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(54) KNOWLEDGE-BASED QUESTION ANSWERING SYSTEM FOR THE DIY DOMAIN

(57) DIY (Do-It-Yourself) is challenging for many novices, requiring extensive knowledge such as the usage of
particular tools and the properties of the required materials. Many DIYers use web searches to find relevant information
and instructions, but web search is time-consuming and the results often do not fit the DIYers’ specific needs. To address
these problems, we present a Question Answering (QA) system that can assist DIYers through the whole cycle of a DIY
project. Given a natural language question about a DIY project, the QA system described herein provides an answer
along with the explanations that are tailored to the DIYers’ specific needs.
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Description

FIELD

[0001] The device and method disclosed in this document relates to question answering and, more particularly, to
question answering in the do-it-yourself domain using a knowledge base.

BACKGROUND

[0002] Unless otherwise indicated herein, the materials described in this section are not prior art to the claims in this
application and are not admitted to the prior art by inclusion in this section.
[0003] Question answering (QA) aims to provide precise and instant answers to people’s natural language questions.
It is a key feature in an Intelligent Personal Assistant such, as Siri or Google Assistant. A question answering service
can be applied to either open domain or vertical applications, e.g., banking, healthcare, e-commerce, etc. It can satisfy
the users’ information needs in an efficient and interactive way. Compared to web search engines, question answering
systems have the advantage of saving significant time and effort for the users.
[0004] However, question answering is a challenging AI task because both understanding and answering questions
requires solving complex AI problems. Most existing question answering systems focus on providing answers to factoid
questions in which a user inquires about factual information regarding a person, place, thing, or the like. Exemplary
factoid questions might include: "Who is the president of United States?" or "When was president Obama born?" Such
factoid questions are relatively easy to answer. However, non-factoid questions typically require more complex knowledge
or advanced reasoning techniques to answer. As a result, non-factoid questions are much more difficult to answer and
have not been handled very well by current question answering systems.
[0005] There have been two major approaches for QA, Information Retrieval (IR)-based approaches and Knowledge
Base (KB)-based approaches. IR-based approaches retrieve answers from text documents or web pages. They perform
well for limited types of questions and only work when the answer explicitly exists in the text. In contrast, KB-based
approaches retrieve the answers from structured KB which contains pieces of knowledge about the target domain. The
KB can be built either manually by domain experts or leveraging some NLP techniques for speed up. Compared to IR-
based approach, KB-based approach can provide more precise answers and also work for the cases where the answers
cannot be explicitly found in the documents.

SUMMARY

[0006] A method of answering natural language questions is disclosed. The method comprises: storing, in a memory
of a server, a knowledge base having a plurality of knowledge representations, each knowledge representation describing
a particular topic and defining at least two entities and at least one relationship between the at least two entities, a first
subset of the plurality of knowledge representations describing objects including at least one of tools, accessories for
the tools, and materials, a second subset of the plurality of knowledge representations each describing actions that can
be performed with the at least one of the tools, the accessories for the tools, and the materials, a third subset of the
plurality of knowledge representations describing step-by-step instructions for particular projects that can be completed
with the at least one of the tools, the accessories for the tools, and the materials; receiving, with a transceiver of the
server, a natural language question from a client device; determining, with a processor of the server, a question type
from a predetermined set of possible question types to which the of the natural language question corresponds; retrieving,
with the processor, data from the knowledge base using a query template having a form that depends on the determined
question type of the natural language question and a content of the natural language question; generating, with the
processor, an answer based on the retrieved data from the knowledge base; and transmitting, with the transceiver, the
answer to the client device, the answer being perceptibly output by the client device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The foregoing aspects and other features of a question answering system are explained in the following de-
scription, taken in connection with the accompanying drawings.

FIG. 1 shows exemplary components of a question answering system.
FIG. 2 shows the architecture of the question answering system of FIG. 1.
FIG. 3 shows an exemplary portion of a taxonomy of concepts of a DIY knowledge base.
FIG. 4 shows an exemplary domain knowledge representation of a first type for the ’Circular Saw’ concept.
FIG. 5 shows an exemplary domain knowledge representation of a second type for the ’How to Predrill’ concept.



EP 3 633 521 A1

3

5

10

15

20

25

30

35

40

45

50

55

FIG. 6 shows a portion of an exemplary project knowledge representation for the ’Making a Vanity Desk’ DIY project.
FIG. 7 shows a portion of a further exemplary project knowledge representation that defines sub steps of a particular
step of a DIY project.
FIG. 8 shows an exemplary product knowledge representation for the ’DIN-338 (2.5 mm x 30 mm)’ product.
FIG. 9 shows a table describing a set of exemplary question types.
FIG. 10 shows an exemplary reasoning process used for an exemplary complex question type.

DETAILED DESCRIPTION

[0008] For the purposes of promoting an understanding of the principles of the disclosure, reference will now be made
to the embodiments illustrated in the drawings and described in the following written specification. It is understood that
no limitation to the scope of the disclosure is thereby intended. It is further understood that the present disclosure includes
any alterations and modifications to the illustrated embodiments and includes further applications of the principles of the
disclosure as would normally occur to one skilled in the art which this disclosure pertains.
[0009] A question answering system for the do-it-yourself (DIY) and power tool domains is disclosed herein. DIY
projects offer various advantages, such as cost savings and a sense of achievement for the person completing the DIY
project (sometimes referred to herein as the "DIYer"). Exemplary DIY projects include projects such as building a table,
repairing a chair, or refurbishing a house. DIY projects are not always easy tasks for novices and there are several
reasons for that. First, many articles teaching how to complete a DIY project are too difficult for the novices to understand,
often presenting the contents at a too-high level using technical jargons without sufficiently detailed guidance. Second,
DIYers typically use the Internet to look for the necessary knowledge to complete a project, but the retrieved information
is often too generalized and it is still up to the DIYers to adapt the generic knowledge to their specific situation and this
adaptation itself is challenging. Third, there is no one-stop and easy-to-access service that provides professional DIY
assistance. Instead, DIYers generally must search through web tutorials, discussion forums, or other web pages to find
the answers, but it is time-consuming and requires too much efforts. Fourth, DIY projects often require access to specific
power tools, but it is difficult for the DIYer to determine exactly what tools he or she needs. For these reasons, DIY
projects are often challenging tasks and require a lot of expertise to plan or perform.
[0010] To tackle these problems, a KB-based QA system is disclosed which provides QA service for DIY projects
available at a DIY assistant application or website via a client device. However, it will be appreciated that developing a
QA system for the DIY domain presents several unique challenges. Particularly, many types of questions in the DIY
domain are complex and answering these questions requires deep understanding of the project and domain knowledge
beyond simply retrieving the factual information. However, most QA systems focus on factoid questions and, thus, their
approaches cannot be directly applied to the DIY domain. Particularly, in conventional factoid-centric QA systems,
candidate answers to factoid questions are generally stored explicitly in the KB. However, the QA system described
herein generates answers on the fly by combining different types of knowledge from the KB, because it is impractical to
store all the possible answers for the broad array of possible DIY questions in advance. For example, to answer a
question such as "What is the difference between tool A and B?", the QA system described herein works by retrieving
the properties of A and B from the KB and then performs a comparison, instead of actually storing the difference of A
and B in the KB. Additionally, conventional factoid-centric QA systems generally will always produce the same answer
for the same question regardless of the context. However, the QA system described herein dynamically adjusts the
answers depending on the user and the context, such as DIYer’s personal information, skill level, project-related con-
straints, etc. Finally, conventional factoid-centric QA systems generally provide an answer without explanation. However,
the QA system described herein is able to provide explanations in addition to the answers, in order to make the system
more trustable.

System Overview

[0011] With reference to FIG. 1, an exemplary embodiment of question answering system 10 for the DIY domain is
described. In the illustrated embodiment, the question answering system 10 includes a server 20 and one or more client
devices 30. The client device 30 (which may also be referred to herein as a "personal electronic device") may be a
desktop computer, a laptop, a smart phone, a tablet, a personal digital assistant (PDA), a smart watch or other wearable
smart device, and/or a smart power tool. The client device 30 is configured to enable a user to ask a natural language
question in the DIY domain and transmit the question to the server 20 for processing. The server 20 is configured to
receive the natural language question from the client device 30 and process the question to determine an appropriate
answer, which is transmitted back the client device 30. The client device 30 is configured to receive the answer from
the server 20 and to present the answer to the user.
[0012] The server 20 and the client device 30 are configured to communicate with one another via one or more networks
40. The network 40 can comprise one or more sub-networks that work in concert to enable communication between the
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server 20 and the client device 30. The network 40 may comprise, in part, one or more pre-existing wired or wireless
networks such as local area networks, the Internet, telephony networks, or any combination thereof. It will be appreciated
that, although the question answering system 10 is described as having a distinct server 20 and client device 30, in
some embodiments a single computing device (not shown) may include the combined components and features of both
the server 20 and the client device 30
[0013] With continued reference to FIG. 1, exemplary components of the server 20 are shown. In the illustrated
embodiment, the server 20 includes at least one processor 21, memory 22, a user interface 23, and a network commu-
nications module 24. It is appreciated that the illustrated embodiment of the server 20 is only one exemplary embodiment
of a server 20 and is merely representative of any of various manners or configurations of a server, remote computer,
or any other data processing systems that are operative in the manner set forth herein.
[0014] The processor 21 may be any of various processors as will be recognized by those of ordinary skill in the art.
It will be recognized by those of ordinary skill in the art that a "processor" as used herein includes any hardware system,
hardware mechanism or hardware component that processes data, signals, and/or other information. The processor 21
can include a system with a central processing unit, multiple processing units, dedicated circuitry for achieving function-
ality, and/or other systems. Exemplary processors include microprocessors (mP), microcontrollers (mC), digital signal
processors (DSP), graphics processing unit (GPU), or any combination thereof. The processor 21 is operably connected
to the memory 22, a user interface 23, and a network communications module 24.
[0015] The server 20 may be operated locally or remotely by a user. To facilitate local operation, the server 20 may
include an interactive user interface 23. Via the user interface 23, a user may modify and/or update program instructions
stored on the memory 22, as well as collect data from and store data to the memory 22. In one embodiment, the user
interface 23 may suitably include an LCD display screen or the like, a mouse or other pointing device, a keyboard or
other keypad, speakers, and a microphone, as will be recognized by those of ordinary skill in the art. Alternatively, in
some embodiments, a user may operate the server 20 remotely from another computing device which is in communication
therewith via the network communications module 24 and has an analogous user interface.
[0016] The network communications module 24 of the server 20 provides an interface that allows for communication
with any of various devices or networks and at least includes transceivers or other hardware configured to communicate
with the client devices 30. In particular, the network communications module 24 may include a local area network port
that allows for communication with any of various local computers housed in the same or nearby facility. In some
embodiments, the network communications module 24 further includes a wide area network port that allows for com-
munications with remote computers over the Internet. Alternatively, the server 20 communicates with the Internet via a
separate modem and/or router of the local area network. In one embodiment, the network communications module 24
is equipped with a Wi-Fi transceiver or other wireless communications device. Accordingly, it will be appreciated that
communications with the server 20 may occur via wired communications or via the wireless communications. Commu-
nications may be accomplished using any of various known communications protocols.
[0017] The memory 22 of the server 20 is configured to store information, including both data and instructions. The
memory 22 may be of any type of device capable of storing information accessible by the processor 21, such as a
memory card, ROM, RAM, write-capable memories, read-only memories, hard drives, discs, flash memory, or any of
various other computer-readable medium serving as data storage devices as will be recognized by those of ordinary
skill in the art. The memory 22 is configured to store program instructions that, when executed by the processor 21,
enable the server 20 to provide the features, functionality, characteristics and/or the like as described herein. Particularly,
the memory 22 includes a DIY question answering backend 25 that enables processing natural language questions
received from the client device 30 and to determining an appropriate answer to the natural language question based on
a DIY knowledge base 26, which is also stored in the memory 22. The DIY knowledge base 26 comprises structured
and/or partially strunctured knowledge in the DIY domain. In one embodiment, the DIY knowledge base 26 is stored
using a semantic web platform, such as Stardog. The DIY question answering backend 25 and the DIY knowledge base
26 are described in greater detail below.
[0018] With continued reference to FIG. 1, exemplary components of the client device 30 are shown. In the illustrated
embodiment, the client device 30 comprises a processor 31, a memory 32, transceivers 33, an I/O interface 34, a display
screen 35, and a microphone 36. It is appreciated that the illustrated embodiment of the client device 30 is only one
exemplary embodiment of a client device 30 and is merely representative of any of various manners or configurations
of a client device, a personal electronic device, or other device that is operative in the manner set forth herein.
[0019] The processor 31 may be any of various processors as will be recognized by those of ordinary skill in the art.
It will be recognized by those of ordinary skill in the art that a "processor" as used herein includes any hardware system,
hardware mechanism or hardware component that processes data, signals, and/or other information. The processor 31
can include a system with a central processing unit, multiple processing units, dedicated circuitry for achieving function-
ality, and/or other systems. Exemplary processors include microprocessors (mP), microcontrollers (mC), digital signal
processors (DSP), graphics processing unit (GPU), or any combination thereof. The processor 31 is operably connected
to the memory 32, the transceivers 33, the I/O interface 34, the display screen 35, and the microphone 36.



EP 3 633 521 A1

5

5

10

15

20

25

30

35

40

45

50

55

[0020] The transceivers 33 at least includes a transceiver, such as a Wi-Fi transceiver, configured to communicate
with the server 20 via the network 40, but may also include any of various other devices configured for communication
with other electronic devices, including the ability to send communication signals and receive communication signals.
In one embodiment, the transceivers 33 further include additional transceivers which are common to smart phones,
smart watches, laptop computers, tablet computers, desktop computers, such as Bluetooth transceivers, Ethernet adapt-
ers, and transceivers configured to communicate via wireless telephony networks.
[0021] The I/O interface 34 includes software and hardware configured to facilitate communications with the one or
more interfaces of the client device 30 including the display screen 35 and the microphone 36, as well as other interfaces
such as tactile buttons, switches, toggles, speakers, and/or connection ports. The display screen 35 may be an LCD
screen or any of various other screens appropriate for a personal electronic device. The I/O interface 34 is in commu-
nication with the display screen 35 and is configured to visually display graphics, text, and other data to the user via the
display screen 35. In some embodiments, the microphone 36 is configured to record the voice of a user asking a natural
language question to be answered using the question answering system. In further embodiments, the user types the
natural language question using a virtual keyboard on the display screen 35 or a physical keyboard connected to the
I/O interface 34.
[0022] The memory 32 of the server 20 is configured to store information, including both data and instructions. The
memory 32 may be of any type of device capable of storing information accessible by the processor 31, such as a
memory card, ROM, RAM, write-capable memories, read-only memories, hard drives, discs, flash memory, or any of
various other computer-readable medium serving as data storage devices as will be recognized by those of ordinary
skill in the art. The memory 32 is configured to store program instructions that, when executed by the processor 31,
enable the client device 30 to provide the features, functionality, characteristics and/or the like as described herein.
Particularly, the memory 32 includes a DIY assistant application 37 that enables a user to ask a natural language question
in the DIY domain and to receive a corresponding answer to the natural language question provided from the server 20.
It will be appreciated that the DIY assistant application 37 may be natively executed application or a web application
that is executed via a web browser. In one embodiment, the memory 32 is also configured to store user data 37 which
includes various types of information related to the user, such as age, skill level, a list of tools that the user has access
to, and information regarding a current DIY project of the user and previous DIY projects of the user.
[0023] FIG. 2 illustrates the architecture 100 of the question answering system 10. The architecture 100 is comprised
of the DIY question answering backend 25 and the DIY knowledge base 26, which are stored in the memory 22 of the
server 20. The processor 21 of the server 20 is configured to execute program instructions of the DIY question answering
backend 25 and to query data from the DIY knowledge base 26 to implement the functions and features of the architecture
100. However, it will be appreciated that the certain processes of the DIY question answering backend 25 may be
performed instead at the client device 30 by the processor 31 executing program instructions of the DIY assistant
application 37. The knowledge representation schemes utilized by the DIY knowledge base 26 are first discussed below,
followed by descriptions of the processes used by the DIY question answering backend 25 to answer questions using
the DIY knowledge base 26.

DIY Knowledge Base

[0024] The DIY knowledge base 26 defines at least two components: (1) a plurality of entities or concepts and (2) a
plurality of relationships between the entities or concepts. However, unlike many conventional knowledge bases, which
have broad but shallow knowledge of simple facts about entities (e.g., birthplace of a person, founder of a company,
capital of a country), the DIY knowledge base 26 is a closed domain knowledge base having deep, complex knowledge
representations that support answering complex questions in the DIY domain.
[0025] As used herein, the term "knowledge representation" refers to a dataset and/or a portion thereof defining a
plurality of entities and at least one relationship between two or more of the entities, generally relating to an individual
concept, topic, or subject. As used herein, the term "knowledge base" refers to database including a collection of individual
knowledge representations. The entities may correspond to individual things, actions, concepts, properties, or the like.
In some embodiments, a knowledge representation and/or a knowledge base may take the form of one or more lists or
tables that define a data tree or data web in which the entities comprise the nodes of the tree or web and the relationships
comprise the connections between the nodes of the tree or web. In some embodiments, the entities and/or relationships
are stored as a list or table of triplets formed as, for example, [entity_ID1, relationship_type, entity_ID2] where entity_ID1
is a first entity or reference thereto, entity_ID2 is a second entity or reference thereto, and relationship_type indicates
the nature of the relationship. However, the knowledge base or knowledge representation can take any other suitable form.
[0026] In the illustrated embodiment, the DIY knowledge base 26 comprises a taxonomy of concepts 104 and several
different types of knowledge representations (KR). Particularly, as shown, the DIY knowledge base 26 includes project
knowledge representations (project KR) 108, domain knowledge representations (domain KR) 112, product knowledge
representations (product KR) 116, and user/context knowledge representation(s) (user/context KR) 120. However, in
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some embodiments, the DIY knowledge base 26 may include additional or different types of knowledge representations.
The different types of knowledge representations are inter-connected to one another and therefore can be combined to
answer more complex questions.
[0027] The taxonomy of concepts 104 defines a plurality of concepts, terms, and/or phrases which are relevant to the
DIY domain. Particularly, the taxonomy of concepts 104 at least defines a plurality of entity concepts (i.e., nouns) and
a plurality of action concepts (i.e., verbs) that are relevant to and/or used in the DIY domain. In one example, the taxonomy
of concepts 104 defines about 300 entity concepts and 150 action concepts. The entity concepts include the common
objects used in the DIY domain, such as tools (e.g., JIGSAW, DRILL, POWER-SANDER, or HAMMER), accessories
(e.g., DRILL-BIT or SAW-BLADE) and materials (e.g., WOOD-SCREW, WOOD-GLUE, or NAIL). The action concepts
include common actions performed in the DIY domain, such the common steps performed while completing DIY projects
(e.g., SAWING, DRILLING, or GLUING), as well as tool-related actions (e.g., REPLACING-BLADE or CHANGING-
BLADE-DEPTH). In some embodiments, the taxonomy of concepts 104 defines further types of concepts aside from
entity and action concepts, such as property, attribute, or characteristic concepts (e.g., LENGTH or GAS-POWERED)
or more abstract safety, troubleshooting, or hazard concepts (e.g., EYE-PROTECTION, STRIPPED-SCREW, or RISK-
OF-SHOCK). In some embodiments, the taxonomy of concepts 104 also defines a plurality of synonyms for each concept,
which are used to ground questions from users that are asked using alternative terminology.
[0028] FIG. 3 shows an exemplary portion 200 of the taxonomy of concepts 104. The exemplary portion 200 includes
hierarchically defined entity concepts 204 and action concepts 208. The leftmost portion 212 of the FIG. 3 shows a high
level summary of the taxonomy in which all concepts fall within the "Thing" hierarchy label. The middle portion 216 of
FIG. 3 shows an expanded view of the "Tangible-Entity" hierarchy label and the concepts included therein. The rightmost
portion 220 of FIG. 3 shows an expanded view of the "Event" hierarchy label and the concepts included therein.
[0029] In some embodiments, the taxonomy of concepts 104 is generated, at least in part, by automatically extracting
terms and phrases from a corpus of DIY project related texts using hand-crafted patterns (e.g., extracting terms and
phrases for an entity concept and an action concept using the pattern ’use <entity> to <action>’). Such patterns are
highly accurate but may have low recall. Accordingly, in some embodiments, further concepts are extracted by applying
distributional similarity to the ones already extracted. The extracted concepts are manually reviewed by experts in the
DIY domain to create the concepts and their taxonomy. In some embodiments, additional concepts may be added
manually by the experts or the entirety of the taxonomy of concepts 104 can be manually generated and curated by the
experts.
[0030] The domain knowledge representations 112 comprise a plurality of knowledge representations corresponding
to the various concepts in the DIY domain and store generally applicable information about the respective concept that
is not specific to any particular DIY project. Particularly, in some embodiments, the domain knowledge representations
112 include at least one respective domain knowledge representation for each of the concepts defined in the taxonomy
of concepts 104. In some embodiments, the domain knowledge representations 112 include two distinct types of domain
knowledge representations.
[0031] The first type of domain knowledge representation is specifically designed for answering certain types of domain
questions which ask for descriptive explanations of a concept and includes definitions, explanations, diagrams, attributes,
aspects, attributes, features and the like relating a particular concept defined in the taxonomy 104. In this way, the first
type of domain knowledge representation is only partially structured because they contain unstructured texts or illustrative
pictures as values for some entities.
[0032] FIG. 4 shows an exemplary domain knowledge representation 300 of the first type for the "Circular-Saw"
concept. The domain knowledge representation 300 includes a domain entity 304 (e.g., "Circular-Saw") which directly
corresponds to one of the concepts defined in the taxonomy 104. The domain knowledge representation 300 defines a
plurality of additional secondary entities (shown as rounded rectangles) which are related to the domain entity 304 by
various defined relationships (shown as arrows). For example, in the illustrated embodiment, the domain knowledge
representation 300 includes an overview entity 308 having unstructured text as its value (e.g., "The circular saw is a
power tool used for working on wood...") which is related to the domain entity 304 by an overview relationship 312.
Similarly, the domain knowledge representation 300 includes a structure-info entity 316 having an image as its value
(e.g., a labeled schematic diagram) which is related to the domain entity 304 by a structure-info relationship 320. The
domain knowledge representation 300 may include any number of additional aspect entities 324 which include information
regarding other aspects, attributes, features of the concept, which are related to the domain entity 304 by respective
aspect/attribute relationships 328. In some instances, the domain knowledge representation 300 defines further sub-
entities 332 (e.g., an aspect_purpose entity or an aspect_content entity) that define further information about the aspect
of the concept and are related to a secondary entity (e.g., the aspect entity 324) by further relationships 336 (e.g., an
aspect_purpose relationship or an aspect_content relationship).
[0033] In some embodiments, a domain knowledge representation may define relationships with other knowledge
representations, including other domain knowledge representations. In the example of FIG. 4, the domain knowledge
representation 300 defines a related-action entity 340 (e.g., "Changing-Circular-Saw-Blade") which is related to the
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domain entity 304 by a related-action relationship 344. The related-action entity 340 may correspond to a separate
domain knowledge representation for the Changing-Circular-Saw-Blade action concept or may be defined only within
the domain knowledge representation 300. In the illustrated embodiment, step entities 348 (e.g., "Unplug the saw’s
power cord from the outlet..." and "Press down on the saw’s arbor-lock button...") are defined and are related to the
related-action entity 340 by step relationships 352 (indicating that the respective steps are steps of the changing a
circular saw blade).
[0034] The second type of domain knowledge representation is a fully structured representation which is designed to
supplement related project knowledge representations and to support reasoning by the DIY question answering backend
25. In one embodiment, the second type of domain knowledge representation describes a particular action concept
defined in the taxonomy 104 in a detailed manner that is generally applicable to any DIY project in which the particular
action concept is used. Furthermore, the second type of domain knowledge representation defines implicit constraints
that are not typically specified explicitly in the steps for a particular DIY project.
[0035] FIG. 5 shows an exemplary domain knowledge representation 400 of the second type for the "_how_to_predrill"
concept. The domain knowledge representation 400 includes a domain entity 404 (e.g., "_how_to_predrill") which directly
corresponds to one the action concepts defined in the taxonomy 104. The domain knowledge representation 400 defines
a first step entity 408 (e.g., "_choosing"), a second step entity 412 (e.g., "_drilling"), and a third step entity 416 (e.g.,
"_screwing") which are related to the domain entity 404 by sub-action relationships 420 (indicating that choosing, drilling,
and screwing are sub-actions of the predrilling action concept). The domain knowledge representation 400 defines that
the second step entity 412 is related to the first step entity 408 by a next-action relationship 424, indicating that the
drilling is the next action after the choosing. The domain knowledge representation 400 defines that the third step entity
416 is related to the second step entity 412 by a next-action relationship 424, indicating that the screwing is the next
action after the drilling. The domain knowledge representation 400 defines a first object entity 428 (e.g., "_drill-bit"),
which is related to the first step entity 408 by an object relationship 432, indicating that the drill bit is the object of the
drilling. Similarly, the domain knowledge representation 400 defines that the first object entity 428 is further related to
the second step entity 412 by an instrument relationship 436, indicating that the drill bit is the instrument of the drilling.
Additionally, the domain knowledge representation 400 defines a second object entity 440 (e.g., "_screw"), which is
related to the third step entity 408 by an object relationship 432, indicating that the screw is the object of the screwing.
[0036] In some embodiments, a domain knowledge representation may include a constraint entity that defines a
constraint between two object entities or two other entities. For example, in the example of FIG. 5, the domain knowledge
representation 400 defines a constraint entity 444 (e.g., "_drill-bit.diameter = _screw.diameter - ’1 mm"’) which is related
to the first object entity 428 and the second object entity 440 by constraint relationships 448. The constraint entity 444
in conjunction with constraint relationships 448 define a constraint between a parameter of the first object entity 428 and
a parameter of the second object entity 440 (e.g., the diameter of the drill bit must be 1 mm smaller than the diameter
of the screw). In at least some embodiments, one or more parameters of the constraint depend on the particular DIY
project being completed, and are thus represented by variables in the domain representation. In the illustrated example,
the diameter of the drill bit to be chosen and drilled with depends on a diameter of the screw to be screwed. The diameter
of the screw is dependent on the particular DIY project being completed, and thus is represented as a variable.
[0037] In some embodiments, a domain knowledge representation may include an explanation template that is com-
pleted depending on project variables. For example, in the example of FIG. 5, the domain knowledge representation
400 defines an explanation entity 452 that is related to the first step entity 408 by an explanation relationship 456. The
value of the explanation template entity 452 includes a text explanation which refers to a variable (e.g., "drill-bit.diameter")
which is constrained by a project parameter (e.g., "_screw.diameter"), such that the explanation is project specific (e.g.,
"choose a drill bit (diameter: {%drill-bit.diameter%})").
[0038] Returning to FIG. 2, the project knowledge representations 108 comprise a plurality of knowledge representa-
tions corresponding to the various DIY projects. Unlike the domain knowledge representations 112, the project knowledge
representations 108 store information that is specific to particular DIY projects. Particularly, using the concepts defined
in the taxonomy 104, each project knowledge representation defines the steps, tools, and materials required to complete
a particular DIY project.
[0039] In some embodiments, each project knowledge representation defines a hierarchical structure of actions and/or
steps required to complete the respective DIY project. FIG. 6 shows a portion of an exemplary project knowledge
representation 500. The project knowledge representation 500 defines a DIY project entity 504 (e.g.,
"_Making_Vanity_Desk") that decomposes into a first step entity 508 (e.g., "_step1") and a second step entity 508 (e.g.,
"_step2"), as indicated by sub-action relationships 516. The first step entity 508 further decomposes into a first sub-step
entity 520 and a second sub-step entity 524, as indicated by further sub-action relationships 516. The project knowledge
representation 500 defines that the second step entity 508 is the next action after the first step entity 508 and that the
second sub-step entity 524 is the next action after the first sub-step entity 520, as indicated by next-action relationships
528. Similarly, FIG. 7 shows a portion of a further exemplary project knowledge representation 600 that defines a step
entity 604 (e.g., "_step2") that decomposes into a first sub-step entity 608 (e.g., "_pre-drilling") and a second sub-step
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entity 612 (e.g., "_screwing2"), as indicated by sub-action relationships 616. The second sub-step entity 612 is the next
action after the first sub-step entity 608, as indicated by next-action relationships 620.
[0040] In some embodiments, each project knowledge representation defines the required materials and/or tools
required to complete the respective DIY project, as well as the specification information of each required material and/or
tool (if applicable). Particularly, in the example of FIG. 6, the project knowledge representation 500 defines that a material
entity 532 (e.g., "_Wood-Screw") is a required material for the DIY project entity 504, as indicated by the required material
relationship 536. The project knowledge representation 500 further defines an amount entity 540 (e.g., "20") and a length
entity 544 (e.g., "3 inch") for the material entity 532, as indicated by the amount relationship 548 and length relationship
552, respectively. Similarly, in the example of FIG. 7, the project knowledge representation 600 defines a material entity
624 (e.g., "_screw2") and a diameter entity 628 (e.g., "5 mm") for the material entity 624, as indicated by the diameter
relationship 632.
[0041] In some embodiments, a project knowledge representation not only defines the required materials and/or tools
required to complete the respective DIY project, but defines the required materials and/or tools required to complete
individual steps or subs-steps. Particularly, in the example of FIG. 6, the project knowledge representation 500 defines
that the material entity 532 (e.g., "_Wood-Screw") is a required material for the first step entity 508, as indicated by the
required material relationship 536. Similarly, in the example of FIG. 7, the project knowledge representation 600 defines
that the material entity 624 (e.g., "_screw2") is the object of the second sub-step entity 612 (e.g., "_screwing2"), as
indicated by the object relationship 636.
[0042] In some embodiments, the project knowledge representations 108 are constructed in a semi-automated manner
from a DIY project instructional document. First, the required first entities and their required specification are automatically
extracted from a preparation list in the DIY project instructional document. In one embodiment, the extraction is conducted
by applying concept-to-word mappings defined in the taxonomy 104 using regular expressions to parse the specification
information. The hierarchical action structure is extracted from the text description of each step. Particularly, in one
embodiment, the actions are first identified using the concept-to-word mappings defined in the taxonomy 104 and linguistic
cues are used to identify the temporal relations. For example, "then" and "after that" are identified as next-action relation
between the following and the preceding action. In some embodiments, the information stored in the respective project
knowledge representations is manually extended by adding additional information unspecified in the original DIY project
instructional document.
[0043] Returning to FIG. 2, the product knowledge representations 116 comprise a plurality of knowledge represen-
tations corresponding to individual commercial available products that might be used to complete a particular DIY project.
Finding the right tools and materials is a crucial step in the DIY projects. It is however time-consuming because it requires
the DIYers to manually identify the required specifications and search for the matching products. Each product knowledge
representation stores information regarding a particular product, such as a particular tool, accessory, material, or the
like, which are used to recommend products that are suitable for a particular DIY project.
[0044] FIG. 8 shows an exemplary product knowledge representation 700 defining a product entity 704 (e.g., "DIN-
338_2.5x30"). The product knowledge representation 700 defines a diameter entity 708 (e.g., "2.5 mm") for the product
entity 704, as indicated by the diameter relationship 712. The product knowledge representation 700 defines a length
entity 716 (e.g., "30 mm") for the product entity 704, as indicated by the length relationship 720. The product knowledge
representation 700 defines a label entity 724 (e.g., "DIN-338 (2.5 mm x 30 mm)") for the product entity 704, as indicated
by the label relationship 728. The product knowledge representation 700 defines a URL entity 732 (e.g., "ht-
tps://www.brand.com/diy/DIN-338") for the product entity 704, as indicated by the URL relationship 736. Finally, the
product knowledge representation 700 defines a price entity 740 (e.g., "$30") for the product entity 704, as indicated by
the price relationship 744.
[0045] In some embodiments, a product knowledge representation includes an external reference to a related domain
knowledge representation or a related concept in the taxonomy 104. Particularly, in the example of FIG. 8, the product
knowledge representation 700 defines a hasProduct relationship 748 between the product entity 704 (e.g., "DIN-
338_2.5x30") and a domain entity and/or taxonomy concept 752 (e.g., "Drill-bit"), indicating that the "DIN-338 (2.5 mm
x 30 mm)" is a "Drill-Bit" or, conversely, that the "Drill-Bit" concept/domain has the product "DIN-338 (2.5 mm x 30 mm)."
[0046] Returning to FIG. 2, the user/context knowledge representation(s) 120 store information such as the contextual
information regarding a current DIY project being completed by the user, previous DIY projects completed by the user,
an age of the user, a skill level of the user, a list of tools that the user has access to. The information stored in the
user/context knowledge representation(s) 120 can be used to personalize answers to be specific to the current DIY
project context and/or specific to the user and to connect to other DIY-related services (e.g., shopping for required power
tools, renting, repairing, etc.).

Question Answering Process

[0047] The question answering system 10 and the architecture 100 thereof combines multiple AI technologies including
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natural language processing (NLP), knowledge representation, and reasoning to provide professional DIY assistance
to users through the whole life cycle of a DIY project as a one-stop solution. For example, when a user is in the planning
stages of a DIY project, he or she can ask the question answering system 10 questions such as: "What tools are needed?,"
"How long does the project take?," and "Can I use a jigsaw instead of a circular saw?" Similarly, when the user is in the
process of completing a DIY project, he or she can ask questions such as "How can I use a jigsaw?" and "Where should
I drill the hole?" The question answering system 10 is able to directly answer a user’s questions at all stages of a DIY
project. In addition, by taking into account the user and context information, e.g., the DIY experience of the user, the
tools already acquired by the user, the question answering system 10 provides personalized and context-aware QA
service. In this way, the question answering system 10 helps DIYers to prepare for and complete DIY projects more
efficiently and provides assistance based on personal needs.
[0048] Various methods, processes, or steps of the DIY question answering backend 25 are shown in FIG. 2 and
described in further detail below. In the description of the methods, processes, or steps, statements that the DIY question
answering backend 25 or the DIY assistant application 37 is performing some task or function refers to a controller or
general purpose processor executing programmed instructions stored in non-transitory computer readable storage media
operatively connected to the controller or processor to manipulate data or to operate one or more components in the
question answering system 10 to perform the task or function. Particularly, the processor 21 of the server 20 and/or the
processor 31 of client device 30 above may be such a controller or processor. Alternatively, the processor may be
implemented with more than one processor and associated circuitry and components, each of which is configured to
form one or more tasks or functions described herein. Additionally, the steps of the methods or processes may be
performed in any feasible chronological order, regardless of the order shown in the figures or the order in which the
steps are described.
[0049] Particularly, in the illustrated embodiment, the processor 21 of the server 20 is configured to execute program
instructions of the DIY question answering backend 25 to implement four distinct processes. In summary, a natural
language question 124 is received and interpreted in a question understanding process 128 to generate a structured
question 132. Next, the structured question 132 is grounded in a grounding process 136 to generate a grounded question
140. Next, in a reasoning process 144, the DIY knowledge base 26 is used to generate a structured answer 148 based
on the grounded question 140. Finally, in an answer generation process 152, the structured answer 148 is converted in
to multi-modal natural answer 156.
[0050] With continued reference to FIG. 2, the question answering process begins with receiving the natural language
question 124 from the user. Particularly, with respect to the embodiments described in detail herein, the processor 31
of the client device 30 is configured to execute program instructions of the DIY assistant application 37 to receive the
natural language question 124 from the user. In one embodiment, the processor 31 operates the display screen 35 to
display a graphical user interface on the display screen 35, which includes a question prompt via which the user can
type the natural language question 124 in the form of text using a keyboard or the like. The processor 31 is configured
to receive the text corresponding to the natural language question 124 via a physical or virtual keyboard of the client
device 30. Alternatively, the user may speak the natural language question 124 into the microphone 36 and the processor
31 is configured to receive audio corresponding to the natural language question 124. In one embodiment, the processor
31 is configured to transcribe the received audio into a text form. Finally, the processor 31 is configured to operate the
transceivers 33 to transmit the natural language question 124, either in text form or audio form, to the server 20 for
processing. The processor 21 of the server 20 is configured to operate the network communication module 24 to receive
the natural language question 124 from the client device 30.
[0051] With continued reference to FIG. 2, once the natural language question 124 has been received at the server
20, in the question understanding process 128, the structured question 132 is generated based on the natural language
question 124. Particularly, the processor 21 of the server 20 is configured to execute program instructions of the DIY
question answering backend 25 to generate the structured question 132 based on the natural language question 124.
The generation of the structured question 132 is conducted in two steps. First, the processor 21 is configured identify
the type of question being asked (which may be referred to herein as the "intent" of the question). Second, the processor
21 is configured to extract semantic information from the natural language question 124 for one or more predefined slots
corresponding to the identified type of question.
[0052] FIG. 9 shows a table 800 describing a set of exemplary question types. At the top level, the question types are
classified into two categories: project questions and domain questions. The project question types encompass questions
specifically directed to a particular DIY project and include, for example, a required entities/properties question type
(e.g., "What power tools do I need in the project?" or "What is the length of the drill bit needed in the project?"), an
alternative entities question type (e.g., "Can I use a circular saw instead of a jigsaw in step 2?"), a time/difficulty/cost
question type (e.g., "How long does the project take?," "How difficult is the project?," or "How much are the power tools
needed in the project?"), an explanation of actions question type (e.g., "Can you explain the sawing step in more detail?"),
a specific location of actions question type (e.g., "Where should it be screwed?"), and an alternative actions question
type (e.g., "Are there other options instead of pre-drilling?"). In contrast, the domain question types encompass questions
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about general domain knowledge, which are not directed to a particular DIY project, and include, for example, a definition
of tool/accessory/material question type (e.g., "What is a jigsaw?," "What is a drill bit?," or "What is a wood screw?"),
related action question type (e.g., "What can I do with a jigsaw?"), a tips question type (e.g., "Is there any safety tip for
using a jigsaw?"), a structural info question type (e.g., "What does a jigsaw look like?"), and a comparison question type
(e.g., "How does a jigsaw differ from a circular saw?").
[0053] The processor 21 is configured to select and/or identify a particular question type from a predetermined set of
possible question types that best fits the intent of natural language questions 124. Each question type in the predetermined
set of possible question types includes one or more predefined slots (e.g., tool name, action name, property type). The
processor 21 is further configured to extract semantic information from the natural language question 124 to place in
each slot for the identified question type. The processor 21 is configured to select and/or identify the correct question
type and fill the predefined slot(s) with semantic information using pattern-based methods, statistical methods, or a
combination thereof. In one embodiment, the processor 21 is configured to detect the question type and fill the slot(s)
with semantic information by processing and parsing the natural language question 124 according to hand-crafted rules
or patterns. In one embodiment, if the natural language question 124 does not match the hand-crafted rules or patterns,
the processor 21 is configured to identify possible concepts or slots present in the natural language question 124 using
a domain dictionary and word embedding based similarity calculation, and to apply a support vector machine with
linguistic and slot features to classify the natural language question 124 as a particular question type from a predetermined
set of possible question types. In some embodiments, deep learning approaches such as convolutional neural networks
may be further utilized to classify the natural language question 124 as a particular question type from a predetermined
set of possible question types and to fill the predefined slot(s) with semantic information.
[0054] As an example, consider the natural language question "How much are the power tools needed in the project?"
In response to receiving this question, the processor 21 determines that the question type is the cost inquiry question
type. The cost inquiry question type includes two predefined slots: an entity concept slot and an action/project name
slot. The processor 21 extracts the phrase "power tools" from the natural language question to fill the entity concept slot
and extracts the phrase "the project" from the natural language question to fill the action/project name slot. The structured
form of the question is the combination of the identified question type and the filled slots. Thus, the natural language
question "How much are the power tools needed in the project?" is converted into a structured question in the form of
[(question_type: cost_inquiry); (entity_concept: "power tools"); (action/project_name: "the project")], where first item
identifies the intent or question type and subsequent items identify the predefined slots and corresponding extracted
semantic information.
[0055] As another example, consider the natural language question "Can you explain predrilling in more detail?" In
response to receiving this question, the processor 21 determines that the question type is the explanation of actions
question type. The explanation of actions question type includes one predefined slot: an action name slot. The processor
21 extracts the term "predrilling" from the natural language question to fill the action name slot. Thus, the natural language
question "Can you explain pre-drilling in more detail?" is converted into a structured question in the form of [(question_type:
action_explanation); (action_name: "predrilling")], where first item identifies the intent or question type and second item
identifies the predefined slot and corresponding extracted semantic information.
[0056] With continued reference to FIG. 2, once the structured question 132 has been generated, the grounded
question 140 is determined, in the grounding process 136, based on the structured question 132. As described above,
the structured question 132 includes extracted semantic information from the natural language question 124 (e.g., the
strings "power tools," "the project," and "predrilling") but the semantic information is still in the words of the user. In the
grounding process 136, the semantic information is converted to the most relevant corresponding language used in the
taxonomy of concepts 104 or elsewhere in the DIY knowledge base 26. In this way, the various possible phrases and
terms that might be used by the user to describe a particular concept are simplified into the grounded lexicon of the DIY
knowledge base 26.
[0057] The processor 21 of the server 20 is configured to execute program instructions of the DIY question answering
backend 25 to generate the grounded question 132 by matching the extracted semantic information in each of the slots
of the structured question 132 to the corresponding language used in the taxonomy of concepts 104 or elsewhere in the
DIY knowledge base 26. In one embodiment, the processor 21 is configured to perform the matching by resolving the
semantic information to the concepts in the taxonomy 104 using one or more heuristic rules. In one embodiment, the
processor 21 is configured to perform the matching using known synonyms for each concept stored in the taxonomy 104.
[0058] As an example, the example structured question in the form of [(question_type: cost_inquiry); (entity_concept:
"power tools"); (action/project_name: "the project")] might be converted into a grounded question in the form of
[(question_type: cost_inquiry); (entity_concept: required_tool); (action/project_name: current_project)], where
required_tool and current_project are concepts, entities, and/or relationships defined in DIY knowledge base 26. Similarly,
the example structured question in the form of [(question_type: action_explanation); (action_name: "pre-drilling")] might
be converted into a grounded question in the form of [(question_type: action_explanation); (action_name: _Pre-drilling)],
where _Pre-drilling is a concept defined in DIY knowledge base 26.



EP 3 633 521 A1

11

5

10

15

20

25

30

35

40

45

50

55

[0059] With continued reference to FIG. 2, once the grounded question 140 is determined, the structured answer 148
is derived in the reasoning process 144. Particularly, for each question type in the predetermined set of possible question
types, the processor 21 is configured to execute a reasoning process specifically designed for the question type. The
processor 21 is configured to retrieve data from the DIY knowledge base 26 using a query template having a form that
depends on the determined question type of the natural language question 124. For example, in response to each
particular question type identified in the table 800 of FIG. 9, the processor 21 is configured to retrieve data from the DIY
knowledge base 26 using a query template that is specifically formulated for the particular question type. In many
instances, the query template that is specifically formulated for each particular question type includes empty variables
and/or blanks corresponding to some or all of the predefined slots of the particular question type that are filled based
on the grounded semantic information identified in the grounded question 140. In at least one embodiment, the queries
used to retrieve data from the DIY knowledge base 26 are SPARQL query, but may take other forms. The retrieved data
from the DIY knowledge base 26 may take the form of values, numbers, text strings, images, videos, audio recordings,
documents, or any combination thereof. Finally, the processor 21 is configured to generate the structured answer 148
based on the retrieved data from the DIY knowledge base 26 using a predefined template corresponding to the particular
question type.
[0060] In some embodiments, for certain question types, the query template used to retrieve data from the DIY knowl-
edge base 26 is configured to retrieve data from only one knowledge representation. For example, consider the natural
language question "What is a jigsaw?" After the question understanding process 128 and the grounding process 136,
the processor 21 generates the grounded question in the form of [(question_type: definition_inquiry); (entity_concept:
_circular-saw)], where definition_inquiry is the question type and _circular-saw is a grounded concept in the
entity_concept slot. Given this type of question, the processor 21 is configured to use a predefined query template that
retrieves the value of an overview entity of the domain knowledge representation for the grounded concept in the
entity_concept slot (e.g., the overview entity 308 of the domain knowledge representation 300 shown in FIG. 4). The
processor 21 is configured to generate a structured answer in the form of [(answer_type: definition_inquiry); (overview:
"The circular saw is a power tool used for working on wood...")].
[0061] Similarly, given the natural language question "What does a circular saw look like?," a query template is used
that that retrieves the value of an structure-info entity of the domain knowledge representation for the grounded concept
in the entity_concept slot (e.g., the value of the structure-info entity 316 of the domain knowledge representation 300
shown in FIG. 4). The processor 21 is configured to generate a structure answer in the form of [(answer_type:
definition_inquiry); (structure-info: circular-saw.jpg)], where circular-saw.jpg was retrieved from the DIY knowledge base
26. Similar query templates are used for other domain question types, such as the related action question type and the
tips question type, discussed above. In each case, the processor 21 is configured to generate the structure answer 148
using data retrieved from the DIY knowledge base 26 via a corresponding query template.
[0062] In some embodiments, for certain question types, the query template used to retrieve data from the DIY knowl-
edge base 26 is configured to retrieve data from multiple different knowledge representations in the DIY knowledge base
26, and the processor 21 is configured to combine, process, and/or compare the retrieved data to generate new data
that is included in the structured answer. For example, consider the natural language question "How does a jigsaw differ
from a circular saw?," which yields a grounded question in the form of [(question_type: comparison_inquiry);
(entity_concept1: _jigsaw); (entity_concept2: _circular-saw)]. The processor 21 is configured to retrieve data using a
query template configured to retrieve aspects, supported actions, and other properties of a jigsaw from a jigsaw domain
knowledge representation, and to retrieve aspects, supported actions, and other properties of a circular saw from a
circular saw domain knowledge representation. Next the processor 21 is configured to compare the retrieve data for the
jigsaw with the retrieved data for the circular saw and generate new data relating to only those aspects, supported
actions, and other properties that are different between a jigsaw and circular saw. The processor 21 generates a structured
answer using the generated new data, such as a structured answer in the form of [(answer_type: comparison_inquiry);
(difference1: curved_cut)], where curved_cut identifies to the supported action of a jigsaw to cut a curved cut, which is
not possible with a circular saw.
[0063] In some embodiments, for certain question types, the query template used to retrieve data from the DIY knowl-
edge base 26 is configured to retrieve data in multiple steps. Particularly, some query templates include one or more
empty variables and/or blanks that do not correspond to any of the predefined slots of the particular question type, and
the processor 21 is configured to query the DIY knowledge base 26 to retrieved data that is used to fill one or more
remaining empty variables and/or blanks in query template. For example, consider the natural language question "What
power tools do I need in the project?," which yields a grounded question in the form of [(question_type:
required_entities_inquiry); (action/project_name: current_project)]. The processor 21 is configured to, using the query
template, retrieve a project ID for the project currently being worked on from the user/context knowledge representation(s)
120. Next, the processor 21 is configured to, using the retrieved project ID, retrieve data indicating the required tools
from the project knowledge representation corresponding to the project currently being worked on. In this way, executing
the query against the DIY knowledge base 26 involves a multi-step process. In some embodiments, the querying process
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for all of the project question identified in the table 800 of FIG. 9 begins with a step of retrieving the project ID from the
user/context knowledge representation(s) 120.
[0064] For some question types, the processor 21 is configured to further retrieve information about the required tools,
accessories and materials from the corresponding domain knowledge representations. Particularly, as another example,
consider the natural language question "How much are the power tools needed in the project?," which yields the grounded
question in the form of [(question_type: cost_inquiry); (entity_concept: required_tool); (action/project_name:
current_project)], as discussed above. The processor 21 is configured to, for example, convert the grounded question
into a SPARQL query using the following template:

     SELECT ?entity, ?entity_price
     WHERE {
     <project_id> <entity_concept> ?entity.
    ?entity rdf:type ?entity_type.
    ?entity_type rdfs:subClassOf* <concept>.
    ?entity_type price ?entity_price . }

where <project id>, <entity_concept>, and <concept> are variables to be replaced by concrete values. Particularly, the
<entity_concept> is a variable for what type of entities for which the user wants to cost of (e.g., required_tool,
required_material, or required_entity). The <project_id> is a variable indicated the particular project for which the user
what the cost for. The <concept> is a variable indicating the type of entities for which prices are to be retrieved.
[0065] The processor 21 is configured to use the grounded slot value required_tool in place of the <entity_concept>
variable, which configures the query to only retrieve information regarding required tools, but not require materials or
other entities. The processor 21 is configured to retrieve a project ID for the project currently being worked on from the
user/context knowledge representation(s) 120 and use the retrieved project ID in place of the variable <project id>. Next,
the processor 21 is configured to retrieve data indicating the required tools from the project knowledge representation
corresponding to the retrieved project ID. Next, the processor 21 retrieves possible subclasses of the required tools from
the domain knowledge representations corresponding to the required tools. Finally, the processor 21 retrieves products
options and prices thereof from the product knowledge representations corresponding to each of the required tools
retrieved from the project knowledge representation.
[0066] After the necessary data has been retrieved from the DIY knowledge base 26, the processor 21 is configured
to sum up the individual prices for the required tools to generate new data that is included in the structured answer. For
our example question, the processor produces the following output:

       {"answer" : (200,500),
       "auxiliary" : {jigsaw : (30,150), cordless driver : (50,200), ... }}.

[0067] Based on the calculated output, a structured answer is generated in the form of [(answer_type: cost_inquiry);
(entity_concept: required_tool); (answer: (200,500)); (auxiliary_answer: {jigsaw : (30,150), cordless driver :
(50,200), ... })]. The output represents the total price, which is estimated to be $200∼$500, along with the individual
prices of each power tool. In some embodiments, the processor 21 is configured to further include names of recommended
products in the answer.
[0068] It will be appreciated that, to generate the structured answer to the natural language question "How much are
the power tools needed in the project?," the processor 21 queried data from the project knowledge representations 108,
the domain knowledge representations 112, the product knowledge representations 116, and the user / context knowledge
representation(s) 120. Furthermore, the processor 21 post-processed the retrieved data to arrive at the information
included in the structured answer.
[0069] In some embodiments, for certain question types, the processor 21 is configured to use semantic matching to
match, map, link, or otherwise correlate entities from different knowledge representations. Particularly, the processor
21 is configured to identify one or more relevant knowledge representations that are relevant to answering the question
based on the grounded question 140. Using semantic matching, the processor 21 is configured to match, map, link, or
otherwise correlate entities of a first relevant knowledge representation to a second relevant knowledge representation.
In some embodiments, the processor 21 is configured to identify the project knowledge representation for the current
project and identify one or more domain knowledge representations that based on the grounded question. Next, the
processor 21 is configured to semantically match entities defined in the project knowledge representation with entities
defined in the one or more domain knowledge representations.
[0070] FIG. 10 shows an exemplary reasoning process used for an exemplary complex question type. Particularly,
consider the natural language question 904 "Can you explain predrilling in more detail?" The processor 21 identifies that
the question type 908 is the explanation of actions question type and fills the action name slot 912 with the text 916
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"predrilling." Thus, the natural language question converted into a structured question in the form of [(question_type:
action_explanation); (action_name: "predrilling")]. The processor 21 converts the structure question into the grounded
question in the form of form of [(question_type: action_explanation); (action_name: _Pre-drilling)], where _Pre-drilling
corresponds to a step entity in a project knowledge representation 920 corresponding to the current project (only a
portion of which is shown in FIG. 10). The processor 21 identifies a domain knowledge representation 924 that is relevant
to question and matches entities from the project knowledge representation 920 with entities of the domain knowledge
representation 924, illustrated with arrows 928. Particularly, as shown, the _Pre-drilling step entity of the project knowledge
representation 920 is semantically matched with the _how_to_drill domain entity of the domain knowledge representation
924. Similarly, the _Drill-Bit instrument entity of the project knowledge representation 920 is semantically matched with
the _drill-bit instrument entity of the domain knowledge representation 924. Additionally, the _Screw object entity of the
project knowledge representation 920 is semantically matched with the _screw instrument entity of the domain knowledge
representation 924.
[0071] In some embodiments, certain variables of a domain knowledge representation are explicitly defined in the
project knowledge representation. Based on the semantic matching between the knowledge representations, the proc-
essor 21 is configured to set the variables equal to the explicitly defined values in the project knowledge representation.
Next, the processor 21 is configured to resolve and/or calculate any constraints of the domain knowledge representation
that include the variable. Particularly, in the example of FIG. 10, the domain knowledge representation 924 includes the
variables _drill-bit.diameter and _screw.diameter, as well as the constraint "_drill-bit.diameter = _screw.diameter - ’1
mm’". The processor 21 semantically matches the _Screw.diameter entity (e.g., "3.5 mm") of the project knowledge
representation 920 with the _constraint entity of the domain knowledge representation 924. Based on this matching, the
processor 21 is configured set the _screw.diameter variable of the domain knowledge representation 924 equal to the
value of the _Screw.diameter entity (e.g., "3.5 mm") of the project knowledge representation 920. Next, the processor
21 calculates the value of the _drill-bit.diameter variable (e.g., "3.5 mm" - "1 mm" = "2.5 mm").
[0072] Finally, the processor 21 is configured to retrieve data from semantically matched knowledge representations
using a query template for the question type. Particularly, in the example of FIG. 10, the processor 21 retrieves the value
of the explanation template entity 932 (e.g., "choose a drill bit (diameter : {%_drill-bit.diameter%}). We recommend
{%get_product(_drill-bit.diameter)%}"). The processor 21 is configured to set the _drill-bit.diameter variable equal to the
calculated value (e.g., "2.5 mm") in the explanation template and retrieve the name of a drill bit from the product knowledge
representations 116 that satisfies the criteria for diameter (e.g., "2.5 mm"). The processor 21 outputs a structured answer
when is converted into the natural language answer "Choose a drill bit 2.5 mm. We recommend DIN-338."
[0073] Finally, for some complex question types, particularly for non-factoid questions such as questions about alter-
natives, the processor 21 is configured to utilize Answer Set Programming to infer a correct answer from multiple pieces
of knowledge. Particularly, consider the natural language question "Can I use a circular saw instead of a jigsaw in step
2?". First, the processor 21 is configured to retrieve related actions that each tool can perform from the circular domain
knowledge representations for each tool. Based on the domain knowledge representations, it is known that a circular
saw can perform "cross cut" and "straight cut" actions and that a jigsaw can perform "cross cut," "straight cut," and "curve
cut" actions. Next, the processor 21 is configured to retrieve information about step 2 of the current project from the
corresponding project knowledge representation. If step 2 of the current project requires "curve cut", then the answer
to the question should be "No" as a circular saw cannot perform "curve cut". Otherwise the answer is "Yes". In general,
the answers to such types of questions are not fixed, but dynamic based on the project knowledge representation of the
current DIY project, combined together with the relevant domain knowledge representations.
[0074] Returning to FIG. 2, in the answer generation process 152, the structured answer 148 is converted to a multi-
modal natural answer 156. Particularly, the processor 21 is configured to, using a natural language template correspond-
ing to the question type, represent the answer as on or more of natural language text string which may include contents
in other formats (e.g. images, videos, audios). In some embodiments, the natural language template not only provides
the answer to the question, but also provides an explanation with the answer. For example, consider the natural language
question "How much are the power tools needed in the project?," which yields the structured answer [(answer_type:
cost_inquiry); (entity_concept: required_tool); (answer: (200,500)); (auxiliary_answer: {jigsaw : (30,150), cordless driver :
(50,200), ... })], as discussed above. The processor 21 converts the structured answer to a natural language answer
"The total price of the project is estimated to be $200 ∼ $500. Specifically, a jigsaw costs about $30 ∼ $150, a cordless
driver costs about $50 ∼ $200, ..."
[0075] The processor 21 of the server 20 is configured to operate the network communication module 24 to transmit
the multi-modal natural answer 156 to the client device 30. The processor 31 of the client device 30 is configured to
operate the transceivers 33 to receive the multi-modal natural answer 156 from the server 20. The processor 31 is
configured to operate at least one output device to perceptibly output the multi-modal natural answer 156 to the user.
In one embodiment, the processor 31 operates the display screen 35 to display a graphical user interface on the display
screen 35, which includes a the natural language text string of the multi-modal natural answer 156, as well as any images
or videos included in the multi-modal natural answer 156. In one embodiment, the processor 31 operates a speaker of
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the client device 30 to read the natural language text string aloud and play an audio included in the multi-modal natural
answer 156.
[0076] While the disclosure has been illustrated and described in detail in the drawings and foregoing description, the
same should be considered as illustrative and not restrictive in character. It is understood that only the preferred em-
bodiments have been presented and that all changes, modifications and further applications that come within the spirit
of the disclosure are desired to be protected.

Claims

1. A method of answering natural language questions, the method comprising:

storing, in a memory of a server, a knowledge base having a plurality of knowledge representations, each
knowledge representation describing a particular topic and defining at least two entities and at least one rela-
tionship between the at least two entities, a first subset of the plurality of knowledge representations describing
objects including at least one of tools, accessories for the tools, and materials, a second subset of the plurality
of knowledge representations each describing actions that can be performed with the at least one of the tools,
the accessories for the tools, and the materials, a third subset of the plurality of knowledge representations
describing step-by-step instructions for particular projects that can be completed with the at least one of the
tools, the accessories for the tools, and the materials;
receiving, with a transceiver of the server, a natural language question from a client device;
determining, with a processor of the server, a question type from a predetermined set of possible question types
to which the of the natural language question corresponds;
retrieving, with the processor, data from the knowledge base using a query template having a form that depends
on the determined question type of the natural language question and a content of the natural language question;
generating, with the processor, an answer based on the retrieved data from the knowledge base; and
transmitting, with the transceiver, the answer to the client device, the answer being perceptibly output to a user
by the client device.

2. The method of claim 1, the retrieving data from the knowledge base further comprising:
retrieving data from the knowledge base using a query template configured to retrieve data from at least two different
knowledge representations in the plurality of knowledge representations.

3. The method of claim 2, the generating the answer further comprising:
generating the answer by combining the data retrieved from each of the at least two different knowledge represen-
tations.

4. The method of claim 2, further comprising:

determining, with the processor, additional data based on a comparison of data retrieved from a first of the at
least two different knowledge representations with data retrieved from a second of the at least two different
knowledge representations,
wherein the answer is generated using the additional data.

5. The method of claim 1, wherein:

the query template has at least one blank; and
the retrieving data from the knowledge base further comprises:

retrieving first data from a first knowledge representation in the plurality of knowledge representations;
filling the at least one blank in the query template using the first data; and
retrieving second data from a second knowledge representation in the plurality of knowledge representations
using the query template with the filled at least one blank.

6. The method of claim 5, wherein:

the first data retrieved from the first knowledge representation is a project identifier for a project currently being
worked on by a user who asked the natural language question; and
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the second knowledge representation is from the third subset of the plurality of knowledge representations and
describes step-by-step instructions for the project currently being worked on by the user.

7. The method of claim 1, wherein a fourth subset of the plurality of knowledge representations describe commercially
available products corresponding to the at least one of the tools, the accessories for the tools, and the materials.

8. The method of claim 7, the retrieving data from the knowledge base further comprising:

retrieving first data from a first knowledge representation in the third subset of the plurality of knowledge rep-
resentations that describes step-by-step instructions for a project currently being worked on by a user who
asked the natural language question, the first data identifying objects that are required to complete the project
currently being worked on by the user; and
retrieving, based on the first data, second data from at least one second knowledge representation in the fourth
subset of the plurality of knowledge representations, the second data describing at least one commercially
available product that corresponds to the objects that are required to complete the project currently being worked
on by the user.

9. The method of claim 8, wherein:

the second data includes a cost of each object that is required to complete the project currently being worked
on by the user;
the generating the answer includes calculating a total cost of all objects required to complete the project currently
being worked on by the user; and
the answer includes the total cost.

10. The method of claim 8, wherein:

the first data defines specification requirements for the objects that are required to complete the project currently
being worked on by the user;
the processing the second data includes identifying, based on the second data, at least one commercially
available product that satisfies the specification requirements for the objects that are required to complete the
project currently being worked on by the user; and
the generated answer includes a name of the identified commercially available product.

11. The method of claim 1, the retrieving data from the knowledge base further comprising:

retrieving first data from a first knowledge representation in the plurality of knowledge representations;
retrieving second data from a second knowledge representation in the plurality of knowledge representations; and
semantically matching a first entity of the at least two entities defined by the first knowledge representation with
a second entity of the at least two entities defined by the second knowledge representation.

12. The method of claim 11, wherein:

the first entity of the first knowledge representation defines a first parameter as a value;
the second entity of the second knowledge representation defines the first parameter as a variable; and
the generating the answer further comprises setting the variable equal to the value.

13. The method of claim 1, the retrieving data from the knowledge base further comprising:
retrieving first data from a first knowledge representation in the third subset of the plurality of knowledge represen-
tations that describes step-by-step instructions for a project currently being worked on by a user who asked the
natural language question, the first data identifying at least one step that is required to complete the project currently
being worked on by the user.

14. The method of claim 13, the generating the answer further comprising:
generating the answer including a description of the at least one step that is required to complete the project currently
being worked on by the user.

15. The method of claim 14, further comprising:
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semantically matching, with the processor, a first entity of the at least two entities defined by the first knowledge
representation that describes the at least one step with a second entity of the at least two entities defined by a
second knowledge representation in the second subset of the plurality of knowledge representations that describes
an action corresponding to the at least one step.

16. The method of claim 15, the retrieving data from the knowledge base further comprising:
retrieving second data from the second knowledge representation, the second data describing the action corre-
sponding to the at least one step.

17. The method of claim 16, the generating the answer further comprising:
generating the description of the at least one step based on a combination of the first data and the second data.

18. The method of claim 1, wherein:

the query template has at least one blank; and
the retrieving data from the knowledge base further comprises filling the at least one blank in the query template
based on the natural language question.

19. The method of claim 1, further comprising:

storing, in the memory of the server, a taxonomy having (i) a first plurality of terms describing objects including
at least one of tools, accessories for the tools, and materials, and (ii) a second plurality of terms describing
actions that can be performed with the at least one of the tools, the accessories for the tools, and the materials; and
matching words used in the natural language question with at least one of (i) terms in the first plurality of terms
of the taxonomy and (ii) terms in the second plurality of terms of the taxonomy.

20. The method of claim 1, the generating the answer further comprising:
generating the answer as a combination of at least two of a text string, an audio, a video, and an image.
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