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(57) Abstract: According to an example, correlation based instruments
discovery may include extracting text from content identified as being re-
lated to instruments for implementing machine readable instructions
based products. An identified content object graph model having subjects
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specifications related to a machine readable instructions based product
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product specitications object graph model may be correlated and scored.
Subjects and features from the identified content object graph model that
include respective highest scores for matching subjects and features from
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CORRELATION BASED INSTRUMENTS DISCOVERY

BACKGROUND

[0001] in the architecture and"d‘e‘si‘gn phase of a software (i.e., machine
readable instructions) based application, typically a search is performed for a set of
instruments that are best suited to deliver an end solution. Instruments typically
include various machine readable instructions based applications, libraries, and/or
components that are needed to implement the end solution. The search is typically
based on a set of specifications outlined by stake holders associated with the end
solution. Experts in a particular area associated with the end solution typically use
their knowledge and recommendations from other experts to select a set of
instruments that best meet the Set.of specifications and the end solution. For
example, an expert typically analyzes the set of specifications and searches
through a library of available instruments to select an instrument that best meets

the set of specifications and the end solution.
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BRIEF DESCRIPTION OF DRAWINGS

[0002] Features of the present disclosure are illustrated by way of example and
not limited in the following figure(s), in which like numerals indicate like elements,

in which:

[0003] Figure 1 illustrates an architecture of a correlation based instruments

discovery apparatus, according to an example of the present disclosure;

[0004] Figure 2 illustrates further details bf the correlation based instruments
discovery apparatus of Figure 1, aécording to an example of the present

disclosure;

[0005] Figure 3 illustrates a flowchart of correlation based instruments

discovery, according to an exampble of the present disclosure;

[0006] Figure 4 illustrates a product specifications object graph model for a
network monitoring tool example described herein, according to an example of the

present disclosure;

| [0007] Figure 5 illustrates word arrangement for correlation, according to an

example of the present disclosure;

[0008] Figure 6illustrates a flowchart of a method for correlation based

instruments discovery, according to an example of the present discloéure;

[0009] Figure 7illustrates further details of the flowchart of the method for
correlation based instruments discovery, according to an example of the present

disclosure; and

[0010] Figure 8illustrates a computer system, according to an-example of the

present disclosure.
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DETAILED DESCRIPTION

[0011] For simplicity and illustrative purposes, the present disclosure is
described by referring mainly to-eka.mples. In the following description,'numerous
specific details are set forth in order to provide a thorough understanding of the
'prese.nt disclosure. It will be readily apparent however, that the present disclosure
may be practiced without limitation to these specific details. In other instances,
some methods and structures have not been described in detail so as not to

unnecessarily obscure the present disclosure.

[0012]  Throughout the present disclosure, the terms "a" and "an" are intended
‘to denote at least one of a particular element. As used herein, the term "includes"
means includes but not limited to, the term "including” means including but not

limited to. The term "based on" means based at Ieaét in part on.

[0013] In the architecture and design phase of a machine readable instructions
based application, typically an expert analyzes a set of specifications outlined by
stakeholders associated with an end solution, and searches through a library of
available instruments to select an instrument that best meets the set of
specifications and the end solution. Such an analysis is limited to the set of
instruments that are available to the expert, the expert’s experience, and/or the
expert's bias towards selection of a particular instrument. Such an analysis thus
omits consideration of numerous other instruments that may also provide a ‘
competitive offering, without an expert even being aware of the existence of such
other instruments. An objective cbmparison of available instruments is often time
consuming, for example, due to the dynamic nature of new instruments that come
into existence. Stakeholders are also limited to reliance on expert opinion due to
their lack of knowledge of particular instruments related to an end solution.
Stakeholders are further limited to having to use an instrument that is
‘recommended by an expert, without having a metric that indicates how well an

instrument meets the original set of specifications on an ongoing basis.
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[0014]  According to exampl'és‘, a correlation based instruments discovery.
apparatus and a method for correlation based instruments discovery are disclosed
herein. The apparatus and method disclosed herein provide for the discovery of
instr’umehts based on facts from a given set of user specifications. The apparatus
and method disclosed herein _m}ayb provide a comparative report of the comparison
on what instrument works best for a particular set of user specifications. The user
specifications may be provided as product specifications related to a product that is
to be implemented. The product may include any generic entity, such as, for
example, a machine readable instructions based application, or a machine
readable instructions and hardware based computer component that is used, for
example, for a machine readable instructions based implementation. A product
specifications satisfaction index may be used to measure how close an instrument
selection matches the user produbt specifications. A cost based comparison may
also be provided as an indication of a total cost accrued for a particular instrument.
The product specifications satisfaction index and the cost may provide a balance
between cost and the instrument capabilities that may be used to provide the best

value for cost solution.

[0015] The apparatus and method disclosed herein may be used to implement
~ other aspects related to instrument selection., such as, for example, a specification
based recommendation engine (i.e., a mapping module as described herein) for
sizing, and for costs associated with instruments for different industries. The
apparatus and method disclosed herein may also be used to implement a
knowledge helpdesk on instrurhents that are regularly updated, hardware sizing to

determine what configuration best suits a set of product specifications, etc.

[0016] Generally, the apparatus and method disclosed herein may combine

internal enterprise sources, external enterprise sources, and social media sources
to build a comprehensive ecosystem of instruments which can be used by different
applications. The internal enterprise sources may include, for example, instrument

specifications (e.g., features related to instruments), instrument inventories (e.g.,
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types of available instruments), and/or product assets (e.g., products that use
multiple instruments). The external enterprise sources may include, for example,
| product specification websites (e.g., websites for features related to instruments),
vendor portals (e.g., websites for.different vendors for different instruments),
product documentation (e,g., gén'érél information related to instruments), product
forums (e.g., forums related to specific products that use instruments), framework
specifications (e.g., sbecifications related to structure of instruments), and/or
knowledge management websites (e.g., comprehensive knowledge websites
related to instruments). The social media sources may include, for example', blogs
(e.g., social blogs related to instruments), forums (e.g., social forums related to
instruments), and/or knowledge management systems (e.g., comprehensive social

websites related to instruments).

[0017] The apparatus and method disclosed herein may capture a standard set
of specifications for an end solution (i.e., product specifications). A template may be
used to capture the set of specifications for an end solution. The template may
include a technology independent format, such as, for example, Extensible Markup
Language (XML) for capturing specifications, and ensuring capture of all needed
information. The template may be used to extract information that a specific
instrument needs. The template may be modified as needed based on
modifications to the instruments, and/or product specifi'cat'ions for the end solution.
Additionally or alternatively, the template may be modified as needed based on
results related to the end solution so that the results are optimized at each

successive implementation of the apparatus and method disclosed herein.

[0018] The apparatus and method disclosed herein may facilitate application
rationalization. Application rationalization is typicélly a tedious and cumbersome
process which involves a deep study of a portfolio of instruments, and then
deciding which instruments need to be retained or used, and which instruments
need to be replaced. The apparatus and method disclosed herein may also serve

as a recommendation engine for identifying the instruments which align with an

5
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overall corporate strategy. The apparatus and method disclosed herein may further

provide recommendations on the best strategy to perform rationalization.

[0019] The apparatus and method disclosed herein may provide a customized
catalog. For example, the reach of instruments may be enhanced by providing a

customized catalog for a given set of machine readable instructions applications.

[0020] The apparatus and method disclosed herein may provide an indication
| of whether the needs of a stakeholder are met with respect to an end solution. For
example, projects that employ a variety of instruments typically do not have a clear
picture of how effectively the instruments have been designed, and the degree to
~ which they have met the specifications. The apparatus and method disclosed
herein may ensure that stakeholders’ needs are met, and the right instruments
used in information technology (IT) are used to provide a solution to the
stakeholders. A stakeholder may also be able to. determine the best combination of

solutions that fits a budget and matches all of the stakeholders’ needs.

[0021] The apparatus and method disclosed herein may be used to provide
support for a company’s portfolio of instruments with fact based recommendations
to thus increase the probability of a customer adopting a certain product as it is
backed by the customer specifications. The apparatus and method disclosed
herein may provide for feature discovery, which may be used to perform a more
economical instrument rationalization within a project. Based on a wider choice of
available instruments, a project may also be sized based on a budget. The
apparatus and method disclosed herein may also facilitate licensing of products
based on the identification of appropriate instruments for a given project. With
respect to knowledge and helpdesk systems, data that is needed to implement
such systems may be enhanced within an enterprise with more updated content.
For example, the apparatus and method disclosed herein may provide an efficient
way of obtaining the best and latest content crowd sourced and coupled with facts. -
The apparatus and method disclosed herein may also facilitate implementation of a

services ecosystem based on the instruments that are discovered for a particular

6
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project. Further, the apparatus and method disclosed herein may be implemented
in a variety of domains, such as, for example, healthcare, education, tourism,

travel, eCommerce, etc.

[0022]  Figure 1 illustrates an architecture of a correlation based instruments
discovery apparatus (hereinafter also referred to as “apparatus 100"), according to
an example of the present disclosure. Referring to Figure 1, the apparatus 100 is
depicted as including an extraction module 102 to receive content from a variety of
sources that include internal enterprise sources 104, external enterprise sources
106, and social media sources 108 to build a comprehensive ecosystem of
instruments, which may be used by different applications. The internal enterprise
sources 104 may include; for example, instrument specifications, instrument
inventories, and/or product assets. The external enterprise sources 106 may
include, for example, product specification websites, vendor portals, product
documentation, product forums, framework specifications, and/or knowledge
management websites. The social media sources 108 may include, for example,
blogs, forums, and/or knowledge management systems. As described herein with
reference to Figures 1 and 2, the extraction module 102 may receive product
specifications 110 related to a pbrboduct 112, and extract data from the internal
enterprise sources 104, the external enterprise sources 106, the social media
sources 108, and the product specifications 110. The extraction module 102 may
include a crawler 114, a data source management module 116, and connectors
118, the operation of each of which is described below, to extract the data from the
internal enterprise sources 104, the external enterprise sources 106, the social

media sources 108, and the product specifications 110.

[0023] An object graph model generation module 120 is to extract the
subjectivity being described in the text of the data from the internal enterprise
sources 104, the external enterprise sources 106, the social media sources 108,
and the product specifications 110. Further, the object graph model generation

module 120 may extract the features and the sentiment if any associated with



WO 2015/166508 PCT/IN2014/000290

those features using techniques such as subjectivity extraction and classification,
implicit and explicit feature detection, and word sense disambiguation. The object
graph model generation module 120 may include a feature extraction module 122,
a subjectivity classification-module 124, a natural language processing module
126, and a word sense disambiguator module 128, the operation of each of which
is described below, to generate 6bjéct graph models1300f subjects that are
identified by the object graph model generatio'n module 120. Generally, the object
.graph model generation module 120 may perform subjectivity, and implicit and
explicit feature extraction on the extracted text from the identified content of the
internal enterprise sources 104, the external enterprise sources 106, and the social
media sources 108, to generate an identified content object graph model. Further,
the object graph model generation module 120 may perform subjectivity, and
implicit and explicit feature extraction on the text from the product specifications110-

to generate a product specifications object graph model.

[0024] | A mapping module 132 is to identify subjects and features in the
identified content object graph model that correspond to subjects and features in
the product specifications object graph model. The mapping module 132 may
correlate, and score the correlation of, the identified subjects and features in the
identified content object graph model to the subjects and features in the product
specifications object graph model. Further, the mapping module 132 may select
subjects from the identified content object graph model that include respective
highest scores for matching subjects from the product specifications to identify
instruments for implementing the machine readable instructions based product.
The mapping module 132 may include a category extraction module 134, a
correlation module 136, a scoring module 138, and a comparison module 140, the
operation of each of which is described below, to generate an instrument
recommendation 142based on a subset with the highest match. The instrument
recommendation 142may be further optimized using learning capabilities to fine

tune the output for more accurate matches. Generally, the mapping module 132
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may compare the data patterns extracted from the internal enterprise sources 104, |
the external enterprise sources 106, and the social media sources 108, with the
data patterns available from the product specifications 110. The mapping module
132 may perform text analytics and word/text ranking to determining the word
categories, subjectivity with implicit-and explicit features detection, tone of the
sentences, and assign a score to each matching entity. A correlation model may be
generated to arrive at an index, and to determine the degree of match between the
entities. A comparison may be performed with all entities and their associated
features to determine the overall score, and to arrive at the final index. Based on
the comparison, the greatest matching subset may be presented as the instrument

recommendation 142.

[0025] The modules and other elements of the apparatus 100 may be machine
readable instructions stored on a non-transitory computer readable medium. In this
regard, the apparatus 100 may include or be a non-transitory computer readable
medium. In addition, or alternatively, the modules and other elements of the
apparatus 100 may be hardware or a combination of machine readable instructions
and hardware.

[0026] Referring to Figures 1 and 2, the crawler 1140f the extraction module
102 may extract text from content of the product specifications 110, and from the
internal enterprise sourcés 104, the external enterprise sources 1086, and the social
media sources 108. The internal enterprise sources 104, the external enterprise
sources 106, the social media sources 108 may be configurable, and updated with
newer content. The crawler 114 may operate in conjunction with a scheduler to
‘implement automatic (e.g., without human intervention) updates related to the

crawling operation.

[0027] The data source management module 1160f the extraction module 102
may manage various aspects of the extraction. For example, the data source
management module 116 manages the uniform resource locators (URLs) that are

to be accessed for the internal enterprise sources 104, the external enterprise



WO 2015/166508 PCT/IN2014/000290

sources 106, and the social media sources 108. According to another example, the
data source management module 116 manages how many times the URLs are to

be accessed, and/or sequence of the URLs that are to be accessed.

[0028] The connectors 118 of the extraction module 102 may provide the
connection to a variety of sources that incfude internal enterprise sources 104, the
external ehterprise sources 106, and the social media sources 108. Referring to
Figures 1 and 2, the connectors 118 may be used to connect to the internal
enterprise sources 104 via a corpoféfe intranet. Further, the connectors 118 may
be used to connect to the external enterprise sources 106 and the social media
sources 108 via the Internet. Generally, the connectors 118 may provide the

connection to communicate with a specific type of data source.

[0029] The feature extraction module 122 of the object graph model generation
module 120 may extract features and the sentiment, if any, associated with the
features. The features and sentiment may be extracted based on impl'icit and
explicit feature detection, and word sense dibsambiguation determined by th.e word
sense disambiguator module 128. The implicit and explicit feature detection may
identify what specific feature is being described within a sentence and for a
particular subject. For example, a sentence may discuss the feature of a screen for
a mobile phone. The implicit feature detection may be based, for example, on an

evaluation of content adjacent the content that is being evaluated.

[0030] The subjectivity classification module 124 of the object graph model
generation module 120 may extract the subjectivity being described in the text. The
subjectivity may be extracted based on subjectivity extraction and classification.
For example, the subjectivity classification module 124 extracts the subjectivity
being described in a sentence (e.g., what the sentence is describing, what is the
subject, etc.). For example, a sentence may discuss the feature of a screen for a

subject of a mobile phone.
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[0031] The natural language processing module 1260f the objecf graph model
generation module 120 may be used for language processing for content of the
internal enterprise sources 104, the external enterprise sources 106, the social
“media sources 108, and the product specifications 110. The natural language
processing module 126 may derive meaning from the content of the internal
enterprise sources 104, the external enterprise sources 106, the social media
sources 108, and the product specifications 110. The feature extraction module
122, the subjectivity classification module 124, and the word sense disambiguator

module 128 may all be part of the natural language processing module 126.

[0032] The object graph model generation module 120 may generate the object
graph models 130for entities(e.g., subjects) that are extracted by the extraction
module 102. The object graph model 130 may be génerated for each entity that is
discovered in the text content. The object graph model 130 may be built by linking
each subject and the features that are related to that subject and other appropriate
subjects. Similarly, subjects may be linked to other appropriate subjects. In this
manner the object graph model 130 may include multiple relationships between

subjects and features.

[0033] The information determined by the object graph mddel generation
module 120 may be stored in a graph database 202. The graph database 202 may
be organized to store the object graph models 130 that include multiple
relationships between subjects and features. In this manner, the object graph
models 130 may be navigated to ascertain subjects and associated subjects and/or
features. For example, a particular server may be created as a subject and inciude
a plurality of features. The features may be specified, for example, in a product
specification website for one of the external enterprise sources 108. The subject of
the particular server may be furthef linked to subjects of other servers and related

features to provide the object graph model 130 for servers.

11



WO 2015/166508 PCT/IN2014/000290

[0034] The category extraction mbdule 134 of the mapping module 112 may
extract the appropriate category of entities from the graph database 202 for
analyzing the product specifications 110 against the appropriate content from the
internal enterprise sources 104, the external enterprise sources 106, and the social
media sources 108. For example, as described herein, the category extraction
module 134 may identify subjects and features in the identified content object
graph model that correspond to subjects and features in the product specifications

object graph model.

[0035]  The correlation module 136 of the mapping module 112 may correlate
the data extracted by the extraction module 102 to the object graph - model 130
genekate‘d by the object grapbh model generation module 120to determine the
nearest set of matching subjects and features. The correlation module 136 may
create a correlation model to arrive at the index, and to determine the degree of
match between the entities. For example, as described herein, fhe correlation
module 136 may correlate the identified subjects and features in the identified

~ content object graph model to the subjects and features in the product

specifications object graph model.

[0036] The scoring module 138 of the mapping module 112 may use the
correlation performed by the correlation module 136 to determine the nearest set of
matching objects and features by scoring the subjects and features. The scoring
module 138 may include text anélytics and word/text ranking capabilities to
determine the word categories, subjectivity with implicit and explicit features
detection, tone of the sentences, and assign a score tb each matching entity. For
example, as deséribed herein, the scoring module 138 may score the correlation of
the identified subjects and features in the identified content object graph model to
the subjects and features in the product specifications object graph model. An
example of a scoring pattern used by the scorihg module 138 may matéh a
predetermined number of features for a given subject to the predetermined number

of features for another given subject.

12
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[0037] The comparison module 140 of the mapping module 112 may compare
the data patterns extracted from the internal enterprise sources 104, the external
“enterprise sources 106, and the social media sources 108, with the data patterns
available from the product specifications 110. Alternatively or additionally, the
comparison module 140 may compare the data patterns extracted from the web
with the data patterns available from the product specifications 110. The
comparison module 140 may compare all entities and their associated features to
determine the overall score, and to arrive at a final index. The greatest matching
subset may be presented as the instrument recommendation 142. For example, as
described herein, the comparison module 140 may select subjects and features
from the identified content object graph model that include respective highest
scores for matching subjects and features from the product specifications object
graph model to identify instruments for implementing the machine readable

instructions based product (i.e., the product 112).

[0038] - As shown in Figure 2, at 200, the information such as the product
specifications 110 and the instrument recommendation 142 may be respectively
received from and provided to a user via a variety of channels. For example, the

channels include mobile phones, tablets, etc.

[0039] As shown in Figure 2, the apparatus 100 may include various other
components, such as, for example, a catalog administration module 204, a
notification module 206, a reports module 208, a search module 210, and a data
access layer 212. The catalog administration module 204 may be used to define
terms (e.g., any subjects, features) that are used in the graph database 202. The
notification module 206 may be used to trigger alerts related to the content of the
graph database 202. For example, based on the identification of a certain subject,
feature, or score, an alert may be triggered. The reports module 208 may generate
reports related, for example, to a cost based comparison as an indication of a total
cost accrued for a particular instrument. The reports may include a product

specifications satisfaction index, and the cost may provide a balance between cost

13
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and the instrument capabilities that may-be used to provide the best value for cost
solution. The search module 210 may be used to enter a search term, and may
search through the graph database 202 to generate results related to the search
term. The data access layer 212 may be used to access the objebt graph model

data stored in the graph database 202.

[0040] Figure 3 illustrates a flowchart 300 of correlation based instruments

discovery, according to an example of the present disclosure.

[0041] Referring to Figure 3, at block 302, the data source management
module 116 of the extraction module 102 may organize a list of URLs to be crawled
as categories for the purpose of scheduling. For example, the data source
management module 116 may identify content related to instruments for
implementing machine readable instructions based products from the internal
enterprise sources 104, the external enterprise sources 106, and the social media

sources 108.

[0042] At block 304, the data source management module 116 of the extraction
module 102 may pick a group of URLs associated with a particular category to be

crawled.

[0043] Atblock 306,for each URL that is picked at block 304, a determination is
made as to whether a URL of the URLs identified at block 304 has already been

visited.

[0044] In response to a determination that the URL of the URLs identified at
block 304 has already been visited, at block 308,a determination is made as to

whether content associated with the URL has changed.

[0045] In response to a determination that content associated with the URL has
not changed, at block 310, further processing related to the URL of the URLs
identified at block 304 is stopped.
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[0046] In response to a determination that content associated with the URL has
changed, or in response to a determination that the URL of the URLs identified at
block 304 has not been visited, at block 312, the extraction module 102 and the
object graph model generation module 120 may process text from the URL. For
example, éccording to a network monitoring tool example described herein, the
URLs subject to the extraction include URL1 and URL2. At block 314, the text
processed by the extraction module 102 and the object graph model generation
module 120 may be stored as the object graph models 130 in the graph database
202. '

- [0047] At block 316,theextraction module 102 may extract text content from the
URL of the URLs identified at block 304.Instead of separate extractors, a common
strategy may be followed, which is to convert the URL content into plain text after
removing the Hyper Text Markup Language (HTML) tags from HTML pages, and

then performing context and subjectivity extraction.

[0048] At block 318, the object graph model generation module 120 may
perform subjectivity extraction, along with extraction of implicit and explicit features
from the text. For example, the feature extraction module 122, the subjectivity
classification module 124, and the word sense disambiguator module 128 may
perform subjectivity extraction, along with extraction of implicit and explicit features
from the text. For the network moni.toring tool example described herein, URL1
may yield “Solar Winds Network Configuration-Manager” as a subject with features,
attributes, and/or properties as ‘manage complex network environments”,
“automated netwbrk discovery”, “importing discovered devices’, etc. URL1 may

yield many other subject and associated features, attributes, and/or properties.

[0049]  Atblock 320, the object graph model generation module 120 may
generate the object graph models 130 of subjects and features that are extracted
by the object graph model generation module 120. FigUre 4 illustrates an object
graph model for the network monitoring tool example described herein. The object

graph mode! may represent entities and associated features, attributes, and/or

15
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properties. The object graph model may be visualized as a node with multiple
branches. Referring to Figuré 4, the nodes (i.e., entities) may be répresented as
larger circles at 400, and the associated features, attributes, and/or properties that
are determined from specific co‘n'ten‘t_ may be represented as smaller circles at 402.
For example, nodes E1 and E2 may represent entities, and A1-A7 may represent
the associated features, attributes, and/or properties. A node (e.g.‘, E1) may be
related to another node (e.g., E2) through an implicit or an explicit relationship
based on the content. Further, an attribute may itself become a node if it has other

discovered attributes in the content..

[0050] For the network monitoring tool example described herein, a product
specifications object graph model maybe designated as G1, and identified content
object graph models for URL1 and URL2 may be respectively designated as G2
and G3.

[0051] At block 322, the text for the product specifications 110 related to the
product 112 may be received. For example, for the network monitoring tool
example described herein, the text for the product specifications 110 may indicate
‘we need a network monitoring tool for our large network. We need to monitor
routers, switches, firewalls, different circuits, VPN connections and servers to name
a few. The number of devices is expected to be more than 500 and hence we need
a robust tool for capturing data from a large number of devices. We would like
something that has all of the features but does not have a large footprint and it
should not intérrupt normal activity, such as causing the core switcheé and CPU to
spike. We would also like to have a vendor with great tech support who will assist
with the installation and teach the engineers of the proper usage and capabilities of

“the tool.”

[0052] Atblock 324, the extraction module 102 and the object graph model
generation module 120 may process the text from the product specifications 110.
Specifically, at block 316, the extraction module 102 may extract text content from

the product specifications 110. At block 318, the object graph model generation
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module 120 may pérform subjectivity extraction, along with extraction of implicit
and explicit features from the text. For example, the feature extraction module 122,
the subjectivity classification module 124, and the word sense disambiguator
module i28 may perform subjectivity extraction, along with extraction of implicit
and-explicit features from the text. At 320,a product specifications object graph

model may be generated for the product specifications 110.

[0053] For the network monitoring tool example described herein, the product
specifications 110 refer to network'monitoring tool and network as two entities
which may be treated as subjects. Referring to Figure 4, assuming the object graph
model of Figure 4 represents the product specifications object graph mode! G1,
these entities may be symbolically visualized as E1 and E2 respectively (i.e., the
primary subjects). The network monitoring tool (E1’s) attributes are “footprint” as
‘low”, “interrupt normal activity” as “minimal”, “vendor tech support” as “great’, and
‘installation” as “assist/assistan‘ce”}. The network (E2’s) attributes are “size” as
“large”, "monitor” as “routers, switches, firewalls, different circuits, VPN
connections, and servers”, and “number of devices” as “more than 500”. E1 and E2
may be related to each other in the first sentence which indicates that E1 is used to
monitor E2. The attributes “routers”, “firewalls”, “VPN Connections”, and “servers”
may themselves operate as subjects or nodes, may include further attributes based

on the content from other parts of the text, and may be related in a similar manner. -

[0054]‘ At block 326, with respect to the product specifications 110, the mapping

module 132 may list each subject and its associated features.

[0055] At block 328, the mapping module 132 may perform a search for each
subject and its associated features in the graph database 202. For example, the
category extraction module 134 may identify subjects and features in the identified
content object graph model that correspond to subjects and features in the product

specifications object graph model.
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[0056] At block 330,the correlation module 136 may perform a correlation
between the entities of the product specifications 110 and entities retrieved from
the graph database 202. For example, the correlation module 136 may corrélate
the identified subjects and features in'the identified content object graph model to
the subjects and features in the product specifications object graph model. For the
network monitoring tool example described herein, the correlation module 136 may
perform a correlation between G1-G2, and G1-G3 to extract the highest optimum
results. Each node of the object graph models G1, G2, and G3 may be iterated,
and the features, attributes, and/or properties may be examined. Various scenarios
may exist in the correlation process. For example, a simple case may be where
G2’s or G3's attribute values are similar to that of G1. In such cases, identification
may involve a text comparison. However, the attribute values of G2 or G3 may be
synonyms or contextually similar terms to the attribute values of G1. In this regard,
a combination of word sense disambiguation techniques may be coupled with
using a dictionary of words or capabilities of a the natural language processing
module 126. For example, a lexical database such as WORDNET may be used. in
this regard, nouns, verbs, adjectives, and adverbs may be grouped into sets of
cbgnitive synonyms (i.e., synsets), each expressing a distinct concept. Synsets
may be interlinked by conceptual-semantic and lexical relations. The resulting
network of meaningfully related V\(ords and concepts may be navigated using
application programming interfaces (APIs). Nouns, verbs, adjectives,' and adverbs
may be distinguished based on their use of different grammatical rules. Every
synset may include a group of synonymous, words, or collocations (a collocation is
a sequence of words that form a specific meaning, such as "car pool"). Different

~ senses of a word may be in different synsets. Every attribute value in a source
(e.g., G1) may be analyzed againsteach attribute value in targets (e.g., G2, G3, ...
etc.) within the WORDNET hierarchy.
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[0057] Figure 5 iIIustrafés wor‘dvarrangement for correlation, according to an
example of the present disclosure. Referring to FigUre 5, if “8” is an attribute value
from G1, and “5” is an attribute value from G2, the shortest distance between these
two words (5 —» 1 —» 3 — 8) may be treated as a measure of how close these
| match. Similarly if “8” is an attribute value from G1,and “12” is an attribute value
from G3, the shortest distance between these two (12 - 10 - 5 -5 1 —» 3 - 8) may
be treated as a measure of how close these attributes match. In the first case, the
distance is 3 (n — 1, where n is 4 and represents the number of nodes in the path),
and in the second case the distance is5 (n — 1, where n is 6). Thus the shortest
value in these two correlations (G1->G2and G1 - GS) yields3 as the highest
optimum result, and thus G2 may be chosen as a potential search result. Further

analysis may be performed for other attributes.

[0058] The scoring module 138 may score the correlation between the entities
of the product specifications 110 and entities retrieved from the graph database
202. For example, the scoring module 138 may score the correlation of the
identified subjects and features in the identified content object graph model to the

subjects and features in the product specifications object graph model.

[0059]  Atblock 332, the comparison module 140 may select the entities with
the highest match and output the entities as the instrument recommendation 142.
For example, the comparison module 140 may select the top five (or otherwise
user-configurable) entities with the highest match, and output the entities as the
instrument recommendation 142. For example, the comparison module 140 may
select subjects and features from the identified content object graph model that
include respective highest scores for matching subjects and features from the
product specifications object graph model to identify instruments for implementing
the product 112.

[0060] Figures 6and 7 respectively illustrate flowcharts of methods 600 and 700
for correlation based instruments discovery, corresponding to the example of the

correlation based instruments discovery apparatus 100 whose construction is
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described in detail above. The methods 600 and 700 may be implemented on the
correlation based instruments discovery apparatus 100 with reference to Figures 1-
3by way of example and not limitation. The methods 600 and 700 may be practiced

in other apparatus.

\ [0061] Referring to Figure 6, for the method 600, at block 602, the method may
include extractihg text from content identified as being related to instruments for
implementing machine readable instructions based products. For example,
referring to Figures 1 and 2, the extraction module 102 may extract text from
content identified as being related to instruments for implementing machine -

readable instructions based products.

[0062] At block 604, the method may include generating an identified content
object graph model having subjects and features. For example, referring to Figures
1and 2, the object graph model generation module 120 may generate an identified

content object graph model having subjects and features.

[0063] At block 606, the method may include generating a product
specifications object graph model based upon product specifications related to a
machine readable instructions based product that is to be implemented. For
example, referring to Figures 1 and 2, the object graph model generation module
120 may generate a product specifications object graph model based upon the
product speciﬁcations 110 related to a machine readable instructions based
product that is to be implemented. The product specifications object graph model

may include subjects and features.

[0064] At block 608; the method may include correlating, and scoring
correlations of, the subjects and features in the identified content object graph
model that correspond to the subjects and features in the product specifications
object graph model. For example, referring to Figures 1 and 2, the mapping module
132 may correlate, and score correlations of, the subjects and features in the
identified content object graph model that correspond to the subjects and features

in the product specifications object graph model.
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[0065] " At block 610, the method may include selecting subjects and features
from the identified content object graph model that include respective highest
scores for matching subjedts and:features from the product specifications object
graph model to identify a subset of the content that is related to instruments for
implementing the machine readable instructions based product. For example,
referring to Figures 1 and 2, the comparison module 140 may select subjects and

features from the identified content object graph model that include respective
highest- scores for matching subjects and features from the product specifications
object graph model to identify a subset of the content (e.g., as the instrument

- recommendation 142) that is related to instruments for implementing the machine

readable instructions based pfoducft.

[0066] Ac_cordihg to an example, extracting text from content identified as being
related to instruments for implementing machine readable instructions based
products may further include using a crawler to extract the text from content
identified as being related to instruments for implementing machine readable

instructions based products.

[0067]  According to an example, extracting text.from co.ntent identified as being
related to instruments for implementing machine readable instructions based
products may further include extracting text from content identified as being related
to instruments for implementing machine readable instrUctions based products
from internal énterprise sources, external enterprise sources, and social media

'sources.

[0068]  According to an example, the method 600 may further include
performing subjectivity and feature extraction on the extracted text from the
identified content to generate the identified content object graph model having
subjects and features. According to an example, performing subjectivity and >feature
extraction on the extracted text from the identified content to generate the identified
content object graph model having subjects and features may_further include

performing implicit and explicit feature extraction on the extracted text from the
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identified content to generate the identified content object graph model having

subjects and features.

[0069] According to an example, the method 600 may further include
performing subjectivity and feature extraction on text from the product
specifications to generate the product specifications object graph model having
subjects and features. According to an example, performing subjectivity and feature
extraction on text from the product specifications to generate the product
specifications object graph model having subjects and features may further include
performing implicit and explicit feature extraction on the text from the product
specifications to generate the product specifications object graph model having

subjects and features.

[0070] According to an example, scoring correlations of the subjects and
features in the identified content object graph model that correspond to the
subje.cts and features in the product specifications object graph model may further
include determining a degree of match between the subjects and features in the
identified content object graph model and the subjects and features in the product

specifications object graph model.

[0071] Referring to Figure 7, for the method 700, at block 702, the method may
include identifying content related to instruments for implementing computer
products from internal enterprise sources, external enterprise sources, and social
media sources. For example, referring to Figures 1 and 2, the data source
management module 116 may identify content related to instruments for
implementing computer products from the internal enterprise sources 104, the

external enterprise sources 106, and the social media sources 108.

[0072]  Atblock 704, the method may include extracting text from the identified
content. For example, referring to Figures 1 and 2, the crawler 114 may extract text

from the identified content.
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[0073] At block 706, the rﬁethbd may include performing subjectivity, and
implicit and explicit feature extraction on the extracted text from the identified
content to generate an identified content object graph model. For example,
referring to Figures 1 and 2, the object graph model generation module 120 may
perform subjectivity, and impiicit andvexplicit feature extraction on the extracted text
from the identified content to generate an identified content object graph.model.
The identified content object graph model may link subjects and features extracted

from the text from the identified content.

[0074] At block 708, the method may include receiving product specifications
related to a computer product that is to be implemented. For example, referring to
Figures 1 and 2, the extraction module 102 may receive product specifications 110

related to a computer product (e.g., the product 112) that is to be implemented.

[0075]  Atblock 710, the method may include extracting text from the product
“specifications. For example, referring to Figures 1 and 2, the crawler 114 may

extract text from the product specifications 110.

[0076] Atblock 712, the method may include-performing subjectivity, and
implicit and explicit feature extraction on the text from the product specifications to
generate a product specifications object graph model. For example, referring to
Figures 1 and 2, object graph model generation module 120 may perform
subjectivity, and implicit and explicit feature extraction on the text from the product
specifications110 to generate a product specifications object graph model. The
product specifications object graph model may link subjects and features extracted

from the text from the product specifications.

[0077]  Atblock 714, the method may include identifying subjeCts and features
in the identified content object graph model that correspond to subjects and
features in the product specifications object graph model. For example, referring to
Figures 1 and 2, the category extraction module 134 may identify subjects and
features in the identified content object graph model that correspond to subjects

and features in the product specifications object graph model.
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[0078] At block 716, the method may include correlating, and scoring the
correlation of, the identified subjects and features in the identified content object
graph model to the subjec‘ts and fé_a.tures in the product specificati‘ons object graph
model. For example, referring to Figures 1 and 2, the correlation module 136 and
the scoring module 138 may réspectively correlate, and score the correlation of,
the identified subjects and features in the identified content object graph model to
the subjects and features in the product specifications object graph model. The
scoring may include determining a degree of match between the identified subjects
and features in the identified content object graph model and the subjects and

features in the product specifications object graph model.

[0079] Atblock 718, the methbd may include selecting Subjecfs and features
from the identified content object graph model that include respective highest
scores for matching subjects and features from the product specifications object
graph mode| to identify a subset of the content that is related to instruments for
implementing the computer product. For example, referring to Figures 1 and 2, the
comparison module 140 may select subjects and features from the identified
content object graph model that include respective highest scores for matching
subjects and features from the product specifications object graph model to identify
a subset of the content (e.g., as the instrument recommendation 142) that is

related to instruments for implementing the computer product.

[0080] Figure 8 shows a computer system 800 that may be used with the
examples described herein. The combuter system 800 may represent a generic
platform that includes componénts that may be in a server or another computer
system. The computer system 800 may be used as a platform for the apparatus
100. The computer system 800 may execute, by a processor (e.g., a single or
multiple processors) or other hardware processing circuit, the methods, functions
" and other processes described herein. These methods, functions and other
processes may be embodied as machine readable instructions stored on a

computer readable medium, which may be non-transitory, such as hardware
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storage devices (e.g., RAM (random access memory), ROM (read only memory),
EPROM (erasable, programmable ROM), EEPROM (electrically erasable,
programmable ROM), hard drives, and flash memory).

[0081] The computer system 800 may include a processor 802 that may
implement or execute machine readable instructions performing some or all of the
methods, functions and other proCeéSes described herein. Commands and data

~ from the processor 802 may be communicated over a communication bus 804. The
computer system may also include a main memory 806, such as a random access
memory (RAM), where the machine readable instructions and data for the
processor 802 may reside durihg runtime, and a secondary data storage 808,
which may be non-volatile and stores machine readable instructions and data. The
memory and data storage are examples of computer readable mediums. The
memory 806 may include a correlation based instruments discovery module 820
including machine readable instructions residing in the memory 806 during runtimbe
and executed by the processor 802. The correlation based instruments discovery

module 820 may include the modules of the apparatus 100 shown in Figure 1.

[0082] The computer system 800 may include an /O device 810, such as a
keyboard, a mouse, a display, etc. The computer system may include a network
interface 812 for connecting to a network. Other known electronic components may

be added or substituted in the computer system.

[0083] What has been described and illustrated herein is an example along with
some of its variations. The terms, descriptions and figures used herein are set forth
by way of illustration only and are not meant as limitations. Many variations are
possible within the spirit and scope of the subject matter, which is intended to be
defined by the following claims -- and their equivalents -- in which all terms are

meant in their broadest reasonable sense unless otherwise indicated.
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What is claimed is:
1. Amethod for correlation based instruments discovery, the method comprising:

extracting text from content identified as being related to instruments for

implementing machine readable instructions based products;

generating, by a processor, an identified content object graph model having

subjects and features;

generating a product specifications object graph.model based upon product
specifications related to a machine readable instructions based product that is to
be implemented, the product specifications object graph model having subjects and

features;

correlating, and scoring correlations of, the subjects and features in the
identified content object graph'model that correspond to the subjects and features

in the product specifications dbject graph model; and

selecting subjects and features from the identified content object graph model
that include respective highest scores for matching subjects and features from the
product specifications object graph model to identify a subset of the content that is
related to instruments for implementing the machine readable instructions based

product.

2. The method of claim 1,wherein extracting text from content identified as being
related to instruments for implementing machine readable instructions based

products further comprises:

using a crawler to extract the text from content identified as being related to

instruments for implementing machine readable instructions based products.
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3. The method of claim 1, wherein extracting text from content identified as
being related to instruments for implementing machine readable instructions based

products further comprises:

extracting text from content identified as being related to instruments for
implementing machine readable instructions based products from internal

enterprise sources, external enterprise sources, and social media sources.

4. The method of claim 3, wherein the internal enterprise sources include
sources related to at least one of instrument specifications, instrument inventories,

and product assets.

5. The method of claim 3, wherein the external enterprise sources include
sources related to at least one of product specification websites, vendor portals,
product documentation, product forums, framework specifications, and knowledge

management websites.

6. The method of claim 3, wherein the social media sources include sources

related to at least one of blogs, forums, and knowledge management systems.

7. The method of claim 1, further comprising:

performing subjectivity and feature extractio.n on the extracted text from the
identified content to generate the identified content objéct graph mode! having

subjects and features.
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8. The method of claim 7, wherein performing sUbjectivity and feature extraction
on the extracted text from the id__e_r_wtjfiyed content to generate the identified content

object graph model having subjééts and features further comprises:

' performin.g implicit and explicit feature extraction on the extracted text from
the identified content to generaté the identified content object graph model having

_subjects and features.

9. The method of claim 1, further comprising:

performing subjectivity and feature extraction on text from th_e product
specifications to generate the product specifications object graph model having

subjects and features.

10.  The method of claim 9, wherein performing subjectivity and feature extraction
on text from the product specifications to generate the product specifications object

graph model having subjects and features further comprises:

performing implicit and explicit feature extraction on the text from the product
specifications to generate the product specifications object graph model having

subjects and features.

11.  The method of claim 1,wherein scoring correlations of the subjects and
features in the identified content object graph model that correspond to the
subjects and features in the product specifications object graph model further

- comprises:

determining a degree of match between the subjects and features in the
identified content object graph model and the subjects and features in the product

specifications object graph model.
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12.  The method of claim 1, wherein the identified content object graph model links

the subjects and features from the extracted text from the identified content.

13. Acorrelation based instruments discovery apparatus comprising:
a processor; and

a merhory storing machine readable instructions that when executed by the

processor cause the processor to:.

identify content related to instruments for implementing computer
products from internal enterprise sources, external enterprise sources, and social

media sources;
extract text from the identified content;

perform subjectivity, and implicit and explicit feature extraction on the
. extracted text from the identified content to generate an identified content object

graph model;

receive product specifications related to a computer product that is to be

implemented;
extract text from the product specifications;

perform subjectivity, and implicit and explicit feature extraction on the
text from the product specifications to generate a product specifications object

graph model,

identify subjects and features in the identified content object graph
model that correspond to subjects and features in the product specifications object

- graph model;

correlate, and score the correlation of, the identified subjects and
features in the identified content vobject graph model to the subjects and features in

the product specifications object graph model; and
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select subjects and features from the identified content object graph
model that include respective predetermined scores for matching subjects and
features from the product specifications object graph mode! to identify a subset of

the content that is related to instruments for implementing the computer product.

14. The correlation based instruments discovery apparatus according to claim 13,

wherein the predetermined scores represent the highest scores.

15. A non-transitory computer readable medium having stored thereon machine
readable instructions to provide correlation based instruments discovery, the

machine readable instructions, when executed, cause a processor to:

identify content related to instruments for implementing computer products
from internal enterprise sources, external enterprise sources, and social media

sources;
extract text from the identified content;

perform, by a processor, subjectivity, and implicit and explicit feature
extraction on the extracted text from the identified content to generate an identified

content object graph model; .

receive product specifications related to a computer product that is to be

implemented,
extract text from the product specifications;

perform subjectivity, and implicit and explicit feature extraction on the text
from the product specifications to generate a product specifications object graph

model;

identify subjects and features in the identified content object graph model that
correspond to subjects and features in the product specifications object graph

model;
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correlate, and score the correlation of, the identified subjects and features in
the identified content object graph model to the subjects and features in the
product specifications object graph model, wherein the scoring includes
determining a degree of match between the identified subjects and features in the
identified content object graph model and the subjects and features in the product
specifications object graph model; and '

select subjects and features from the identified content object graph model
that include respective highest scores for matching subjects and features from the
product specifications object graph model to identify a subset of the content that is

related to instruments for implementing the computer product.

31



PCT/IN2014/000290

WO 2015/166508

1/7

-

44"

UOIEPUBLLLLIODSY

swnsuy|

1 "Old

30T 90T ¥l
$80In0g S20IN0S $32IN0S
eIpapy (B190S asiidiajug jeussixy asldisuz [eussul
— — 8¢l ocl BIT
vl 8¢E1 s|npow SINPON $JOJO3UUOD
a|npow SINPON JojenBiquiesiq | | Buissesoid
uosuedwo) Bunioosg osuag PIOMA abenbuer oIt
= jeineN 3INPON T
s — — Juswabeuepy 19|Mel
octL aInpo vel 72 221n0g eleq mEo
a|npop uoioelXg 8|NPON 3|Npo
uoie|a.I0) Kobajen uonediIsse|n uoloeNxg
Ananosigng w‘.__\:mmn_ [
- SINPON UonoRIX
o o INPCN UOORIIXT
a|npoy Buiddepy “8INpo
uonesauss |spoy ydels) 109lqp
0El P
stepoN [ 001
ydeso 19[g0 SN1vyvddy

AHINOISIA SININNHLSNI
@3svg NOILLY' 134400

—

[
suoneoyivadg

1onpo.d

i

r
19Npold




PCT/IN2014/000290

WO 2015/166508

801

—_ —

[ \MEQm\Am \

| swabeuely |

Bbpamouy

——— / o - ——
{ woﬁmmwm ) uoneswnoog b\oor
N oNPoi _
swniog ) == \ mnm'.\\ a\.ﬂmmmd\/‘ .
= suoneoyioedg TN wonpoig ) — — — boL
TN \/ }lomawes 4 ] { MmﬂMQ ) —— = (suoneoyioadsy
sboig ) _ —_— I0pUBA ﬁwmcoucmé_\ \ Juswnisu)
— SalIsqap .
/ \mmz_mnm>> ! co:moc_omaw/_ N mu_u—
—EmEmmmcmS_  Ppoid 18UBI |
/wmuw_\socx P - slet0dio)

20¢ _
asegeleq ydelio Al— ’

s

/

a|npoy Buiddepy

(74"
el SINPOIN 207
uolielauag) jspoy ydeis 103lqo 9INPOIN UONOBIXT

o
2 —
FA%4 0Tz 50z 902 Soon
* ._O\Aml_ SINPON w_DUO._)_ SINPOW uoneisiuiwupy
ww®00< NHND EO._NOW, wﬁOQmNu_ COENOEuOZ ’ @O_m.am‘o
00T
SN1VvdvddyY

AY3INODSIA SININNMLSNI
- Q3SVE NOILY1FHH0D

Aoysoday
juswinisy|

[[EMaIS
ajeso0dion

NEYVETS
uonesljddy

HIOMIBN

>HOMISU apIsino siasn

uIyIMm sissn




PCT/IN2014/000290

WO 2015/166508

3

€ Old

— — 828 T

Mmmm S wommw e owm%mm_umo s9imesd 243 423
YoleI 195 ejeq udeso pojerossy ree suofieoyoads

1saybiH Yum  f— om] Sy} usamiaq t-—| sy} ul SaINjeS fg qim g Xal - 10NpO.4 10}
samneadnosigng uole|s10) noslgng Buoje Um.ﬂ:w $$900.d JUSIUOD X8 185
8y} 108188 wioped yoes Joj _
yoes isiy
yoJess wioyad
o7 8lg 91t
1X8) 2y} WO} SaInjes) HIE Tlelg}
|opow ydesb 6
o5lqo ue s1esin Woydxe pue yolduwi yym Buoje 1X8} oenxy
18l uonoenxa ANANO3Igns wiopued
Buissaooud 1xa )
— 1 @ 0 20
vie Zle ' 90¢ po|MELD pameld
aseqejep  — XaL l ipausia Apeaje [
3y} Ul 81018 $S90014 14N °q 9 S 181 4 01 STHN

! 10 dnoJ9) »oid J0 1517 9ziuebIp
0i¢
dois 30¢

¢ pabueyod
ON JUBU0D By}

seH



WO 2015/166508

4/7

400 402

FIG. 4

PCT/IN2014/000290

“The shortest path between 5and 8 is

 5-1-3-8

FIG. 5



WO 2015/166508 PCT/IN2014/000290

517

00

EXTRACT TEXT FROM CONTENT IDENTIFIED AS BEING RELATED TO
INSTRUMENTS FOR IMPLEMENTING MACHINE READABLE
INSTRUCTIONS BASED PRODUCTS
602

.
GENERATE AN IDENTIFIED CONTENT OBJECT GRAPH MODEL
HAVING SUBJECTS AND FEATURES
604

A

GENERATE A PRODUCT SPECIFICATIONS OBJECT GRAPH MODEL BASED
UPON PRODUCT SPECIFICATIONS RELATED TO A MACHINE READABLE
INSTRUCTIONS BASED PRODUCT THAT IS TO BE IMPLEMENTED, THE
PRODUCT SPECIFICATIONS OBJECT GRAPH MODEL HAVING SUBJECTS
AND FEATURES
606

\

CORRELATE, AND SCORE CORRELATIONS OF, THE SUBJECTS AND FEATURES N
THE IDENTIFIED CONTENT OBJECT GRAPH MODEL THAT CORRESPOND TO THE
SUBJECTS AND FEATURES IN THE PRODUCT SPECIFICATIONS OBJECT GRAPH

MODEL
608

\J

SELECT SUBJECTS AND FEATURES FROM THE IDENTIFIED CONTENT
OBJECT GRAPH MODEL THAT INCLUDE RESPECTIVE HIGHEST SCORES
FOR MATCHING SUBJECTS AND FEATURES FROM THE PRODUCT
SPECIFICATIONS OBJECT GRAPH MODEL TO IDENTIFY A SUBSET OF THE
CONTENT THAT IS RELATED TO INSTRUMENTS FOR IMPLEMENTING THE
MACHINE READABLE INSTRUCTIONS BASED PRODUCT
610
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