-1- Engineering Expert System [0001] The present invention relates generally
to expert systens and, nore specifically, to an expert systemand inquiry
ki osk for use by engineering personnel in a manufacturing or other

i ndustrial environnent. [0002] In the course of designing and

t roubl eshooti ng manufacturing and other industrial systens, machines, and
processes, engineers and engi neering technicians often need to acquire

i nformation from sources such as nmanual s and experienced coll eagues.
However, at the tine an engineer or technician seeks to consult with an
experienced col | eague, such a person may not be avail able, For exanple, in a
manuf acturing plant that operates several shifts per day (potentially 24
hours), an engi neer who discovers t+Hat the yield of a particular process is
| ower than expected may need to seek information at any tine of the day or
night to attenpt to solve the problem Persons with the nost rel evant
knomﬁedgﬁ nﬁ% noté$e gygjL@ble at all times. It would be desirable to
enabl e t hB9 Spﬁg XRES" REEEOL such know edge at all times. It would also be
desirable for the know edge that is nade available to the engineer to be
consistent, rather than for the engineer to obtain different and possibly
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or syst emanhefadturing o etHer invRist@irenviharenat i on in solving problens relating to
that process or system as engi neers who have previously been assigned such
tasks. Oten,. an engineer sinply needs to know the function of a particular
item or what .item perforns a particular, fynction and where it is
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often need 'to acquire informa‘%ne 'fro-mz-sources such as manuals and experienced
colleagues. However, at the time an engineer or technician seeks to consult with an
experienced colleague, such a person may not be available, For example, in a
manufacturing plant that operates several shifts per day (potentially 24 hours), an
engineer who discovers that the yield of a particular process is lower than expected may
need to seek information at any time of the day or night to attempt to solve the problem.
Persons with the most relevant knowledge may not be available at all times. 1t wouid be
desirable to enable the engineer to access such knowledge at all times. It would also
be desirable for the knowledge that is made available to the engineer to be consistent,
rather than for the engineer to obtain different and possibly inconsistent answers from
various sources.

[0003]' Also, in such environments, the same problems or same types of problems
tend to arise from time to time. Similarly, an engineer assigned {o a particular process
or system tends to seek the same information in solving problems relating fo that
process or system as engineers who have previously been assigned such tasks. Often,
an engineer simply needs to know the function of a particular item or know what item
performs a particular function and where it is located in the system. It would be
invaluable to the engineer fo acquire the knowledge of those who are most familiar with
the system or who have done the same type of work before.



[0004] While witten manuals can be of help to engineers, they generally
cannot be updated readily to reflect newy | earned know edge. Rather, a
technical witer typically needs to integrate the new information into the
manual , and the revised nanual needs to be nade avail able. Even in the age
of electronic docunentati on and conpany-wi de intranets, such a process can
be slow and inefficient. [0005] It would be desirable to provide a system
for quickly, conveniently and consistently responding to requests for
information fromengineers and simlar persons in a nmanufacturing or other
i ndustrial environnent. The present invention addresses these problens and
deficiencies and others in the manner described bel ow. SUMVARY OF THE

| NVENTI ON [ 0006] The present inventign_relates to an expert system for

ai ding engineers, technicians or other engineering personnel working in a
manuf acturing or other industrial environnent. In an exenplary enbodi nent
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SUMMARY OF THE INVENTION

[0006] The present invenfion relates to an expert system for aiding engineers,
technicians or other engineering personnel working in a manufacturing or other
industrial environment. In an exemplary embodiment of the invention, users can
interact with the system using kiosks in the relevant areas of the plant to enter queries
and receive answers.

[0007] The system includes a user interface for receiving queries from the users and
outputting solutions or other responses to the queries. The queries can relate to
elements of the company’s industrial environment with which the user works, such as
elements of machines, processes and systems. A user can enter a query in a natural
Janguage format, which the system parses for keywords or keyterms. For example, in
the exemplary embodiment, a user can enter a query such as: “How many screws are
there on the bottom of the Molding Machine?” Another example could be: “Why is the
yield of the Molding Machine low?” The first question is an example of what is referred
to herein as a "knowledge-based” query because it includes the description-oriented
keyterm “how many.” Other knowledge-based query keyterms include, for example:
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“what is”; “what are”; “where is”; “where are”; “how many”; “how long”; “how to”; “how do



["; "tell about"; and "describe". The second query is an exanple of what is
referred to herein as an "expert consultation-based" query because it

i ncl udes the reasoning- oriented keyterm"why." The system conpares keyterns
in the query with keyterns in a database to determne if any matches exist.
[0008] In the exenplary enbodi ment of the invention, entry of a query that
the systemdeterm nes to be know edge-based causes the systemto use the
keyternms to search the database for an associated solution or answer. For
exanpl e, the answer associated with the conbination of keywords "how many, "
"screws," "bottom" and "nolding nmachine" may conprise the nunber of screws
on the bottom of the nolding nmachine, a paragraph of text describing that
portion of the machine, a picture of—_4hat portion of the machine, etc. The
dat abase can contain information that is specific to the conpany's

machi nes, processes, systens, etc. In an exenplary enbodi nent that has been
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been developed by the assignee of this invention and patent application, the database
contains information specific to the company’s contact lens manufacturing plant. The
embodiment is referred to as the Engineering Resource .NET Interactive Expert System
("ERNIES”). Nevertheless, the invention can be used in any suitable industry.
[0009] Entry of a query that the system determines fo be expert consultation-based
causes the system to use the keyterms to search the database for an associated goal.
A “goal,” as the term is used in the context of an expert system using backward
chaining, refers to an end result from which the system works backwards, i.e., upwards
in a logic tree, seeking facts that support the goal. In the exemplary embodiment, the

system searches the database for a goal by matching keyterms. For example, a goal
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can be associated with the combination of keyterms “why,” “Molding Machine,” “yield”
and "low.” Upon finding a goal, the system obtains and outputs one or more further
questions associated with the goal and prompts the user to answer them. The goal can
be associated with one or more rules, each comprising a combination of one or more
further questions. If the user’s answers match those which the database indicates are

the answers to a combination of one or more premises that satisfies the rule, then the



the answers to a conbination of one or nore prem ses that satisfies the
rule, then the -4- systemindicates the rule is satisfied and outputs
associ ated solution information via the wuser interface. [0010] The system
can include a feedback subsystem for updating the database in response to
recei ving feedback information fromusers. Users can provide feedback via
the user interface or other neans. By updating the database in response to
f eedback, the expert system can be expanded with additional know edge
acquired fromusers. BRIEF DESCRI PTION OF THE DRAW NGS [ 0011] FIG |
illustrates an expert systemfor aiding engineers or simlar users in an

i ndustrial environnment, in accordance with an exenpl ary enbodi nent of the
invention. [0012] FIG 2 illustratesya client-server systemin which kiosks
are used to interact wth the expert system in accordance with the

exenpl ary enbodi rent of the invention shown in FIG 1. [0013] FIG 3 is a
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oper at i orusef intdrlaceystem in the exenplary enbodi nent. [0015] FIG 4B is a
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i 11 ust r attes erput $ieters xaNBExpaniRy with hedifi et kssvedde hejuiredtiita Lérs. an
answer. [0020] FIG 9 illustrates an exenplary user interface screen for

asking the user to answer a further question associated with an expert
systemrul e.
BRIEF DESCRIPTION OF THE DRAWINGS
[0011] FIG. 1 illustrates an expert system for aiding engineers or similar users in an
industrial environment, in accordance with an exemplary embodiment of the invention.
[0012] FIG. 2 illustrates a client-server system in which kiosks are used to interact.
with the expert system, in accordance with the exemplary embodiment of the invention
shown in FIG. 1. |
[0013] FIG. 3 is a block diagram of the programmed client-server system in the
exemplary embodiment.
[0014] FIG. 4A is a flow diagram illustrating a method of operation of the system in
the exemplary embodiment.
[0015] FIG. 4B is a continuation of the flow diagram of FIG. 4A.
[0016] FIG. 5 illustrates an exemplary user interface screen for inputting a query.
[0017] FIG. 6 illustrates an exemplary user interface screen for outputting a group of
possible queries from which a user can choose.
[0018] FIG. 7 illustrates an exemplary user interface screen for outputting an answer.
[0019] FIG. 8 illustrates another exemplary user interface screen for outputting an
answer.
[0020] FIG. 9 illustrates an exemplary user interface screen for asking the user to
answer a further question associated with an expert system rule.
[0021] FIG. 10 illustrates a web page arrangement in the exemplary embodiment.



[0021] FIG 10 illustrates a web page arrangenent in the exenplary

enbodi nent. -5- [0022] FIG 11 illustrates a "Wat-is" database table in the
exenpl ary enmbodinent. [0023] FIG 12 illustrates a "Were-is" database
table in the exenplary enbodinent. [0024] FIG 13 illustrates a "How To"
dat abase table in the exenplary enbodinment. [0025] FIG 14 illustrates a
"How _Many" dat abase table in the exenplary enbodinent. [0026] FIG 15
illustrates a "Rul es" database table in the exenplary enbodi nent. [0027]
FIG 16 illustrates a "Wrk" database table in the exenplary enbodi nent.
[0028] FIG 17 illustrates a "CGoal s" database table in the exenplary
enbodi nent. [0029] FIG 18 illustrates a "Wrd_Conversi on" database table
in the exenplary enbodinment. [0030]-4LG 19 illustrates a "Wrd_Renoval"
dat abase table in the exenplary enbodinent. [0031] FIG 20 is a table
show ng "SearchSol uti on. aspx" active server page NET (ASPX) structure and
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Is a Cont[bﬁ'ﬁ'ﬁti %G(.)Ils llluqrates a “Work” database table in the exemplary embodiment.
[0028] FIG. 17 illustrates a “Goals” database table in the exemplary embodiment.
[0029] FIG. 18 illustrates a “Word_Conversion” database table in the exemplary
embodiment.

[0030] FIG. 19 illustrates a “Word_Removal’ database table in the exemplary
embodiment.

[0031] FIG. 20 is a table showing "SearchSolution.aspx” active server page .NET
(ASPX) structure and pseudocode for inputting a query in the exemplary embodiment.
[0032] FIG. 21 is a table showing “solutions.aspx” active server page .NET (ASPX)
structure and pseudocode for outputting a solution the query in the exemplary
embodiment.

[0033] FIG. 22 is a table showing “questionType.aspx” active server page .NET
(ASPX) structure and pseudocode for outputting a list of possible queries in the
exemplary embodiment.

[0034] FIG. 23A is a table showing “inferenceEngine.aspx” active server page .NET
(ASPX) structure and pseudocode for processing a query in the exemplary
embodiment.

[0035] FIG. 23B is a continuation of FIG. 23A.

[0036] FIG. 23C is a continuation of FIG, 23B.

[0037] FIG. 23D is a continuation of FIG, 23C.



[0037] FIG 23D is a continuation of FIG 23C. -6- DETAI LED DESCRI PTI ON
[0038] As illustrated in FIGS. 1-2, in an exenplary enbodi nent of the
invention one or nore electronic kiosks 10 are disposed in a nmanufacturing
area (in colloquial terns, "on the shop floor") of a plant or simlar

i ndustrial environnent operated by a conpany or other business enterprise.
The conpany's engi neers, engineering technicians or others who work in the
environnment in an engineering-related capacity can interact with a kiosk 10
to ask questions regarding an elenent of the environnent, such as a nachine
12, process, systemor portion thereof. Kiosks 10 (acting as client
conputers) communicate with a central server (conputer) 14 via a local area
network 15 (e.g., a conpany-w de intfanet). As described below in further
detail, server 14 processes each query that a user enters on kiosk 10 and
transmts a response back to kiosk 10. [0039] As illustrated in FIG 3,

ki osk 10 includes el enents characteristic of a conventional client

conputer: a processor 16, nenory 18, hard disk or simlar data storage

devi ce Z%ET‘HIEEP‘:‘}.')(E@&RIIJ‘I‘%W&‘M 24, trackball 26 or simlar pointing device
for a graphical user 1 nterface, and i nput/output (I/0 interface hardware
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company-wide infranet). As described below in further detail, server 14 processes each
query that a user enters on kiosk 10 and transmits a response back to kiosk 10,

[0039] As illustrated in FIG. 3, kiosk 10 includes elements characteristic of a
conventional client computer: a processor 16, memory 18, hard disk or similar data
storage device 20, display 22, keyboard 24, trackball 26 or similar pointing device for a
graphical user interface, and input/output (I/O) interface hardware 28 through which the
user interface and network interface elements are interfaced with the other elements
and with network 15 {e.g., via a network interface card). In addition, the software
elements of kiosk 10 include a web browser (software) 30. Other hardware and
software elements typical of a conventional client computer, such as an operating
system and utilities, are also included but not shown for purposes of clarity. Web
browser 30 is shown for purposes of illustration as conceptually residing in memory 18,
but persons skilled in the art to which the invention relates can appreciate that such
software elements need not actually reside in their entireties or at all times in memory
but rather can be retrieved in whole or part from sources such as data storage device
20 on an as-needed basis in accordance with well-understood principles of computer

operation.



operation. -7- [0040] Simlarly, server 14 includes elenents characteristic
of a server conputer: a processor 32, nenory 34, hard disk or simlar data
storage device 36, and various I/O interfaces 38. In addition, as described
below in further detail below, software elenents of server 14 include a

dat abase 40, and an inference engi ne subsystem 42 for receiving user
queries and obtaining solution informati on from dat abase 40. The software

el enents further include an updati ng subsystem 44 for updating the database
in response to feedback information received fromusers. Although not
separately shown in FIG 3 for purposes of clarity, inference engine
subsystem 42 includes an inference engine portion and a user interface
portion, and updating subsystem 44 irpcludes a user feedback portion through
which information is received fromusers and an adm nistrator portion that
ai ds system admi nistrators in updating database 40 and perform ng ot her
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administrative tasks. As such feedback and administrative functions are relatively well
understood in the art, they are not described herein in as great detail as inference
engine subsystem 42. Other hardware and software elements typical of a conventional
server computer, such as an operating system and utilities, are also included but not
shown for purposes of clarity. Inference engine subsystem 42 and updating subsystem
44 are shown for purposes of illustration as conceptually residing in memory 34, but
persons skilled in the art to which the invention relates can appreciaie that such
software elements need not actually reside in their entireties or at all times in memory
but rather can be retrieved in whole or part from sources such as data storage device
36 on an as-needed basis in accordance with well-understood principles of computer
operation. Also, the manner in which inference engine subsystem 42 and updating
subsystem 44 are shown in FIG. 3 is intended to be for purposes of facilitating a
summary or high-level explanation of the invention (as well as illustrating that it can be
embodied as a “computer program product”) and not to convey aciual software code
structure. Exemplary code structure is, however, described below with regard to FIGS.

20-23.



structure. Exenplary code structure is, however, described below wth regard
to FIGS. 20-23. -8- [0041] In an exenplary enbodi nent that has been

devel oped by the assignee of this invention and patent application,

dat abase 40 contains information specific to the conpany's contact |ens
manuf acturi ng environnent, including lists of questions pertaining to that
envi ronnent and answers to those questions. Nevertheless, the invention can
be used in any other suitable industry. Although the software el enents can
be enbodied in any suitable manner, a collection of active server pages
(ASP) created within the M CROSOFT NET framework (using, for exanple, a
software devel opnent tool such as M CROSOFT VI SUAL STUDI O) has been found
to work well in the exenplary enbodigent. The enmbodinment is referred to as
t he Engi neering Resource NET Interactive Expert System ("ERNIES'), which is
reflected on sone of the screen displays in the drawing figures described
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keyt er ms Resource .NET Interactive Expert System (“ERNIES"), which is reflected on some of the
screen displays in the drawing figures described below.
[0042] The flow diagram of FIGS. 4A-B provide an overview of the operation of the
system. At step 46, the system provides a screen display (i.e., a web form), illustrated
in FIG. 5, into which a user enters a query {question). An example of a guery might be:
“Why is BV1 low yield?” (where “BV1 is a term for a camera system in one of the
plant’s contact lens manufacturing machines).
[0043] As indicated by step 48, the system performs two functions: removal of words
that are deemed not useful to the search for a solution using keyterms (i.e, a
combination of one or more keywords); and mapping of terms that are synonymous with
keyterms in the database that may be useful to the search for a solution. For example,
the system can remove punctuation marks, articles such as “the,” and verbs such as
“is.” Also, for example, the system can substitute a keyterm such as “what [is]" for
synonymous words that a user may use, such as “describe.”
[0044] As indicated by step 50, the system determines whether any of the keyterms
remaining in the query following step 48 match keyterms in database 40. If not, then at
step 52 a suitable action is taken in response to the system’s inability to determine a
solution to the query, such as displaying a page (not shown) that indicates such to the
user. [f the system matches one or more terms in the query with keyterms in database



remaining in the query followng step 48 match keyterns in database 40. If
not, then at step 52 a suitable action is taken in response to the system s
inability to determne a solution to the query, such as displaying a page
(not shown) that indicates such to the wuser. If the system matches one or
nore ternms in the query with keyterns in database -9- 40, then at step 54 it
lists all questions contained in database 40 that include those keyterns.
An exanpl e of a screen display showing a |ist of possible questions is shown
in FIG 6. The screen includes checkboxes next to the questions, which the
user can check to select one of the questions that the user deens nost
simlar to what the user is attenpting to ask. [0045] As indicated by step
56, the system searches for a solutlog to the query in a nanner that
depends upon whet her the query calls for a "know edge-based solution” or an
"expert consultation-based solution.” The systen1attenpts to match terns in

the quer e t t he e, of
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to calib sonic sensor?,” 1is shown In

long”, “how to”, “how do 1", “tell me about” and ' descrlbe signals that the query calls for
a knowledge-based solution. A knowledge-based solution can include, for example, a
straightforward description of what something is or how to do something. Other
examples of queries that call for a knowledge-based solution in the exemplary
embodiment might include, “What is the linear table?” and “How do 1 calibrate the sonic
sensor?”

[0046] If the query calls for a knowledge-based solution and, as indicated by step 58,
a solution is found in the tables of database 40 (by matching keywords), then at step 60
the system displays a page that sets forth text, images or other information that is
retrieved from the database tables. An exemplary page that sets forth an answer to the
query, “What is the linear table?” is shown in FIG. 7. An exemplary page that sets forth
an answer to the query, “[Tell me] how to calibrate the sonic sensor?,” is shown in FIG.
8. If no solution can be found to the query, the system outputs an appropriate page (not
shown for purposes of clarity) to alert the user, as indicated by step 62.

[0047] The presence of reasoning-oriented keyterms, such as “why,” signals that the
query calls for a expert consultation-based solution. A query that calls for an expert
consultation-based solution can include, for example, why an unexpecied resuit is being

observed in an industrial process, such as an unusually low yield. The above-



8. If no solution can be found to the query, the system outputs an
appropriate page (not shown for purposes of clarity) to alert the user, as
i ndi cated by step 62. [0047] The presence of reasoning-oriented keyterns,
such as "why," signals that the query calls for a expert consultation-based
solution. A query that calls for an expert consultation-based solution can
I ncl ude, for exanple, why an unexpected result is being observed in an

i ndustrial process, such as an unusually | ow yield. The above -10- nentioned
exanple is: "Wiy is BV1 | ow yield?" As described below in further detail,
there is a goal table that relates to expert consultation-based sol utions.

I nference engine subsystem 42 uses what is known in the |exicon of expert
systens as "backwards chaining." A _bagkwards chaining inference engi ne
begins with a goal or hypothesis and works backwards to determne if

I nformation is avail abl e that can support the goal. [0048] An applicable

goal is f AR, y t abl e.
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“‘consequents.” In the context of the exemplary embodiment of the invention, each
premise is question that prompts the user for further information that may be useful in
supporting the goal. In the context of the exemplary embodiment, each consequent is
either a solution to the query, i.e., a “recommended action” (RA) for the user to take, or
an indication that still further information is needed from the user in order to answer the
query.

[0049] As indicated by the loop between steps 66 and 68, the premises or questions
corresponding to each of the RA-type rules that has been obtained from the rule table is
presented to the user. An example of such a screen is shown in FIG. 9, in which the
user is asked, in response to the exemplary query, “Why is BV1 low yield?,” to answer
the further question; “Looking at tool layoui, what is the trend of low vield?" Three
options for response are presented: “Position related”; “Particular tool”; and “Not sure.”
The user can check the corresponding checkbox to indicate a response, as indicated by
step 70. The user’s response may in some instances satisfy or uphold the rule. In
some instances, the rule may include a second premise chained or connected to the
previous response with a logical “AND” or “OR" connector. For example, if the user
responds by checking the “Particular tool” box, another screen (not shown) may be
presented in which the user is asked to answer the further question: “Are there more



the further question: "Looking at tool |ayout, what is the trend of |ow

yi el d?" Three options for response are presented: "Position rel ated”;
"Particular tool"; and "Not sure."” The user can check the correspondi ng
checkbox to indicate a response, as indicated by step 70. The user's
response may in sone instances satisfy or uphold the rule. In sone

I nstances, the rule may include a second prem se chained or connected to the
previ ous response with a logical "AND' or "OR' connector. For exanple, if
the user responds by checking the "Particular tool" box, -another screen
(not shown) may be presented in which the user is asked to answer the
further question: "Are there nore -11- than four positions in which BVl
yield is less than 50%" The two furifer questions or prem ses are
connected by "AND' | ogic. If t he user checks a "Yes" box (not shown), then
t he conbi nation of the user's two responses may satisfy or uphold the rule,

and a  CGhAR EPHISHBNS ﬁc@maﬁrmmylamtns%ssltﬁaﬁlsngayﬁ% twd furfhr hhektiens @f by
step 72, the rule is satisfied, then the correspond |nﬁ reconmended action
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structur qo@s0] An exemplary structure for the software elements is shown in FIG. 10. As
noted above, although the software elements can be embodied in any suitable manner,
in the exemplary embodiment they comprise a group of active server pages .NET
(ASPX) created with the MICROSOFT .NET framework. As the MICROSOFT .NET
framework and ASPX (as well as its predecessor ASP) are well understood by persons
skilled in the art to which the invention relates, these concepts are not discussed in
. further detail herein. However, as described in further detail below, the structure and
pseudocode for such pages is illustrated in the tables of FIGS. 20-23.
[0051] Referring again to FIG. 10, a primary page, referred to as “Ask ERNIES" (or
by the file name SearchSolution.aspx in FIG. 20) presents the form described above
that prompts the user to enter a query. The “Ask Ernies” page calls or redirects to either
a “Solution” page (file name solutions.aspx in FIG. 21) that presents a solution, or an
“Inference Engine” page (file name “inferenceEngine.aspx in FIGS. 23A-D). If the user
enters something that is not recognized as a valid question, the “Ask ERNIES” page
calls or redirects to a “Question Types” page (file name “questionType.aspx” in FIG. 22)
that causes a “Solutions” page to be presented that prompts the user to select a
question from a list of possible questions. Additional pages include a “Feedback” page



pseudocode for such pages is illustrated in the tables of FIGS. 20-23.
[0051] Referring again to FIG 10, a primary page, referred to as "Ask
ERNI ES" (or by the file name SearchSol ution.aspx in FIG 20) presents the
form descri bed above that pronpts the user to enter a query. The "Ask
Erni es" page calls or redirects to either a "Solution" page (file nane
solutions.aspx in FIG 21) that presents a solution, or an "Inference
Engi ne" page (file nanme "inferenceEngi ne.aspx in FIGS. 23A-D). If the user
enters sonmething that is not recognized as a valid question, the "Ask

ERNI ES" page calls or redirects to a "Question Types" page (file name
"questionType.aspx"” in FIG 22) that causes a "Solutions" page to be
presented that pronpts the user to sejgct a question froma |ist of
possi bl e questions. Additional pages Include a "Feedback” page -12- through
which the user can submt feedback to suggest additional questions and
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descri bed @b%;/de the page presents a user interface text entry box into
whi ch t hd"?¥&9 t ypes a query. (Qther enbodiments of the invention can

i ncl ude gousz]ce-Me@ogUdifically, atte@rtheager ¢bgrse|ﬁltacmeOERNwré&sm%ystbwtﬁ@ ) The
page uses the term conversion database tabl e shown | 18 to repl ace

D n oyBITBSgnE D THes HeRPRSGlatPn a3ty CASK BEES hokpass e SHetre FBdard to
step 48 igiellifeodé forl WRICAAS Bhbivk PNAHELIaBRESE HIBE 20074 J&TRMaY aE@@@QﬁéFaé@m e

shown in FIG 19 to renove or delete terns that are not useful

keyt er m rREE¥Sthg user interface text entry box into which the user types a 'query. (Other
embodiments of the invention can include a voice-recognition interface to replace or
supplement typing.) The page uses the term conversion database table shown in FIG.
18 to replace common synonyms with a standardized term, as described above with
regard to step 48 in FIG. 4. The.page likewise uses the word removal database table
shown in FIG. 19 to remove or delete terms that are not useful to the keyterm matching
steps that follow.
[0053] The page then classifies the query as calling for either knowledge-based
solution if it includes one or more description-oriented keyterms or an expert
consultation-based solution if it includes one or more reasoning-oriented keyterms. The
page then redirects to either the solutions.aspx page, the structure and pseudocode for
which is shown in the table of FIG. 21, if a knowledge-based solution is called for, or a
GetGoal function if an expert consultation-based solution is called for. |If neither
reasoning-oriented nor description-oriented keyterms are found in the query, it is
classified as undefined or unanswerable, and the page redirects to the
questionType.aspx page, the structure and pseudocode for which is shown in the table

of FIG. 22.



steps that follow [0053] The page then classifies the query as calling for
ei ther know edge-based solution if it includes one or nore
description-oriented keyterns or an expert consultation-based solution if
it includes one or nore reasoning-oriented keyterns. The page then
redirects to either the solutions.aspx page, the structure and pseudocode
for which is shown in the table of FIG 21, if a know edge-based sol ution
is called for, or a GetGoal function if an expert consultation-based
solution is called for. If neither reasoning-oriented nor
description-oriented keyterns are found in the query, it is classified as
undefi ned or unanswerabl e, and the page redirects to the questionType.aspx
page, the structure and pseudocode fofzwhich is shown in the table of FIG
22. -13- [0054] Upon redirecting, the solutions.aspx page (FIG 21) connects
to the database, expertSysten1ndb and searches the "Wiat _Is" table (FIG
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par agr aphetef abeit whisC el béérgnﬁdlﬂtaékofdrIMCﬁﬁtldnBe DE&hhNBe @bleR fF Upigcipf that
portion of t he machi ne, etc. [0055] If the ¢ uer%écalls for_ an expert

consul t atmetabipg dielissare faugd is rrisieved @pd disigiesh fopihe usehe For example, the
sear chSol Wtre0dd 3R RESGaRANNES the t@nibiRtiEAL @fbl‘?ﬁﬁvor@é‘ PE&W $M§ﬁﬁ’m'§3#ams,”

“bottom,” and “molding machine” may comprise the number of screws on the bottom of
the molding machihe, a paragraph of text describing that portion of the machine, a
picture of that portion of the machine, etc.

[0055] If the query calls for an expert consultation-based solution, the GetGoal
function of the searchSolution.aspx page connects to the database, expertSystem.mdb,
and opens and searches the goal table (FIG. 17), for keyterms matching terms in the
query. For each key field in the goal table for which a matching keyterm is found, the
corresponding goal, identified by its Goal_ID, is retrieved. The page then redirects to
the inferenceEngine.aspx page. If query terms do not maich any keyterms in the goal
table, a message.aspx page (the details of which are not shown for purposes of clarity)
displays a message for the user that requests the user check the question or send
feedback to the system administrator to advise of the quéstion that ERNIES was
unable to answer.

[0056] Upon redirecting, the inferenceEngine.aspx page (FIGS. 23A-D) opens the
rule table (FIG. 15) of the database and, using the Goal_|D, retrieves the corresponding
rules and their the corresponding premise questions, array of options or possible
answers to each premise from which the user can choose, the consequents or solutions
to the rules, and the “correct” answers to the premises (i.e., the answers for which there



and opens and searches the goal table (FIG 17), for keyternms matching terns
in the query, For each key field in the goal table for which a matching
keytermis found, the corresponding goal, identified by its Goal ID, is
retrieved. The page then redirects to the inferenceEngi ne.aspx page. If
query ternms do not match any keyterns in the goal table, a nessage.aspx
page (the details of which are not shown for purposes of clarity) displays
a nessage for the user that requests the user check the question or send
feedback to the system adm nistrator to advise of the question that ERN ES
was unable to answer. [0056] Upon redirecting, the inferenceEngi ne.aspx
page (FIGS. 23A-D) opens the rule table (FIG 15) of the database and,
using the Goal _ID, retrieves the corresponding rules and their the
correspondi ng preni se questions, array of options or possible answers to
each prem se fromwhich the user can choose, the consequents or solutions
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answer . Al't hough not shown for purposes of clarity, a confidence

factor c aithaibr@quests the user check the question or send feedback to the system administrator
to advise of the question that ERNIES was unable fo answer.
[00567] Although not shown for purposes of clarity, a confidence factor can be
displayed along with each solution to indicate the degree of confidence that the author
of the solution places upon the solution as being correct. For example, a 90%
confidence factor means that the author is 90% certain that the solution solves or
otherwise properly addresses the problem. Also, for each solution displayed, a form
{not shown) can be provided into which the user can enter a rating (e.g., a scale of 1-5)
indicating how helpful the user found the solution to be. System administrators can use
this feedback to help improve the system.
[0058] By augmenting the database in response to feedback from users, the
knowledge base of the expert system can be expanded over time. Although in the
exemplary embodiment of the invention the means for updating the database in
response to receiving feedback involves an administrator reading feedback forms
submitted by users and updating the database tables in response, in other
embodiments the feedback and updating process can be automated.



di spl ayed along with each solution to indicate the degree of confidence that
the author of the solution places upon the solution as being correct. For
exanple, a 90% confidence factor neans that the author is 90% certain that
the solution solves or otherw se properly addresses the problem Also, for
each solution displayed, a form (not shown) can be provided into which the
user can enter a rating (e.g., a scale of 1-5) indicating how hel pful the
user found the solution to be. System adm nistrators can use this feedback
to help inprove the system [0058] By augnenting the database in response to
f eedback fromusers, the know edge base of the expert system can be
expanded over tinme. Although in the exenplary enbodi nent of the invention

t he neans for updating the database_ig _response to receiving feedback

i nvol ves an adm ni strator reading fee %ack forms submtted by users and
updating the database tables in response, in other enbodinents the feedback
and updat} rocess can be automated. -15- Clains 1. An expert systemfor

ai di ng enGPﬂE ring personnel in an industrial environment, conprising: a
user interface for receiving a query froma user regarding an el enent of a
busi ness enti t s |ndus ? QV|ronnent in which the user works in an

engi neeri hg- é%ﬁﬁ pr/aiding £HoyscERS PERCANH; IREN IRAEFtHak $RyircameRt i bi ng
aspects (ﬁom@h@w@nts of t he bu3|ness entity's industrial environnment; and an
i nference engi ne subsystem for receiving the query via the user i nterface
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to the user. 2. expert systemclaimed in claim1, further conprising a

ki osk opeﬁeiﬂtﬁcbcwctthe user through the user interface.
a database containing information describing aspects of elements of the

business entity's industrial environment; and
an inference engine subsystem for receiving the query via the user interface and
obtaining solution information from the database by matching keyterms in the query,

wherein the user interface outputs the solution information to the user.

2. The expert system claimed in claim 1, further comprising a kiosk operable by the
user through the user interface.

3. The expert system claimed in claim 1, wherein the user interface, inference
engine and database operate on one or more server computers to serve web pages to a

client computer having a browser operated by the user.

4, The expert system claimed in claim 1, wherein the inference engine subsystem
determines whether query relates to a knowledge-based solution or an expert

consultation-based solution by matching keyterms in the query.

5. The expert system claimed in claim 4, wherein the inference engine subsystem
matches description-oriented keyterms in the query to determine if the query relates to a
knowledge-hased solution.



3. The expert systemclained in claim1, wherein the user interface,
i nference engine and dat abase operate on one or nbre server conputers to
serve web pages to a client conmputer having a browser operated by the user
4. The expert systemclainmed in claim1l1l, wherein the inference engine
subsystem determ nes whether query relates to a know edge-based sol ution or
an expert consultation-based solution by matchi ng keyterns in the query. 5.
The expert systemclainmed in claim4, wherein the inference engi ne subsystem
mat ches description-oriented keyterns in the query to determne if the query
relates to a know edge-based solution. -16- 6. The expert systemclainmed in
claimb5, wherein the description-oriented keyterns relate to at |east one
of : "what is"; "what are"; "where is";."where are"; "how many"; "how |ong";
"how to"; "how do I"; "tell about";'éﬁ%_"describe". 7. The expert system
claimed in claim4, wherein the inference engi ne subsystem natches
reasoni ng;oriented keywords in the query to determne. if the ry rel ates
Lo an oxbert 1BREPLA B e BaaE Sreng e Jrecipiparrosrelierns; ed
ITR claim rt‘élatey\kb?ataééﬁtto!ﬂ@ déemnisn,g‘mgi @r%;%h_&f@/if’ﬁ%ﬁerera&é@mow ﬂjariy\t’/,\hﬁaw 9.

e expert systemclaimed j im7, erein the reasoning-oriente
keyt er ms bp%%ﬁﬁ%{@ﬁa °Wﬁ%¥k2@§é@°PbéﬂF¥d?§”ﬁ@rng observed in an industria
process. 10. The expert systemclainmed in claim9, wherein the unexpected
result conprises lowyield. 11. The expert systemclainmed in claiml,
wherei n: &n i Mheéreped Ystanhslaimed ieslaiie v whaten the niergies ongine SuRFtam ns
associ at Efatchbd Flaafs%i%ﬁ-eérrfén&ﬂ RSwadd 1 @nefd&g}aﬁd;ﬁet@ﬁﬁiﬁg%ﬁe ?%Imé’tte }g er ence

engi ne obtains a furt questi‘on fromthe ase associ ated t he
sel ect ed anugxpert consultation-oriented solution.

8. The expert system claimed in claim 7, wherein the reasoning-oriented keyterms

relate to: “why”.

9. The expert system claimed in claim 7, wherein the reasoning-oriented keyterms

indicate an unexpected result is being observed in an indusfrial process.

10. The expert system claimed in claim 9, wherein the unexpected result comprises

low yield.

11.  The expert system claimed in claim 1, wherein:

an inference engine matches keyterms in the query with keyterms associated
with rules to select a rule from the database; and

the inference engine obtains a further question from the database associated
with the selected rule; _

the user interface prompts the user to answer the further question; and

the inference engine determines if solution information associated with a user's

answer to the further question is available in the database.

12.  The expert system claimed in claim 1, further comprising a feedback subsystem
for updating the database in response to receiving feedback information from a user.



the user interface pronpts the user to answer the further question; and the
i nference engine determnes if solution information associated wth a user's
answer to the further question is available in the database. 12. The expert
systemclaimed in claim1, further conprising a feedback subsystem for
updating the database in response to receiving feedback information froma
user. -17- 13. A conputer program product conprising a conputer-readabl e
medi um on which s recorded a conputer program for aiding engineering
personnel in an industrial environnent, the conputer program conprising:
user interface code for receiving a query froma user regardi ng an el ement
of a business entity's industrial environnment in which the user works in an
engi neering- related capacity; databage_code containing information

descri bing aspects of elenents of the business entity's industrial
environnment; and inference engine code for receiving the query via the user
interface and obtaining solution information fromthe database by natching
keyterms in the query, wherein the user interface outputs the solution

i nformatith td tdreputeeprogtain priviict comptiging pragimterpeadatié nuddiinme wihicke| ai m
13, wherein_th ser_int rfac e and inference engine code ar | uded
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cl ai m 13,emwhrenimaésnt, tHeesdnﬁﬁLEemograangmmensn@de det er mi nes whet her query
relates to a know edge 3gsolu1|on or a expert consultation-base
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clai med ibusiess nanlify's WMiRERIah ehbiforimérRr iaNERIcIe NBé NRer GRARs M amhESgineering-
descrlptlon oriented keyternms in the query to determine if the query

rel ates t'8PdGRARCEtge- based sol ution. 17. The conputer program product
clainmed in cl akEbite cMaer bmaihing mﬂﬁﬁ{ah@ﬁ'dé@cnlﬂﬁg g\%ﬁe&skw&@mw ef ake to at

| east one of: "what is"; "what are": "where is' ere are";
busmess entity's industrial environment; and

inference engine code for receiving the query via the user interface and obtaining
solution information from the database by matching keyterms in the query, wherein the
user interface outputs the solution information to the user.

14.  The computer program product claimed in claim 13, wherein the user interface

code and inference engine code are inciuded in active server pages (ASP).

15. The computer program product claimed in claim 13, wherein the inference engine
code determines whether query relates to a knowledge-based solufion or an expert

consultation-based solution by matching keyterms in the query.

16. The computer program product claimed in claim 15, wherein the inference engine
code matches description-oriented keyterms in the query to determine if the query

relates to a knowledge-based solution.

17. The computer program product claimed in claim 16, wherein the description-
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oriented keyterms relate to at least one of: “what is"; “what are”; “where is”; “where are”,

“how many”; “how long”; “how to”; “how do I”; “tell about”; and “describe”.



"how many"; "how |long"; "howto"; "howdo I"; "tell about"; and "describe".
-18- 18. The conputer program product clainmed in claim15, wherein the

i nference engi ne code matches reasoni ng-oriented keywords in the query to
determine if the query relates to an expert consultation-oriented sol ution.
19. The conputer program product clainmed in claim18, wherein the reasoning-
oriented keyterns relate to: "why". 20. The conputer program product cl ai nmed
in claim 18, wherein the reasoning- oriented keyterns indicate an unexpected
result is being observed in an industrial process. 21. The conputer program
product clainmed in claim?20, wherein the unexpected result conprises |ow
yield. 22. The conputer program product clained in claim13, wherein: the

i nference engi ne code nat ches keyt er 8in the query with keyterns

associated with rules to select a rufe“fromthe database; and the inference
engi ne code obtains a further question fromthe database associated with
the selected rule; the user interface code pro s the user. to answer the
urt hor - qligst | T CompitehRroprab pELE. GReHdn Ea T5ovBRHITBe ereser #hoBR

i nfor mat i gaden prcHedt RAsBhihG-ofientesiCke oS W ithé QuUeRE td WekdiRlindlWeild Qlerys
avai l able in the database. 23, The conputer program product claimed in claim
1, furt hefelRigsin I PR eugsirtion-arignisrsialiicdode for updating the database in

response to receiving feedback information from an engi neer user.

19. The computer program product claimed in claim 18, wherein the reasoning-
oriented keyterms relate to: “why”.

20.  The computer program product claimed in claim 18, wherein the reasoning-
oriented keyterms indicate an unexpected result is being observed in an industrial

process.

21.  The computer program product claimed in claim 20, wherein the unexpected

result comprises fow yield.

22.  The computer program product claimed in claim 13, wherein:

the inference engine code matches keyterms in the query with keyterms
associated with rules to select a rule from the database; and

the inference engine code obtains a further question from the database
associated with the selected rule;

the user interface code prompts the user to answer the further question; and

the inference engine code determines if solution information associated with a

user's answer to the further question is available in the database.

23.  The computer program product claimed in claim 1, further comprising feedback
subsystem code for updating the database in response to receiving feedback

information from an engineer user.



