integers. Thus, in the context of this specification, the term “comprising” is
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used in an inclusive sense and thus should be understood as meaning “including

principally, but not necessarily solely”.

It will be appreciated that the foregoing description has been given by way of illustrative
example of the invention and that all such modifications and variations thereto as would
be apparent to persons of skill in the art are deemed to fall within the broad scope and

ambit of the invention as herein set forth.
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CLAIMS

1. A system (500) for data integration by connecting synonyms data based on pre-
defined semantic rules and maintaining data originality comprising:
at least one decision support system (DSS) agent (502) comprising at
least one rules based data connection engine (503) adapted to generate
linked data from a plurality of data retrieved from a plurality of
heterogeneous data sources (501); and
at least one semantic based decision support system (DSS) (504)
in communication with said decision support system agent (502) and
comprising a predefined set of semantic rules, and concepts
and relations mapping information
characterized in that
the at least one rule based data connection engine (503) further
having means for:
defining coverage of subject domain;
defining schemas, properties and relationships;
reusing schemas and properties;
implanting domain coverage into relationships;
ensuring relationships between schemas and values
are coherent;
mapping to knowledge base to increase matching;
linking schema-to-schema, property-to-property and
schema-to property incrementally; and
returning connected schema and properties.

2. A system (500) according to claim 1, wherein said semantic based decision
support system (DSS) (504) further comprises at least one workflow manager
module (505); at least one data integration module (506), at least one decision
model manager module (507); and at least one rule based reasoned module
(508) is adapted to link concepts and relations mapping (510) and semantic rules
into the rules based data connection engine (503).
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3. A system (500) according to claim 1, wherein said semantic based decision
support system (DSS) (504) is in communication with at least one persistence
store (511) comprising at least one storage (512), at least one knowledge base
(513) and at least one file base (504).

4. A system (500) according to claim 1, wherein said persistence store (511) is an
ontology model.

5. A method (800) for data integration by connecting synonyms data based on pre-
defined semantic rules and maintaining data originality comprising steps of:
pre-defining set of semantic rules (804)
retrieving a plurality of data from a plurality of heterogeneous data
sources (802);
forwarding predefined semantic rules into Rules Based Data
Connection Engine to link schema-to-schema, property-to-property
and schema-to property of said data sources and to map schema
and data values from said data sources based on a set of
predefined semantic rules (803);
generating connected data from said mapped schema and data
values (805); and
returning relationships between schemas and values to user (806)
characterized in that
forwarding predefined semantic rules into Rules Based Data
Connection Engine to link schema-to-schema, property-to-
property and schema-to property of said data sources and to
map schema and data values from said data sources based
on a set of predefined semantic rules (803) further
comprising steps of:
defining coverage of subject domain (901);
defining schemas, properties and relationships (902);
reusing schemas and properties (903);

implanting domain coverage into relationships (904);
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ensuring relationships between schemas and values
are coherent (905);

mapping to knowledge base to increase matching
(906);

linking schema-to-schema, property-to-property and
schema-to property incrementally (908); and

returning connected schema and properties (909).

A method according to claim 5, wherein said semantic rules are a set of rules
adapted to connect data from heterogeneous data sources.

A method according to claim 5, further comprising establishing relationships

between said heterogeneous data sources.
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