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(57) Abstract: Methods and systems are provided for up-
dating a set of results. In some implementations, a search
query associated with an entity reference is received. The
entity reference corresponds to one or more distinct entit-
ies. A set of results for the search query is provided, and
the set of results distinguishes between distinct entities,
One or more attributes for at least one entity of the one or
more distinct entities are identitied based at least in part
on the set of results. One or more additional search quer-
ies are identified based on the search query, the at least
one entity, and the one or more attributes. An input select -
ing at least one of the additional search queries is re-
ceived. An updated set of results is provided based on the
selected additional search queries. The updated set of res-
ults comprises at least one result not in the set of results.
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PROVIDING SEARCH RESULTS
USING AUGMENTED SEARCH QUERIES

Backeround

{8601} This disclosure relates generally to providing search results in response to a
search query containing an entity reference. Search engines receive search queries containing
a reference 10 @ person, such as the person’s name. Results to these queries are often times
not sufficiently organized, not comprehensive enough, or otherwise not presented in a useful

way.

Summary

{0002} In some implementations, a system receives a search query confaining an
entity reference, such as a person’s name, that corresponds to one or more distinet entities.
The system provides a set of results, where each resull ts associated with at least one of the
distinct entities. The system uses the set of results to identify atiributes of the entity and uses
the identified atiributes to generate additional, angmented search queries associated with the
entity, The system updates the set of results based on one or more of these augmented search
gqueries,

[80a3] In some implementations, a computer-implemented method includes receiving
a search query associated with an entity reference, wherein the entity reference corresponds
to one or more distinet entities. The method inchudes providing a set of results for the search
query where the set of results distinguishes between distinet entities. The method includes
identifying one or more atiributes of at least one entity of the one or more distinct entities
based at least in part on the set of results. The method fucludes generating one or more
additional search queries based on the scarch query, the at least one entity, and the one of
more attributes. The method includes receiving an input selecting at least one of the one or
more additional search gqueries and providing an updated set of results based on the selected
one or more additional search gueries, where the updated set of results comprises at least one
result not in the set of results.

{0004} These and other implementations can each include one or more of the
following features. In some implementations, generating one or more additional search
queries comprises ranking the identified one or more attributes and generating one ot more

additional search queries based on the search query, the at least one entity, the one or more
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attributes, and the ranking. In some implementations, the ranking is based on frequency of
occurrence. In some implementations, the ranking is based on a location of each of the one
or more attributes with respect to the at least one entity in the set of results, In some
implementations, the method further comprises providing to a user the one or more additional
search queries. In some implementations, the recelving an input comprises receiving an input
from the user,

{0005 In some implementations, a system includes one or more computers
configured to perform operations, The operations include recetving a search query associated
with an entity reference, wherein the entity reference corresponds {o one or more distinet
entifies. The operations inchide providing a set of results for the search query where the set
of resulis distinguishes between distinct entities, The operations lnclude identifying one or
more atiributes of at least one entity of the one or more distinct entities based at least in part
on the set of resulis. The operations include generating one or more additional search gueries
based on the search query, the at least one entity, and the one or more atiributes.

{8066} In some implementations, a computer-implemented method includes receiving
a search query assoclated with an entity reference, wherein the entity reference corresponds
o one or more distinet entities. The method includes providing a set of results for the search
query where the set of results distinguishes between distinet entities. The method includes
identifying one or more atiributes of at least one entity of the one or more distinet entities
based af least in part on the set of results. The methed includes generating one or more
additional search queries based on the search query, the at least one entity, and the one or
more attributes. The method includes receiving an input selecting at least one of the one or
more additional search queries and providing an updated set of resulis based on the selected
one of more additional search gqueries, where the updated set of resulis comprises at least one

result not in the set of resulls.

Brief Description of the Figures

(80671 FIG. 1 is a high level block diagram of a system for providing search results
in aceordance with some mplementations of the present disclosure;

REHERY FIG. 2 shows an iHlustrative example of a user interface for providing a set of
search results in accordance with some implementations of the present disclosure;

(8689} FIG. 3 shows an illustrative natural language processing diagram in

accordance with some implementations of the present disclosure;
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{0818] FIG. 4 shows an illustrative example of a user interface for selecting ove or
more augmented search queries in accordance with some implementations of the present
disclosure;

{8011 FIG. 8 shows an illustrative example of a user interface for updating search
results in accordance with some implementations of the present disclosure;

{0128 FIG. 6 is an exemplary diagram of augmented search queries in accordance
with some implementations of the present disclosure;

{8013} FIG. 7 shows an illustrative knowledge graph portion containing nodes and
edges in accordance with some implementations of the present disclosure;

[8G14} FIG. 8 shows an illusirative knowledge graph portion in accordance with
some implementations of the present disclosure;

{0015] FIG. 9 shows an ilustrative knowledge graph portion in accordance with
some implementations of the present disclosure;

{016} FIG. 18 shows a flow diagram of illustrative steps for providing search results
in accordance with some implementations of the present disclosure;

L FIG. 11 shows an illustrative system in accordance with some
implementations of the present disclosure; and

{3018} FIG. 12 is a block diagram of an illustrative computer system in accordance

with some implementations of the present disclosure.

Detailed Description

18019} FIG. 1 is a high level block diagram of a system for providing search results
in accordance with some implementations of the present disclosure. In some
implementations, a system 184 receives a search query 182 associated with an entity
reference. Processing block 186 generates additional search queries, such as augmented
search queries, based on an entity corresponding to the entity reference, and uses the
additional search queries to provide a set of resuits 118 to the search query.  Search queries
may be textual, image-based, audio-based, video-based, based in any other suitable format, or
any combination thereof. For example, system 180 may receive a textual search query in a
query box. For purposes of brevity, system 180 will also be referred to herein as the system,
{8620} Entity reference, as used herein, refers to an identifier that corresponds to one
or more distinct entities. Bntity, as used herein, refers to a thing or concept that is singular,
unigue, well defined, and distinguishable. An entity reference may correspond to more than
one distinet entity. For example, an entity reference may be a person’s name, and

e
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corresponding entities may include distinct people who share the referenced name. For
purposes of brevity and clarity, and not by way of limitation, the present disclosure is
presented with respect to the entities being people and the entity references being names of or
other references to people. It will be understood that any suitable type of entity, or
combinations thereof, may be used in the context of the present disclosure, including, for
example, a person, place, ftem, idea, topic, abstract concept, concrete element, other suitable
thing, or any combination thereof. In an example, an entity may be the physical person John
Adams, and an entity reference may be an identified that refers to John Adams, such as his
name,

{8621} The system provides search results in response to a search query. Search
results may be associated with an entity corresponding to an entity reference in the search
guery. The system may provide a set of results that distinguishes between distinct entities
that correspond to the entity reference. In an example, distinct entities may include three
people who are associated with the name John Adams, and the entity reference may be the
name John Adams. The system may parse each result in the set of results to identify three
different people associated with the name John Adams: John Adams the Second President,
John Quincy Adams the Sixth President, and John Adams the artist. This parsing may be
accomplished using any suitable technique.

(8422} In some implementations, the system uses natural language processing to
parse a search query. As used herein, natural language refers to words, syntax, and other
language such as it could be used in conversation or prose. For example, natural language
may fnclude complete sentences, questions, idiom, punctuation, any other suitable language
elements or structures, or any combination thereof, For example, the question [Who was the
first person to fly an airplane?] is a natural language question. In contrast, formal language
follow relatively more constrained rules of grammar and syntax. An example of formal
language is a computer programming language such as C or BASIC. It will be understood
that queries, including natural language queries, may be in any suitable language such as
English, French, Chinese, and so on. It will be understood that in some implementations, the
system need not receive a natural language query and may receive a query in any suitable
form. Tt will also be understood that the system may receive questions, provide questions for
answering, receive responses, provide answers, and perform any other suitable steps using
natural language, formal language, keywords, voice, video, images, any other suitable
communication technique, or any combination thereof. Natural language processing is
described in detail below in relation to FIG, 3.

<4 -
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{6023} The system identifies one or more attributes of at least one entity, where the at
least one entity corresponds to the entity reference. Attribute, as used herein, refers to any
feature or characteristio associated with an entity that the systom may identify based on the
set of results. In an example, for the entity John Adams, the system might identify, in the set
of results, attributes including {second president], [Abigail Adams], and [Alien and Sedition
Acts]. The system generates one or more additional queries, such as one or more augmented
versions of the original search query, for an entity corresponding to the identified entity
reference using the identified atiributes.

{06024} Referring back to FIG. 1, system 180 includes search query block 102,
structure data block 184, processing block 186, content block 188, and output block 114,
Systern 168 may include any suitable hardware, sofiware, or both for implementing the
features described in the present disclosure and will generally be referred to, herein, as the
system. In some implementations, system 108 receives a search query containing an entity
reference in search gquery block 102, Processing block 186 processes the search query trom
search query block 182, data from structured data block 184, and content from content block
108 to determine a set of results that is provided to output block 118, In some
implementations, processing block 186 identifies one or more entities corresponding to
identical to similar entity references from the set of results and distinguishes between the
distinet, identified entities. Processing block 166 identifies one or more attributes of an
identified entity based on the search query from search query block 162, information from
structured data block 104 and content block 188, and the set of results, Processing block 186
generates additional search gueries based on the search query from search query block 162
and the identified attributes, The additional search gueries may be displayed in output block
118, In some implementations, output block 116 is used to update a set of results based on
the additional search queries generated in processing block 186,

{8815} Structured data block 104 may include a data structure containing structured
or otherwise organized, information. In some implementations, structured data block 164
contains one or more of , data graphs, databases, indexes, any other suttable collection of
content, or any combination thereof,

{B026] In some implementations, structured data block 184 includes a data graph. In
some implementations, a data graph includes data organized in a graph containing nodes and
edges. The data of a data graph may include information about relationships between things
and concepts, and this information may be represented as nodes and edges of a graph. The
nodes of a data graph each contain a piece or pieces of data and the edges represent

w5
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relationships between the data contained in the nodes that the edges connect. A knowledge
graph, which is a particular implementation of a data graph, is described below in FIGS. 6-8.
0027} Content block 108 includes data related to web sites and other such
searchable and/or indexed data sources. In an example, content block 188 includes an index
of webpages on the internet containing text, images, videos, links, other suitable content, and
any combination thereof. In some buplementations, content block 188 includes information
from a database, private intranet, public network, private network, any other suitable
collection of information, or any combination thereof. In some implementations, content
block 188 includes content used by a search engine such as a query processing engine o
determine search results. It will be understood that content block 188 may include both
structured and unstructured data. Content block 108 may include data derived from
ensiructured data. For example, content block 108 may include structured data culled from
websites, t.e., unstructured data, regarding entity references and associated atiributes as
determined from the source websiies.

{B028] System 14 provides a set of results in processing block 186 for the search
guery from search query block 182, System 108 may determine the set of resulis based on
data from data block 184, data from content block 108, any other suitable data, or any
combination thereof. In some implementations, processing block 186 identifies entities in the
set of resulis that correspond to the entity reference received in search query block 182,
{0029} System 180 identifies one or more atiributes for at least one entity in
processing block 186, In some implementations, system 188 may select the at least one
entity for which attributes will be identified in processing block 106 based on content block
166, structured data block 104, any other suitable data, or any combination thereof,

[BG36] System 180 generates one or more additional search queries in processing
block 186 based on the identified atiributes. In some implementations, processing block 166
ranks the identified atiributes and generates one or more additional search queries based on
the identified attributes and the ranking. Generating additional search queries is discussed in
detail below in relation o FIG, §. In some implementations, processing block 186 provides
the additional search gueries to output block 119 for display.

{8831} System 188 provides an updated set of results in output block 110, System
168 may update the set of results based on one or more user-selected additional search
gueries in processing block 106. In some implementations, system 188 bases the selection on
data from data block 184, content from content block 188, any other suitable content, or any

combination thereof.
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180313} FIG. 2 shows an iHustrative example of a user interface for providing a set of
results in accordance with some implementations of the present disclosure. In some
implementations, user interface 280 includes search query box 218 containing received
search query 282, In some implementations, search query 282 is received using textual input,
voice command, image drag-and-drop, gesture recognition, camera input, any other suitable
technique, or any combination thereof. In some implementations, search button 228 receives
user input indicating a desived search. The search bution may be activated, for example,
using input received using a mouse or touchpad, and activation of the search bution causes
search results to be presented. Search query 202 and corresponding search results, including,
for example, SearchResultl 284, SearchResult? 286, and ScarchResult3 248 are shown, The
system may parse search query 282 to identify one or more associated entity references. In
some impiementations, the system uses natural language processing to parse a search query
202. Natural language processing is discussed in detail below in relation to ¥I{. 3.

{0033} In some implementations, the systern identifies Entity! 212, Entity? 214, and
Entity3 216 from the search results based on whether the entity reference corresponds to the
entity. In some implementations, the system identifies entities 212, 214, and 216 by parsing
each result in the set of resulis 284, 286, and 208. In some implementations, the system uses
natural language processing o parse each result in the set of results. In some
implementations, each result in the set of results is associated respectively with at least one
entity. Tn some implementations, the system displays identified entities 212, 214, and 216 in
entity selection panel 218, In another example, identified entities 212, 214, and 216 may be
displayed in a profile card or other suitable mediom for display. Entity selection box 218
may inchide a mechanism for selection and de-selection of entities 212, 214, and 216, Inthe
illustrated example, entity selection panel 218 provides clickable hyperlinks for entities 212,
214, and 216, that may receive user input for selection and de-selection of the entities. In
another example, checkboxes may be used for selection and de-selection of entities 212, 234,
and 216, In some implementations, the system may select one or more entities, for example
Entity2 214,

{6634} ¥IG. 3 shows illustrative natural language processing diagram 388 in
accordance with some implementations of the present disclosure. In some implementations,
the search system uses natural language processing to parse a search query. Parsing may
include identifying words, parts of speech, meanings, and relationships between words in the

query,



WO 2014/150801 PCT/US2014/024271

{8035 Diagram 304 shows the natural language processing of the search query "Tom
Hanks Movies in 2010." In some implementations, the search system divides the query into
search units "Tom Hanks” 384, "Movies” 382, "lo" 306 and "2010" 368, In some
implementations, the search system divides the search query based on a phrase dictionary,
search history, user preferences, predetermined parameters, system seltings, any other
suitable parameters, or any cornbination thereof, In some implementations, the search system
determines the part of speech of cach search unit. For example, the search system may
determine that "Movies” 382 is a common noun, "Tom Hanks" 364 is a proper noun, "In" 366
is a preposition, and "2010" 388 is a number. It will be understood that this particular part of
speech notation is merely an example and that any suitable identification, notation, or both
may be used. In some implementations, the search system detenmines the semantic function
or dependency of the search unit in the search guery. For example, the search system may
determine that "Movies” 382 is the root of the query, "Tom Hanks" 384 is a noun modifier,
which means that it modifies the root, "In"™ 386 is 3 preposition, and "2010" 308 is the object
of the preposition. In some implementations, the search system assigns a directional
relationship between the search units as illusirated in diagram 30¢. For example, "In" 306
and "Tom Hanks"” 384 is a child node of the root "Movies” 302, and 2010 is a child of "In"
386. In some implementations, natural language processing is used to identify related nodes
in a knowledge graph, uses information from the knowledge graph, relates to a data structure
such as the knowledge graph in any suitable way, or any combination thereof. It will also be
understood that the search system may perform natural language processing without relying
on the knowledge graph,

{0036} FIG. 4 shows an ilustrative example of a user interface 408 for providing
additional search queries in accordance with some implementations of the present disclosure,
In some implementations, user interface 408 includes search query box 412 and search bution
416. Search query 482 is shown and corresponding identified entities are presented in entity
selection panel 484, In some implementations, the system may provide search resulls
associated with at least one selected entity, For example, Entity2 414 is shown as selected in
entity selection panel 484, Search results for Entity?2 414, are shown, for example, as search
results 486, In some implementations, the system provides entity panel 484 for switching
between entity selections and for selecting more than one entity,

(86371 The system identifies one or move atfributes for selected Entity? 414, In some
implementations, the system parses cach result in a set of results associated with the selected
entity to identify the one or more attributes. In some implementations the system uses natural

<8 -
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fanguage processing, as described above in relation to FIG. 3, to parse each result ina set of
results, For example, in a web search engine context, the system may be configured fo access
and parse webpages in order to identify entity references contained in the webpages as well
as aftribute information associated with respective entity references also contained in the
websties. Attribute information can also be derived from structured data, such as structured
data 184, in which entity references are looked up and associated attribute information can be
readily identified.

{0381 In some implementations, the system generates one or more additional search
gueries based on the search query, the at least one selected entity, and the one or more
attributes, In some implementations, the system may augment the search query with the one
or more attributes to generate one or more additional queries 418, In some implerentations,
the system ranks the one or more attributes and generates one or more additional search
queries based on the search query, the at least oune entity, the one or more atfributes, and the
ranking of the one or more atiributes. In some implementations, the system may use the
ranking to order the display of the one or more additional search queries. For example, the
systermn may display a list of additional search queries, and in the list, an additional search
guery based on a higher ranking attribute may appear nearer the top of the list than an
additional search query based on a lower ranking attribute. o some implementations the
system may use the ranking to determine which of the one or more attributes fo use in
generating one or more additional search queries. For example, if an attribute has a
particularly low ranking relative to the other of the one or more atiributes, the system may
determine not to use the ativibute o generate an additional search query.

{8039] In some implementations, the ranking is based on the number of occurrences,
frequency of cocurrence, or both of one or more atiributes in a document, such as a webpage,
where number is an absolute count within a document and frequency s a count within the
document normalized by the length of the document. In some implementations, the system
determines the ranking based in part on the number of occurrence, frequency of oceurrence,
or both, of the one or more attributes across a number of documents, In an example, an
attribute occurring at a location proximate to the selected entity may be ranked higher than an
attribute occurring at a location distal to the selected entity. The location with respect to the
layout of the document may be based on, for example, whether an attribute occurs at the top
of the page, in the first sentence of a paragraph, within a title, within a picture caption, or in

any other suitably prominent place in the document. In some implementations, the sysiem
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determines the ranking based in part on one or more of the location, number of occurrence,
and frequency of occurrence.

HHIETH: In some implementations, the system determines a ranking based in part on the
document where the attribute ocours. For example, a webpage may be associated with a
popularity score, a freshness score, a rating based on the nurober of hyperlinks to and from
that page, a manual ranking, any other suitable metric, or any combination thereof. In some
implementations, the system determines the ranking based in part on one or more of those
document rankings.

8841 In some implementations, the system may scale, normalize, weigh, corbine
with other data, or otherwise adjust the ranking based on page quality, freshness, popularity,
user input, system design, any other suitable criteria, or any combination thereof. Inan
exampile, the rank of a first attribute from a recently updated webpage may be weighted with
a higher weight than the rank of a second attribute from an older webpage. In another
example, the ranking across a number of webpages may be normalized such that each
document has the same relative coniribution to an aggregate ranking. In another example,
ranks from highly visited webpages are assigned a higher weight than ranks from
infrequently visited websites. It will be understood that any of the foregoeing ranking
techniques, any other suitable ranking technigue, or combination thereof, may be used to
determine a ranking of the one or more attributes.

in some implementations, the system displays the one or more additional search queries, for
example, on the search screen in query selection box 418,

8042} FIG. 5 shows an illustrative example of a user interface 568 for updating
search results in accordance with some implementations of the present disclosure, In some
implementations, user interface 588 includes search guery box 512 and search button §16.
One or more additional search queries, for example, [Entity2+Atiributel] 518,
[Entity2-+Attribute2] 526, [Entity2+Astribute3] 522, [EntityZ+-Attributed] 524, are shown in
query selection box 384, In some Implementations, the system provides a mechanism for
selection and de-selection of the one or more additional search gueries. For example,
checkboxes are an exemplary mechanism for selection and de-selection of the one or more
additional search queries. [Entity2-+Attributel] 518 is shown as selected in the iilustrated
example. In some implementations, the system provides an updated set of search results
using the at least one selected additional search query. More particularly, the system
provides search results for the search query represented by selected query 518 in place of the
original search query 582, This effectively aliows a user to perform g more comprehensive

-10 -
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search on an entity having a specific attribute that may not have been explicit in the original
search query 582, and therefore may not have resulted in as many useful results when
searched based on original search query 582.

{6043} FIG. 6 is exemplary diagram 680 of illustrative additional search queries in
accordance with some implementations of the present disclosure, The illustrated diagram
shows how the system can process an original search query for [Kate Middleton] in order to
generate and augmented search queries [Kate Middieton] + [wedding], [Kate Middleton] +
[St. Andrews University], and [Kate Middleton] + [sister]. Additional search queries 604,
&06, and 688 are shown with respective corresponding circles 612, 614, and 616
corresponding to respective seis of results are shown. In the illosirated example, a set of
results for selected entity [Kate Middleton] 602 is shown in as an cllipse with a dashed line.
The system identifies three attributes of [Kate Middleton] from the set of results for the
selected entity [Kate Middleton] 682, In the example, three identified attributes—{St.
Andrews University], [wedding], and [sister}—are shown. The system generates an
additional search query for gach of the identified atiributes. In the illustrated example,
additional search gueries [Kate Middleton] + [St. Andrews University] 608, [Kate Middleton]
+ [sister] 686, and [Kate Middleton] + [wedding] 684 are shown. The system may provide
these three additional search queries to a user for selection of one or more to be used to
update the set of results, For example, updating the set of results based on additional search
guery [Kate Middleton] + [sister] 686 would result in the updated set of results represented
by the corresponding checkered circle 686, Generally, ¥ will be understood that each of the
one or more additional search queries may result in updated sets of results that overlap with
one or more of the other additional search queries. For example, a webpage discussing Kate
Middieton's wedding and her sister Pippa Middleton as the maid of honor may appear in the
updated set of results for additional query [Kate Middleton] + [sister] 686 and in the updated
set of resuits for additional query [Kate Middieton] + [wedding] 604, It will also be
understood that the updated set of results for each of the one or more additional queries
includes at least one reference that is not in the set of results for the at least one entity. As
shown in the illusirated example, the circle with the dashed lne corresponding to the set of
resuits associated with the entity {Kate Middleton] 682 includes some but not ali results
found in each of the three updated set of resulis 612, 614, and 618 for additional search
queries §834, 606, and 608, In an example, the additional search query [Kate Middleton] +

[sister] would return the set of results shown in the figure as a checkered circle 686, which
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includes webpages that are within and without the set of results 618 {or [Kate Middleton]
661,

[18844] FIG. 7 shows an illustrative data graph containing nodes and edges in
accordance with some implementations of the present disclosure. In some implementations,
data in data structure 184 of FIG. 1 is stored as a data graph. In some implementations,
iHustrative data graph 768 is a portion of a knowledge graph. The knowledge graph isa
particular implementation of a data graph and will be described in further detatl in relation to
FIGS, 8 and 9 below. It will be understood that the data graph implementation of FiG, 6,
and the knowledge graph, are merely examples of a data structure that may be used by the
system to store entity references and other data, and that any suitable data format may be
used. For example, data in data structure 184 of FIG. ¥ may be stored as a list of entities and
associated entity types. Data stored by the data structure may include any suitable data such
as references to data, text, images, characters, computer files, databases, any other suitable
data, or any combination thereof. It will be understood that in some implementations, the
node and edge description is merely illustrative and that the construction of the data structure
may include any suitable technique for deseribing information and relationships. In an
example, nodes may be assigned a unigue identification number, and an edge may be
described using the identification numbers that a particular edge connects. It will be
anderstood that the representation of data as a graph is merely exemplary and that data may
be stored, for example, as a computer file including pieces of data and links and/or references
to other pleces of data.

[§045] In some implementations, data may be organized in a database using any one
or more data structuring technigues. For example, data may be organized in a graph
containing nodes connected by edges. In some implementations, the data may include
statements about relationships between things and concepts, and those statements may be
represented as nodes and edpes of a graph. The nodes each contain a piece or pleces of data
and the edges represent relationships between the data contained in the nodes that the edges
connect, In some implementations, the graph includes one or more pairs of nodes connected
by an edge. The edge, and thus the graph, may be directed, 7.¢. unidirectional, undirecied, fe.
bidirectional, or both, {.e. one or more edges may be undirected and one or more edges may
be directional in the same graph. Nodes may include any suitable data or data representation.
Hdges may describe any suitable relationships between the data. In some implementations,
an edge 18 labeled or annotated, such that it includes both the connection between the nodes,

and descriptive information about that connection. A particular node may be connected by
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distinet edges to one or more other nodes, or to itself, such that an extended graph is formed.
For purposes of clarity, a graph based on the structure described immediately above is
referred to herein as a knowledge graph. In some implementations, the knowledge graph may
be a useful for representing information and in providing information in search.

{8846] FEG. 7 shows an illustrative data graph containing nodes and edges in
accordance with some implementations of the present disclosure. In some implementations,
iHustrative data graph 708 is a portion of a knowledge graph. The knowledge graph will be
described in further detail in relation to FIGS. 8 and 9 below. It will be understood that the
data graph implementation of FIG. 7, and in particular the knowledge graph, is merely an
example of a data structure that may be used by the system and that any suitable data
structure or data format may be used. Data stored by the data structure may include any
suitable data such as references to data, text, images, characters, computer files, databases,
any other suitable data, or any combination thereof. It will be understood that in some
implementations, the node and edge description is merely illostrative and that the
construction of the data structure may include any suitable technique for describing
information and relationships. In an example, nodes may be assigued a unique identification
number, and an edge may be described using the identification numbers that g particular edge
connects. It will be understood that the representation of data as a graph is merely exemplary
and that data may be stored, for example, as a coraputer file including pieces of data and links
and/or references to other pieces of data,

{6847] In some implementations, data may be organized in a database using any one
or more data structuring technigues. For example, data may be organized in a graph
containing nodes connected by edges. In some implementations, the data may nclude
statements about relationships between things and concepts, and those statements may be
represented as nodes and edges of a graph. The nodes each contain a piece or pieces of data
and the edges represent relationships between the data contained in the nodes that the edges
connect. In some implementations, the graph includes one or wore pairs of nodes connected
by an edge, In some implementations, the edge, and thus the graph, may be directed,
undirected, or both. In an example, directed edges form a unidirectional connection. In an
example, undirected edges form bidirectional connections. In an example, a combination of
both directed and undirected edges may be included in the same graph. Nodes may include
any suitable data or data representation. Edges may deseribe any suitable relationships
between the data. In some implementations, an edge s labeled or annotated, such that it

includes both the connection between the nodes, and deseriptive information about that
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connection. It will be understood that in some implementations, edges between data sources
need not be labeled. A particular node may be connected by distinet edges to one or more
other nodes, or to itself, such that an extended graph is formed.

{6048} in some implementations, the grouping of an edge and two nodes is referred to
as a triple. The triple represents the relationship between the nodes, or in some
implementations, between the node and itself. In some implementations, higher order
relationships are modeled, such as quaternary and m-ary relationships, where # is an integer
greater than 2. In some implementations, information modeling the relationship is stored in a
node, which may be referred to as a mediator node. In an example, the information "Person
X Donates Artifact ¥ To Museum Z" is stored in a mediator node connected entity nodes to
X, Y, and 7, where cach edge identifies the role of each respective connected entity node.
{0049] Hiustrative graph 768 includes nodes 702, 784, 786, and 788, Data graph 708
includes edge 718 connecting node 782 and node 784, Data graph 780 includes edge 712
connecting node 782 and node 766, Data graph 780 includes edge 714 connecting node 704
and node 7088, Data graph 708 includes edge 716 and edge 718 connecting node 782 and
node 768, Data graph 788 includes edge 728 connecting node 788 to itself. Each
aforementioned group of an edge and one or two distinet nodes may be referred to as a triple
or 3-tuple. As illustrated, node 762 is directly connected by edges to three other nodes, while
nodes 784 and 788 are directly connected by edges 1o two other nodes. Node 786 is
connected by an edge to only one other node, and in some implementations, node 706 s
referred to as a terminal node. As illustrated, nodes 782 and 788 are connected by two edges,
indicating that the relationship between the nodes is defined by more than one property. As
tilustrated, node 708 is connected by edge 728 to itself] indicating that a node may relate to
itself. While illusirative data graph 780 contains edges that are not labeled as directional, it
will be understood that each edge may be unidirections! or bidirectional. It will be
understood that this example of a graph is merely an example and that any suitable size or
arrangement of nodes and edges may be employed.

{88501 FIG. 8 shows illustrative knowledge graph portion 888 in accordance with
some implementations of the present disclosure. A knowledge graph is a particular
implementation of a data graph as iffustrated above in relation to data graph 748 of FIG. 7.
(8651} Generally, nodes in a knowledge graph can be grouped into several categories.
Nodes may represent, for example, entities, organizational data such as entity types and

properties, literal values, and models of relationships between other nodes.
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{8052} An edge in a knowledge graph may represent a semantic connection defining a
relationship between two nodes. The edge may represent 8 prepositional statement such as
iIs A}, [Has A}, {Is Of A Type], [Has Property], [Has Value], any other suitagble statement, or
any combination thereof. For example, the entity node of a particular person may be
connected by a [Date Of Birth] edge to a terminal node containing a lteral of his or her
specific date of birth. In some implementations, the properties defined by edge connections
of an entity may relate to nodes connected to the type of that entity. For example, the entity
type node [Movie] may be connected to entity nodes [Actor] and [Director], and a particular
movie may be connected by an edge property [Has Actor] to an entity node representing a
particular actor.

{00531 In some implementations, a node of a knowledge graph represents an entity.
An entity is a thing or concept that is singular, unique, well-defined and distinguishable. For
example, an entity may be a person, place, item, idea, abstract concept, concreie element,
other suitable thing, or any combination thereof. It will be understood that in some
implementations, the data graph contains an entity reference, and not the physical
embodiment of the entity. For example, an entity may be the physical embodiment of George
Washington, while an entity reference is an abstract concept that refers to George
Washingion, In another example, the entity "New York City" refers to the physical city, and
the data graph uses a concept of the physical ¢ity as represented by, for example, an element
in a data structure, the name of the entity, any other suitable element, or any combination
thereof. Where appropriate, based on context, it will be understood that the term entity as
used herein may correspond to an entity reference, and the term entity reference as used
herein may correspond to an entity.

{8054] Generally, entities include things or concepts represented Hnguistically by
nouns. For example, the color [Blue], the city {San Franciscol, and the imaginary animal
{Unicom] may each be entities. An entity reference generally refers to the concept of the
entity, For example, the entity reference [New York City] refers to the physical city, and the
data graph uses a concept of the physical city as represented by, for example, an elewent ina
data structure, the name of the entity, any other suitable element, or any combination thereof.
[0655] In some implementations, a node representing organizational data may be
included in a knowledge graph. These may be referred to herein as entity type nodes, As
used herein, an entity type node may refer to a node in a knowledge graph, while an entity
type may refer to the concept represented by an entity type node. An entity type may be a
defining characteristic of an entity. For example, entity type node Y may be connected to an
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entity node X by an {Is A} edge or link, discussed further below, such that the graph
represents the information "The Batity X Is Type ¥Y." For exampile, the entity node {George
Washington] may be connecied to the entity type node [President]. An entity node may be
connected to multiple entity type nodes, for example, [George Washington] may also be
connecied to entity type node [Person] and to entity type node [Military Commander]. In
another example, the entity type node [City] may be connected to entity nodes [New York
City] and [San Franciscol. In another example, the concept [Tall People], although
incompletely defined as a definition of the property {tall] is not necessarily known, roay exist
as an entity type node. To some implementations, the presence of the entity type node [Tall
People], and other entity type nodes, may be based on user inferaction,

{8056} In some implementations, an entity type node may include or be connected o
data about: a list of properties associated with that entity type node, the domain fo which that
entity type node belongs, descriptions, values, any other suitable information, or any
combination thereof. A domain refers to a collection of related entity types. For example,
the domain [Film] may include, for example, the entity types [Actor], [Drector], [Filming
Location], [Movie], any other suitable entity type, or any combination thereof. In some
implementations, entities are associated with types in more than one domain. For example,
the entity node [Benjamin Franklin] may be connected with the entity type node [Politician]
in the domain [Government] as well as the entity type node {Inventor] in the domain
{Business].

68871 In some implementations, a node may include or connect to data defining one
or more atiributes. These may be referred to as attribute references and/or properties. The
atiribute references may define a particular characteristic of the node. The particular atiribute
references of a node may depend on what the node represents, In some implementations, an
entity reference node may include or connect to: attribute references describing the entity
reference, a unique identification reference, a Hst of entity types associated with the node, a
list of differentiation aliases for the node, data associated with the entity reference, a textual
description of the entity reference, links to a textual description of the entity reference, other
suitable information, or any combination thereof. As described above, nodes may contain a
reference or link to long text strings and other information stored in one or more documents
external to the data graph. In some implementations, the storage technique may depend on
the pasticular information. For example, a unique identification reference may be stored

within the node, a short information string may be stored in a terminal node as a literal, and a
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fong description of an entity may be stored in ap external document linked to by a reference
in the data graph.

{8058] Specific values, in some implementations referred to as literals, may be
associated with a particular entity in a8 terminal node by an edge defining the relationship.
Literals may refer to values and/or strings of information. For example, literals may include
dates, names, and/or numbers, In an example, the entity node {San Francisco} may be
connected to a terminal node containing the literal [813000] by an edge annotated with the
property {Has Population]. In some implementations, terminal nodes may contain a reference
or link to long text strings and other information stored in one or more documents external to
the knowledge graph. In some implementations, literals are stored as nodes in the knowledge
graph. In some implementations, literals are stored in the knowledge graph but are not
assigned a unique identification reference as described below, and are not capable of being
associated with multiple entities. In some implementations, literal type nodes may define a
type of literal, for example {Date/Time], [Number], or [GPS Coordinates].

{8059} in some implementations, nodes and edges define the relationship between an
entity type node and its properties, thus defining a schema. For example, an edge may
connect an entity type node to a node associated with a property, which may be referred to as
a property node. Eutities of the type may be connected to nodes defining particular values of
those properties. For example, the entity type node [Person] may be connected to property
node [Date of Birth] and a node [Height], Further, the node [Date of Birth] may be
connected o the literal type node [Date/Time], indicating that literals associated with [Date
of Birth] include date/time information. The entity node [George Washington], which is
connected o entity type node [Person] by an {Is A edge, may also be connected to a literal
[Feb 22, 1732} by the edge {Has Date Of Birth]. In some implementations, the entity node
[George Washington] is connected to a {Date Of Birth] property node. It will be understood
that in some implementations, both schema and data are modeled and stored in a knowledge
graph using the same technigue. In this way, both schema and data can be accessed by the
sarne search techniques. In some implementations, schemas are stored in a separate table,
graph, list, other data structure, or any combination thereof. It will also be understood that
properties may be modeled by nodes, edges, literals, any other suitable data, or any
combination thereof.

[B060] For example, the entity node {George Washington] may be counected by an
[Is A] edge to the entity type node representing [Personi, thus indicating an entity type of the
entity, and may also be connected to a literal [Feb 22, 1732] by the edge [Has Date Of Birth],
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thus defining a property of the entify. In this way, the knowledge graph defines both entity
types and properties associated with a particular entity by connecting to other nodes. In some
implementations, {Feb 22, 1732] may be a node, such that it is connected o other events
occurring on that date. Tn some implementations, the date may be further connected to a year
node, a month node, and a day of node. It will be understood that this information may be
stored in any suitable combination of literals, nodes, terminal nodes, interconnected entities,
anty other suitable arrangement, or any combination thereof,

{0061} in some implementations, entity types, properties, and other suitable content is
created, defined, redefined, altered, or otherwise generated by any suitable technique. For
example, content may be generated by manual user input, by automatic responses (o user
interactions, by importation of data from external sources, by any other suitable technique, or
any combination thereof. For example, if a commonly searched for term is not represented in
the knowledge graph, one or more nodes representing that node may be added, In ancther
example, a user may manually add information and organizational structures.

{00621 in some implementations, the knowledge graph may include information for
differentiation and disambiguation of terms and/or entities. As used herein, ditferentiation
refers 1o the many-to-one situation where multiple names are associated with a single entity.
As used herein, disambiguation refers to the one-fo-many stfuation where the same name is
associated with multiple entities. In some implementations, nodes may be assigned a unique
identification reference. In some implementations, the unique identification reference may be
an alphanumeric string, a name, a nomber, a binary code, any other suitable identifier, or any
combination thereof. The unique identification reference may allow the system 1o assign
unigue references to nodes with the same or similar textual identifiers. In some
implementations, the unigue dentifiers and other techniques are used in differentiation,
disambiguation, or both. For example, there may be an entity reference node related to the
city {Philadelphial, an entity reference node related to the movie [Philadelphial, and an entity
reference node related o the cream cheese brand [Philadelphial. Each of these nodes may
have a unigue identification reference, stored for example as a number, for disambiguation
within the data graph. In some imnplementations, disambiguation in the data graph is
provided by the connections and relationships between multiple nodes. For exampile, the city
[New York] may be disambiguated from the state [New York] because the city is connected
to an entity type [City] and the state is connected {0 an entity type [State]. It will be
understood that more complex relationships may also define and disambiguate nodes. For
gxample, a node may be defined by associated entity types, by other entity references
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connected to it by particular properties, by its name, by any other suitable information, or any
combination thereof. These connections may be useful in disambiguating, for example, the
node [Georgial that is connected to the node [United States] may be understood represent the
U.S. State, while the node [Georgia] connected fo the nodes {Asia} and [Eastern Europe] may
be understood to represent the country in eastern Europe.

8663} Knowledge graph portion 888 includes information related to the entity
[George Washington], represented by [George Washington] node 882, {George Washingion]
node 882 is connected to [U.S, President] entity type node 884 by [Is A] edge 814 with the
semantic content {Is A}, such that the 3-tuple defined by nodes 862 and 884 and the edge 814
contains the information "George Washington is a U.S, President.” Similarly, "Thomas
Jefferson Is A ULS. President” is represented by the tuple of [Thomas Jeffersoni node 81§, {is
Al edge 828, and [U.S, President] node 884, Knowledge graph portion 884 includes entity
type nodes {Person} 824, and [U.S. President] node 884, The person type is defined in part
by the connections from [Person] node 824, For example, the type [Person] is defined as
having the property [Date Of Birth] by node 838 and edge 832, and is defined as having the
property {Gender] by node 834 and edge 836, These relationships define in part a schema
associated with the entity type {Person].

{B064] {George Washington] node 882 is shown in knowledge graph portion 868 to
be of the entity types [Person] and [U.S. President], and thus s connected o nodes containing
values associated with those types. For example, [George Washington] node 882 is
connected by [Has Gender] edge 818 to {Male] node 886, thus indicating that "George
Washington has gender Male.” Further, {Male] node 886 may be connected to the {Gender]
node 834 indicating that "Male Is A Type Of Gender.” Similarly, [George Washington] node
802 is be connected by {Has Date of Birth] edge 816 to [Feb 22, 1732] node 888§, thus
indicating that "George Washington Has Date Of Birth Feb 22, 1732." [George Washington]
node 882 may also be connected to [1789] node 828 by [Has Assumed Office Date] edge
812.

[B065] Knowledge graph portion 880 also includes [Thomas Jefferson] node 818,
connecied by {Is A} edge 820 to entity type [U.S. President] node 804 and by [Is A] edge 828
to [Person] entity type node §24. Thus, knowiedge graph portion 888 indicates that "Thomas
Jefferson” has the entity types "U.S. President” and "Person.” In some implementations,
[Thomas Jefferson] node 818 is connected to nodes not shown in FIG. 8 referencing his date

of birth, gender, and assumed office date.
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[G066] It will be understood that knowledge graph portion 888 is merely an example
and that it may include nodes and edges not shown, For example, [U.S. President] node 884
may be connected to all of the ULS. Presidents, {U.S. President] node 884 may also be
connected to properties related to the entity type such as a duration of term, for example [4
Years], a term Himit, for example {2 Terms], a location of office, for example {Washington
..}, any other suitable data, or any combination thereof. For example, [ULS. President]
node B84 is connected to {Assumed Office Date] node 838 by [Has Property] edge 848,
defining in part a schema for the type [ULS. President]. Similarly, [Thomas Jefferson] node
818 may be connected to any suitable number of nodes containing further information related
to his illustrated entity type nodes [U.S. President], and [Person], and to other entity type
nodes not shown such as {Inventor], [Vice President], and {Author]. In a further example,
[Person] node 824 may be conngcted to all entities in the knowledge graph with the type
[Person}. In g further example, [1789] node 828 may be connected to all events in the
knowledge graph with the property of year [1789]. [1789] node 828 is unigue to the year
1789, and disambiguated from, for example, a book entitled [1789], not shown in FIG. 8, by
its unigue Wentification reference. In some implementations, [1789] node 828 is connected
to the entity type node {Yearl.

18667} FIG. 9 shows illustrative knowledge graph portion 888 in accordance with
some implementations of the present disclosure. Knowledge graph portion 888 includes
[California] node 482, which may also be associated with differentiation aliases such as, for
example, [CAL [Calif ], {Golden State], any other suitable differentiation aliases, or any
combination thereof. In some implementations, these differentiations are stored in
[California] node 902, California is connected by {1z A] edge 984 o the [U.S. State] entity
type node 986, [New York] node 918 and {Texas] node 914 are also connected to [ULS,
State} node 886 by {Is A} edges 888 and 912, respectively, {{California] node 802 is
connected by [Has Capital City] edge 928 to [Sacramento] node 932, indicating the
information that "California Has Capital City Sacramento.” Sacramento node %22 is further
connected by [Is A edge 924 to the [City] entity type node 926. Similarly, [Texas] node 914
is connected by [Has City} edge 928 to [Houston] node 928, which is further connected to the
[City] entity type node 926 by [Is A} edge 848, [California] node 902 is connected by {Has
Population] edge 916 to node 918 containing the lieral value [37,691,912]. To an example,
the particular value [37,691,912] may be periodically automatically updated by the
knowledge graph based on an external website or other source of data. Knowledge graph

portion 384 may include other nodes not shown, For example, [U.S, State] entity type node
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586 may be connected to nodes defining properties of that type such as [Population] and
{Capital City]. These type—property relationships may be used to define other relationships
in knowledge graph portion 968 such as [Has Population] edge 916 connecting entity node
[California] 982 with terminal node 918 contalning the literal defining the population of
California.

{3068} It will be understood that while knowledge graph portion 8§80 of FIG. 8 and
knowledge graph portion %00 of FIG. 9 show portions of a knowledge graph, all pieces of
information may be contained within a single graph and that these selections iHlustrated
herein are merely an example. In some implementations, separate knowledge graphs are
maintained for different respective domains, for different respective entity types, or according
to any other suitable delimiting characteristic. In some implementations, separate knowledge
graphs are maintained according 1o size constraints, In some implementations, a single
knowledge graph is maintained for all entities and entity types.

{6069 A knowledge graph, or any other suitable data structure, may be implemented
using any suitable software constructs. In an example, a knowledge graph is implemented
using object oriented constructs in which each node is an object with associated functions and
variables. Edges, in this context, may be objects having associated functions and variables,
In some implementations, data contained in a knowledge graph, pointed to by nodes of a
knowledge graph, or both, is stored in any suitable one or more data repositories across one
or more servers located in one or more geographic locations coupled by any suitable network
architecture,

{06701 FIG. 18 shows a flow diagram 1000 of tllustrative steps for providing search
results in accordance with some implementations of the present disclosure. Hustrative steps
to receive a search qguery associated with an entity reference 1682, provide a set of resulis for
the search query, where the set of results distinguishes between distinct entities 1084, identify
one or more atiributes of at least one entity of the one or more distinet entities based on the
set of results 1006, generate one or more additional search gueries based on the search query,
the at least one entity, and the one or more atiributes 1808, receive an input selecting at least
one or more of the additional search queries 1810, and provide an updated set of results based
on the selected one or more additional search queries 1612,

{8071} fn some implementations, the system may implement steps 1684, 1086, and
1808 based at least in part on the kanowledge graph, or any other suitable data graph, as
discussed in detail in relation to FEGS. 7-9. For example, the knowledge graph may be used
as a source of data for structured data block 184 of FIG. 1.
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16672} in some implementations, the system may be used to provide search results
based on medical related search queries. For example, if a search query is provided to the
system that includes an entity reference related to a particular health condition, then the
system may provide sugmented queries that contain that entity reference plus related
atiributes. This allows a user to perform more comprehensive searches based on aspects of a
medical condition that is more relevant to that user.

18473} The following description and accompanying FIGS. 11 and 12 describe
iltustrative computer systems that may be used in some implementations of the present
disclosure. ¥t will be understood that elements of FIGS. 11 and 12 are merely exemplary and
that any suitable elements may be added, removed, duplicated, replaced, or otherwise
modified.

{60741 It will be understond that the system may be implemented on any suitable
computer or combination of computers. In some implementations, the system is implemented
in a distributed computer system inchuding two or more compuoters. In an example, the
system may use a cluster of computers located in one or more locations to perform processing
and storage associated with the system. It will be understood that distributed computing may
include any suitable parallel computing, distributed computing, network hardware, network
software, centralized control, decentralized control, any other suitable implementations, or
any combination thereof.

[B075] FIG. 11 shows illustrative computer system 1188 in accordance with some
implementations of the present disclosure. Systern 1108 may include one or more computing
device 1162, In some implementations, computing device 1182, and any other device of
system 1180, includes one or more computers and/or one or more processors. In somse
implementations, a processor inclades one or more hardware processors, for example,
integrated cireuits, one or more software modules, computer-readable media such as memory,
finmware, or any combination thereof. In some implementations, computing device 1102
includes one or more computer-readable medium storing software, include instructions for
execution by the one or more processors for performing the techniques discussed above with
respect to FIGS. 7 and §, or any other technigques disclosed herein. In some implementations,
computing device 1182 includes a smartphone, {ablet computer, d@skfop computer, laplop
computer, server, personal digital assistant (PDA), portable audio player, portable video
player, roobile gaming device, other suitable user device capable of providing content, or any

combination thereof.
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18476} Computing device 1102 may be coupled to network 1184 directly through
connection 1886, through wireless repeater 1118, by any other suitable way of coupling to
network 1104, or by any combination thereof. Network 1104 may include the Internet, a
dispersed network of computers and servers, a local network, a public intranet, a private
intranet, other coupled computing systems, or any combination thereof.

{8077} Computing device 1182 may be coupled to network 1184 by wired
connection 1106, Connection 1186 may include Ethernet hardware, coaxial cable hardware,
DSL hardware, T-1 hardware, fiber optic hardware, analog phone line hardware, any other
suitable wired hardware capable of communicating, or any combination thereof, Connection
1166 may include fransimission techniques including TCP/IP transmission techniques, IEEE
1112 transmission techniques, Ethernet transmission techniques, DS transmission
techniques, fiber optic transmission techniques, ITU-T transmission techniques, any other
suitable transmission fechniques, or any combination thereof.

{8678} Computing device 1182 may be wirelessly coupled to network 1104 by
wireless connection 1188, In some implementations, wireless repeater 1114 receives
iransmitted information from computing device 1182 by wireless connection 1188 and
communicates it with network 1184 by connection 1112, Wireless repeater 1116 receives
information from network 1184 by connection 1813 and communicates it with computing
device 1182 by wireless connection 1168, In some implementations, wireless connection
1168 may include cellular phone transmission techniques, code division multiple access
{(CDMA) transmission techniques, global system for mobile communications (GSM)
{ransmission techniques, general packet radio service (GPRS) transmission techniques, |
satellite transmission techniques, infrared transmission techniques, Blustooth transmission
techniques, Wi-Fi transmission techniques, WiMax transmission techniques, any other
suitable transmission techniques, or any combination thereof.

{6079 Connection 1112 may include Bthernet hardware, coaxial cable hardware,
DSL hardware, T-1 hardware, fiber optic hardware, analog phone line hardware, wireless
hardware, any other suitable hardware capable of communicating, or any combination
thereof. Connection 1012 may include wired transmission technigues Including TCP/AP
transmission techniques, IEEE 1112 transmission techniques, Ethernef transmission
technigues, DSL transmission techniques, fiber optic transmission techniques, ITU-T
transmission technigues, any other suitable {ransmission techuiques, or any combination
thereof, Connection 1612 may include may include wireless transmission techniques
including cellular phone transmission techniques, code division multiple access (CDMA)
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transmission techniques, global system for mobile communications (GSM} transmission
techuiques, general packet radio service (GPRS) transmission techniques, satellite
transmission techniques, infrared transmission techniques, Bluetooth transmission techniques,
Wi-Fi transmission techuiques, Wibax ransmission techniques, any other suitable
transmission techriques, or any combination thereof,

{B088]  Wireless repeater 1118 may include any number of cellular phone transceivers,
network routers, network switches, communication satellites, other devices for
conumunicating information from computing device 13182 o network 1184, or any
combination thereof. It will be understood that the arrangement of connection 1186, wircless
connection 13108 and connection 1112 is merely illustrative and that system 1168 may include
any suitable number of any suitable devices coupling computing device 1182 to network
1184, It will also be understood that any computing device 1102, may be communicatively
coupled with any user device, remote server, local server, any other suitable processing
equipment, or any combination thereof, and may be coupled using any suitable technigue as
described above,

{0081} In some implementations, any suitable number of remote servers 1114, 1116,
1118, 1128, may be coupled to network 1184, Remote servers may be general purpose,
apecific, or any combination thereof. One or more search engine servers 1122 may be
coupled to the network 1104, In some implementations, search engine server 1122 may
inciude the knowledge graph, may include processing equipment configured to access the
knowledge graph, may include processing equipment configured to receive search queries
related to the knowledge graph, may include any other suitable information or equipment, or
any combination thereof, One or more database servers 1124 may be coupled to network
1184, In some implementations, database server 1124 may store the knowledge graph. In
some implementations, where there is more than one knowledge graph, the more than one
may be included in database server 1124, may be distributed across any suitable number of
database servers and general purpose servers by any suitable technique, or any combination
thercof. It will also be understood that the system may use any suitable number of general
purpose, specific purpose, storage, processing, search, any other suitable server, or any
combination.

16682} FIG. 12 is includes a block diagram of illustrative computing device 1200 in
accordance with some implementations of the present disclosure. FIG. 11 includes
computing device 1288, In some implementations, computing device 1288 corresponds to
computing device 1182 of FIG. 11, a remote computer ilustrated in system 1108 of FIG. 1,
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any other suitable computer corresponding to system 1108 of FIG, 11, any other suitable
device, or any combination thereof, In some implementations, computing device 1218 is an
tllustrative local and/or remote computer that is part of a distributed computing system.
Computing device 1210 may include input/output equipment 1212 and processing equipment
1284, Input/output equipment 1212 may include display 1286, touchscreen 1208, button
1218, accelerometer 1212, global positions system (GPS) receiver 1236, camera 1238,
kevboard 1840, mouse 1842, and audio equipment 1234 including speaker 1214 and
microphone 1216, In some implementations, the equipment of computing device 1208 may
be representative of equipment included in a smartphone user device. It will be understood
that the specific equipraent included in the illusirative computer system may depend on the
type of user device. For example, the input/output equipment 1212 of a desktop computer
may include a keyboard 1848 and mouse 1042 and may omit accelerometer 1212 and GPS
receiver 1236, It will be understood that computing device 1288 may omit any suitable
iltustrated elements, and may include equipment not shown such as media deives, data
storage, communication devices, display devices, processing equipment, any other suitable
gquipment, or any combination thereof.

[BU83] In some implementations, display 1286 may include a Hquid crystal display,
light emitting diode display, organic light emitting diode display, amorphous organic light
emitting diode display, plasma display, cathode ray tube display, projector display, any other
suitable type of display capable of displaying content, or any combination thereof. Display
12686 may be conirolled by display controller 1218 or by processor 1224 in processing
equipment 1204, by processing equipment internal to display 1206, by other controlling
equipment, or by any combination thereof. In some implementations, display 1286 may
display data from a knowledge graph.

{6084} Touchscreen 1288 may include a sensor capable of sensing pressure input,
capacitance input, resistance input, piezoelectric input, optical fuput, acoustic input, any other
suitable input, or any combination thereof. Touchscreen 1288 may be capable of receiving
touch-based gestures. Received gestures may include information relating to one of more
locations on the surface of touchsereen 1288, pressure of the gestare, speed of the gesture,
duration of the gesture, direction of paths traced on its surface by the gesture, motion of the
device in relation to the gesture, other suitable information regarding a gesture, or any
combination thereof. In some implementations, touchscreen 1288 may be optically
transparent and located above or below display 1286, Touchscreen 1208 may be coupled to

and controlled by display controller 1218, sensor controller 1228, processor 1224, any other
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suitable controller, or any combination thereof. In some implementations, touchscreen 1268
may include a virtual keyboard capable of receiving, for example, 2 search query used to
identify data in a knowledge graph.

[BG85] in some embodiements, a gesture receieved by fouchscreen 1208 may cause a
corresponding display element to be displayed substantially concurrently (i.e., immediately
following or with a short delay) by display 1206. For example, when the gesture is a
movement of a finger or stylus along the surface of touchscreen 1288, the system may cause
a visible line of any suitible thickness, color, or pattern indicating the path of the gesture to be
displayed on display 1286, In some implementations, for example, a desktop computer using
a mouse, the functions of the touchscreen may be fully or partially replaced using a mouse
pointer displayed on the display screen.

33861 Button 1218 may be one or more electromechanical push-bution mechanism,
shide mechanism, switch mechanism, rocker mechanism, toggle mechanism, other suitable
mechanism, or any combination thereof, Button 1210 may be included in touchscreen 1208
as a predefined region of the touchscereen {(e.g., soft keys). Button 1218 may be included in
touchsereen 1288 as a region of the touchsereen defined by the system and indicated by
display 1286, Activation of button 1218 may send a signal to sensor controlier 1228,
processor 1224, display controlier 1228, any other suitable processing equipment, or any
combination thereof. Activation of button 1218 may include receiving from the user a
pushing gesture, sliding gesture, touching gesture, pressing gesture, time-based gesture {(e.g.,
based on the duration of a push), any other suitable gesture, or any combination thereof,
[8087] Accelerometer 1212 may be capable of receiving information abowut the
motion characteristics, acceleration characteristics, orientation characteristics, tnelingtion
characteristics and other suitable characteristics, or any combination thereof, of computing
device 1208, Accelerometer 1212 may be a mechanical device, microelectromechanical
(MEMS)} device, nanoelectromechanical (NEMS) device, solid state device, any other
suitable sensing device, or any combination thereof. In some implementations, accelerometer
§212 may be a 3-axis piezoelectric microeleciromechanical integrated circuit which is
configured to sense acceleration, orientation, or other suitable characteristics by sensing a
change in the capacitance of an internal structure. Accelerometer 1212 may be coupled to
touchscreen 1288 such that information received by accelerometer 1212 with respectio a
gesture is used at least in part by processing equipment 1204 to interpret the gesture.

[BG88] (Global positioning system {GPS) receiver 1236 may be capable of receiving
signals from global positioning satellites. In some implementations, GPS receiver 1236 may
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receive information from one or more satellites orbiting the earth, the information including
time, orbit, and other information related to the satellite. This information may be used to
calculate the location of computing device 1208 on the surface of the earth, GPS receiver
1236 may include a barometer {not shown} to improve the accuracy of the location. GPS
receiver 1336 may receive information from other wired and wireless communication sources
regarding the location of computing device 1208, For example, the identity and locstion of
nearby cellular phone towers may be used in place of, or in addition to, GPS data to
determine the location of computing device 13288,

[BG85] Camera 1238 may include one or more sensors to detect light., In some
implementations, camera 1238 may receive video images, still images, or both, Camera 1238
may inciude a charged coupled device (CCD) sensor, a complementary metal oxide
semiconductor (CMOS) sensor, a photocell sensor, an IR sensor, any other suitable sensor, or
any combination thereof. In some implementations, camera 1238 may include a device
capable of generating Hght to illuminate a subject, for example, an LED light. Camera 1238
may communicale information captured by the one or more sensor to sensor coniroller 1226,
to processor 1224, to any other suitable equipment, or any combination thereof. Camera
1238 may include lenses, filters, and other suitable optical equipment. It will be understood
that computing device 1208 may include any suitable number of camera 1238,

{005¢] Audio equipment 1234 may include sensors and processing equipment for
receiving and transmitting information using acoustic or pressure waves. Speaker 1234 may
include equipment to produce acoustic waves in response to a signal. In sorue
implementations, speaker 1214 may include an electroacoustic transducer wherein an
electromagnet is coupled to a diaphragm to produce acoustic waves in response to an
electrical signal. Microphone 1216 may include electroacoustic equipment to convert
acoustic signals into electrical signals. In some implementations, a condenser-type
microphone may use a diaphragm as a portion of a capacitor such that acoustic waves induce
a capacitance change in the device, which may be used as an input signal by computing
device 1268,

6091} Speaker 1214 and microphone 1216 may be contained within computing
device 1268, may be remote devices coupled to computing device 1288 by any suitable wired
or wireless connection, or any combination thereof.

{6692} Speaker 1214 and microphone 1216 of audio equipment 1234 may be coupled
to audio controller 1222 in processing equipment 1204, This controller may send and receive
signals from audio equipment 1234 and perform pre-processing and filtering steps before
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transmitting signals related to the input signals to processor 1224, Speaker 1214 and
microphone 1216 may be coupled directly to processor 1224, Connections from audio
equipment 1234 to processing equipment 1204 may be wired, wireless, other suitable
arrangements for communicating information, or any combination thereof.

8093} Processing equipment 1284 of computing device 1208 may include display
controller 1218, sensor controfler 1226, audio controller 1223, processor 1224, memory 1226,
communication controller 1228, and power supply 1332

84941 Processor 1224 may include circuitry to interpret signals input to computing
device 1288 from, for example, touchscreen 1208 and microphone 1216, Processor 1224
may nclude circuitry to control the output o display 1286 and speaker 1214, Processor 1224
may include circuitry to carry out instructions of a computer program. In some
impiementations, processor 1224 may be an integrated electronic circuit based, capable of
carrying out the instructions of a computer program and include a plurality of inputs and
ouiputs,

{B095] Processor 1224 may be coupled to memory 1226, Memory 1226 may include
random access memory {(RAM), flash memory, programmable read only memory (PROM),
grasable programmabls read only memory {(EPROM), magnetic hard disk drives, magnetic
tape casseties, magnetic floppy disks optical CD-ROM discs, CD-R dises, CD-RW discs,
DYD discs, DVD+R dises, DVD-R discs, any other suitable storage medium, or any
combination thereof.

{8096} The functions of display coniroller 1218, sensor controller 1238, and audio
controller 1222, as have been described above, may be fully or partially roplemented as
discrete components in computing device 1208, fully or partially integrated into processor
1224, combined in part or in full into combined control units, or any combination thereot.
(6097} Communication controller 1228 may be coupled to processor 1224 of
computing device 1268, In some implementations, coramunication controller 1228 may
communicate radio frequency signals using antenna 1238, In some mplementations,
communication controller 1228 may communicate signals using a wired connection, not
shown, Wired and wireless communications communicated by communication controller
1228 may use Ethernet, amplitude modulation, frequency modulation, bifstrean, code
division multiple access {CDMA), global system for mobile communications (GSM), general
packet radio service (GPRS), satellite, infrared, Bluetooth, Wi-Fi, WiMax, any other suitable
communication configuration, or any combination thereof. The functions of communication
controller 1228 may be fully or partially implemented as a discrete component in computing
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device 1208, may be fully or partially included in processor 1224, or any combination
thereof. In some implementations, communication controller 1228 may communicate with a
network such as network 1644 of FIG. 18 and may receive information from a knowledge
graph stored, for example, in database 124 of FIG. 18

{8098} Power supply 1232 may be coupled to processor 1334 and to other
components of computing device 1288, Power supply 1232 may include a lithium-polymer
battery, lithium-lon battery, NiMH battery, alkaline battery, lead-acid battery, fuel cell, solar
panel, thermoelectric generator, any other suitable power source, or any combination thereof,
Power supply 1232 may include a hard wired connection o an electrical power source, and
may include electrical equipment o convert the voltage, frequency, and phase of the
elecirical power spurce input to suitable power for computing device 1288, In some
implementations of power supply 1232, a wall outlet may provide 1020 volts, 60Hz AC. A
circuit of transformers, resistors, inductors, capacitors, transistors, and other suitable
electronic components included in power supply 1232 may convert the 1020V AC from a
wall outlet power (o 5 volts DC. In some implementations of power supply 1232, a lithium-
ion battery including a lithium metal oxide-based cathode and graphite-based anode may
supply 3.7V to the components of computing device 1288, Power supply 1232 may be fully
or partially integrated into computing device 1286, or may function as a stand-alone device.
Power supply 1232 may power computing device 1208 directly, may power computing
device 1200 by charging a battery, may provide power by any other suitable way, or any
combination thereof.

[0099] The foregoing is merely iHustrative of the principles of this disclosure and
various modifications may be made by those skilled in the art without departing from the
scope of this disclosure. The above described implementations are presented for purposes of
illustration and not of limitation. The present disclosure also may take many forms other than
those expliciily described herein, Accordingly, it is emphasized that this disclosure is not
limited to the explicitly disclosed methods, systems, and apparatuses, but is intended to
include variations to and modifications thereof, which are within the spirit of the following

claims,
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What is claimed is:
i. A computer-implemented method comprising:

receiving a search query associated with an entity reference, wherein the entity
reference corresponds to one or more distinct entities;

providing a set of results for the search query wherein the set of resulis
distinguishes between the one or more distinet entities;

identifying one or more attributes of at least one entity of the one or more
distinet entities based at least in part on the set of results;

generating one or more additional search queries based on the search query,
the at least one entity, and the one or more atiributes;

receiving an input selecting at least one of the one or more additional search
gueries; and

providing an updated set of results based on the selected one or more
additional search queries, wherein the updated set of results comprises at least one result not

in the set of results,

2. The method of claim 1, wherein generating one or more additional search queries
comprises:

ranking the identified one or more attributes; and

generating one or more additional search queries based on the search query,

the at least one entity, the one or more attributes, and the ranking.

3. The method of claim 2, wherein the ranking is based on frequency of occurrence.
4, The method of claim 2, wherein the ranking is based on a location of each of the one

or more attributes with respect to the entity reference in the set of results,

5. The method of claim 1, further comprising displaying the one or more additional

search queries.

6. The method of ¢claim 1, wherein identifying one or more atiributes comprises

identifying one or more atiributes from a structured data source,
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7. The method of claim 6, wherein the structured data source is a social graph.
8. The method of claim 6, wherein the structured data source is a knowledge graph.
9. The method of claim 1, whereln identifying one or more ativibutes comprises

identifying one or more atiributes from unstructured data.

10, A system comprising one or more computers configured to perform operations
comprising:

receiving a search query associated with an entity reference, wherein the entity
reference corresponds to one or more distinet entities;

providing a set of results for the search query wherein the set of results
distinguishes between distinct entities;

identifying one or more atiributes of at least one entity of the one or more
distinct entities based at least in part on the set of results

generating one or more additional search queries based on the search query,
the at least one entity, and the one or more attributes;

receiving an input selecting at least one of the one or more additional search
queries; and

providing an updated set of results based on the selected one or more
additional search queries, wherein the updated set of results comprises at least one result not

in the st of resulis.

11, The system of claim 10, wherein the one or more computers are further configured to
perform operations comprising:

ranking the identified one or more attributes; and

generating one or more additional search queries based on the search query,

the at least one entity, the one or more atiributes, and the ranking.

12.  The system of claim 10, wherein the ranking is based on frequency of occurrence.
13, The system of claim 10, wherein the ranking is based on a location of each of the one

or more attributes with respect to the entity reference in the set of resuits,
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14,  The system of claim 7, wherein the one or more computers are further configured to
perform operations comprising causing to be displayed on a user devicethe one or more

additional search queries.

15, The system of claim 10, wherein the one or more computers are further configured to

perform operations comprising identifying one or more attributes from a structured data

source.

16.  The system of claim 15, wherein the structured data source is a social graph.

17.  The system of claim 18, wherein the structured data source is a knowledge graph.

£8.  The system of claim 10, wherein the one or more computiers are further configured to

perform operations comprising identifying one or more atiributes from unstructured data.

19, A computer-readable medium storing instructions that, when executed by one or more
processors, cause the one or more processors to perform operations comprising:

receiving a search query associated with an entity reference, wherein the entity
reference corresponds to one or more distinet entities;

providing a set of resulis for the search query wherein the set of results
distinguishes between the one or more distinct entities;

identifying one or more attributes of at least one entity of the one or more
distinet entities based at least in part on the set of results;

generating one or more additional search queries based on the search query,
the at least one entity, and the one or more atiributes;

receiving an input selecting at least one of the one or more additional search
queries; and

providing an updated set of results based on the selected one or more
additional search queries, wherein the updated set of results comprises at least one result not

in the sct of results.

20.  The computer-readable medium of claim 19, wherein generating one or more
additional scarch queries comprises:
ranking the identified one or more atiributes; and
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generating one or more additional search queries based on the search query,

the at least one entity, the one or more attributes, and the ranking.

21, The computer-readable medivm of claim 20, wherein the ranking is based on

frequency of ocourrence.

22, The computer-readable medium of claiw 20, wherein the ranking is based on a
focation of each of the one or more attributes with respect to the entity reference in the set of

resulis,

23, The computer-readable medium of claim 19, further comprising displaying the one or

more additional search queries.

24,  The computer-readable medium of claim 19, wherein identifying one or more

attributes comprises identifying one or morve attributes from a structured data source.

25.  The computer-readable medium of claim 24, wherein the structured data source isa

social graph.

26, The computer-readable medium of claim 24, wherein the structured data source is 2
knowledge graph.
27.  The computer-readable medium of claim 19, wherein identifying one or more

attributes comprises identifying one or more attributes from unstructured data,

-33.
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Receive a search query associated with an entity reference

Provide a set of results for the search guery, where the set of |
results distinguishes between distinet entities
1004

fdentify ons or more attributes of at least ons entity of the
one or more distinet entities based on the set of results
1008
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