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Provided herein are techniques for processing a context-
situated inquiry to provide results satisfying the inquiry. An
inquiry and its supporting context are processed using
natural language processing to determine an interpretation
for the inquiry and context, and the interpretation is pre-
sented to receive corrective information for the interpreta-
tion. The corrective information is applied to the interpre-
tation and content is retrieved based on the interpretation of
inquiry and context to produce candidate results for the
inquiry. Supplemental information is iteratively received to
generate updated candidate results.
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PROCESSING CONTEXT-BASED INQUIRIES
FOR KNOWLEDGE RETRIEVAL

BACKGROUND

1. Technical Field

[0001] Present invention embodiments relate to knowl-
edge retrieval systems, and more specifically, to interac-
tively processing context-based user inquiries to refine
knowledge retrieval and produce answers to inquiries.

2. Discussion of the Related Art

[0002] Existing applications of question answering (QA)
systems to support decision making assume that the decision
problem can be directly formulated into a question and that
the answer can directly influence the decision to be made.
However, these assumptions may not hold for complex
domains (e.g., healthcare) in which the problem state may be
complex and not easily convertible into a question. In
addition, QA systems generally do not provide information
regarding the interpretation of the question by the QA
system. Without this information, the user, who has exper-
tise in these complex domains, cannot provide feedback and
correction to the interpretation and is left to guess how/why
the QA system generated a particular answer to a posed
question. This can lead to an inefficient trial-and-error
approach with the user rephrasing the question in hope of
inducing the desired interpretation. Existing QA systems are
also unable to adapt and learn from interactions with the user
because these systems are generally trained prior to deploy-
ment using sets of questions and corresponding answers
(e.g., ground truth).

SUMMARY

[0003] According to one embodiment of the present inven-
tion, provided is a system for processing an inquiry to
provide results satistying the inquiry. The system includes a
computer system having at least one processor. The proces-
sor is configured to process an inquiry using natural lan-
guage processing to determine an interpretation for the
inquiry and present the interpretation to receive corrective
information for the interpretation. The processor is further
configured to apply the corrective information to the inter-
pretation and retrieve content based on the interpretation and
a corresponding pre-existing context for the inquiry to
produce candidate results for the inquiry. The processor
iteratively receives supplemental information for the inquiry
to generate updated candidate results.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Generally, like reference numerals in the various
figures are utilized to designate like components.

[0005] FIG. 11is a diagrammatic illustration of an example
computing environment for use with an embodiment of the
present invention.

[0006] FIG. 2 is a flow diagram illustrating an example
manner of interactively processing context-based user inqui-
ries according to an embodiment of the present invention.
[0007] FIGS. 3A and 3B are information charts illustrating
example context analysis according to an embodiment of the
present invention.
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[0008] FIG. 4 is an information listing illustrating example
answers according to an embodiment of the present inven-
tion.

[0009] FIG. 5 is another information listing illustrating
example answers based on updated context according to an
embodiment of the present invention.

[0010] FIG. 6 is yet another information listing illustrating
example answers based on a supplemental question accord-
ing to an embodiment of the present invention

DETAILED DESCRIPTION

[0011] Present invention embodiments relate to processing
an inquiry to provide results satisfying the inquiry. An
inquiry (e.g., a medical question) is processed using natural
language processing to determine an interpretation for the
inquiry. The interpretation may indicate that the system
interpreted a word as some relevant information (e.g., a
specific type of symptom). The interpretation is presented to
receive corrective information for the interpretation. A user
may input the corrective information in response to, for
example, an incorrect interpretation. The corrective infor-
mation is applied to the interpretation (e.g., the incorrect
interpretation may be corrected based on the user input).
Content may be retrieved based on the interpretation and a
corresponding pre-existing context for the inquiry to pro-
duce candidate results for the inquiry. The corresponding
pre-existing context may be, for example, a narrative
description input by a user. Supplemental information for
the inquiry (e.g., provided by the user) may be iteratively
received to generate updated candidate results. The candi-
date results may be in the form of, for example, excerpts of
potentially relevant passages stored in knowledge reposito-
ries.

[0012] Decision making processes often exist in a com-
plex problem space with an elaborate background context.
There is often no single, specific query or target solution.
Decision making processes may require a series of questions
that are influenced by the answers to previous questions. In
addition, the answer to a question need not directly align
with the information required to make a decision. As such,
provided herein is an interactive platform for collaboration
between a user (e.g., a human decision maker) and a
question answering (QA) system. The QA system is enabled
to expose to the user its interpretation, thereby permitting the
user to interact with the QA system in a productive manner.
Further, data obtained from the system interactions with the
user is analyzed to perform real-time adaptation and learn-
ing.

[0013] This QA-based exploratory information gathering
system takes into consideration arbitrary context surround-
ing a user query/question. The context provides background
information that may be used to bias question answering
behavior to provide information crucial to the decision-
making process. The system may behave transparently,
exposing elements of its interpretation to clarify its behavior.
Based on these exposed interpretations, the user may be
permitted to intervene and guide the system to correct its
interpretations and/or otherwise guide the system. This
process may be iterative. For example, to acquire all the
desired information, the user may provide context, ask a
question, analyze the results, provide more context, ask
more questions, etc. The system may also adapt to user
feedback, thereby improving its interpretations of user input
and its answers to user questions.
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[0014] Provided herein are mechanisms for a user (e.g., a
human decision maker) to specify a problem state and to
interact with a QA system through a series of statements,
questions, and/or interventions. The problem state may be
referred to herein as a “context” that represents known facts
about a problenysituation. Context may have a structure
with a schema defined for a problem class or decision
domain. The context may be directly imported from another
application or a database, and/or may be interactively built
up from user statements. Questions sent to the QA system
may directly or indirectly refer to elements of this context.
Answers returned by the QA system may be ranked by
importance according to the context.

[0015] The system may also interact with the user with
regard to the context. These interactions may be passive or
active. Passive interactions may involve exposing certain
key aspects of the QA system interpretation of the natural
language statements/questions. Active interaction may
involve the system seeking clarification or asking for miss-
ing information to complete certain context information, as
defined by its schema.

[0016] These interactions may provide data from which
the system may adapt to and learn from the user. The system
may adapt to extracting context information from statements
and answering questions. Adaptation and learning may be
rule-based, in which the system may learn a rule after just a
few interactions. More robust statistical learning techniques
may also be used as more interaction data becomes avail-
able.

[0017] The QA system described herein may include one
or more of the following features: context, transparency,
intervention/guidance, iteration, and adaptation. Context
may provide background information to be used to bias
question answering behavior. Transparency may cause cer-
tain elements of interpretation to be exposed to the user to
make clear the reason(s) for particular system behavior. This
transparency may enable the decision maker to intervene/
guide system interpretations, or otherwise guide the system.
The iterative feature may correspond to a user ability to
repeat a cycle of question-asking, for example with different
variables (e.g., providing additional context after a question
is answered, asking further questions, etc.). The system may
also adapt to user behavior, thereby improving both system
interpretations of user input and system answers to user
questions. Each of these five features is described in greater
detail below.

Context

[0018] Oftentimes, complex information needs for deci-
sion support cannot be formulated as a single, simple
question. For example, question answering behavior may
need to take into consideration potentially lengthy and
elaborate context. Thus, in the medical domain, questions
are often asked in the context of a particular patient. The
interpretation of the question and the selection of appropri-
ate answer content may depend on background knowledge
and medical history of the patient. In the aircraft engine
troubleshooting domain, question answering may depend on
output data from sensors and on textual descriptions of
observed equipment behavior.

[0019] As described herein, an arbitrary context may be
specified during a question answering session. The context
may be specified as natural language utterances which may
be interpreted via natural language processing (NLP) to link
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phrases to known concepts, detect relations, resolve co-
reference, etc. The context may also be structured, user-
input data according to a known schema or imported from
existing databases, knowledge bases, or other applications.
[0020] If the user subsequently asks a question or submits
an information need request, the QA system may include in
the search the context and/or reasoning required to answer
the question. Potential answers that are most relevant to the
question and the context may be considered the best candi-
dates. Prior questions, prior answers, and/or record(s) of user
behavior may be considered context for subsequent ques-
tions.

[0021] For example, the cognitive system may receive an
information need request that is not necessarily expressed as
a question (e.g., “tell me treatments for this patient™) and a
corresponding initial context (e.g., a description of the
patient such as “face green, female, recently on trip to South
America”). The system may then process the request and
determine whether a response to the request may be gener-
ated with sufficient confidence. If not, follow-up/subse-
quent/further questions may be posed to the user requesting
additional context information. The earlier-posed questions
may be used to generate a new contextual basis for process-
ing the request. This may be accomplished in an iterative
manner until one or more responses to the request are
generated that have a sufficient confidence score. The
response(s) to the request is not necessarily a single focused
answer, but instead may involve multiple answers depending
on the context.

Transparency

[0022] The QA system described herein may expose ele-
ments of its interpretation (e.g., before answering the ques-
tion) to allow the user to confirm that the interpretation is
correct. If the interpretation(s) are incorrect, the user may
supply specific new input to correct the interpretation(s).
Examples of exposed interpretation include linking from
user phrases to known concepts, detection of relations
among phrases or concepts, resolution of co-referent expres-
sions, and matching input expressions to fill known sche-
mas.

[0023] The QA system described herein may also expose
a representation of the actions to be taken to satisfy/answer
the information request. For example, when question
answering involves information retrieval over a corpus, the
system may expose a representation of the search query to
be issued. The user may thus understand whether/how the
results of question and/or context analysis are used to
formulate the query. When question answering involves
database or knowledge base lookup, the system may expose
a representation of the formal query specific to the structured
resources. This may allow confirmation that the planned
behavior is appropriate (in the case of a correct query/
interpretation/etc.) or may explain why answers may be
inappropriate (in the case of a flawed query/interpretation/
etc.).

[0024] An answer determination module may provide a
user interface through which the user may indicate whether
a given analysis result was correct or not and if not, what the
proper analysis result should have been and/or a selection of
an evidence passage that supports the proper analysis result.
This information may then be used to adjust the scoring
performed by the analysis result reporting module. The
analysis reporting module(s) are associated with internal
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logic elements of the cognitive system pipeline and maintain
information about the way in which the particular internal
logic element processed the request and/or corpus of evi-
dence passages.

[0025] For example, a user may input context indicating
that “the patient is dizzy.” In this example, the user intends
for the (e.g., cognitive) QA system to interpret this context
as a symptom, but instead the system interprets this context
as an indication that the patient is a jazz trumpeter (i.e.,
Dizzy Gillespie). Thus, the analysis reporting module may
maintain information indicating that a corresponding anno-
tator logic element analyzed the request and highly scored
the term “dizzy” in the context of “the patient is” as
referencing a name of the patient. The analysis reporting
module may also indicate which corresponding passages
from a corpus scored highly as a result.

[0026] In another example, context information indicates
that the patient has “swollen arms and legs”. The answer
determination module may parse this information and deter-
mine that the patient has “swollen arms” and also has “legs”.
The analysis reporting module may make available to the
user the result of this parsing. The user may correct this
parsing by indicating that the patient has “swollen arms” and
“swollen legs.” This user feedback may be used to modify
the way in which the annotator logic element parses similar
phrases in the future. As such, the analysis reporting mod-
ules may provide information for the user to focus modifi-
cations of the operation of the cognitive system to obtain
more correct results.

Intervention/Guidance

[0027] In addition to exposing elements of system inter-
pretation, the user may also change that interpretation. For
example, if it is clear that the system has made an error and
the user knows what the correct interpretation should be, the
user may directly supply the correct interpretation.

[0028] There are at least two options for a user to correct
system interpretations: direct intervention and indirect guid-
ance. For direct intervention, the user directly manipulates
the exposed interpretation. For example, if the system links
a phrase to an incorrect concept, the user may edit the
exposed concept to supply the correct one. If the system
resolves a referring expression from the user input to the
incorrect referent, the user may directly change the reference
to point to the correct referent.

[0029] For indirect guidance, the user supplies new infor-
mation that guides the system to redo a previous interpre-
tation. For example, if the system committed an attachment
error on the phrase “recurring chest pain” (e.g., by attaching
“recurring” to “chest” instead of to “pain”), the user may
guide the system to reinterpret correctly (e.g., by specifying
“the pain is recurring, not the chest”). Similarly, if the
system consistently misinterprets the meaning of a phrase,
the user may guide the system to change its behavior by
explicitly stating the meaning (e.g., “by MI I mean myo-
cardial infarction™).

Iteration

[0030] Decision making in complex domains often
requires more than an answer to a single question. The QA
system allows the user to supply context, ask a question,
digest candidate answers to the question, supply further
context, propose hypotheses, ask follow-on questions, and
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$0 on in an iterative manner. Subsequent questions in this
iterative scenario may not be independent. Instead, they may
build on previous context, questions and answers. The user
may read the answers and think of hypotheses that the
system should consider in future iterations. The system may
aggregate all of the knowledge and hypotheses supplied
by/to the user during a session. The system may take this
knowledge into consideration when answering follow-on
questions.

Adaptation

[0031] The QA system may also adapt its behavior to user
input. This adaptation may occur at one or more of the
following levels: offline learning, online learning, active
learning, direct guidance, and inter-user adaptation. For
offline learning, system models (e.g., end-to-end question
answering models, models for component technologies
within the question answering pipeline, etc.) may be
retrained as training data is gathered (e.g., through use of the
system, explicit data annotation exercises, etc.). For online
learning, each user intervention may be treated as new
training data to adapt models online as the user intervenes.
For example, when the user corrects a relation type assign-
ment (e.g., changing (xRy) to (xSy), where x is a first
variable/concept/character string/etc., y is a second variable/
concept/character string/etc., xRy denotes an incorrect sys-
tem-generated relation between x and y, and xSy denotes the
user-supplied correct relation between x and y), the relation
detector may assume both a new negative training example
(e.g., xRy is an unlikely relation in certain contexts) and a
new positive training example (e.g., xSy is a likely relation
in certain contexts). User intervention/guidance of question
results (as correct or incorrect) may be used as training
examples to adapt search/answer generation, ranking mod-
els, etc.

[0032] The system may also engage in active learning, in
which the system detects, based on user interventions, which
examples/features cause the poorest system performance.
The system may use active learning to engage the user in a
dialog to help interpret known difficult examples. With
respect to direct guidance, the user may supply new rules to
change the future behavior of the system and/or its compo-
nents. This may be a complement to the learned statistical
models. With respect to inter-user adaptation, the system
may identify common attributes among user behavior (e.g.,
interventions) within a user group or domain to adapt/
generate group- or domain-specific models based on the
common attributes.

[0033] An example environment for use with present
invention embodiments is illustrated in FIG. 1. Specifically,
the environment includes one or more server systems 10,
and one or more client or end-user systems 14. Server
systems 10 and client systems 14 may be remote from each
other and communicate over a network 12. The network may
be implemented by any number of any suitable communi-
cations media (e.g., wide area network (WAN), local area
network (LAN), Internet, Intranet, etc.). Alternatively,
server systems 10 and client systems 14 may be local to each
other, and communicate via any appropriate local commu-
nication medium (e.g., local area network (LAN), hardwire,
wireless link, Intranet, etc.).

[0034] Client systems 14 enable users to provide an
inquiry (e.g., relating to diagnosing a patient with an illness/
disease, etc.) to server systems 10 to process the inquiry to
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provide results satisfying the inquiry. The server systems
include an answer determination module 16 to process the
inquiry and provide results satistying the inquiry. A database
system 18 may store various information for the analysis
(e.g., illness/disease information, etc.). The database system
may be implemented by any conventional or other database
or storage unit, may be local to or remote from server
systems 10 and client systems 14, and may communicate via
any appropriate communication medium (e.g., local area
network (LAN), wide area network (WAN), Internet, hard-
wire, wireless link, Intranet, etc.). The client systems may
present a graphical user (e.g., GUI, etc.) or other interface
(e.g., command line prompts, menu screens, etc.) to enable
a user to submit an inquiry to and receive results from the
answer determination module 16.

[0035] Server systems 10 and client systems 14 may be
implemented by any conventional or other computer sys-
tems preferably equipped with a display or monitor, a base
(e.g., including at least one processor 15, one or more
memories 35 and/or internal or external network interfaces
or communications devices 25 (e.g., modem, network cards,
etc.)), optional input devices (e.g., a keyboard, mouse or
other input device), and any commercially available and
custom software (e.g., server/communications software,
answer determination module 16, browser/interface soft-
ware, etc.).

[0036] Alternatively, one or more client systems 14 may
process an inquiry to provide results satisfying the inquiry
when operating as a stand-alone unit. In a stand-alone mode
of operation, the client system stores or has access to the data
(e.g., database 18), and includes answer determination mod-
ule 16 to process the inquiry to provide results satisfying the
inquiry. The graphical user (e.g., GU], etc.) or other interface
(e.g., command line prompts, menu screens, etc.) solicits
information from a corresponding user pertaining to the
inquiry, corrective/supplemental information, etc. and pro-
vides the results.

[0037] Answer determination module 16 may include one
or more modules (e.g., analysis reporting module, annotator
logic element, etc.) or units to perform the various functions
of present invention embodiments described below. The
various modules (e.g., answer determination module 16)
may be implemented by any combination of any quantity of
software and/or hardware modules or units, and may reside
within memory 35 of the server and/or client systems for
execution by processor 15.

[0038] FIG. 2 is a flow diagram illustrating an example
manner of interactively processing context-based user inqui-
ries according to an embodiment of the present invention. As
described herein, this example manner permits the user to
make corrections to the system interpretation of the user-
provided context and/or questions. The example manner of
FIG. 2 will be described herein with reference to FIGS.
3A-6.

[0039] The flow of FIG. 2 begins at the “Start” block 220.
At block 222, the system receives context (e.g., background
information for a question to be posed). The context may be
manually typed, in a chat-based interface, and/or imported
from a database (e.g., a medical database), etc. Example
context for a medical question is provided as follows:

A 30-year-old woman presents with fever, muscle pain and
headaches that started several days ago. Within the last day,
she reports onset of generalized weakness, back pain and
dizziness. She has been taking acetaminophen for the pain
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and fever, but fears her symptoms may be cancer. On
examination, doctors detect signs of liver abnormalities and
order blood protein testing to check for elevated immuno-
globulins.

[0040] At block 224, the system analyzes the context (e.g.,
via NLP) in order to produce an interpretation of the context
at block 226. Interpreting the context may involve parsing,
entity detection, relation detection, etc. For example, FIG.
3A is an information chart illustrating an example NLP-
based analysis of the medical context provided above. Each
“factor” is a portion/phrase/word taken from the example
context, and each “type” is a corresponding description of
the system interpretation or possible system interpretations.
For example, the factor “signs of liver abnormalities” cor-
responds to the type “Anatomical Abnormality”. As such,
the system has interpreted the phrase “signs of liver abnor-
malities” as an indication of an anatomical abnormality
(e.g., liver abnormality). Meanwhile, the factor “30-year-
0ld” corresponds to three different types: quantitative con-
cept, temporal concept, and age group. As such, in this
example, NLP yields an ambiguous interpretation of the
phrase “30-year-old.”

[0041] Turning now back to FIG. 2, at block 228, it is
determined (e.g., by the user) whether corrections to the
system context interpretation are desired. In the example of
FIG. 3A, such correction is desired (i.e., “yes” at block 228)
because the system interpreted certain factors (e.g., “30-
year-0ld”) ambiguously. As such, in this example, the flow
proceeds to block 230, where the system receives correc-
tions to its interpretation. FIG. 3B is an information chart
illustrating user-corrected interpretations of the context. For
example, the user has indicated that “30-year-old” corre-
sponds to an age group, and not to other quantitative or
temporal concepts. The user has also permitted multiple
interpretations for certain factors (e.g., “headaches that
started several days ago” may indicate a finding or a sign or
symptom). In addition, the user may indicate that certain
factors are irrelevant to the question to be posed (e.g., “fears
her symptoms may be cancer”). Thus, in contrast to “black-
box” QA systems, the user may correct system interpreta-
tions of user-provided context.

[0042] In general, the system may present context inter-
pretation in any suitable arrangement. For example, certain
factors from FIGS. 3A and 3B may be highlighted to
indicate that they may be more relevant/important than the
non-highlighted factors. The system may allow the user to
edit items directly to correct interpretations. In addition,
each factor and/or type may have an adjacent checkbox to
enable the user to delete the system interpretation (e.g., by
selecting/deselecting certain checkboxes).

[0043] Returning now to FIG. 2, the flow proceeds to
block 232, where the system (e.g., the answer determination
module 16 of FIG. 1) updates a context interpretation model.
The model may originally be based on an initial NLP model,
and may update/adapt (e.g., at block 232) based on the user
corrections to the system interpretation of the context. The
context interpretation model may be mathematical, rule-
based, statistical, etc. For example, a statistical model may
indicate which concept is associated with a parsed phrase
(e.g., “back pain” has a high probability of referring to the
concept “dorsalgia,” etc.). Based on the updated context
model, the system may perform context analysis and inter-
pretation at blocks 224 and 226, respectively. The flows in
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block 224-232 may repeat in a loop until the user is satisfied
that the context interpretation is correct.

[0044] When no further corrections to the context inter-
pretation are desired (i.e., “no” at block 228), the flow
proceeds to block 234. At block 234, the system receives a
question. The user may, for example, manually type the
question in natural language. For the example context pro-
vided above, the question may be “What could it be?,”
“Could it be cancer?,” etc. Thus, the question(s) in this
example inquires as to the medical diagnosis of the woman.
Such questions may be generic (though not necessarily
underspecified) to allow the system to perform a context-
sensitive, hypothesis-biased exploration of content (e.g.,
database 18 in FIG. 1).

[0045] At block 236, the system analyzes the question
(e.g., via NLP) in order to produce an interpretation of the
question at block 238. Like the context, interpreting the
question may involve parsing, entity detection, relation
detection, etc. At block 240, it is determined (e.g., by the
user) whether corrections to the system question interpreta-
tion are desired. If there are (i.e., “yes” at block 240), the
flow proceeds to block 241. If the user discovers at block
241 that the system failed to correctly interpret the question
because of its incorrect interpretation of the context, the user
may “go back” to correct the context interpretation at block
230. If the user instead wishes to directly correct the
question interpretation (i.e., “no” at block 241), the flow
proceeds to block 242, where the system receives correc-
tions to its interpretation of the user question. Thus, in
contrast to “black-box” QA systems, the user may correct
system interpretations of user-provided question.

[0046] The flow proceeds to block 244, where the system
(e.g., the answer determination module 16 of FIG. 1)
updates a question interpretation model. Like the context
interpretation model, the question interpretation model may
originally be based on initial NLP models, may update/adapt
(e.g., at block 244) based on the user corrections to the
system interpretation of the question, and may be math-
ematical, rule-based, statistical, etc. Based on these (possi-
bly updated) models, the system may perform question
analysis and interpretation at blocks 236 and 238, respec-
tively. The flow in blocks 236-244 may repeat in a loop until
the user is satisfied that the question interpretation is correct.
In addition, the user may return to the loop of blocks
224-232 (e.g., by proceeding from block 241 to block 230)
to provide further corrections to the context interpretation.

[0047] When no further corrections to the question (or
context) interpretations are desired (i.e., “no” at block 240),
the flow proceeds to block 246. At block 246, the system
provides the user with an answer to the question. FIG. 4
illustrates an example information listing of possible docu-
ments containing answers/candidate results to the question
“What could it be?” The answers are passages in documents
that are relevant to the question. For this particular question,
three categories of links to information may be provided:
cancers, anemias, and blood—misc. Each category includes
a number of potentially relevant information sources. For
example, the cancers category includes a link to information
regarding lymphoma (Hodgkin’s), a list of hematologic
conditions, etc. The anemias category include information
regarding an approach to the anemias and autoimmune
hemolytic anemias. The blood—misc category includes
information regarding blood transfusions and polychroma-
sia. The links under each category may link to information/
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passages from a single corpus/collection or from a variety of
sources. As such, a user may research a particular topic by
selecting a link.

[0048] The context may help determine which categories,
which links within the categories, and what information/
passages to produce in response to the user question. For
example, factors such as “cancer,” “liver abnormalities,”
“fever,” and “headaches” may have contributed to the deter-
mination of the cancers category. Similarly, factors such as
“fever,” “dizziness,” “weakness,” and “back pain” may have
contributed to the determination of the anemias category.
Factors such as “weakness” and “dizziness” may have
contributed to the determination of the blood—misc cat-
egory.

[0049] In an invention embodiment, the system may pro-
vide excerpt(s) from the linked passages. In an example, the
respective excerpts may be provided under the respective
links. These excerpts and/or portions thereof may include an
indication of the factors that caused the system to provide
the links. For example, the autoimmune hemolytic anemias
link excerpt(s) may highlight phrases such as “myalgia”
because the context included the phrase “muscle pain”. As
illustrated in FIG. 4, the system may provide dynamic
clustering and indications of the distribution of context
information in clusters/categories.

[0050] Turning now back to FIG. 2, at block 248 it is
determined (e.g., by the user) whether more information is
desired in addition to the information provided by the
question answer. For example, the answer may not have
fully answered the question, or answered the question incor-
rectly. In this case, the flow proceeds to block 250 (i.e., via
“yes” at block 248), where it is determined whether updated
context is desired. If it is determined that update context is
desired (i.e., “yes” at block 250), the flow proceeds to block
222, where the system receives the updated context. For
example, the user may provide further context regarding the
woman as follows:

The blood tests came back negative, ruling out cancer. The
woman was referred to an infectious disease specialist who
thought it might be an arbovirus infection, possibly RVF.
[0051] When the flow again reaches block 246, system
may produce new/different answers based on the updated
context, as shown in FIG. 5. The example in FIG. 5
illustrates two new categories of links to information: micro-
bial and systemic. The system no longer produces the cancer
category, for example, because the updated context makes
cancer seem unlikely (e.g., “ruling out cancer”). Updating
the context permits the user to add/remove/etc. information
in/from/etc. the existing context, and/or to explore alternate
user hypotheses.

[0052] Returning now to FIG. 2, the user may not desire
to update the context. In this example the user desires an
answer to a supplemental question at block 252. For
example, the user may input “May be an arbovirus infec-
tion” to further focus the results. In other words, the user-
supplied hypothesis (e.g., that the woman is afflicted with an
arbovirus infection) enables more specific answers and
clustering. In this case, when the flow eventually returns to
block 246, the system may produce the information shown
in FIG. 6. This updated information provides two new
categories of information specific to the user, specifically
Rift Valley Fever and arboviruses—misc. The user may
continue to pursue more information (i.e., “yes” at block
248) in a loop until the user is satisfied with the discovered
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information. At that point, the user may determine that no
more information is desired (i.e., “no” at block 248), and the
flow ends at block 254.

[0053] In other examples, the user may choose to “go
back” to correct the context analysis and/or question analy-
sis, and/or to ask a supplemental question, at any point in the
flow. In addition, the answer(s), context interpretation, and/
or question interpretation may be provided/displayed for the
user in any suitable manner.

[0054] The techniques described herein address several
known technical problems, including entity detection, entity
linking, and word-sense disambiguation (WSD) in computer
science. Entity detection refers to the task of using comput-
ers to determine which words or phrases in a text indicate
concepts of interest. Entity linking refers to the task of using
computers to determine which concepts in a structured
knowledge source the detected words or phrases denote.
WSD refers to the task of using computers to distinguish
among alternative meanings of an ambiguous word (e.g.,
“30-year-old™). As described herein, a computer may learn
(e.g., via machine learning) the correct meaning of certain
ambiguous words based on the context of the word. For
example, a computer may learn to distinguish between
situations in which the phrase “30-year-old” refers, alterna-
tively, to an age group, a temporal concept, or a quantitative
concept. These techniques also improve the decision-mak-
ing time involved to query a QA system, and as such reduce
the time to produce an answer to the query. For instance,
interpreting context and questions transparently and updat-
ing context/question interpretation models reduces the num-
ber of iterations necessary to arrive at a satisfactory answer.
[0055] It will be appreciated that the embodiments
described above and illustrated in the drawings represent
only a few of the many ways of implementing embodiments
for processing an inquiry to provide results satisfying the
inquiry.

[0056] The environment of the present invention embodi-
ments may include any number of computer or other pro-
cessing systems (e.g., client or end-user systems, server
systems, etc.) and databases or other repositories arranged in
any desired fashion, where the present invention embodi-
ments may be applied to any desired type of computing
environment (e.g., cloud computing, client-server, network
computing, mainframe, stand-alone systems, etc.). The com-
puter or other processing systems employed by the present
invention embodiments may be implemented by any number
of any personal or other type of computer or processing
system (e.g., desktop, laptop, PDA, mobile devices, etc.),
and may include any commercially available operating
system and any combination of commercially available and
custom software (e.g., browser software, communications
software, server software, answer determination module 16,
etc.). These systems may include any types of monitors and
input devices (e.g., keyboard, mouse, voice recognition,
etc.) to enter and/or view information.

[0057] Itis to be understood that the software (e.g., answer
determination module 16) of the present invention embodi-
ments may be implemented in any desired computer lan-
guage and could be developed by one of ordinary skill in the
computer arts based on the functional descriptions contained
in the specification and flow charts illustrated in the draw-
ings. Further, any references herein of software performing
various functions generally refer to computer systems or
processors performing those functions under software con-
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trol. The computer systems of the present invention embodi-
ments may alternatively be implemented by any type of
hardware and/or other processing circuitry.

[0058] The various functions of the computer or other
processing systems may be distributed in any manner among
any number of software and/or hardware modules or units,
processing or computer systems and/or circuitry, where the
computer or processing systems may be disposed locally or
remotely of each other and communicate via any suitable
communications medium (e.g., LAN, WAN, Intranet, Inter-
net, hardwire, modem connection, wireless, etc.). For
example, the functions of the present invention embodi-
ments may be distributed in any manner among the various
end-user/client and server systems, and/or any other inter-
mediary processing devices. The software and/or algorithms
described above and illustrated in the flow charts may be
modified in any manner that accomplishes the functions
described herein. In addition, the functions in the flow charts
or description may be performed in any order that accom-
plishes a desired operation.

[0059] The software of the present invention embodiments
(e.g., answer determination module 16) may be available on
a non-transitory computer useable medium (e.g., magnetic
or optical mediums, magneto-optic mediums, floppy dis-
kettes, CD-ROM, DVD, memory devices, etc.) of a station-
ary or portable program product apparatus or device for use
with stand-alone systems or systems connected by a network
or other communications medium.

[0060] The communication network may be implemented
by any number of any type of communications network
(e.g., LAN, WAN, Internet, Intranet, VPN, etc.). The com-
puter or other processing systems of the present invention
embodiments may include any conventional or other com-
munications devices to communicate over the network via
any conventional or other protocols. The computer or other
processing systems may utilize any type of connection (e.g.,
wired, wireless, etc.) for access to the network. Local
communication media may be implemented by any suitable
communication media (e.g., local area network (LAN),
hardwire, wireless link, Intranet, etc.).

[0061] The system may employ any number of any con-
ventional or other databases, data stores or storage structures
(e.g., files, databases, data structures, data or other reposi-
tories, etc.) to store information (e.g., information relating to
diseases/illnesses). The database system may be imple-
mented by any number of any conventional or other data-
bases, data stores or storage structures (e.g., files, databases,
data structures, data or other repositories, etc.) to store
information (e.g., information relating to diseases/illnesses).
The database system may be included within or coupled to
the server and/or client systems. The database systems
and/or storage structures may be remote from or local to the
computer or other processing systems, and may store any
desired data (e.g., information relating to diseases/illnesses).
[0062] The present invention embodiments may employ
any number of any type of user interface (e.g., Graphical
User Interface (GUI), command-line, prompt, etc.) for
obtaining or providing information (e.g., information relat-
ing to diseases/illnesses), where the interface may include
any information arranged in any fashion. The interface may
include any number of any types of input or actuation
mechanisms (e.g., buttons, icons, fields, boxes, links, etc.)
disposed at any locations to enter/display information and
initiate desired actions via any suitable input devices (e.g.,
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mouse, keyboard, etc.). The interface screens may include
any suitable actuators (e.g., links, tabs, etc.) to navigate
between the screens in any fashion.

[0063] The present invention embodiments are not limited
to the specific tasks or algorithms described above, but may
be utilized for processing an inquiry to provide results
satisfying the inquiry.

[0064] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting of the invention. As used herein, the singular
forms “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises”,
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“comprising”, “includes”, “including”, “has”, “have”, “hav-
ing”, “with” and the like, when used in this specification,
specify the presence of stated features, integers, steps,
operations, elements, and/or components, but do not pre-
clude the presence or addition of one or more other features,
integers, steps, operations, elements, components, and/or
groups thereof.

[0065] The corresponding structures, materials, acts, and
equivalents of all means or step plus function elements in the
claims below are intended to include any structure, material,
or act for performing the function in combination with other
claimed elements as specifically claimed. The description of
the present invention has been presented for purposes of
illustration and description, but is not intended to be exhaus-
tive or limited to the invention in the form disclosed. Many
modifications and variations will be apparent to those of
ordinary skill in the art without departing from the scope and
spirit of the invention. The embodiment was chosen and
described in order to best explain the principles of the
invention and the practical application, and to enable others
of ordinary skill in the art to understand the invention for
various embodiments with various modifications as are
suited to the particular use contemplated.

[0066] The descriptions of the various embodiments of the
present invention have been presented for purposes of
illustration, but are not intended to be exhaustive or limited
to the embodiments disclosed. Many modifications and
variations will be apparent to those of ordinary skill in the
art without departing from the scope and spirit of the
described embodiments. The terminology used herein was
chosen to best explain the principles of the embodiments, the
practical application or technical improvement over tech-
nologies found in the marketplace, or to enable others of
ordinary skill in the art to understand the embodiments
disclosed herein.

[0067] The present invention may be a system, a method,
and/or a computer program product at any possible technical
detail level of integration. The computer program product
may include a computer readable storage medium (or media)
having computer readable program instructions thereon for
causing a processor to carry out aspects of the present
invention.

[0068] The computer readable storage medium can be a
tangible device that can retain and store instructions for use
by an instruction execution device. The computer readable
storage medium may be, for example, but is not limited to,
an electronic storage device, a magnetic storage device, an
optical storage device, an electromagnetic storage device, a
semiconductor storage device, or any suitable combination
of the foregoing. A non-exhaustive list of more specific
examples of the computer readable storage medium includes
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the following: a portable computer diskette, a hard disk, a
random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory
(EPROM or Flash memory), a static random access memory
(SRAM), a portable compact disc read-only memory (CD-
ROM), a digital versatile disk (DVD), a memory stick, a
floppy disk, a mechanically encoded device such as punch-
cards or raised structures in a groove having instructions
recorded thereon, and any suitable combination of the fore-
going. A computer readable storage medium, as used herein,
is not to be construed as being transitory signals per se, such
as radio waves or other freely propagating electromagnetic
waves, electromagnetic waves propagating through a wave-
guide or other transmission media (e.g., light pulses passing
through a fiber-optic cable), or electrical signals transmitted
through a wire.

[0069] Computer readable program instructions described
herein can be downloaded to respective computing/process-
ing devices from a computer readable storage medium or to
an external computer or external storage device via a net-
work, for example, the Internet, a local area network, a wide
area network and/or a wireless network. The network may
comprise copper transmission cables, optical transmission
fibers, wireless transmission, routers, firewalls, switches,
gateway computers and/or edge servers. A network adapter
card or network interface in each computing/processing
device receives computer readable program instructions
from the network and forwards the computer readable
program instructions for storage in a computer readable
storage medium within the respective computing/processing
device.

[0070] Computer readable program instructions for carry-
ing out operations of the present invention may be assembler
instructions, instruction-set-architecture (ISA) instructions,
machine instructions, machine dependent instructions,
microcode, firmware instructions, state-setting data, con-
figuration data for integrated circuitry, or either source code
or object code written in any combination of one or more
programming languages, including an object oriented pro-
gramming language such as Smalltalk, C++, or the like, and
procedural programming languages, such as the “C” pro-
gramming language or similar programming languages. The
computer readable program instructions may execute
entirely on the user’s computer, partly on the user’s com-
puter, as a stand-alone software package, partly on the user’s
computer and partly on a remote computer or entirely on the
remote computer or server. In the latter scenario, the remote
computer may be connected to the user’s computer through
any type of network, including a local area network (LAN)
or a wide area network (WAN), or the connection may be
made to an external computer (for example, through the
Internet using an Internet Service Provider). In some
embodiments, electronic circuitry including, for example,
programmable logic circuitry, field-programmable gate
arrays (FPGA), or programmable logic arrays (PLA) may
execute the computer readable program instructions by
utilizing state information of the computer readable program
instructions to personalize the electronic circuitry, in order to
perform aspects of the present invention.

[0071] Aspects of the present invention are described
herein with reference to flowchart illustrations and/or block
diagrams of methods, apparatus (systems), and computer
program products according to embodiments of the inven-
tion. It will be understood that each block of the flowchart
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illustrations and/or block diagrams, and combinations of
blocks in the flowchart illustrations and/or block diagrams,
can be implemented by computer readable program instruc-
tions.

[0072] These computer readable program instructions may
be provided to a processor of a general purpose computer,
special purpose computer, or other programmable data pro-
cessing apparatus to produce a machine, such that the
instructions, which execute via the processor of the com-
puter or other programmable data processing apparatus,
create means for implementing the functions/acts specified
in the flowchart and/or block diagram block or blocks. These
computer readable program instructions may also be stored
in a computer readable storage medium that can direct a
computer, a programmable data processing apparatus, and/
or other devices to function in a particular manner, such that
the computer readable storage medium having instructions
stored therein comprises an article of manufacture including
instructions which implement aspects of the function/act
specified in the flowchart and/or block diagram block or
blocks.

[0073] The computer readable program instructions may
also be loaded onto a computer, other programmable data
processing apparatus, or other device to cause a series of
operational steps to be performed on the computer, other
programmable apparatus or other device to produce a com-
puter implemented process, such that the instructions which
execute on the computer, other programmable apparatus, or
other device implement the functions/acts specified in the
flowchart and/or block diagram block or blocks.

[0074] The flowchart and block diagrams in the Figures
illustrate the architecture, functionality, and operation of
possible implementations of systems, methods, and com-
puter program products according to various embodiments
of the present invention. In this regard, each block in the
flowchart or block diagrams may represent a module, seg-
ment, or portion of instructions, which comprises one or
more executable instructions for implementing the specified
logical function(s). In some alternative implementations, the
functions noted in the blocks may occur out of the order
noted in the Figures. For example, two blocks shown in
succession may, in fact, be executed substantially concur-
rently, or the blocks may sometimes be executed in the
reverse order, depending upon the functionality involved. It
will also be noted that each block of the block diagrams
and/or flowchart illustration, and combinations of blocks in
the block diagrams and/or flowchart illustration, can be
implemented by special purpose hardware-based systems
that perform the specified functions or acts or carry out
combinations of special purpose hardware and computer
instructions.

What is claimed is:

1. A computer program product for processing an inquiry
to provide results satisfying the inquiry, the computer pro-
gram product comprising a computer readable storage
medium having computer readable program code embodied
therewith, the computer readable program code executable
by a processor to cause the processor to:

process an inquiry using natural language processing to

determine an interpretation for the inquiry and present
the interpretation to receive corrective information for
the interpretation;

apply the corrective information to the interpretation and

retrieve content based on the interpretation and a cor-
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responding pre-existing context for the inquiry to pro-
duce candidate results for the inquiry; and

iteratively receive supplemental information for the

inquiry to generate updated candidate results.

2. The computer program product of claim 1, wherein the
inquiry requests medical information.

3. The computer program product of claim 1, wherein the
context includes a structure with a schema defined for one of
a problem class and a decision domain, wherein natural
language utterances are processed to create the context
aligned with the schema.

4. The computer program product of claim 1, wherein the
processor presents the interpretation by:

presenting actions to be performed based on the interpre-

tation to produce the candidate results and receiving the
corrective information including modifications for the
actions.

5. The computer program product of claim 1, wherein the
supplemental information includes one or more from a
group of: information pertaining to the context; user input
adding, removing, or modifying the context to re-generate
candidate results for a previous inquiry in light of altered
context; hypotheses proposed by the user to focus the
candidate results; and follow-up questions triggered from
viewing the candidate results.

6. The computer program product of claim 1, wherein the
computer readable code further causes the processor to:

adapt processing to produce the candidate results based on

processing of one or more prior inquiries.

7. The computer program product of claim 6, wherein the
processor adapts processing to produce the candidate results
by one or more from a group of:

collecting training information from the processing of the

one or more prior inquiries and re-training models used
to produce the candidate results;

collecting training information from processing each

inquiry and dynamically adapting the models used to
produce the candidate results;

adapting the processing based on user-provided correc-

tions for the interpretation;

adapting the processing based on corrective inquiries

from a user after receiving inferior candidate results;
receiving a rule set to adjust the processing; and
identifying common attributes of the corrective informa-
tion among users and generating models specific to one
of a group and domain based on the common attributes
to produce the candidate results.

8. The computer program product of claim 1, wherein the
computer readable code further causes the processor to:

determine a specific aspect of the pre-existing context

pertinent to the inquiry to retrieve the content.

9. A method of processing an inquiry to provide results
satisfying the inquiry comprising:

processing an inquiry using natural language processing

to determine an interpretation for the inquiry and
presenting the interpretation to receive corrective infor-
mation for the interpretation;
applying the corrective information to the interpretation
and retrieving content based on the interpretation and a
corresponding pre-existing context for the inquiry to
produce candidate results for the inquiry; and

iteratively receiving supplemental information for the
inquiry to generate updated candidate results.
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10. The method of claim 9, wherein the inquiry requests
medical information.

11. The method of claim 9, wherein the context includes
a structure with a schema defined for one of a problem class
and a decision domain, wherein natural language utterances
are processed to create the context aligned with the schema.

12. The method of claim 9, wherein presenting the inter-
pretation further comprises:

presenting actions to be performed based on the interpre-

tation to produce the candidate results and receiving the
corrective information including modifications for the
actions.

13. The method of claim 9, wherein the supplemental
information includes one or more from a group of: infor-
mation pertaining to the context; user input adding, remov-
ing, or modifying the context to re-generate candidate
results for a previous inquiry in light of altered context;
hypotheses proposed by the user to focus the candidate
results; and follow-up questions triggered from viewing the
candidate results.

14. The method of claim 9, further comprising:

adapting processing to produce the candidate results

based on processing of one or more prior inquiries.

15. The method of claim 14, wherein adapting processing
to produce the candidate results comprises one or more from
a group of:

collecting training information from the processing of the

one or more prior inquiries and re-training models used
to produce the candidate results;

collecting training information from processing each

inquiry and dynamically adapting the models used to
produce the candidate results;

adapting the processing based on user-provided correc-

tions for the interpretation;

adapting the processing based on corrective inquiries

from a user after receiving inferior candidate results;
receiving a rule set to adjust the processing; and
identifying common attributes of the corrective informa-
tion among users and generating models specific to one
of'a group and domain based on the common attributes
to produce the candidate results.

16. The method of claim 9, further comprising:

determining a specific aspect of the pre-existing context

pertinent to the inquiry to retrieve the content.
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17. A system for processing an inquiry to provide results
satisfying the inquiry comprising:

a computer system including at least one processor con-

figured to:

process an inquiry using natural language processing to
determine an interpretation for the inquiry and pres-
ent the interpretation to receive corrective informa-
tion for the interpretation;

apply the corrective information to the interpretation
and retrieve content based on the interpretation and
a corresponding pre-existing context for the inquiry
to produce candidate results for the inquiry; and

iteratively receive supplemental information for the
inquiry to generate updated candidate results.

18. The system of claim 17, wherein the at least one
processor is configured to adapt processing to produce the
candidate results based on processing of one or more prior
inquiries by one or more from a group of:

collecting training information from the processing of the

one or more prior inquiries and re-training models used
to produce the candidate results;

collecting training information from processing each

inquiry and dynamically adapting the models used to
produce the candidate results;

adapting the processing based on user-provided correc-

tions for the interpretation;

adapting the processing based on corrective inquiries

from a user after receiving inferior candidate results;
receiving a rule set to adjust the processing; and
identifying common attributes of the corrective informa-
tion among users and generating models specific to one
of a group and domain based on the common attributes
to produce the candidate results

19. The system of claim 17, wherein the context includes
a structure with a schema defined for one of a problem class
and a decision domain, wherein natural language utterances
are processed to create the context aligned with the schema.

20. The system of claim 17, wherein the at least one
processor is configured to present the interpretation by:

presenting actions to be performed based on the interpre-

tation to produce the candidate results and receiving the
corrective information including modifications for the
actions.



