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(57) Abstract: The invention provides methods, systems and computer program products for machine based processing of natural
language input received from an operator within an industrial plant. The invention comprises receiving an operator input from the
operator and classifying the received operator input as one of a query and a statement. Responsive to classification of the received
operator input as a statement, the method proceeds to extract data from the received operator input, and to update a knowledge base
by storing the extracted data as a set of interrelated concept instances within said knowledge base. Responsive to classification of the
received operator input as a query, the method proceeds to search at least one of a structured database and the knowledge base for
data that matches one or more query parameters extracted from, the received operator input A query response based on a returned
search result may thereatter be presented to the operator.
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Methods, Systems and Computer Program Products

for Machine Based Processing of MNatural Lancuage Input

Ficld of the Invention

{301} The present invention relates to generation of responses to natural language queries. The
nvention inchudes methods, apparatuses and computer program products for recewving natural
language nputs or queres in the form of speech or text mput, from a user or operator within an
industrial plant, and for processing recerved natural language inputs or queries using one or both of

datrabases that provide logical storage tor structured data, and knowledge bases that are based on

ontological models and that provide logical storage for unstructured data.

Background

{002]  Intormaton related to evenrs and operations within an mdustnal plant s stored or embedded

cross a number of different data sources within the plant. Such data may include (1) structured data

—e.g. data stored i plant historian databases, motdent managernent databases, work permt databases,

batch databases ete. or (1) unstmactured data — e.g. reroarks annexed By 2 user o Operator 10 a report

or shift record.

[03]  Bretly, structured dara refers to mtormanon with a tugh degree of organization, such that

togcal storage 1o a relatonal database 18 seamdess, and readily searchable using steaightforwaed

v

keyword based search cuertes or operations. Unstmictured data on the other hand refers to

ension and

seforroain crmpiation, compreh

r where the lack of stmicture or organization makes
fogical storage a tune and energy consurung task, and which does not permut for straghtforward

keyword based search and retrieval operations.

[004)  Foaown solutions tor reteval of mtcrmation from structured data repositorties rely on one of
rore applications or ntertaces for etfecrning logical storage and retreval of the strucrared data. The
processes for stonng data and developing apphcations or interfaces for retdeval requires knowledge
of query languages, and are corres poz‘dmyi\ ame and cost infensive, As a consequence, development

of apphcations for storage and retrieval of stractured data s typically testricted to cases jovolving data

that s accessed regulady., Further, ¢ or operator seeking to retrieve mtommation from struchired
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datab

es 18 required o dopul data quenes in a ioput foomat (depending on requiremends ot the
applicable query language) prescribed by the storage and retrieval application or intertace - which

gpacts case of access and tHexibibity f1e search ot rettueval process

[005)  Use of unstructured data presents additional barders to data search and retrieval, A primary

reason 1 that unstructured data sutters from content related ambiguuties — wheremn data input or search

terme may be mterpreted 1o multiple ditterent ways, depending on context that s iroplied by adjacern

rerms. As a consequence, keyword searches that may otherwise be effective in the case of structured

dara sources are often of boyted effectiveness in the case of unstmactured dara.

{3061 There 15 accordingly a nesd for enabling data storage and retneval based on natural language

mputs or queries rased by a user or operator, which permut )

() logieal storage of natural language

other unstructered dara recetved SRR

from a user of of n a knowledgze e and (1)

nputs ©

generaton of meaningful responses to natural nguage quernies receved from a user or opegator, based

oty informatton retrieved either from one ot mwore structured databases or front a knowledpe base that

v

has been used to store natural language inpurs or other unstructured daa,

{0071 The mvennon provides methods, systermns and computer program products for machine based

processmg of natural fanguage mput recaived from an operator withun an odustdal plant
{308]  The ovention comprises 2 method for machine based processing of natural language 1oput
recesved from an operator within an indostral plant. The method comprises recaving an operator

wput from the operator and classifying the recetved operator i.n.put as one of a query and a stateroent.

Responsive to classification ot the re
extract data from the recerved operator mput, and (o upda:t{f a koowiedge base by storng the extracted
data as a set of interrelated concept instances within sad knowledge base. Responsive to classitication

of the recatved operator niput as a query, the method 1ja..focee-::is to search at least one of a structured

darabase and the knowledge base for data that matches one or more query parameters exrracted from

the recetved operator mput. A query response based on 2 returned search result may thereatter be

presented to the operator,
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{09 The step of searching ar teast one of the structured database and the knowledege base roay
mchude generating a fiest set of query pararneters based on the recarved operator input, and performing
search of the structured darabase based on the generared first set of query parameters. Responsive 1o

eceving a mudl result from search of the stractured darabase, the method may proceed to generate 4

t ot gquery pararocters based on the recerved operator input, and thereatier pertorm search

se based on the generated second set of query pararoeters,

FHHB] A cuery string may be generared based on the first set of query parameters. Further, the step
of performung search of the structured database may comprise ascertaining whether the query stong

matches any predefined guery pattern within a set of predefined query parterns. Responsive 1o

~ceed to execuie a set of

identification of 2 matclung predefined query pattern, the method may

query language instructions associated with the wdenmitied matching predetined query pattem.

{0011] The set of predefined query pattercs may comprise AFML pattems. Purther, each AIML
pattern may have a corresponding AIML remplare associated therewith. In an embodiment, at least

one of said AIML teroplates comprises a set of query lnguage mnstractions encapsulated therewithin

{0012} To an embodiroent, stouctured database roay be selected from among a plurality of

structured databases. The selection may be based on at least one of the extracred one or more query

pararoeters, ot on the query language mstauctions assoaated with the identibied matching predefined

Guiery p’]LT( 1.

svated based on the

{0013] Inan ok hod, an ontelogioal query model may be g
second set of guery parameters. Thereatter, searchuing the knowledge base rmay include ascerrainung

whether the ontological query model matches any part of the knowledge base.

whentification of a march withun the knowledge base, the method may wclude extracting data from the

wientified matched porti-::m of the knowledge base, and returtung a search result comprising data

extracred from the knowledge base. Identifving a match berween the ontological guery model and the

knowledge base roay 1o an embodiment be deteromned based on graph pattern matching
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{0014] Yo a method erobodument, the knowledge base may be umplemented based on an ontological
model having interrelated concept classes corresponding to one or more {and in an embodiment, all)
of (1) one or more objects, equipment or components within an mdustrial plant (1) observed events
within said mdustrial plant (\u) causative factors related to observed events (iv) operator mputs or

operator requests in response to either of an observed event or a determined causative tactor (v) any

action executed i response to a operator input or operator request and (vi) temporal data.

{0015] The method of the present invention may additionally include receving operaror inpur in the
torm of speech signala. The received operator inpur may be subjected to speech to text processing
and naniral language processing prior o classification as one ot a query and a stafement.

161 The wnvention mav additionally comprse a systermn confisured - machine based processing
80161 1 t 3 litionally st ] fo hine hased

of natural language mput recerved from an operator withun an industrial plant. The sysrern may include

at least one processoy, a data repository s , art operator mput device, 2 natural language

COZNe, 3

knowledge base updater, and ar least one comparatos,

{3017] The data repository systern of the present jovention may comprse at least one structured

database and at least one knowledge base. The operator wnput device may be configured for recerving

an operator mput from the operator. The natural language cogine may be ¢ sured for proge
ol o J (el

the recetved operator nput and classitying said recetved operator input as one of a query and a

sfatement.

#18] The knowledge base updater of the systern may be conbigured to respond to clas
D

the recetved operator input as @ statement by extracting data from the received operator input, and

y stormg the extracted data as 2 set of uiterrelated

updating a knowledge base COTept Instances
fanl

within sad koowiedge base. The at least one comparator may confieured to respond to

classitication of the recaved of v one of the at least one

seator mput as @ query by searching at e

structured darabase and the knowledge base tor data matching one or more query parameters extracted

from the recetved operaror wiput., The comparator may thereafter present to the operaror, a query

response based oo a returned search resulr.
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5 a structuced

{0019] The systero may be configured such thar the ar least one comparator comprs

database comparator configured to generate a first set of query pararneters based on the recerved

operator mput. The structured darabase comparator may perform search of at least cne structured

database based on the generared first set of query parameters. The at least one comparator may also

comoprise a knowledge base comparator configured o respond to a null result arising from search of

the structured database by generaring a second set of query parameters based on the receved operator

et

mput, and performing search of the knowles generated second set ot query

parameters,

J3020] The structured darabase comparator of the system may be configured fo generate a query

string based on the first set of query and to perform search of the structured databa
ascerfaining whether the query string roatches any predefined query patterno within a set of predefined
query patterns, Responsive to dentificanon of a marching predefined query pattern, the strucrured

database comparator toay execute a set of query language instructons assocated with the roaitching

predefined query pattorn,

[HIZE] In an embodiment of the systern, the set of predeficed guery patrerns roay comprise AIMEL

patterns. Hach of said AEML patterns may mchide a corresponding AIME temmplate assoctated

therewith and at least one of smd AIML remplares moay | ot of query language instractions

ericapsulated therewithun,

{0022 The knowledge base comparator of the system may be contigured to generate an ontological

query model based on the second se

3 of query parameters. Fhe knowledge base comparator may

>y ascertarnng whether the ontological query model matches

perform search of the knowledge bas

ipe bas

a match within the knowledge base,

any part of the koowle . Responsive to identifics

the knowledge base comparator may exteact dava from the matched portion of the knowledge base,

)

and return 2 search result coroprising data extracted from the knowledge b
{0023] In an embodiment of the system, the knowledge base may be implemented based on an
ontological model having interrelated concept classes corresponding to one or more (and 1o an
ernbodiment, all) of (i) one or more objects, equipment or components within an mdustnal plant (i)

observed events or etfects or events within said industual plant (ui) causative factors related to
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observed events (1v) operator puts or operator requests in response to an observed event or a
determined causative factor (v) any action executed in response to an operator mput or operator

request and (vi) temporal data.

[0024] The knowledge base comparator of the s figured to identify matches between

<

the ontologcal query roodel and rhe knowle

o

based on geaph pattern roatching.
< | H Bl

JR025] The system emibe

iments descobed sbove may addiionally mciude a speech processor

fzonﬁgi,xred to receive specch signals from the operator mpur device, perform speech to text

conversion on the received speach signals, and coramuricate the conver

a0 the ratural language

engine.

{3026] The mvention may addiionally mclude a computer program product for roachine based
processing of natural language mput recerved from an operator within an industrial plane, which
corpputer program product comprises coroputer readable nstaictions for umpleroenting roethod

embodirnents of the present invention,

Brief Descrintion of the Accompanving Dirawings

[027] Figure 1 dlustrates steps rypically encounrered during natural language procesaing,

{0028] Figure 2 dlustrates a data repository systent.

{029 Figure 3:llusteates an exeroplary onwology.

{0030} Figure 4A dlustrates an ontol

{0031] Figure 48 Musteates annstance of a knowledge base generated based on the ontological

model of Figure 4A.

{0032] Figures 40 and 4B respectively divstrate data strucrures that may be used to implement the

sase of Figures 44 and 48,

ontologicat roodel and knowle:

{3033] Figures 5 10 % are flowcharts dlustranng moethods i accordance with the presend invention.

G
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[134] Figures 104 and 0B dlustrates an exemplary ontological query model.

{0035] Figures 11 and 12 depict systems configured in accordance with the teachings of the present

invention.

Dietailed Diescrintion

{0036] For the purposes of the present nvention, the term “operator mput” may be understood to

mnclude one or both of (1 speech inputs recetved frorn a user ox operator o1 a supewiscz-ry o

a speech mput device (uch as a microphone or other acoustic sensor) or (i)

\' ,‘

text inputs received from

a user or operator at a user interface device {such as a computer termunal, mobile phone, tablet,

personal digital assistant ofc) or (1) nputs entered o reports by a user 0F GRUrAtGr Of 3 SUPSIvIsery

op erator.

{0037] Por the purposes of the present inventon, it will be understood that text inpurs recetved

directly trom a user or an operator, ot text received as an output of the speech-to-toxt conversion

coroprise natural fanguage nputs, and may be subjected o natural language proce

sssing {NLP) steps,

which are briefly discussed 10 Figure L

{0038] Steps 332 to 118 of Figure 1illusteate steps mvolved in natural langu

ng of speech

Proce

puts. I the event an onerator nput compuses tegt toputs, steps 2 and 1834 may be omutted and
P { ! puLs, sieg 5

the method may comvnence divectly from step 1046

{0039] o the event an operator inpur comprises speech inputl(s), step 2 comprises exrrach

of acoustic vecrors from the mput speech. Thereatter step MM uses specch-to-text conversion,

mchuding for exampde Hidden Markov Models (HMMs), and appropoate granvmars and dictionaries,

tor converting the speech representing the operator input to 2 set of human readable text characrers.

J3040] Step B35 compuses sentence segmentation and  tokeruzation. Sentence  segroentation

comprises delruting the human readable text characrers (that 3 erther receved from step 14 or

directly recetved as text input from an operator) ko one or more sentences. Tokenzation comprises

egmenting each sentence mto a list of tokena. For the purpeses of the present invention, a token may
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uped together as 2 usehul semandic vt i

he unde

stood as a sequence of characters thar are ¢

processing, Within a sentence, tokens typically correspond to discrete words or terms. In certan

sttuations, n addition to grouping characters together, tokenization oay alse nchuds removing ot

omirting certain characters (such as for example, certan puncroation characters or delmters).

{0041] Step M38 comprises lexical {or morphological) analysis of sentenoes — where each word 18

tagged with 1t corresponding part of speech. Step 18 comprises syntactical armlysis or parsing, which

COMMPIISes &8 s troe, 1o 4 given narural language sentence. Semantic

TIAE & SYNTAChC SEIcture of 4 pa

analysis ar srep 12 comprises translaning 2 syntactic structure of a sentence Into a sernanfic

representation that i a preaise and unambiguous representation of the meaning expressed by the

4 based on the knowledge about the structure

£ words and

tew

sentence. Sermantic acalysis s ach
sentences — with a view to procsely stipulate the roeaning ot words, phrases, sentences and texts, and

subsequently also their purpose and consequences.

{0042} Srep 114 comprises topic wdenntication — which ascertains the topie or subject to which a

senitence or set of sentences reates. Topi identification is based on one or more topic models that

are used to analyze text and classify statements or quernies within the fext 1o correspondimg topics. Step
116 compnses motent dentiticatton — which secks 1o ascertan the purpose or ntenton belund a

~

staternent or query. Step 18 comprses Named Ennry Recognition which fags or labels names of

fe

things {e.g mamas of persons, orgaruzatons, ocatons, capre: sf timnes, quantities, monetary

2.
&

values, percentages) thar are found within a sentence.

> X

{0043] By vrplementing some or all of natural language processing steps 102 ro 118 of Figure 1, 2

disarmibnguated fogically structured and tagged representation of human readable text may be generated,

whuch can be used for machine processing of natural Ianguage stateroents or quenes ¢ ifroma

user Or Operator.

[HMA] In addinon to nanral language procesaing, the present mvention also rehies on storage and

<

retrieval of structured data and unstructired data for the purposes of processing natural language
staterments or guenes recaved from a user or operator. For the purposes of the invention,
“unstructured data” refers o data that s recaved m the formo of tree toxt or natural language texy,

mrerpretanion whercot relies onnterpretation of individual terms as well a8 on conrext associated with
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ra that 1g stored or

sndividual rerms. For the purposes of the mvention “structured data”
eceved i a predefined format which may have one or more mnput rules and interpretation whereot

. Steactured data may be obtaned i any ourober of ways that are well

s wdependent of con

understood in the art — tor example, data acquisiton through sensors (for example i the case ot a

historian database), data that 15 stored while transactions are executed (for example, i database

ol

consisting of order details corresponding to a product) or data that 1s entered manually duning

execution of worktlows {for example, mtcrmaticn recordal in the course ot izl analysis of a produat).
Incan embodiment of the mvennon, stractured data may comprise data that 1s already stored m a

vstem database, and whachuis not a product of opeior input.

{3045] The mvention achueves fogical storage and retrieval of both structured and unstructured data
usitig a data repository system of the fype desoribed 1o Figure 2. Figure 2 tlustrates a data repository

system compnising one of more repositories 202a, 202b, 202c and 2024 configured tor stonng

ry 204 configured for stonng vastructured data

structured data, as well as a repos

{0046] Repositones 26%a 1o 2024 may o

oprise databases that are configured to logically store
far) fets M

d on datebase schemas configured to store data that g

structured data. Sud repositones are base
recerved w predetined forroats. Coromon exaroples of structured databases that are bkely to be
encountered withun industal plants inchude archival darabases (e hustoman databases), enterprise

ases), laboratory wnformation management system databases

curce planvung databases (ERP dats

EIMS datab darabases for sroring dara relevant to montoring and resolution of service

distuptions (Inoident Manageroent databases), databases for stonng data relevant to access controf

permmssions (Work Pereit Systern databases) and databases for stonng date relevant to plant

management mformation systems {Plant MIS databases).

{0047 Por the purposes of the present invention, repository 284 for storing unstructured dara may

¢ base that 15 generated based on one or more ontological

C’

be mnplemented by way of 2 knowle

JSBGLN Lud SO

{0048] Ao ontology comprises a set of nterconnected concepts and relationshups within a pargoular

w0 as classes of instances [/ things, while relationships sty the

domain. Concepts may be unders

refation or hinkages between such classes. Ontologies are used and adopred as a way to understand,
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process and apply domamn specific knowledge and informaton. By way of example, an ontology for

traftic may mchude concepts such as vehucles, streets hghta, geographical locations, time of day, and

tratfic volume, The trathe ontology also includes relationships between concepts. For example, a

specific vehicle may be “halted” at a parneniar street bight thar is i ruen “located withun™ a specified

geograpiucal location. Bach instance of 2 concept ruay have ditterent attributes — for example, vehicles

miay be classified as cars, buses, two-wheeled vehucles erc. Artribute of concept mstances may be

t

HITaAtton -

detined 10 terms of corresponding attribute i zatople, i the case of vetucles

concept mnstance may be detined mn terms of attribute information such as size, ke, model, numiber

ot wheels, public or prvate transport efo.

{0049] Figure 3:lusteates an exeroplary ontology comprising cotcepts 1 10 5 that are witerconnectad

by virtue of relanonships 1 to 5.

{3050] An onrology 5 represented by an ontology model - which 1s a structure for representing an
orwology. Ontology models may ufer aifn be represented using 2 graph stnucture such as a tree
structure, where concepts are represerded by nodes and relationsiups between concepts are
sepresented by edges. In implementing an ontology, node attributes may be used o define properties

3

of vach concept nstance.

#851] Wheno ao ontology s woplemented withun an actual data structure, and used to store instances
>

of spectfic ontology elements, the implemented data struchire comprises a kaowledge base (e, an

orological model based knowledge base). For the purposes of the present invention, repository 264

(which 18 contigured for logical storage and retneval of unstructured data)y compuses a knowledge

base of the kind describhed above,

{0052] Por the purposes of the mvention, when reterring to a knowledge base thar has been
implemented based onan ontological moded, each concept from the ontological mode! (5 implemented

as a concept class, and speafic

concept instances corresponding to a concept class may be stored by
storing arfribute data specific to sad concept instance. Relationships berween concept mstances rmay

be defined by linking said concept instances. In an embodiment, said relationships between concept

wes may be established by linking using pruvary keys, secondary keys, pointers or other hoks

within the data str

scture being used to implerment the onrological mic

[
]
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{0083} In a0 embodiment of the invention, the ootological model which torms the basis tor

wrpleroentation of the knowledge base may comprise @ model speaitically designed or configured to
accormmmodate or store data corresponding to concepts and relanionshups thar are likely to be

encountered within the intended domain of implermentation,

{0054] Figure 4A provides an exempiary embodiment of an ontological model contigured 1o

accoromodate concepts and relationstups withie data obtained withun ansodustral piﬂﬂt. Nodes within

the ontological model are configured to accommodate data corresponding to the “Eguiprient Nan

“Rated Curput”, “Equmproent Class”, “Manufacturer”, “Operator 117 and “date” concept classes.
Edges withun the onrological model establish (3 a “generares” relation berween “Equipment Name”

atd “Rated Output” nodes (1) a “classibied 23”7 refation berween “Equpment Naroe” and “Equipmen

27 nodes {uiy @ “preferred vendor of spare parss” relanion between “Equprent Class” and
“Manufactured” nodes (v 2 “roanufactured by” relation betwesn “Equiproent Name” and

[N

A

wutactures” nodes, (v an “operated by” relanion berween “Equipment Mame” and “Operator 17
nodes and v} a “last serviced on” relation between “Eguipsment Mame” and “Date” nodes. Figure
4C Husrrates an exernplary table dara strucnare which may be used to implernent the ontologcal model

of Figure 44,

[OE5] Figure 4B provides an exemplary dlustration of the manner i whuch a knowledge base that

is tpiaated based on the ontological model of Figore 44 may be used 1o logically store unstructured

data from the industral plant. Figure 48 dlustrates logical storage of the tollowing set of unstroctured

data relating to a particular item of equiproent Lo, Steam Turbice No. 3

g 3 o, A pl 47
A0 KW, and is classitied o

P ~ TS Y S N
and was last serviced on March 3, 207 5.

5 o
CHRAGTS Jor 65id

Muchings Lve. - wiho are alse i

bas been mmanigastured by Heary onaied preferr

Jor Beayy valaiing wachinery.”

nguage processing techmques for

{0056] By parsing the above unstructured fext, and usiog natua

wentifving concepts and relationships therehetween, 1t 13 possible o logieally store dara descrnthing

saad unstructured text withio the knowledge base dlusteated 1o Figore 48, Figure 413 illusteates the

11
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exermplary fable dar stracture of Figure 4C whuch has been populated with the speaific intercelared
PIaLy POt sp

conwept mnstances of Figare 4B

{0057 Figure 5 illustrares a method embodiment of the present invention, The method relies on a
data repository system of the kiod dlustrated o Figuore 2, whech comprses ar least one tepository

contigured tor storing logical data, and ar least one knowledge base that s implemented based on an

onrological model, and configured for enabling storage and logical retoeval of unstructured data.

0058} Step B2 comprses receiving an operator mput, which operator mput may comprise speech
mpur or fext mput. In the event the operaror inpur comprises speech input, the method would include
the additional steps (not sthustrated) of extracting acoustic vectors froro the gt speech, and applying
speech 1o text conversion for generating a set of human readable text characters, betore proceeding
to step B34, It on the other hand the operator tnput compases text mputs, the additional steps may

be omutted and the method proceeds directly to step 504

{0058] Srep 584 compases apphcation of natural langnage procesming techrugues to the generated or

recerved set of text charactors — which oatural language processing techmiques may i

de sormne or

all of the steps described 1 connecnion with Figure L

[00660] Step 306 coroprises deteromoing, based oo the output of the carural language process:

techiruques, whether the operaror inpur comprises a statermnent or a query.

Y

{3061] In the event the operatorinput s deternuned to comnprise a statement, the method proceeds
o step 508, wherein conceprs and relanonships extracred from the operator input are used to update

the knowledge base wathun the data repository system,

362) Alternatively, i the event the operaror wngut 1s deterrmned to comprse @ query, the metho
PUG2] Al v, it tt gt is d d to g, th thod

ad proceeds to step 518, at which, at least one of a structured darabase(s) and 2 knowiedge base

are scarched tor data that matches a query string or query parameters extracted from saud query. At

step B, one or more resulrs returned by the search operations is used to generate @ response to the
guery — which response may be pf(—:smte-::i to the operator either w the fomm of a displayed text

reaponse, of in the torm of speech output generated by text-to-speech operations.

12
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{0063} 1t would be understood that the method of Figure 5 perraits for an operator nput 0 be

classitied 2z a statement and dealt with o accordance with step 508, while another operator input may

be classitied as a query and dealt with 10 accordance with steps 516 and 512, The method of Figure 5
may therefore alternate between steps 508 and steps 510 and 512, depending on the contents of

recerved i)p(",i,'ﬂf(]f iﬂpl]t

{3064] Figure 6 llustrates an exemplary emibodiment of the met nore generally discussed o
connection with method svep 388 of Figure &, wherein conceprs and relationships extracted trom the
operator mput roay be used o update the knowledge base withuo the data repository system. Af step

612, data corresponding o concepts and relanonshups are extracted from the received operator wnput

2. froro the set of text characters receved at or generated based on step 302 ot Figure 8. At step
684, the extracted concept and relationship data is used ro populate the knowledge base by storing
concent data, as concept wstances withun the knowledge base. Extracted relationships betwees

specttic concept metances may simultancously be retlected within the knowledge base by linking

mterrelated concept mstances using one or more keys (such pramary kevs or secondary keys), pouiters

or other links, Steps 882 and 684 accordingly enable logical storage of unstructured data that may be

de

recetved D)« way o + tatural ht‘gna_ge statergents o

wiuch data may

subsequently be subjected ro logical search and rerneval operanions executed on the knowledge base.

{0065] Figure 7 dlustrates an cxermnplary emabodiment ot the method more generslly discussed in
commection with method step B0 of Figure 3, wherain at Jeast one of a structured database{s) and a
knowiedge base are searched by secking a march for a query string or query patameters extracted from

sand query.

et

[R066] Atstep 782, ¢

«f penerates a Gest set of query parameters (00 a bir

on cutput from natural language processing steps that have been apphied (at step 584 of Figure 5 to

the recaived operator mput. Step T84 checks to ascertain whether the furst set of query parameters (o

the first query string) return a valid scarch resclt from one or more strucnared databases that form a

part ot the data repository system (see Figure ). Responsive to the tirst set of query pararceters (o
first query string) retarning valid search resubts from the one or more structared databases, the method
proceeds at step TR to generate a response to the operator mput query based on retwrmed one or more

search resuits.

13
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8671 Alternattvel

v, responsive to the first ser of query parameters {or first query string) not returning

valid search results {heremafter a “null result™) from the one or more structured databs

method proceeds to srep 76, which comprises generating a second set of query parameters (or second

Uty s 3t ﬂg/ based on Ollﬁpl‘:t from natura

o

language pr

essing steps that have been apphed {ar step
D ks SN .

54 of Figure §) to the recetved operator mput,

{0068] Srep 708 thereatter checks ro ascertain whether the second set of query parameters (or second

query strng) return @ vahid search result fromo the knowledge darabases that torms a part of the data
4 (“

wepesitory systern (see Figure 2). Kesponstve to the second set of query paramaters (ot second quety

eds at step 7 to

string) rerurning valid search results from the knowledge base, the method proc

generate a response to the operator input query based on the returmed search results.,

[0069] In an embodiment of the method dlustrated m Figure 7, the knowledge base on which the
searches of step 708 are executed, may be implemented based on an ontological model having

interrelated concept classes corresponding to (i) one or more objects, equipment or components

within an mdustrial plant (1) observed events or effects or events withun said mdustrial plant (1)

/

causative tactors related to observed events (iv) of

tator mputs oY -:Jperator r{fquests in response jKe]
\

an observed event or a determined causative factor (v) any action executed in response to the operator

input or operator request and (vi) temporal data corresponding to any or all of the above.

H0070] Figupre 8 4

ssceibes the specific method steps nvelved m ascertaining whether a first set of
query parameters retuen valid search results trom the one or more structured databases (step 704 of

Figure 7). Likewise, Figure 9 further describes specitic method steps invelved in ascertatmung whether

W

ond set of query paramnerers return valad search resuits from the knowledge base (step 768 of

Figure 7).

{0071] In Figure 8 Step 802 compu

< geperating a quety string based on a first set of query

parameters extracted from output of the namral language processing steps that have been apphied (ar
step 534 of Figure B) to the recetved operatorioput. The query stong may be generated based o one

-

chined rules for generation of a guery strng. In an emibodiment of the me

OF INGEE pre od, the query
string roay comprise the entire string of text characters extracted as output of the natueal languags

procesaing steps. In another embodiment of the method, the query stnng may COMPAse one or more

14
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of topics, wterds and /or named entities wiensified 1o the course of the executed patural laoguage

processing siepa.

{0072] Srep 804 ascertains whether the query string matches any predefined query pattern within a
nredetined ser of query partems. In an embodiment of the invennion, the predefined set of query
VI ; e

patterns compnses a plurality of query patrerns generated in Arnficial Invelligence Markup Language

{AIML) syntaz, and step 804 ascortamns whether the query sting roatches any of the predeticed AIML

query parterns withun sad predefined set of query patterns,

H0073] Re

onsive to the guery string matchung a predefined query pattern, step 806 comprise

executng a set ot database queries instructons wiuch correspond to the matching predefined query
pattern. In the embodiment where the predetined query pattern 1s an AIME pattern generated using
AYME syntax, step 806 coroprises executing a set of database query mnstructions encapsulated within

aty AIML template corresponding to said AIML pattern. In a vet more particular embodiment of step

8044, the executt

the set of database query nstructions encapsulated within the AIML remplate
may rely on one or more query paramneters extracted trom the query string, For example, selection of

a structured data

7 of structured databases withio a data repository system)

miay be based on one or rore topics, mtents or named entities extracted from the query strng,

{0074] It would be understood that the set of database query instmactions encapsulated within an

AYME, template roay comprse a single database query instruction or 2 plueality ot darabase query

mstructions. Further the database query mstouctions may compa

- database query mstouctions m any

query language capeble of guerying one or more structured databases within the data reposttory
stern. Without inrending to hmir the scope of the present nvention, exemplary query languages that

may be used o iroplement the present rovention nclude SQE, QL, COL, CQLE, COFL, DME,

Datalog, Fogic, FQL, OQL, OCL et

{0075] At step BE, the method generates a responae to the query st

i, based on results returned by

the executed ser of datab i1 fexE form

S0 guery nstictons - which response may be presented (eg

&,
bl

or speech form) to the operator.

{3076] To better understand the method steps mvolved it Figure 8, an cxample mvolving

inpiementation of AIML syntaz may be considered. An operator may, by way of speech or rext input

i
It
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) o2

: b o et datinm et A vl ek e
o7 Wi ihe distiilation coiaini . APpIVIng natural

ey ST [T SOUNINY N NS N
check “Faw proeny fncidents beern abserved in conn

language processing steps, the mnvention would wentity the operator mnput as a query, and based on

wientified topacs, mtents and/or naroed entities, may extract the tollowing miormation for search

through structured dambases:

e {uery String: Last Sionlar Incedent
e HPqumpment: The distifation column
s BEquiproent type: Disullation column

= Time stamp: Unkoown

{0077) Responsive to generation of the query sting “Last Surdlar Incident”, step 884 of Figure &
searches for a matching AIML query patrern. Grven thar the topic of the query string involves

oty pattorn only among

{ncidents, i an emmbodiment, step 884 may search for a marching ATML g

query patterns that are assoaated ondy with the Inadent Database. In the example, the following

matching AIML pattern (and corresponding AFML template) is tound:

wcategory >

<pattern™ Last Surlar locident <pattern >

<teroplate™

rmand rry = 17>

Syvilar Tncident
<contexe>

<pame datatype =

“y 3 /,’ -

ext

PERAS

et />

i

(%4

<equupmentclass datatype =

<equiproentnams datatype = “text” />

<ecuipmenttype datatype = “re

< /command>
<command fry = “27>

Sirnilar Incident

16
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<context>

<«

<name datatype = “rext”/>

ienttype datatype =

— &

<equiprentname datatype = “text” />
< /contexts

<feomanand >

D T
<y ertract>

sponsetext>

The Siplar Incident was found by <thar> <crse> valued </ s>/ thar> at

)

<that><cex> valueld </ctat>< Sthat><response vahuel

</ response>=</thar>
</t respOt e est>
< [template>

</ AtCsf 54

{078] The query language wnstructions encapsutated withun the ATML template which corresponds
to the rmatched AIML partern e, <partern> Last Strnilar Incident </pattern™) are excoured once
wittun the Inadent database, wwluding as a search pararceter, equuproent name as “the distdiation

column”. If no result i3 obtaned, a wider ser of search instmictions is executed at try 2 by eliminating

the equipiment tame as a search parameter. Assuomog a result 1s obtamed, the values at positions 4, 1
and 2 of the returned search results may be copied into placcholder locanons valaett, valuel and vahae

& of the defined response text, which response toxt 3 thereatter further prs £ PEEsentaiton to

the querving operator. As will be understood from the above example, in cerrain embodiments, the

predetined set ot ATML patterns and corresponding teroplates may additionally encapsulate a response

torat into whech search results that are rerneved from a structured darabase may be incorporated for

presentation to the operator.

h
e

{00791 Figure 9 provides further detad regarding step 788 of Figure 7, which ascertaine whethe

second set of query parameters returns vahid search reselts from within 2 koowledge base.

[
~3
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[R086] Step 902 of Figwre 9 comprises generating a

ed on a second ser

» ontclogical query model bas

of query parameters extracred from cutpur of the natural language processing steps that have been

appited (at step 504 of Figure §) to operator input. 'The ontological query model 1s an ontology roodel

COr

prising concept nstances and relations extracred from a query string or set of query parameters.
In an embodiment of the invention, an ontological query model may mclude a sef ot data nstances
corresponding to {1 at least two mterrelated concept imnstances or {1} at least one concept instance and

onie corresponding relationship. The onrological query model roay additionally wnclude a concepr

ristance plac

ehiolder which wdennifics a concept class {for which a corresponding data value is presently

unknown or s scught to be found within the knowledge base) that s related to the set of data nstances

that have been used o constrct the ontological query model,

811 At step 384 the merhod ascertains whether the ontology query miodel marches or maps on to
G081 Arstep B84 thod t {1 b tology 5 A 'S f

any sot of conoept instances and relationships that are already

y stored within the knowiedge base. The

step of marching the onrological query model with data withun the knowledge base can be achieved in

any number of ways mehuding using pattermn matchung, graph pattern roatching or query languages that

inplement graph pattern marctung {e.g. SPARQL).

[82] In response to an identifted match between the onrology query model and a set of concept

mrstances and relationships stored withio the knowledge base, step 906 generates a response based on

data extracted from the matched set of concept mstances and relanonshups that bas been identified

within the knowleder base. In an embodiment of 1

pe)

CVERHon, feSponsive O an onrclogy gquery

miodel marching a set of concept mstances and relationships stored within the knowle

ge base, step

906 oxiracts data corresponding to 3 concept nstance within the knowledee base, which concept

tristance correspornds in terms of borh concept class and relanonshins o a concept ¢ls ceholder
1 1

within the ontoiogical query model, and uses the extracted data to generate a responss for presentation

£ 4l OPerator.

{0083] Figure 10 dlustrates an exemnplary ontelogy query model that may be generated in accordance
with the rmoethod descabed above 1o connection with Figure 9. Figure 10 speaifically tustrares an
ontology query model that has been generated in response ro a query relating to the wdustnal plant

specitic knowledee base that has beeo previously discussed in connection with Figure 48,
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{0084} Figures 104 and B dlustrare an exero

plary ontology query m generated based on the

query “What s the rated output of Stearn Turbine Noo 37, The onrology query model of Figure 1A

mchudes a concept mstance 02 having data value “Sream Turbine WNo. 27, which falis withun concept
class 1084 of the type “Equipment Mame”, and has a “generates™ relationshup corresponding to said
concept mstance 102, The ontology query maodel additionally includes a concept class placeholder

1308a whuch fails within concepr class 1806 of the type “Rated Cutpur”. In executing the method of

Figure 9, the oneology query model of Figure A roay be pattern matched agamst the knowledge

base dlustrated m Figure 4B. By virtue of pattern matching, the concept class 1006 of type “Rated

22

Crtput” within the ontological query model s matched against the corresponding “Rated Output”

o

concept class of the knowledge base. The patrern matchung further establishes that the relevant

concept mstance of thus “Rated Output™ concept class 1s a concept nstance of the class “Eaupment

-

Name” and which has the speatic data value “Stearn Turbine No. 37, The mvention accordingly

determunes {(as dlustrated 10 Figure 08) that the refevant conceptinstance §

{ie. which most closely provides a match for the concept class placeholder within the ontological

query medel) 18 the concept nstance 08k baving concept class “Rated Output” and having the data

value “40 FW . This data value may be extracted from the knowledge base and may be used to
generate and present a response to the operator guery for whuch the ontological query model of

Figure 1A was generated.

{0085] Figure 11 glustrates a system 10 in accordance the present invention, which may be
configured to implement one or more ot the above discussed methods for generating responses to
natural language queries received by way of operator input. The system 1100 comprises a speech input
1102, a speech processing engine 1104, natural language engine 1106, structured database comparator
1108, knowledge base comparator 13, response generator 132, operaror mterface 1114, structured

ase 1118 and knowledge base updater 1128

database(s) 1116, knowledge

[0086] Operator mput device 102 may coroprise any device configured (o receive speech or text

N

COMIent, Opers

o Inan ermb

mpits from an ope orinput device 1382 may comprise any mput device
capable of recaiving speech or sound based mput signals, including by way of example 2 nucrophone,
acoustic sensor or other device capable of recerving recicving sound waves and generating

clectromagnetic signals representmg recetved sound waves. In another embodiment, operator mput

N

device 1HI2 mmy compuse any rext input device, including by way of example a kevboard, keypad,
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-
ot

rouch screen nterface or othe ripheral device contigured o enable an operator o inpuf text

characters

{6087] Speech processing engine 33104 comprises a processor implemented engine configured tor

the extracted acoustic vectors — for converting received speech input to a set of readable text

characters.

{0088] Natural language engie 1106 comprises a processor implemented engine for implementing

one or more of the natural language processing steps descubed in connection with Figure 1 In an
embodiment, natural language engine 1106 may be configured to mmplement on or more of sentence
segmentation, tokemzation, lexical analysis, syntactical analysis, sernantic analysis, topic identification,
intent dentification and named entity recognition. Tn an embodiment, natural language engine 1106

may additionally be configured to determune whether an operator input comprises a statement or a

query.
{0089] Structured database comparator 1108 comprises a processor imoplemented comparator

configured for extracting a first set of query parameters or query string from output recetved trom
natural language engine 1106, and for determining whether the query parameters or query string return
any valid search results based on data within structured database 1316. In an embodiment, structured
database comparator 1108 may be configured to implement method steps discussed above in

connection with Figures 7 and 8.

{0090] Knowledge base comparator 1118 comprises a processor implemented comparator configured
tor extracting a second set of query parameters or an ontological query model from output recerved
trom natural language engine 106, and tor determinung whether a search based on the second set of
query parameters or ontological query model return any valid search results from within knowledge
base 1118. In an embodiment, knowledge base comparator 1130 may be contigured to implement
method steps discussed above in connection with Figures 7 and 9. In a specitfic embodiment of the
nvention, knowledge base comparator 1110 may be configured to find and return valid search results
trom a knowledge base, by generating an ontological query model representative of an operator quer
and searching the knowledge base for a matchung graph structure, using pattern matchung or g}faph

pattern matching,
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{0091] Response generator 1112 comprises a processor implemented generator for generating a
response to an operator query based on scarch results receved from either of structured database
comparator 1108 or knowledge base comparator 1110, Response generator 1112 commurucates the
generated response to output device 1334, In an embodiment ot the mvention, output device may

comprise a display for presenting a text based response to an operator. In another embodiment of the

response to a speech signal and 1y },lemenm}g playbau& of said speech signal to an operator.

{0092] Knowledge base updater 1328 comp a processor implemented updater contfigured to
respond to a determunation (by natural language engine 1106) that a received operator input compuises
a statement, by updating knowledge base 1118 to include data corresponding to concept mnstances and

relationships identified within or extracted from said statement. In an embodiment of the iovention,
knowledge base updater 1126 may be contigured to implement method steps from the methods

discussed above 1n connection with Figures 5 or 6.

{0093} To an embodiment of the system dlustrated in Figure 11, knowledge base 1118 may be
implemented based on an ontological model having interrelated concept classes corresponding to (1)
one or more objects, equipment or components within an industaal plant (i) observed events or
etfects or events within said industrial plant (i) causative factors related to observed events (iv)

operator Inputs or operator requests in response to an observed event or a deterrmined causative tactor

(v) any action executed in response to the operator mput or operator request and (vi) ternporal data

corresponding to any or all of the above

{0094] Figure 12 tHustrates an exemplary computing system in which various embodiments of the

mnvention may be wnplemented.

{3025] The system 1202 comprises at-least one processor 1204 and at-least one memory 1206. The
processor 1204 executes program instructions and may be a real processor. The processor 1204 may
also be a virtual processor. The computer system 1202 1s not intended to suggest any hrmitation as to
scope of use or functionality of described embodiments. For example, the computer system 1202 may
include, but not be bmited to, one or more of a general-purpose cormputer

a programmed

3

microprocessor, 4 micro-controller, an mtegrated circuit, and other devices or arrangements of devices
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that are capable of mplementing the steps that constitute the method of the present invention.
Exemplary embodiments of a system 1202 in accordance with the present mvention may inchude one
or more servers, desktops, laptops, tablets, smart phones, mobile phones, mebile communication
devices, tablets, phablets and personal digital assistants. In an embodiment of the present invention,
the memory 1206 may store software for implementing various embodiments ot the present inventiorn.
The computer systern 1202 may have additional components. For example, the computer systern 1202

ncludes one or nx

- comumnunication channels 1208, one or more mput devices 1218, one or more
output devices 1212, and storage 1214. An interconnection mechamsm (not shown) such as a bus,
controller, or network, interconnects the components of the computer system 1202, In various
embodiments of the present invention, operating systern software (not shown) provides an operating
environment tor various sottwares executing m the computer system 1262 using a processor 1204, and

manages different functionalities of the components of the computer systern 1202

{H196] The communication channel(s) 1208 allow communication over a commurication medium to
various other computing entities. The communication medium provides information such as program
tnstructions, or other data in a communication media. The communication media includes, but not
lumited to, wired or wireless methodologies 1mplemented with an electrical, optical, RF, infrared,

acoustic, microwave, Bluetooth or other transmussion medta.

{00971 The input device(s) 1210 may include, but 1s not linuted to, a touch screen, a keyboard, mouse,
pen, joystick, trackball, a voice device, a scanning device, or any another device that is capable of
providing input to the computer system 1282, In an embodiment of the present invention, the input
device(s) 1210 may be a sound card or similar device that accepts audio input 10 analog or digital form.
The output device(s) 1212 may include, but not limited to, a user intertace on CRT, LCI, LED display,
or any other display assocrated with any of servers, deskrops, laptops, tablets, smart phones, mobile
phones, mobile communication devices, tablets, phablets and personal digital assistants, printer,

speaker, CD/DVD writer, or any other device that provides output from the computer system 1202,

{0098} The storage 1214 may include, but not limuted to, magnetic disks, magnetic tapes, CID-ROMs,

g¢
CD-RWs, DVIDs, any types of computer memory, magnetic stripes, smart cards, printed barcodes or

any other transitory or non-transitory medmm which can be used to store mnformation and can be
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accessed by the computer system 1202, In various embodiments of the present invention, the storage

1214 contains program instructions for implementing the described embodiments.

{00%8] In an embodiment of the present invention, the computer system 1202 is part of a distributed

netrwork.

I The present mvention may be implemented i numerous ways including as a system,
a method, or a computer program product such as a computer readable storage medium or a computer

network wherein programoing mstructions are comemunicated from a remote location.

{HHBE The present invention may suitably be embodied as a computer program product for use with
the computer system 1202, The method described heremn 1s typically implemented as a computer
program product, compusing a set of program instructions which is executed by the computer system
1202 or any other similar device. The set of program instructions may be a series ot computer readable
codes stored on a tangible medmm, such as a computer readable storage medium (storage 1204), for
example, diskette, CD-ROM, ROM, tlash drives or hard disk, or transmittable to the computer system
1202, viz 2 modem or other interface device, over either a tangible medum, including but not hmited
to optical or analogue communications channel(s) 1208. The implementation of the invention as 2
computer program product may be mn an inrangible form using wireless techniques, including but not
himited to mucrowave, intrared, bluetooth or other transmussion techniques. These mstructions can be
preloaded into a system or recorded on a storage medium such as a CID-ROM, or made available for
downloading over a network such as the Internet or a mohile telephone network. The series of
computer readable mstructions may embody all or part of the tunctionality previously descabed

heretn.

{00102} It will be understood that methods, systemns and computer program products in
accordance with the present invention provide a reliable and effective sclution for natural language

rocessing of operator mputs, and tor logically storing and querying structured as well as unstructured

o

1

data that are encountered within a defined knowledge dormain.

{01031 While the exeroplary emboduments of the present invention are described and

llustrated herein, it will be appreciated that they are merely illustrative. It will be understood by those
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skilled in the art that various moditications in torm and detail may be made therein without departing

trom or ottending the spirit and scope of the invention as detined by the appended claims.
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We chan:

tne based processing of natural language mput recerved from an operator

1. A method for r
withun an indostrial plant, the method comprising:
RCOIVING an operator input from the operator

classitving the recerved operator input as one of a query and 4 statement;

respotsive 0 classification of the received operator Ioput as a staternent:

o gty and

extracting data from the receved opers
updating a knowledee base by stoning the extracted data as a set of interreiated concept
mstances within sad knowledge base;
and
reaponsive to classification of the received operaror input as a query:

¥ dara that matches

st onie of a structured database and the knowledge base

searching at e
ONe OF More query parameters extracted from the received operator mput; and

presenting to the operator, a query response based on a returned search result,

2. The method as clavmed m clammn 1, wherein the step of searchung at least ote of the
structured database and the knowledge base comprises:

generatmg a fust set of query parameters based on the received operator mput;

performing search of the structured darabase based on the generared first set of query paramerers;
and
responatve o recerving @ null result from search of the structured darabase:

generating a second set of query parameters based on the recewved operator input; and

h of the knowledge base, based on the generated second set of query

performung ¢
parameters.
3. The method as clamed i claom 2, whereno:

a query strng is generated based on the first set of guery parameters; and

the step of perforomng search of the structured database comprses:
ascertaning whether the query strang marches any predetined query partern within a set of

predenined query patterns, and

]
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tesponsive 1o dentification of 2 matchung predefined query pattern, execufing a set of gquery

fanguage mstructions associated with the identified matching predefined query pattern.

4 The method as clamed i clagm 3, wherein:
the set of predefined query patrerns comprise AIML patterns, cach of sad AIML patterns having
corresponding AIME template assocated therewith, and

at least one of said AIML templates coroprising a set of query language mstouciions encapsuiared

therswithin,

5. The method as clamed i claim 3, wherein the stractured database 18 selected from among @

phurality of structured databases, and wheren saxd selection ts based on at feast one of the extracted

ofie or more query pararneters, or on the query anguage instructions associared with the identified

matching predefined @

pﬁit@t’f)..

5. The method as clamed i claom 2, whereno:

v

iogical query model 1s generated based on the second s

ar onto of query parameters;

atd wheretn pertomung search of the knowledge base coroprises

ascertaning whether the ontological query model marches any part of the knowledge base;

respornsive to wenttiication of a match within the knowledge base, extracting data from the

identified marched portion of the knowledge base; and

returnung a search result comprising data extracted from the knowledge base.

7. The roethod as clasmed o claum 1, wherein the knowledee base 184 ";p]cr ented based on an

ontological model having interrelated concept classes corresponding to all of (1) one or more objects,

v

Vi 1N 3 R : : D c
equipment or components within an industrial plant (1) observed events within said industrial plant

(i) causative factors related to observed events (1v) operator inputs or operator requests in response

9]

to either of an observed event or a determined causative tactor (v) any action executed in response

t0 a operator input or operator request and (vi) temporal data.

3. The method as clamed i claim 6, wherein identitving a match berween the ontological

query model and the koowledge base 1s deternuned based on graph pattere matching,

26
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32 The method as claimed i claim 1, wherein the received operator oput comprises speach

signals, and sad recetved operator mput s subjected to speech to rexy processing and

natural language processing prioy to classification as one ot 2 query and a statoment.

1 A systemt for mackune based processimg of natural language mput received frorm an ope:
within an industoal plang, the system comprising:
at least one processor;

a data repository system comprsing at least one stractured database and at least one knowledge

an operator ‘[1{) ut device ¢ mhgured for recer vme an operator <npuf from the ORErator

a ratural language engine configured for processing the recetved operator vt and classifying satd

recerved aperator u‘put as one of a o Lery and a stak CINICNY

fication o

a knowledge bas

e updater conbigured to respond to class i the recerved operator input as a
statement by

extracting data froro the recetved operatoy nput; and

apdating a knowledge base by stonng the extracted data as a set of interrelated concept
wstances within said knowledge base;

and

at least coe comparator configured to respond o classification of the received operator input as 2

query by:

searching at least one of the at feast one stouctured database and the knowledge base for data
rrarching one of Mote query parameters exrracted from the recetved operaror input; and

enting to the operator, a query response based on a returned search resuft,

prre

1t. The system as claoed w clam 10, wherenn the at least one comparator compuses:

a strucrared database comparator configured 1o

recetved ¢

generate 3 Hest sot of query parameters based on th AT it and

perform search of at least one strectured darabase based on the generared first set of query
DArAmEers;
and
a knowledge base comparator configured, to respond to a null result ansing trom search of the

structured darabase, by

£
3
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generating a second set of query parameters based on the receved operator nput; and

pertorming search of the knowledge base, based on the generated second set of query

|5 arametars.

iz, The system as clairoed i cam 11, wherein the stasctured database cormparator is configured

—
o~
o

generate a query stang based on the fist set of query patameters; and

perform search of the stractured database including by

ascertainung whet the query strng matches any predefined query pattern withan a set of

predefined query patterns; and

respornsive to wenttiicabon of a matching predetined query pattern, executing a set of query

language matrucrions assoaated with the matching predetined query patrern.

13. The system gz clamed o claim 12, wheren:

the set of predetined query patterns coroprise AIML patterns, cach of satd AIME patteros baving a
corresponding AIMLE ternplate assocated therewith; and

at least one of said ATML teroplates comprises a sat of query language mstoucions encapsulated

therewithun.

14 The systern as claimed in clam 12, wherein the stroctured darabase cormparator s configured

ase, and wherem sad

o sefect the structured dambases front arcong a plurality of structured de

sedection i based on af least

t one of the acted one of more Guery parametess or on at least one

query language snstruction assooiated with the matching predetined query pattem.

ety the knowledge base comparator 3 configured o

1 The system as claoed i dam 11, whe

it

generate an ontological guery moded based on the second set of query parameters; and
pertorm search of the knowledge base including by:
ascertaining whether the onrological query model matches any part of the knowledge base;
tesponstve to dentification of a match withun the knowiedge base, extracting data from the

ruarched portion of the knowledge base; and

retuming a search tesult comprismyg data extracted from the ke

28
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16, The system as clairoed in cam 10, wherein the knowledge base 1s implemented based on an

ontological model having interrelated concept classes corresponding to all of (i) one or more objects

3
equipmment or components withun an industrial plant (it) observed events or etfects or events within

said industrial plant (11) causative factors related to observed events (iv) operator inputs or operator

N

requests i response to an observed event or a deterouned causative factor (v) any action executed in

17 The systern as clammed in claimn 15, wherein the knowledge base compararor is contigured to

A,

identify matches berween the ontological query model and the knowiedge base, based on graph

pattern matching,

18 The systern as clasmed in clan 10, forther comprising:
a speech processor configured tor

recetve speech signals trom the operator wput device;

to perform speech to text conversion on the recerved speech signals;

comrmunicate the converted text 1o the matural language engine.

19. A computer program product tor machine based processing of natural anguage nput

far

recerved from an ooerator wit e ot a

n an mdusteial plant, the computer program product entd

non-transitory computer readable medium, and comprising computer readable mstructions for
LECLIVING an operator wput from the operator;

classifying the recerved operaror input as one of a query and g staterment;

responsive o classification of the received operator nput as & staternent:

extracting data from the recaved operator mnput; and

uprdating a knowledge base by stormyg the extracted data as a set of wterrelated concept
mstances within sad knowledge base;

and

responsive to classification of the received operaror iInpur as a query:

searching at least one of a structured database and the knowledge base tor data matching one

3

or more guery paramerers extracted from the received operator input; and

enting to the operator, a query response based on a returned search resuft,

prre

29
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