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Crrammar Model for Structured Search Queries

TECHNICAL FIELD

i1 This disclosure generally relates o social graphs and performing searches for

objects within a social-networking envirormnent,

BACKGROUND

{21 A social-networking system, which may include a social-networking website,
may enable its users {such as persons or grganizations) to interact with if and with each other
through i, The social-networking system may, with input from a user, create and store in the
social-networking syatem a user profile associated with the user. The user profile may include
demographic information, communication-channel information, and information on personal
interesis of the user. The social-networking system may alzo, with input from a vser, creale
and store a record of relationships of the user with other users of the social-networking
system, as well as provide services {e.g. wall posis, photo-sharing, event organization,
messaging, games, or advertisements) 1o facilitate secial interaction between or among users.

13 The social-networking system may fransmit over one or more networks
content or messages related to its services to a mobile or other computing device of & user. A
user may also install software applications on a mobhile or other computing device of the user
for accessing a user profile of the user and other data within the social-networking system.
The social-networking system may generate g personalized set of content objects to display to
auser, such as a newsfeed of aggregated stories of other users connected to the user.

j4] Social-graph analysis views social relationships 1o terus of network theory
consisting of nodes and edges. Nodes represent the individual actors within the networks, and
cdges represent the relationships between the actors. The resulting graph-based structures are
often very complex. There can be many types of nodes and many types of edges for
connecting nodes. In its simplest form, a social graph is a map of all of the relevant edges

between all the nodes being studied.

SUMMARY OF PARTICULAR EMBODIMIENTS

{51 In particular embodiments, in response {0 a text guery recetved from a user, a

secial-networking system may generate structured queries comprising query tokens that
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correspond to identified social-graph elements. By providing suggested structured queries in
response {0 a user's text query, the social-networking system may provide a powerful way for
users of an online social network to search for elements represenied ju a social graph based
on their social-graph atiributes and their relation to various social-graph elements.

{6} In particular embodiments, the social-networking system may receive a
substantially unstructured fext guery from a user. In response, the social-networking system
may access a social graph and then parse the text query to identify social-graph elements that
corresponded to n-grams from the text guery. The social-networking systemy may identify
these corresponding social-graph elements by determining a probability for each n-gram that
it corresponds 1o g particular social-graph elernent. The social-networking system may then
access a grammar model, such as a contexi-free grammar model. The identified social-graph
clements may be used as terminal tokens (“guery tokens™) in the gramumars of the gramunar
model, and each grammar may then be scored, Grammars with a score greaier than a
threshold score may be used o generate structured gueries that include query tokens
referencing the identified social-graph elernents. The siractured queries may then be
transmitted and displayed to the user, where the user can then select an appropriate query to

search for the desred content,

{71 FIG, 1 illostrates an example network environment associated with a social-
networking syster.

18} Fi3, 2 illostrates an example social graph.

¥ FIG. 3 illustrates an example webpage of an online social network.

118]  FIGs. 4A-48 illustrate example queries of the social network.

111 FIG. 5 illustrates an example method for using a contexi~free grammar model
io generate structured search queries.

{12} FIG. 6 illustrates an example computer system.

PESCRIPTION OF EXAMPLE EMBODIMENTS

System Overview

{13}  FIG. 1 illustrates an example network environment 100 associated with a
social-networking system. Network environment 100 includes a client system 130, a social-

networking systermn 1680, and a third-party system 170 connected to each other by a network
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110, Although FIG. 1 illustrates a particular arrangement of client system 130, social-
networking  systern 160, third-party systems 170, and network 118, this disclosure
contemplates any suitable arrangement of client system 130, social-networking system 160,
third-party system 170, and network 110, As an example and not by way of limitation, two or
more of client system 139, social-networking system 160, and third-party system: 170 may be
conmected to each other directly, bypassing network 110, As another example, two or more of
client system 130, social-networking systern 160, and third-party system 170 may be
physically or logically co-located with cach other in whole or in part, Moreover, although
FIG. 1 illustrates a particular number of client systems 130, social-networking systems 168,
third-party systems 170, and networks 110, this disclosure contemplates any suitable number
of client systems 130, social-networking systems 160, third-party systerns 170, and networks
110, As an example and not by way of Hmitation, network eovironment 100 may include
multiple client system 130, social-networking systems 160, third-party systerms 170, and
networks 110,

{14}  This disclosure contemplates any suitable network 110, As an example and not
by way of limitation, one or more portions of network 110 may inchude an ad hoe network, an
intranet, an extranet, a virtual private network (VPN), a local area network (LAN), a wireless
LAN {WLAN}, a wide area network {WAN), a wireless WAN (WWANM), a metropolitan area
network (MAN), a portion of the Internet, 8 portion of the Public Switched Telephone
MNetwork (PSTN), a cellular telephone network, or 4 combination of two or more of these.
Metwork 110 way include one or more networks 110,

[18] Links 150 may connect client system 130, social-networking system 160, and
third-party system 170 {0 communication petwork 110 or to each other. This disclosure
contemplates any suitable links 150, In particular embodiments, one or more hoks 130
include one or more wireline {sach as for example [Hgital Subscriber Line (ESL} or Data
{Owver Cable Service Interface Specification (DOCSISY), wireless (such as for example Wi-I'
or Worldwide Interoperability for Microwave Access (WiMAX)), or optical (such as for
example Synchroncus Optical Network (SONET) or Synchronous Digital Hierarchy (SDH))
links. In particular embodiments, one or more links 150 each include an ad hoc network, an
intranet, an extranet, a VPN, a LAN, a WLAN, a WAN, &« WWAN, & MAN, a portion of the
Infernet, a portion of the PNTN, a celiular technology-based network, a satellite
communigations technology-based network, another Hink 130, or a combination of two or

more such links 130, Links 150 need not necessarily be the same throughout network
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envirorument 100, One or more first links 150 may differ in one or more respects from one or
more second links 156,

i8] In particular embodiments, clicnt system 130 may be an electronic device
including hardware, software, or embedded logic components or a combination of two or
more such componenis and capable of carrving out the appropriate functionalities
implemented or supported by client systern 130, As an exaraple and not by way of limitation,
a chent system 130 may include a computer system such as a deskiop computer, notebook or
laptop computer, netbook, a tablet computer, e-book reader, GPS device, camera, personal
digital assistant (FDA), handheld electronic device, cellular telephone, smartphone, other
suitable electronic device, or any suitable combination thereof, This disclosure contermnplates
any suitable client systems 130, A client systern 130 may enable a vetwork user at client
system 130 to access nefwork 110, A client system 130 may enable its user o comumunicate
with other users at other client sysierms 130,

(17} In particular embodiments, client system 13¢ may include a web browser 132,
such as MICROSOFT INTERNET EXPLORER, GOOGLE CHROME or MOZILLA
FIREFOX, and may have one or more add-ons, plug-ins, or other extensions, such as
TOOLBAR or YAHOO TOOLBAR. A user at client system 130 may enter a Uniform
Resource Locator {URL) or other address directing the web browser 132 to a particular server
{such as server 162, or a server associated with a third-party system 170}, and the web
browser 132 may generate a Hyper Text Transfer Protocol (HTTP) request and communicate
the HTTP request to server. The server may accept the HTTP request and communicate {0
client system 130 one or more Hyper Text Markup Language (HTML) files responsive to the
HTTP request. Client system 130 may render a webpage based on the HTML files from the
server for presentation to the user. This disclosure conterplates any suitable webpage files.
As an example and not by way of limitation, webpages may render from HTML files,
Extensible Hyper Text Markup Language (XHTML) files, or Extensible Markup Language
(XML} files, according to particular needs. Such pages may also execute scripts such as, for
example and without limitation, those written in JAVASCRIPT, JAVA, MICROSOFT
SILVERLIGHT, combinations of markup language and scripts such as AJAX {Asynchronous
JAVASCRIPT and XML}, and the like. Herein, reference 1o a webpage encompasses one or
more corresponding webpage files (which a browser may use to render the webpage) and vice

versy, where gppropriate.
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{181  In particular embodiments, social-networking system 160 may be a network-
addressable computing system that can host an online social netwerk. Social-networking
systemy 160 may generate, store, receive, and transmil social-networking data, such as, for
example, user-profile data, concept-profile data, social-graph information, or other suitable
data related to the online social network. Social-networking sysiem 160 may be accessed by
the other components of network environment 100 either directly or via network 110, In
particular embodiments, social-networking system 160 may include one or more servers 162,
Fach server 162 may be a unitary server or a distributed server spanning multiple compulers
or multiple datacenters. Servers 162 may be of varicus types, such as, for example and
withouot Hmitation, web server, news server, mall server, message server, advertising server,
file server, application server, exchange server, database server, proxy server, another server
suitable for performing fumctions or processes deseribed herein, or any cormbination thereof,
in particular embodiments, each server 162 may include hardware, software, or embedded
logic components or a combination of two or more such components for camying out the
appropriate  functionalities implemented or supported by server 162, In  particular
embodiments, social-networking system 164 may include one or more data stores 164, Data
stores 164 may be used to store various types of information, In particular embodiments, the
information stored in data stores 164 may be organized according to specific data structures.
In particular embodiments, each data store 164 may be a relational database. Particular
embodiments may provide interfaces that enable a client system 130, a soclal-networking
system 160, or a third-party system 170 to manage, reirieve, modify, add, or delete, the
information stored in data store 164,

191 In particular embodiments, sociabnetworking system 160 may store one or
more social graphs in one or more data stores 164, In particular embodiments, a social graph
may include multiple nodes — which may include multiple user nodes {each corresponding to
a particular user) or multiple concept nodes (each corresponding fo a particular concept} -
and multiple edges connecting the nodes. Social-networking system 168 may provide users of
the online social network the ability to communicate and interact with other users. I
particular embodiments, users may join the online social network via social-networking
systern 160 and then add connections (i.e., relationships) to a number of other users of social-

networking system 160 whom they want to be connected fo. Herein, the term “friend” may
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refer to any other user of social-neiworking system 160 with whom a user has formed &
connection, association, or relationship via soclal-networking systerm 160,

[2¢]  In particular embodiments, social-networking system 160 may provide users
with the ability to take actions on various types of items or objects, supported by social-
networking system 160, As an example and not by way of limitation, the items and objects
may include groups or social networks to which users of social-networking system 160 may
belong, events or calendar eniries in which a user might be interested, compuier-based
applications that a user may use, transactions that allow users to buy or sell ilems via the
service, interactions with advertisernents that a user may perform, or other suitable items or
objects. A user may interact with anything that is capable of being represented in social-
networking system 160 or by an exiernal systew of third-party system 170, which is separate
from social-networking system 160 and coupled to social-networking system 160 via a
network 110,

(21}  In particular embodiments, social-networking systern 160 may be capable of
linking a variety of entities. As an example and not by way of limitation, social-networking
system 160 may enable users to interact with each other as well as receive content from third-
party systems 170 or other entitics, or to allow users to interact with these entities through an
application programming interfaces (AP} or other communication channels,

122} In particular embodiments, g third-party systews 170 may include one or more
types of servers, one or more data stores, one or more interfaces, Including but not Himited to
APls, one or more web services, one or more conient sourees, one or more networks, or any
other suitable components, e.g., that servers may communicate with, A third-party system
170 may be operated by a different entity from an entity operating social-networking system
160. In particular embodiments, however, sociab-networking systemn 160 and third-party
systerns 170 may operate in conjunction with cach other to provide social-networking
services to nsers of social-networking systemn 160 or third-party systems 170, In this sense,
social-networking system 160 may provide a platform, or backbone, which other sysiems,
such as third-party systems 170, may use to provide social-networking services and
functionality {0 users across the Internet.

{23] In particular embodiments, a third-party system 170 may include a third-party
content object provider. A third-party content object provider may include one or more
sources of content objects, which may be communicated fo a client systemn 130, As an

example and not by way of limitation, content objects may include information regarding



WO 2014/074346 PCT/US2013/067214

things or activities of interest to the user, such as, for example, movie show times, movie
reviews, restaurant reviews, restaurant menus, product information and reviews, or other
suitable information. As another example and not by way of lmitation, content ohjects may
include incentive content objects, such as coupons, discount tickets, gift certificates, or other
suttable incentive objects,

1241  In particular embodiments, social-networking system 160 also includes user-
generated content objects, which may enhance a user’s interactions with social-networking
system 160. User-generated content may include anything a user can add, opload, send, or
*post” to social-networking system 160, As an exarople and not by way of limitation, a user
comumunicates posts 1o social-networking system 160 from a client system 130, Posts may
include daia such as status updates or other textual data, location information, photos, videos,
links, music or other similar data or media. Content may alse be added to social-networking
system 160 by a third-party through a “communication channel,” such as a newsfeed or
siream.

28]  In particular embodiments, social-networking system 160 may include a
variety of servers, sub-systems, programs, modules, logs, and data stores. In particular
embodiments, social-networking system 160 may include one or more of the following: a
web server, action logger, APl-request server, relevance-and-ranking engine, content-object
classifter, notification controller, action log, third-party-content-objoct-exposure  log,
inference module, authorization/privacy server, search module, ad-targeting module, user-
interface module, user-profile store, connection store, third-party content store, or location
store. Social-networking system 160 may also include suitable components such as network
interfaces, security mechanisms, load balancers, fatlover servers, managementi-and-network-
operations consoles, other suitable componenis, or any suitable combination thereof. In
particular embodiments, social-networking system 160 may include one or more user-profile
stores for storing user profiles. A user profile may include, for example, biographic
information, demographic information, behavioral information, social information, or other
types of descriptive information, such as work experience, educational history, hobbies or
preferences, interests, affinities, or location. lnterest information may include interests related
10 one or more categories. Categories may be general or specific. As an example and not by
way of limitation, if g aser “likes” an article about a brand of shoes the category may be the
brand, or the general category of “shoes” or “clothing.” A connection store may be used for

storing connection information about users, The connection information may indicate users
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who have similar or common work experience, group memberships, hobbies, educational
history, or are in any way related or share common atiributes. The connection information
may also include user-defined connections between different users and content (both inlemal
and external). A web server may be used for linking social-networking systemn 160 to one or
more client systems 130 or one or more third-party system 170 via network 110, The web
server may include a mail server or other messaging functionality for receiving and routing
messages between sociabnetworking systern 160 and one or more client systems 130, An
APL-reguest server may allow a third-party system 170 to access information from social-
networking systemn 160 by calling one or more APls, An action logger may be used (o receive
communications from a web server about a user’s actions on or off social-networking system
160. In conjunction with the action log, a third-party-content-object log may be maintained of
user exposures to third-party-content objects. A notification controller may provide
information regarding content objects to a client system 130, Information may be pushed o a
client systemn 130 as notifications, or inforruation may be pulled from client system 130
responsive 1o a request received from client system 130. Authorization servers may be used
to enforce one or more privacy settings of the users of social-networking systemn 160, A
privacy seiting of a user determines how particudar information associated with a user can be
shared. The authorization server may allow users to opt in or opt out of having their actions
logged by social-neiworking sysiemn 160 or shared with other systems {e.g., third-party
system 170}, such as, for example, by setting appropriate privacy settings. Third-party-
content-obiect stores may be used to store content objects received from third parties, such as
a third-party system 170. Location stores may be used for storing location information
received from client systems 130 associated with users. Ad-pricing modules may combine
social information, the current time, location information, or other suiiable information t©
provide relevant advertisernents, in the form of notifications, o a user.
Social Graphs

261 FIG. 2 illustrates example social graph 200, In particular embodiments,
social-networking system 160 may store one or more social graphs 200 o one or more data
stores. In particular embodiments, social graph 200 may include multiple nodes — which may
include multiple user nodes 202 or multiple concept nodes 204 — and multiple edges 206
connecting the nodes. Example social graph 200 illustrated in FIG. 2 is shown, for didactic

purposes, in a two-dimensional visual map representation. In particular ewbodiments, a
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social-networking system 160, client system 130, or third-party system 170 may access social
graph 200 and related social-graph information for suitable applications. The nodes and edges
of social graph 200 may be stored as data objects, for example, in a data store (such gs a
spcial-graph database). Such a data store may include one or more searchable or gueryable
indexes of nodes or edges of social graph 200,

1271 lo particular embodiments, 8 user node 202 may comrespond to 2 wser of
social-networking system 160, As an example and not by way of limitation, a user may be an
individoal (human user), an entity {e.g., an enterprise, business, or third-party application}, or
3 group {e.g., of ndividuals or entities) that interacts or commumieates with or over social~
networking system 160, In particular embodiments, when a user registers for an account with
social-networking system 160, social-networking sysiem 160 may creale a user node 202
corresponding to the user, and store the user node 202 in one or more data stores. Users and
user nodes 202 deseribed herein may, where appropriaie, refer to registered users and user
nodes 202 associated with registerad users. In addition or as an alternative, users and user
nodes 202 described herein may, where appropriate, refer to users that have not registered
with social-networking systern 160, In particular embodiments, a user node 202 may be
associated with information provided by a user or information gathered by various systerns,
including social-networking systern 160, As an example and not by way of limitation, a user
may provide his or her name, profile picture, contact information, birth date, sex, marital
status, family status, employment, education background, preferences, inferests, or other
demographic information. In particular embodiments, a user node 202 may be associated with
one or more data objects corresponding to information associated with a user. In particular
emboediments, a user node 202 may correspond 10 one or more webpages,

[28]  In particular embodiments, a concept node 204 may correspond 1o a concept.
As an cxample and not by way of limitation, a concept may correspond to a place (such as,
for example, a movie theater, restaurant, landmark, or city); a website (such as, for example,
a website associated with social-network system 160 or a third-party website associated with
a web-application server); an entity (such as, for example, a person, business, group, sports
tearn, or celebrity); a resource {such as, for example, an audio file, video file, digital photo,
text file, structured document, or applicationy) which may be located within social-networking
systermn 160 or on an external server, such as a web-application server; real or intellectual
property {(such as, for example, 8 sculpture, painting, movie, game, song, idea, photograph, or

written work); 8 game; an activity; an idea or theory; another sutiable concept; or {wo or more
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such concepts. A concept node 204 may be associated with information of a concept provided
by a user or information gathered by various systems, including social-networking system
160, As an example and not by way of limitation, information of a concept way include a
name or a title; one or more irnages {e.g., an image of the cover page of a book); a location
{z.g., an address or a geographical location); a website (which may be associated with a
URL); contact information {e.g., a phone number or an email address); other suiiable concept
information; or any suitable combination of such information. In particular embodiments, a
concept node 204 may be associated with one or more data objects corresponding to
information associated with concept node 204, In particular ersbodiments, a concept node
204 may correspond to one or more webpages.

291  In particular embodiments, a node in social graph 200 may represent or be
represented by a webpage (which may be referred © as a “profile page™). Profile pages may
be hosted by or accessible to social-networking system 160, Profile pages may also be hosted
on third-party websites associated with a third-party server 170. As an example and not by
way of Hmitation, a profile page corresponding to a panticular external webpage may be the
particular exiernal webpage and the profile page may correspond o @ particular concept node
204, Profile pages may be viewable by all or a selected subscet of other users, As an example
and not by way of Hroltation, & user node 202 may have a corresponding user-profile page in
which the corresponding user may add content, make declarations, or otherwise express
himself or herself. As another example and not by way of limitation, a concept node 204 may
have a corresponding concept-profile page in which one or more users may add content,
make declarations, or express themselves, particularly in relation to the concept
corresponding to concept node 204.

[38] In particular embodiments, a concept node 204 may represent a third-party
webpage or resource hosted by a third-party system 178, The third-parly webpage or resource
may include, among other elements, content, a selectable or other icon, or other inter-actable
object (which may be implemented, for example, in JavaScript, AJAX, or PHP codes)
representing an action or activity. As an example and oot by way of limitation, a third-party
webpage may include a selectable icon such as “like,” “check in,” “eat,” “recommend,” or
another suitable action or activity, A user viewing the third-party webpage may perform an
action by selecting one of the icons {e.g., “eat”), caunsing a chent system 130 to transmit to
social-networking system 160 a message indicating the user’s action. In response 1o the

message, social-networking system 160 may create an edge {e.g., an “eat” edge) between a
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user node 202 corresponding to the user and a concept node 204 corresponding 1o the third-
party webpage or resource and store edge 206 in one or more data stores.

{31} in particular embodiments, a pair of nodes in social graph 200 may be
connected o each other by one or more edges 206. An edge 206 connecting a pair of nodes
may represent a relationship between the pair of nodes. In particular embeodiments, an edge
206 may include or represent one or more data objects or attribates corresponding fo the
relationship between a pair of nodes. As an example and not by way of imitation, a first user
may indicaie that a sccond user is a “friend” of the first user. In response to this indication,
social-networking system 160 may transmit a “friend request” to the second user. If the
second user confirms the “friend request,” social-networking systern 160 may create an edge
206 connecting the first user’s user node 202 to the second user’s user node 202 in social
graph 200 and store edge 206 as social-graph information in one or more of data stores 24, In
the example of FIG. 2, social graph 200 inchudes an edge 206 indicating a friend relation
between user nodes 202 of user “A” and user “B” and an edge indicaling a friend relation
between user nodes 202 of user “C” and user “B.” Although this disclosure describes or
llusirates particular edges 206 with particular attributes connecting particular user nodes 202,
this disclosure contemplates any suitable edges 206 with any suitable attributes connecting
user nodes 202, As an example and not by way of limitation, an edge 206 may represent a
friendship, family relationship, business or employment relationship, fan relationship,
follower relationship, visitor relationship, subscriber relationship, superior/subordinate
relationship, reciprocal relationship, non-reciprocal relationship, another suitable type of
relationship, or two or more such relationships. Moreover, although this disclosure generally
describes nodes as being connected, this disclosure also describes users or concepts as being
connected. Herein, references to users or concepts being connected may, where appropriate,
refer to the nodes corresponding to those users or concepts being connected in social graph
200 by one or more edges 206,

(32]  In particular embodiments, an edge 206 between a user node 202 and a
concept node 204 may represent a particular action or activity performed by a user associated
with user node 202 toward a concept associated with a concept node 204, As an example and
not by way of limifation, as illustrated in FIG. 2, a user may “like,” “attended,” “played,”
“Hstened,” “cocked,” “worked at,” or “watched” a concept, each of which may correspond fo
a edge type or sublype. A concept-profile page corresponding o a concept node 204 may

include, for example, a selectable “check in” icon (such as, for example, a clickable “check
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in” icon} or a selectable “add to favorites™ icon, Similarly, after a user clicks these icous,
sociab-networking system 160 may create a “favortie” edge or a “check in” edge in response
to 8 user’s action corresponding to a respective action. As ancther example and not by way of

LY ekt

Himitation, a wser {user “C”) may listen to a particular song CTwagine™) using a particular
application (SPOTIFY, which is an online music application). In this case, social-networking
system 160 may create a “listened” cdge 206 and a “used” edge (as illustrated in FIG. 23
between user nodes 202 corresponding to the user and concept nodes 204 corresponding to
the song and application to indicate that the user listened to the song and used the application.
Moregver, social-networking system 160 may create a “played” edge 206 (as iHustrated in
FIG. 23 between concept nodes 204 corresponding to the song and the application to indicate
that the particular song was played by the particular application. In this case, “playved” edge
206 corvesponds to an action performed by an external application (SPOTIFY) on an external
audio file (the song “lmagine”). Although this disclosure describes particular edges 206 with
pariicular atiributes connecting user nodes 202 and concept nodes 204, this disclosure
conternplates any suitable edges 206 with any suitable atiributes connecting user nodes 202
and concept nodes 204, Moreover, although this disclosure deseribes edges between a user
node 202 and a concept node 204 representing a single relationship, this disclosure
contemplates edges between a user node 202 and a concept node 204 representing one or
more relationships. As an example and not by way of limitation, an edge 206 may represent
both that @ user likes and has used at a particular concept. Alernatively, another edge 200
may represent each type of relationship {or multiples of a single relationship)} between a user
node 202 and a concept node 204 {as iHustrated in FIG, 2 between user node 202 for user "1
and concept node 204 for “SPOTIFY™).

£33]  In particular embodiments, social-networking system 160 may create an edge
206 between a user node 202 and a concept node 204 in social graph 200. As an example and
not by way of limitation, a user viewing a concept-profile page (such as, for example, by
using a web browser or g special-purpose application hosted by the user’s client system 130}
may indicate that he or she likes the concept represented by the concept node 204 by clicking
or selecting a “Like” icon, which may cause the aser’s client system 130 o transmit to social-
networking system 160 a message indicating the user’s Hking of the concept associated with
the concept-profile page. In response to the message, social-networking system 160 may
create an edge 206 between user node 202 associated with the user and concept node 204, as

illustrated by “like” eodpe 206 between the user and concept node 204, In particular
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embodiments, social-networking system 160 wmay store an edge 206 in one or more data
stores. In particular embodiments, an edge 206 may be antomatically formed by social-
networking system 160 in response to g particular user action, As an example and not by way
of limitation, if a first user uploads a picture, watches a movie, or listens to a soug, an edge
206 may be formed between user node 202 corresponding 1o the first user and concept nodes
204 corresponding to those concepis. Although this disclosure describes forming particular
edges 206 in particular manners, this disclosure contemplates forming any suitable edges 206

in any suttable manner.

Tvpeahead Processes

{341  In particular embodiments, one or more client-side and/or backend {server-
side} processes implement and wtilize a “typeshead” feature to automatically attempt to male
concepts corresponding to respective existing user nodes 202 or concept nodes 204 o
information currently being entered by a user in an inpui form rendered In conjunction with a
requested webpage, such as a user-profile page, which may be hosted or accessible in, by the
social-networking systern 160, In particular embodiments, s a user is entering text to make a
declaration, the typeahead feature attempis to match the string of textual characters being
entered in the declaration to strings of characters (e.g., names) corresponding to existing
concepts (or users) and corresponding concept {or user) nodes in the social graph 200. In
particular embodiments, when 2 roaich is found, the typeahead feature may automatically
populate the form with a reference to the node (such as, for example, the node name, node
iD}, or another suitable reference or identifier) of the existing node.

[35]  In particular embodiments, as a user types or otherwise enters text into a form
used to add content or make declarations in various sections of the user’s profile page or
other page, the typeahead process may work in conjunction with one or more frontend
{cHent-side) and/or backend {server-side) typeahead processes (hereinafter referred to simply
as “typeshead process”) executing at {or within} the social-networking system 160 {e.g.,
within servers 162), to interactively and virtually instantancously {as appeating lo the user}
attempt to anto-populate the form with a tenm or ferms corresponding to names of existing
social-graph entities, or terms associated with existing social-graph entities, determined to be
the most relevant or best maich to the characters of fext entered by the user as the user enters
the characters of text, Utilizing the social-graph information in a social-graph database or

information coxtracted and indexed frorn the social-graph database, including information
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associated with nodes and edges, the typeahead processes, in conjunction with the
information from the social-graph database, as well as potentially in conjunction with varions
others processes, applications, or databases located within or execuiing within social-
networking system 160, are able to predict a user’s inlended declaration with a high degree of
precision. However, social-networking system 160 also provides user’s with the freedom 1o
enter any declaration they wish enabling users to express themselves freely,

136]  In particular embodiments, as a user enters text characters {nto a form box or
other field, the typeahead processes may attempt to identify existing social-graph elements
{e.g., user nodes 202, concept nodes 204, or edges 206) that maich the string of characters
entered in the user’s declaration as the user is entering the charscters, In particular
embodiments, as the user enters characters into g form box, the typeahead process may read
the string of entered texiual characters. As each keystroke is made, the frontend-typeahead
process may transmit the entered character string as a request {(or call) to the backend-
typeahead process executing  within  social-networking  system 160, In  particolar
embodiments, the iypeahead processes may communicate vis AJAX {Asynchronous
JavaScript and XML} or other suitable techwnigues, and particularly, asynchronous techniques.
In one particular embodiment, the request is, or comprises, an XMLHTTPRequest (XHR)
enabling quick and dynamic sending and fetching of results. In particular embodiments, the
typeahead process also transmits before, after, or with the reguest a section identifier {section
103} that identifies the particular section of the particular page in which the user is making the
declaration. In particular embodiments, a user I parameter may alse be sent, but this may be
unnecessary in some embodiments, as the user is already “known” based on he or she logging
into social-networking system 160,

[37} In particular embodiments, the iypeahead process may use one or more
matching algorithms to attempt 1o identify matching social-graph elements. In particular
embodiments, when a maich or matches are found, the typeabead process may transmit a
response {which may utilize AJAX or other suitable techniques) to the user’s client system
130 that may include, for example, the names (name strings) of the matching social-graph
clements as well as, potentially, other metadata associated with the maiching social-graph
elements. As an example and not by way of lirniiation, if 8 user entering the characters “pok”
into a guery field, the typeshead process may display a drop-down menu that displays names
of matching existing profile pages and respective user nodes 202 or concept nodes 204 {e.g.,

a profile page named or devoted to “poker”™), which the user can then click on or otherwise
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select thercby confirming the desire to declare the matched user or concept name
corresponding to the selected node. As another example and not by way of himitation, upon
clicking “poker,” the typeahead process may auto-populate, or causes the web browser 132 to
auto-populate, the query fleld with the declaration “poker”™. In particular embodiments, the
typeahead process may simply auto-populate the field with the name or other identifier of the
top-ranked match rather than display a drop-down menu. The user may then confirm the
auto-populated declaration simply by keying “enter” on his or her keyboard or by clicking on
the auto-populated declaration,

[38] More information on typeahead processes may be found in US. Patent
Application No. 12/763162, filed 19 April 2010, and U.S. Patent Application Mo, 13/556072,

filed 23 July 2012, which are incorporated by reference.

Sirnctured Search Ouerles

391  FIG. 3 ilustrates an example webpage of an online social network. In
particnlar embodiments, a user may subwil a query o the social-network system 160 by
inpuiting a text query into query field 350, A user of an ondine social network may search for
information relating to a specific subject matier {(2.g., users, concepts, external conlent or
resource} by providing a short phrase describing the subject matier, offen referred to as a
“search query,” to a search engine. The guery may be an unsiructured text query and may
conprise one or more text sirings or one or more n-grams. In general, a user may input any
character string into query field 350 to search for content on the social-networking system
160 that matches the text query. The social-networking systern 160 may then search a data
store 164 {or, more particularly, a social-graph database) fo identify content matching the
query. The search engine may conduct a search based on the gquery phrase using various
search algorithms and generate search results that identify resources or content (e.g., user-
profile pages, content-profile pages, or external resources) that are most likely to be related to
the search query. To conduct & search, a user may input or transmit a search query to the
search engine. In response, the search engine may identify one or more resources that are
likely to be related to the search guery, which may collectively be referred to as a “search
result” identified for the search guery. The identified content may include, for example,
social-graph entities (L.e., user nodes 202, concept nodes 204, edges 206}, profile pages,
external webpages, or any combination thereof, The social-networking system 160 may then

penerate a search results webpage with search results corresponding to the identified content.
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The search results may be presented fo the user, often in the form of a Hst of links on search-
results webpage, each link being associsted with a different webpage that contains some of
the identified resources or content. In particular embodiments, each link in the search results
may be in the form of a Uniform Resource Locator (URL) that specifies where the
corresponding webpage is focated and the mechaniem for retrigving it. The social-networking
system 160 may then transmit the search results webpage to the user’s web browser 132 on
the user’s client system 130, The user may then click on the URL ks or otherwise select the
content from the search resulis webpage 1o access the content from the sociab-networking
system 160 or from an external system, as appropriate. The resources may be ranked and
presenied to the user gecording to their relative degrees of relevance to the search query. The
search results may also be ranked and presented to the user according to their relative degree
of relevance to the aser. In other words, the search results may be personalized for the
querying user based on, for example, social-graph information, user information, search or
browsing history of the user, or other suitable information related to the user. In particular
embodiments, ranking of the resources may be determined by a ranking algorithm
implemented by the search engine, As an cxample and not by way of limiiation, resources
that are more relevani to the search guery or to the user may be ranked higher than the
resources that are less relevant to the search query or the user. In particular embodiments, the
search enging may Hmit its search to resources and content on the online social network.
However, in particular embodiments, the scarch engine may also sesrch for resources or
contents on other sources, such as a third-party system 178, the internet or World Wide Web,
or other suitable sources. Although this disclosure describes guerying the social-networking
eystern 160 in a particular manner, this disclosure contemplates querying the seocial-
networking system 160 in any suitable manner.

48]  In particular embodiments, the typeahead processes described herein may be
applied to search queries entered by a user. As an example and not by way of limitation, as a
user enters text characters into a search field, a typeahead process way attempt to identify one
or more user nodes 202, concept nodes 204, or edges 206 that match the string of characiers
entered search field as the user is entering the characters. As the typeabead process receives
requesis or calls including a string or n-gram from the text guery, the typeahead process may
perform or causes io be performed a search to identify existing social-graph elements (ie,
user nodes 202, concept nodes 204, edges 206) having respective names, types, categories, or

other idemtifiers matching the entered text. The typeahead process may use one or more
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matching slgorithms fo attempt to identify matching nodes or edges. When a match or
maiches are found, the typeahead process may transmil a response to the user’s client system
130 that may include, for example, the names (name strings} of the matching nodes as well
as, potentially, other meladata associated with the matching nodes. The typeahead process
may then display a drop-down menu 300 that displays names of matching existing profile
pages and respective user nodes 202 or concept nodes 204, and displays vames of matching
edges 206 that may connect to the matching user nodes 202 or concept nodes 204, which the
user can then click on or otherwise select thereby confirming the desive to search for the
matched user or concept name corresponding to the selected node, or 1o search for users or
concepts connected to the matched users or concepts by the matching cdges. Alternatively,
the typeahead process may simply auto-populate the form with the name or other identifier of
the top-ranked match rather than display a drop-down menu 300. The user may then confirm
the avio-populated declaration simply by keying “enter”™ on a keyboard or by clicking on the
auto-populated declaration. Upon user confirmation of the matching nodes and edges, the
typeshead process may transmit a request that informs the social-networking system 160 of
the user’s confirmation of a guery containing the matching social-graph elements. In response
to the request transmitied, the sccial-networking system 160 may auvtomatically {or
alternately based on an instruction in the request) call or otherwise search a social-graph
database for the matching social-graph elements, or for social-graph slements connected fo
the matching social-graph elements as appropriate. Although this disclosure describes
applying the iypeahead processes to search gueries in a particular manner, this disclosure

coptemnplates applying the typeshead processes to search queries in any suitable manner.

Parsing Oueries Using Confexi-Free Granpnar Models

[41] FIGs. 4A-48 illustrate example queries of the social network. In particular
ernbodivents, the social-networking system 160 may generste one or wore structured gueries
comprising query tokens that correspond to one or more identified social-graph elements in
response to a text query received from a first user (e, the querying uvser). FlGs, 4A-4B
illustrate varicus example text queries in query field 350 and various structured gueries
generated in response in drop-down menus 300, By providing suggested structured queries in
response to a user’s text guery, the social-networking system 160 may provide a powerful
way for users of the online social network o search for elements represented in the social

graph 200 based on their social-graph attributes and their relation to various social-graph
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clements. Structured queries may allow a gueryving user to ssarch for content that is
connected to particnlar users or concepts in the social graph 200 by particular edge types. As
an example and not by way of limitation, the social-networking system 160 may receive a
subsiantially unsiructored text query from a first user. In response, the social-networking
system 160 (via, for example, a server-side element detection process) may access the social
graph 200 and then parse the text guery to identify social-graph elements that corresponded 1o
n-grams from the text query. The sociab-networking system 160 may identify these
corresponding social-graph clements by determining a probability for each n-gram that it
corresponds o a particular soclal-graph element, The social-networking system 160 may then
access a grammar model, such as a coniext-free grammar model. The identified social-graph
clements may be used as terminal tokens (“guery tokens™) in the pgrammars, and each
grammar may then be scored. Grammars with a score greater than a threshold score may be
used to generate struciured gueries that include query tokens referencing the identified social-
graph elements. The structured queries may then be transmitied to the first user and displayed
in a drop-down menu 300 {via, for example, a client-side typeshead process), where the first
nser can then select an appropriate query to search for the desired content. Some of the
advantages of using the structured gueries deseribed herein include finding users of the online
social networking based upon limited information, bringing together virtual indexes of
content from the online social network based on the relation of that content to various social-
graph elements, or finding content related to you and/or your friends. Although this
disclosure describes and FlGs. 4A-4B illusirate generating particular structured queries in a
particular manner, this disclosure contemplates generating any suitable structured gueries in
any suitable manner.

1421  In particular embodiments, the sccial-networking system 160 may receive
from a querying/first user {corresponding to a first user node 202} a substantially unstructured
text query. As an example and not by way of limitation, a first user may want to search for
other users who: {1} are firsi-degree friends of the first user; and {2} are associated with
Stanford University (Le., the user nodes 202 are connected by an edge 206 to the concept
node 204 corresponding 1o the school “Stanford™). The first user may then enfer a text query
“friends stanford” into guery fleld 350, as flusirated in FiGs, 4A-48. As the fivst user enters
this text query into guery field 350, the social-networking systern 160 may provide various
suggested structured queries, as Hlustrated in drop-down menus 300. As used herein, a

substantially unstructured text query refers to a simple text string inputted by a user. The text



WO 2014/074346 PCT/US2013/067214
19

query may, of course, be structured with respect to standard language/grammar rules {e.g.
English language grammar), However, the text query will ordinarily be upstructured with
respect to social-graph elemenis. In other words, a simply text gquery will not ordinarily
include embedded references to particular social-graph elements. Thus, as used herein, a
structured guery refers to a query that contains references to particnlar social-graph elements,
allowing the search engine to search based on the identified cloments. Although this
disclosure describes recelving particular gueries in g particular manner, this disclosure
comtemnplates receiving any suitable queries in any suitable maunner.

431 In particular embodiments, social-networking system 160 may parse the
substantially unstructured text query {also simply referred o as a search query) received from
the first user {i.e., the guerving user) to identify one or more n-grams. In general, an n-gram is
a contiguous sequence of 1 items from a given sequence of text or speech. The items may be
characters, phonemes, syilables, leiters, words, base pairs, prefixes, or other identifiable items
from the sequence of text or speech. The n-gram may comprise one or wore characters of text
{letters, numbers, punciuation, etc.) entered by the guerying user. An n-gram of size one can
be referred to a3 a “upigram,” of size two can be referred to as a “bigram” or “digram,” of
size three can be referred 1o as a *irigram,” and so on. Hach n-gram may include one or more
parts from the text query received from the guerying user. In particular embodiments, each n-
gram may comprise a character string {e.g., one or more characters of text) entered by the
first user. As an example and not by way of limitation, the social-networking systern 160 may
parse the text query “friends stanford” to identify the following n-grams: friends; stanford;
friends stanford. As another example and not by way of limitation, the social-networking
system 160 may parse the text guery *friends in palo alto” to identify the following n-grams:
friends; in; palo; alio; friends in; in palo; palo alto; friend in palo; in palo also; friends in palo
alto. In particular embodiments, each n-gram may comprise a contignous sequence of » items
from the text query. Although this disclosure describes parsing particular queries in a
particular manner, this disclosure contemplates parsing any suilable gueries in any suitable
MANNer.

{44}  In particular embodiments, social-networking system 160 may determine or
calenlate, for each n-gram identified in the text query, a score that the n-gram corresponds o
a social-graph element, The score may be, for example, a confidence score, a probability, a
quality, a ranking, another suitable type of score, or any combination thereof, As an example

and not by way of limitation, the social-networking system 160 may determine a probability
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score {also referred to simply as a “probability™) that the n-gram corresponds to a social-
graph element, such as a user node 202, a concept node 204, or an edge 206 of social graph
200. The probabilily score may indicate the level of similarity or relevance between the n-
gram and a particular social-graph element. There may be many different ways to calculate
the probability. The present disclosure contemplates any suitable method to caleulate a
probability score for an n-gram identified in a search query. In particular embodiments, the
social-networking system 160 may determine a probability, p, that an n-gram corresponds o
a particular social-graph element. The probability, p, may be calculated as the probability of
corresponding to a particular social-graph element, &, given a particular search query, A . In
other words, the probability may be calculated as p= {: kX } As an example and not by way
of Hmitation, a probability that an n-gram corresponds to a social-graph element may
calculated as an probability score denoted as p, . The input may be a text query

A= (x},.xz,.”,xl,v.\}, and a set of classes, For each {i: 7} and a class &, the social-networking
/ / o
system 160 may compute p , = p{;:iassi\x“.)m ";‘x) As an example and not by way of
limitation, the n-gram “sianford” could be scored with respect to the following social-graph
clements as follows: school “Stanford University” = ©.7; location “Stanford, Califormia” =
0.2; user “Allen Stanford” = 0.1. As another example and not by way of Hmitation, the n-
gram “friends” could be scored with respect to the following social-graph elements as
follows: user “friends” = 0.9; television show “Friends” = 0.1, In particular embodiments, the
social-networking systern 160 may user a forward-backward algorithm to determine the
probability that a particular n-gram corresponds to a particular soctal-graph element. For a
given n-gram within a text query, the social-networking system 160 may use both the
preceding and succeeding n-grams lo determine which particular social-graph elements
correspond fo the given n-gram. Although this disclosure deseribes determining whether n-
grams correspond to soclal-graph elemenis in a particular manner, this disclosure
contemplates determining whether n-grams correspond o soclal-graph elements in any
suitable manner. Moreover, although this disclosure describes determining whether an n-
gram corresponds to a social-graph element using a particular type of score, this disclosure
contemnplates determining whether an n-gram corresponds fo a social-graph element using

any suifable type of score.
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[45]  In particular embodiments, social-networking system 160 may identify one or
more edges 206 having a probability greater than an edge-threshold probability. Each of the
identified edges 206 may correspond to at least one of the n-grams. As an example and not by
way of limitation, the n-gram may only be idemtified as corresponding to an edge & if

Piin ® Posgoiivesiaig - Turthermore, each of the identified edges 206 may be connected to at

least one of the identified nodes. In other words, the social-neiworking system 160 may only
identify edges 206 or edge-types that are connected to user nodes 202 or concept nodes 204
that have previously been identified as correspounding to a particular n-gram. Hdges 206 or
edge-types that are not connected to any previously identified node are typically unlikely to
correspond to a particular n-gram in a search guery. By filtering out or ignoring these edges
206 and edge-types, the social-networking system 160 may more efficiently search the social
graph for relevant social-graph elements. As an example and not by way of limitation,
referencing FIG. 2, for a text query containing “went to Stanford,” where an identified
concept node 204 is the school “Stanford,” the social-networking system 160 may identify
the edges 206 corresponding to “worked at” and the edges 206 corresponding to “attended,”
both of which are connected to the concept node 204 for “Stanford.” Thus, the n-gram “went
to” may be identified as comesponding to these edges 206, However, {or the same text query,
the social-networking system 160 may not identify the edges 206 corresponding to “like” or
“fan” in the social graph 200 because the “Stanford” node does not have any such odges
connected to it. Although this disclosure describes identifying edges 206 that corresponding
to n-grams in a particular manner, this disclosure conternplates identifying edges 206 that
corresponding o n-grams in any suitable manner.

[46] In particular embodiments, soclal-networking system 160 may identify one or
more user nodes 202 or concept nodes 204 having a probability greater than a node-threshold
probability. Each of the identified nodes may correspond to at least one of the n-grams. As an
example and not by way of limitation, the n-gram may only be identified as corresponding to

anode & T P, > Prodesimeno- Turthermore, each of the identified user nodes 202 or concept

nodes 204 may be connected to at teast one of the identified edges 206. In other words, the
social-networking system 160 may only identify nodes or nodes-iypes that are connected 10
edges 206 that have previously been identified as corvesponding to g particular n-gram.
Nodes or node-types that are not connected to any previously identified edges 206 are

typically unlikely to correspond to a particular n-gram in a search query. By filtering out or
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ignoring these nodes and node-types, the social-networking system 160 may more efficiently
search the social graph for relevant social-graph elements. As an example and not by way of
limitation, for a text query containing “worked at Apple,” where an identified edge 206 is
“worked at,” the sociabnetworking system 160 may identify the concept node 204
corresponding to the company APPLE, INC., which may have multiple edges 206 of “worked
al” connected to it. However, for the same text query, the social-networking system 160 may
not identify the concept node 204 corresponding to the fruit-type “apple,” which may have
multiple “like” or “fan” edges comnected to it, but no “worked ai” edge connections, In
particular embodiments, the node-threshold probability may differ for user nodes 202 and
concept nodes 204 The n-gram may be identified as corresponding to a user node 302 &, if
> p

while the n-gram may be identified as corresponding to & concept

wsep-pode-threshold
node 304 Kuen 20 5 Poooonode oo 10 particular embodiments, the social-

networking system 160 may only identify nodes that are within a threshold degree of
separation of the user node 202 corresponding to the first user (L.e., the querying user). The
threshold degree of separation may be, for example, one, two, three, or all. Although this
disclosure describes identifying nodes that corresponding to n-grams in a particular manner,
this disclosure conternplates identifying nodes that corresponding to n-grams in any suitable
manner.

47}  In particular embodiments, the social-networking system 160 may access 2
context-free prammar model comprising a plurality of grammars, Each grammar of the
gramimar model may comprise one or more non-termingl symbols that may be replaced by
guery tokens. A grammar model is a set of formation rules for strings in a foroal language.
To generate a siring in the language, one begins with a string consisting of only a single start
symbol. The production rules are then applied in any order, until a string that contains peither
the start symbol nor designated non-terminal symbols is produced. In a contexi-free grammar,
the production of each non-terminal symbel of the grammar is independent of what i3
produced by other non-terminal symbels of the grammar. The non-terminal symbols may be
replaced with terminal symbols (L., terminal tokens or guery tokens). Some of the guery
tokens may correspond to identified nodes or identified edges, as described previously. A
string generated by the grammar may then be used as a structured query containing references
1o the identified nodes or identified edges. A contexi-free grammar is a gramumar in which the

lefi-hand side of each production rule consists of only a single non-terminal symbol. A
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probabilistic context-free graromar is a tuple \}.. N,S,P}, where the disjoint seis Z and N
specify the terminal and non-terminal symbols, respectively, with S e N being the start
symbol. P is the set of productions, which take the form & - cj’(p)s with FelN,
Fe (EZ N :ﬁ, and p = Pr{E -3 f), the probability that £ will be expanded into the string £.
The sum of probabilities 7 over all expansions of g given non-terminal £ must be one.
Although this  disclosure describes  sccessing  particular  grammars, this  disclosure
contemplates any suitable grammars,

1481  In particular embodiments, the social-networking systern 160 may identily one
or more grammars having query fokens corresponding io the previously identified nodes and
edges. In other words, it an identified pode or identified edge may be used as a query token in
a particular gramumar, that gramanar may be identified by the social-petworking system 160 as
a possible grammar to use for generating a structured gquery, This is effectively a type of
bottom-up parsing, where the possible guery fokens are used to determine the applicable
graromar to apply to the query. As an example and not by way of Himitation, an example
grammar may be: [userf{user-filter]ischool}. The non-termival symbels [user], [user-filter],
and {school] could then be determined based n-grams in the received text query. For the text
query “friends stanford”, this guery could be parsed by using the grammar as, for example,
“Ifriendslwho go toliStanford University]” or “ifrlendsfwhe work  at}{Stanford
University]”, As another example and not by way of Hmitation, au example grammar may be
fuser][user-filter]flocation]. For the texi guery “friends stanford”, this guery could be parsed
by using the grarumar as, for example, “[friends]iwho live in}{Stanford, Califorsial”. In both
the example cases above, if the n-grams of the received text query counld be used as guery
tokens in the grammars, then these grammars may be identified by the social-networking
system 160, Similarly, if the received text query comprises n-grams that could not be used as
guery tokens in the grammar, that grammar may not be identified. Although this disclosure
describes identifying particular granumars in a particular manner, this disclosure conternplates
identifying any suitable grammars in any suitable manner.

149} In particular embodiments, the social-networking system 160 may determine a
score for each identified gramumar. The score may be, for example, a confidence score, a
probability, a quality, a ranking, another suitable type of score, or any combination thereof.
The score may be based on the individual scores or probabilities associated with the query

tokens of the grammar. A grammar may have a higher relative score if it uses query tokens
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with relatively higher individual scores. As an example and not by way of limitation,
contimiing with the prior examples, the n-gram “stanford” could be scored with respect to the
following social-graph elements as follows: school “Stanford University” = (1.7, location
“Stanford, Califomia” = 0.2; user “Allen Stanford” = 0.1, The n-gram “friends” could be
scored with respect to the following social-graph elements as follows: user “friends” = (.9;
{elevision show “Friends” = (.1, Thus, the grammar {user}{user-filteri{school} may have a
relatively high score if it uses the query tokens for the user “friends” and the school “Stantord
University” {generating, for example, the string “friends who go to Stanford University”),
both of which have relatively high individual scores. In contrast, the prammar [user}{user-
filteruser] may have relatively low score if it uses the query tokens for the user “friends”
and the user “Allen Stanford” (generating, for example, the string “friends of Allen
Stanford™), since the latter guery token has a relatively low individual score, Although this
disclosure describes determining particular scores for particular grammars in a particular
manner, this disclosure contemplates determining any subtable scores for any suitable
grammars in any suitable manner.

(381  In particular embodiments, the social-networking system 160 may determine
the score for an identified grammar based on the relevance of the social-graph elements
corresponding fo the query tokens of the grammar to the guerying user {i.e., the first user,
corresponding to a first user node 202} User vodes 202 and concept nodes 204 that are
connecied to the first user node 202 directly by an edge 206 may be considered relevant o
the fivst user, Thus, grammars comprising guery tokens corresponding to these relevant nodes
and edges may be considered more relevant to the guerying user. As an example and not by
way of limitation, a concept node 204 connected by an edge 206 to a first user node 202 may
be considered relevant to the first user node 202, As used herein, when referencing a social
graph 200 the term “connected” means a path exists within the social graph 200 between two
nodes, wherein the path may comprise one or more edges 206 and zero or more intermediary
nodes. In particular embodiments, nodes that are connected to the first user node 202 via one
or more intervening nodes {and therefore two or more edges 206) may also be considered
relevant o the first user. Furthermore, in particular embodiments, the closer the second node
is to the first user node, the more relevant the second node may be considered to the first user
node. That is, the fewer edges 206 separating the first user node 202 from a particular user
node 202 oy concept node 204 {i.e., the fewer degrees of separation), the more relevant that

user node 202 or concept node 204 may be considered to the first user. As an example and
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not by way of limitation, as illustrated in FIG. 2, the concept node 204 corresponding 1o the
school “Stanford” is connected {o the user node 202 corresponding to User “C,” and thus the
concept “Stanford” may be considered relevant to User “C.7 As another example and not by
way of limitation, the user node 202 corresponding to User “A” is connected to the user node
202 corresponding to User “C” via one intermediate node and two edges 206 (le., the
intermediated user node 202 corresponding to User “B”), and thus User “A” may be
considered relevant to User *C,” but because the user node 202 for User “A” is a second-
degres conmection with respect to User “C.” that particular concept node 204 may be
considered less relevant than a user node 202 that is connected to the user node for User (7
by a single edge 206, such as, for example, the user node 202 corresponding fo User “B.” As
vet another example and not by way of Hmitation, the concept node for “Ounline Poker”
{which is an online muliiplayer game} is not conneeted to the user node for User “C” by any
pathway in social graph 200, and thus the concept “Online Poker” may not be considered
relevant to User “C.” In particolar embodiments, a second node may only be considered
relevant to the first user if the second node is within a threshold degree of separation of the
first user node 202. As an example and not by way of limitation, if the threshold degree of
separation is three, then the user node 202 corresponding to User “D” may be considered
relevant to the concept node 204 corresponding to the recipe “Chicken Parmesan,” which are
within three degrees of each other on social graph 200 iHlustrated in Pl 20 However,
continuing with this example, the concepl node 204 corresponding to the application “All
About Recipes” would not be considered relevant to the user nede 202 corresponding to User
“I¥" because these nodes are four degrees apart in the soclal graph 200, Although this
disclosure describes determining whether particular social-graph elements {and thus their
corresponding query tokens) are relevant to each other in a particular manner, this disclosure
contemplates determining whether any suitable soclal-praph elements are relevant to each
other in any suitable manper. Moreover, although this disclosure describes deternining
whether particular query tokens corresponding to user nodes 202 and concept nodes 204 are
relevant to & querving user, this disclosure contemplates similarly determining whether any
suitable query token (and thus any suitable node) is relevant to any other suilable user.

51} In particular embodiments, the social-networking system 160 may determine
the score for an identified grammar based social-graph information corresponding to the
query tokens of the grammar. As an example and not by way of limitation, when determining

a probability, p, that an n-gram corresponds to a particular social-graph element, the
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calculation of the probability may alse factor in social-graph information. Thus, the
probability of corresponding to a particular social-graph element, 4, given a particular search
guery, X', and social-graph information, G, may be calculated as p:{‘kl){ ,G}e The

individual probabilities for the identified nodes and edges may then be used to determine the
score for a grammar using those social-graph elements as guery tokems. In particular
embodiments, the score for an identified grammar may be based on the degree of separation
between the first user node 202 and the particular social-graph element used as a query token
in the grammar. Gramumars with query tokens corresponding to social-graph elements that are
closer in the social graph 200 to the querving user (i.e., fower degrees of separation between
the element and the first user node 202} than a social-graph element that is further from the
user {ie., more degrees of separation). As an example and not by way of limilation,
referencing FIG. 2, if user “B” inpuis a fext guery of “chicken,” a grammar with a query
token corresponding to the concept node 204 for the recipe “Chicken Parmesan,” which i
connected to user “B” by an edge 206, may have a relatively higher score than a grammar
with g guery token corresponding o other nodes associated with the n-gram chicken {¢.g.,

e

} that are

concept nodes 204 corresponding to “chicken nuggets,” or “funky chicken daoce
not cormected to user “B” in the social graph 200, In particular embodiments, the score for an
identified grammar may be based on the identified edges 206 corresponding to the gquery
tokens of the grammar, If the social-networking systemn 160 has already identified one or
move edges that corespond to n-grams in a received text query, those identified edges may
then be considered when determining the scove for a particular parsing of the text query by
the grammar. If a particular grammar comprises query tokens that correspond to both
identified nodes and identified edges, if the identified nodes are not actually connected to any
of the identified edges, that particular grammar may be assigned & zere or null score. In
particular embodiments, the score for an identified grammar may be based on the number of
edges 206 connected o the node correspoending to a query token of the grammar, Grammars
comptising query tokens that corresponding o nodes with more connecting edges 206 may
be more popular and more likely to be a target of a search query. As an example and not by
way of limitation, if the concept node 204 for “Stanford, California” is only connected by
five edges while the concept node 204 for “Stanford University” is connected by five-
thousand edges, when determining the score for grammars containing query tokens

corresponding to either of these nodes, the social-networking system 160 may determine that
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the grammar referencing the concept node 204 for “Stanford University” has a relatively
higher score than a grammar referencing the concept node 204 for “Stanford, California”
because of the greater mumber of edges connected to the former concept node 204, In
particular embodiments, the score for an identified grammar may be based on the search
history associate with the first user (Le., the querying user). Granymars with query tokens
corresponding to nodes that the first user has previously accessed, or are relevant to the nodes
the first user has previously accessed, may be more likely to be the target of the first user’s
search query. Thus, these grammars may be given a higher score. As an example and not by
way of Hmitation, if first user has previously visited the *Stanford University” profile page
but has never visited the “Stanford, California” profile page, when determining the score for
grammars with guery tokens corresponding to these concepts, the soclal-networking system
160 may determine that the concept node 204 for “Stanford University” has a relatively high
scote, and thus the grammar using the corresponding query token, because the querying user
has previousty accessed the concept node 204 for the school. As another example and not by
way of limitation, if the first user has previously vistied the concept-profile page for the
television show “Friends,” when determining the score for the grammar with the query token
corcesponding to that concept, the social-networking system 160 may determine thal the
concept node 204 corresponding to the television show “Friends” has a relatively high score,
and thus the grammar using the corresponding query token, because the guerying user has
previously accessed the concept node 204 for that television show. Although this disclosure
describes determining scores for particular grammars based on particular social-graph
information in a particular manner, this disclosure contemplates determining scores for any
suitable grammars based on any suitable social-graph information in any suitable manner,

1521  In particular embodiroents, social-networking system 160 may select one or
more gravamars having a score greater than a granymar-threshold score. Each of the selected
grammars may contain query fokens that correapond to at least one of the identified nodes or
identified edges (which correspond to n-grams of the received text guery). In particular
embodiments, the grammars may be ranked based on their determined scores, and only
granumars within a thresheld rank may be selected (e.g., top seven). Although this disclosure
describes selecting grammars in a particular manner, this disclosure conternplates selecting
graroynars in any suitable manner.

83] In particular embodiments, social-networking system 160 may generate one or

more structured queries corresponding to an identified granumar having a score greater than a
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grammar-threshold score. Bach structure guery may be based on a siring generated by the
corresponding identified gramumar. As an example and not by way of Hmitation, in response
to the text query “friends stanford”, the grammar fuserijuser-filter}fschool] may generate a
siring “friends who go to Stanford University”, where the non-terminal tokens {user}, {user-
filter], [school] of the grammar have been replaced by the ferminal tokens {friends], fwho go
io], and [Stanford University], respectively, 1o generate the siring. Hach structured query may
comprise query tokens corresponding to the corresponding identified grammar, where these
query tokens correspond to one or more of the identified edges 206 and one or more of the
identified nodes. Generating siractured queries is described more below,

i54] FIG. 8 illustrates an example method 300 for using a context-free grammar
model {0 generaie struciured search gueries. The method may begin at step 510, where the
social-networking system 160 may access a social graph 200 comprising a plurality of nodes
and a plurality of edges 206 connecting the nodes. The nodes may comprise a {irst user node
202 and a plurality of second nodes {one or more user nodes 202, concepts nodes 204, or any
combination thereof). At step 520, the social-networking system 160 way receive from the
first user a substantially unsiroctured fext query. The text guery may cOMmprise One oF MOTE N-
grams. At siep 530, the social-networking system 160 may identify edges and second nodes
corresponding o the n-grams, Al step 540, the social-networking system 160 may sccess 4
context-free grammar model comprising a plurality of grammmars. Fach grammar may
comprise one or more guery tokens. At step 550, the social-networking system 160 rmay
identify grammars having query tokens corresponding to the identified nodes or identified
edges. At step 5360, the social-networking system 160 may determine a score for each
identified grammar. This score may be based on a variety of factors, At step 570, the social-
networking system may generale one or more structured gueries based on the identified
grammars, Bach structured guery may correspond to an indentified granunar having a score
greater than a grammar-threshold score, and may comprise the guery tokens of the
corresponding identified grammar. The query tokens of the structured query may correspond
to at least one of the identified second nodes or identified edges. Parficular embodiments may
repeat one or more steps of the method of FIG. §, where appropriate. Although this disclosure
describes and illustrates particular steps of the method of FIG. § as ococwrring in a particular
order, this disclosure contemplates any suitable steps of the method of FIG. 5 oceurring in
any suitable order. Moreover, although this disclosure describes and illustrates particular

components, devices, or sysiems carrying out particular steps of the method of FIG. 5, this
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disclosure contemplates any suitable combination of any suitable components, devices, or

systems carrying out any suitable steps of the methed of FIG. 5.

Generating Structured Search Queries

551  In particular embodiments, soclal-networking systemn 160 may geverate one or
more structured gqueries that each comprise the guery tokens of the corresponding grammar,
where the query tokens may correspond to one or more of the identified user nodes 202 or
one or more of the identified edges 206, The generated structured queries may be based on
context-free grammars, as deseribed previousty, This fype of structured search guery may
allow the social-networking system 160 to more efficiently search for resources and content
related to the online social network (such as, for example, profile pages) by searching for
content connected to or otherwise related to the identified nser nodes 202 and the identified
edges 206. As an example and not by way of limitation, in response to the text query, “show
me friends of my girlfriend,” the social-networking system 160 may generate a structured
guery “Friends of Stephanie,” where “Friends” and “Stephanie” in the structured guery are
references corresponding to particular social-graph elements. The reference to “Stephanie”
would corespond o a particular user node 202, while the reference to “friends” would
correspond to “friend” edges 206 connecting that user node 202 to other user nodes 202 {ie,,
edges 206 connecting to “Stephanie’s” first-degree friends). When executing this structured
query, the social-networking system 160 may identify one or more user nodes 202 connected
by “friend” edges 206 to the user node 202 corresponding to “Stephanie.” In particular
ermbodiments, the social-networking system 160 may generate a plurality of structured
queries, where the structured gueries may cormprise references to different identified user
nodes 202 or different identified edges 206. As an example and not by way of limitation, in
reaponse to the text query, “pholos of cat,” the social-networking systern 160 may generale a
first structured query “Photos of Catey” and a second sirctured query “FPhotos of Catherine,”
where “Photos” in the structured query is a reference corresponding o a particnlar social-
graph element, and where “Catey” and “Catherine” are references to two different user nodes
207, When executing either of these siructured gueries, the social-networking system 160
may identify one or more concept nodes 204 corresponding o photos that are connecied o
the identified user nodes 202 by edges 206. Although this discloswre describes generating
particular structured queries in a particular manner, this disclosure contemplates generating

any sultable structured queries in any suitable manner.
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[56] In particular evabodiments, social-networking system 160 may generate ong or
more structured queries that each comprise guery fokens corresponding to the identified
concept nodes 204 and one or more of the identified edges 206. This type of structured search
query raay allow the social-networking system 160 to more efficiently search for resources
and content related to the online social network (such as, for example, profile pages) by
search for content connected to or otherwise related io the identified concept nodes 204 and
the identified edges 206. As an example and not by way of limitation, in response to the text
query, “friends who like facebook,” the socisl-networking system 160 may generaie a
structured query “Friends who Hike Facebook,” where “Friends,” like,” and “Facebook” in the
structured query are query tokens corresponding to particular social-graph elements as
described previously (i.e., a “friend” edge 206, a “like” edge 206, and a “Facebook” concept
node 204). In particular embodiments, the social-networking system 160 may generate a
plurality of structured queries, where the structured queries may comprise references 1o
different identified concept nodes 204 or different identified edges 206. As an example and
not by way of limitation, continuing with the previcus example, in addition to the structured
query “Friends who like Facebook,” the social-networking system 160 may also generate a
structured query “Friends who like Facebook Culinary Team,” where “Facebook Culinary
Team” in the structured query is a query token corresponding to yet another social-graph
element. In particular embodiments, social-networking system 160 may rank the generated
sirnctured queries. The structured gqueries may be ranked based on a variety of factors,
Although this disclosure describes generating particular strucinred queries in a particular
manner, this disclosure contemplates generating any suitable structured gueries in any
suitable manner.

[57] In particular embodiments, social-networking system 160 may transmit oue or
more of the structured gueries to the first user (i.e., the querying user). As an example and not
by way of lmitation, afier the structured gueries are generated, the social-networking system
160 may transmit one or more of the structured queries as a response (which may utilize
AJAX or other suitable techniques) to the user’s client system 130 that may inclode, for
example, the names {(name sirings) of the referenced social-graph elements, other guery
limitations {e.g., Boolean operators, efc.), as well as, potentially, other metadata assoclated
with the referenced social-graph elements. The web browser 132 on the querving user’s client
system 130 may display the transmitted structured queries in a drop-down menu 300, as

illustrated in FiGs., 4A-4B. In particular embodiments, the transmitted gueries may be
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presented to the guerying user in a ranked order, such as, for example, based on a rank
previously determined as described above, Structured gueries with better rankings may be
presented in a2 more prominent position. Furthermore, in particolar embodiments, only
siractured querles above a threshold rank may be transmitted or displayed to the querying
user. As an example and not by way of limitation, as illustrated in FlGs. 4A-4B, the
structured gueries may be presented to the querying user in a drop~down menu 300 where
higher ranked structared queries may be presented at the top of the menu, with lower ranked
structured queries presented in descending order down the meny, In the examples illustrated
in FIGs. 4A-4B, only the seven highest ranked queries are transmitted and displayed to the
user. In particular embodiments, one or more references in g structured query way be
highlighted in order to indicaie iis correspondence 1o a particular social-graph element. As an
example and not by way of limitation, as illustrated in FIGs, 4A-4B, the references to
“Stanford University” and “Stanford, California” may be highlighted in the structured queries
io indicate that it corresponds 10 a particular concept node 204. Similarly, the references to
“Friends”, “like”, “work at”, and “go 10" in the structured gueries presented in drop-down
menu 300 could also be highlighted 1o indicate that they correspond to particular edges 206.
Although this disclosure describes transmitiing particular stroctured queries in a particular
marmer, this disclosure contemplates fransmitiing any suitable structured queries in any
suitable manner,

58] In particular embodiments, social-networking system 160 may receive from
the first user {Le., the querving user) a sclection of one of the structured gueries. As an
example and not by way of limitation, the web browser 132 on the guerying user’s client
systern 130 may display the transmitted structured queries in g drop-down menu 300, as
Hustrated in FiGs, 4A-4B, which the user may then click on or otherwise select {e.g., by
simply keying “enter” on his keyboard) to indicate the particular structured query the user
wants the social-networking system 160 lo execute. Upon selecting the particular structured
query, the user’s client sysiem 130 may call or otherwise instruct to the social-networking
system 160 10 execute the selected structured query. Although this disclosure describes
receiving selections of particular structured gueries in g particular manner, this disclosure
contemplates receiving selections of any suitable structured queries in any suitable manner.

591 More information on structured search queries may be found in U8, Patent

Application No. 13/556072, filed 23 July 2012, which is incorporated by reference.



WO 2014/074346 PCT/US2013/067214
32

Systems and Methods

[60] FIG. 6 illusirates an example computer system 600, In  particular
embodiments, one or more computer systems 600 perform one or more steps of one or more
methods deseribed or illustrated herein. In particular embodiments, one or more computer
systems 600 provide functionality described or illustrated herein. In particular embodiments,
software running on one or more computer systems 600 performs one or more steps of one or
more methods deseribed or iHustrated herein or provides functionality described or illusirated
herein, Particular embodiments include one or more portions of one or more computer
systems 600. Herein, reference to a computer system may encompass a computing device,
where appropriaie. Moreover, reference to a computer system may encompass one or more
computer systems, where appropriate.

1611 This disclosure coniemplates any suitable number of compuler systems 608,
This disclosure contemplates computer sysiern 600 taking any suitable physical form. As
example and not by way of limitation, computer system 600 may be an embedded computer
systern, a system-on-chip (SOC), a single-board computer system (SBC) (such as, for
example, a computer-on-module (COM) or system-on-modale (SOM)), a desktop computer
system, a laptop or notebook computer system, an interactive kiosk, a mainframe, a mesh of
coniputer systems, a mobile telephone, a personal digital assistant (PDA), a server, a tablet
computer system, of a combination of two or more of these, Where appropriate, computer
aystem 600 may include one or more computer systems 600; be unitary or distributed; span
multiple locations; span multiple machines; span multiple data centers; or reside in a cloud,
which may include one or more cloud components in one or more networks. Where
appropriate, one or more computer systems 600 may perform without substantial spatial or
temporal Hmitation one or more steps of one or more methods described or illustrated herein.
As an example and not by way of limitation, one or more computer systems 600 may perform
in real time or in batch mode one or more steps of one or more methods described or
illnstrated herein. One or more computer systems 600 may perform at different times or at
different locations one or more steps of one or more methods deseribed or llustrated hercin,
where appropriate.

1621 In particular embodiments, computer system 600 inchudes a processor 602,
memory 604, storage 606, an input/output (V0 interface 608, a communication interface

&10, and a bus 612, Although this disclosure describes and illustrates a particular computer
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system having g particular murnber of particular componenis in a particular arrangement, this
disclosure contemplates any suitable computer system having any suitable number of any
suitable components in any suitable arrangement,

[63] In particular embodiments, processor 607 includes hardware for executing
instructions, such as those making up a computer program. As an example and not by way of
Hmitation, to execute insiructions, processor 607 may retrieve {or feich) the instructions from
an internal register, an internal cache, memory 604, or storage 606; decode and execute them;
and then wrile one or more resulis o an internal register, an jnternal cache, memory 604, or
storage 606, In particular embodiments, processor 602 may inchude one or more internal
caches for data, instructions, or addresses. This disclosure contemplates processor 602
including any suitable number of any suitable infernal caches, where appropriate. As an
example and not by way of limitation, processor 632 may include one or more instruction
caches, one or more data caches, and one or more franslation lookaside buffers (TLBs)
Instructions in the instruction caches may be copies of instructions in memory 604 or storage
606, and the instruction caches may speed up reirieval of those instructions by processor 602,
Data in the data caches may be copies of data in memory 604 or storage 606 for instructions
executing at processor 602 to operate on; the resulis of previcus instructions executed at
processor 602 for access by subsequent instructions executing at processor 602 or for writing
to memory 604 or storage 606; or other suitable data, The data caches may speed up read or
write operations by processor 602, The TLBs may speed up virtual-address translation for
processor 602, In particular embodimenis, processor 602 may include one or more iniernal
registers for data, insiructions, or addresses. This disclosure conmtemplates processor 602
including anv suitable number of any suitable intornal registers, where approprigte, Where
appropriate, processor 602 may include one or more arithmetic logic units (ALUs); be a
multi-core processor; or include one or more processors 602, Although this disclosure
describes and illustrales a particular processor, this disclosure contemplates any suitable
PHOCESSOL.

{641 In particular embodiments, memory 604 jncludes main memory for storing
instructions for processor 602 to execute or data for processer 602 fo operale on As an
example and not by way of limitation, computer system 600 may load instructions from
siorage 606 or another source (such as, for example, another computer sysiern 600) o
memory 604, Processor 602 may then load the instructions from memory 604 {o an intemnal

register or internal cache. To execuie the instructions, processor 602 may reirieve the
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instructions from the internal register or inlemal cache and decode them. During or afier
execution of the instructions, processor 602 may write one or more results {which may be
intermediate or final resuits) to the internal register or nternal cache. Processor 602 may then
write one or more of those results to memory 604, In particular embodiments, processor 602
executes only instructions in one or more infernal regisiers or internal caches or in memory
604 {(as opposed o storage 606 or eleewhere} and operates only on data in one or more
internal registers or iniernal caches or in meomory 604 {as opposed to storage 604 or
elsewhere). One or more memory buses (which may each include an address bus and a data
bus) may couple processor 602 {0 memory 604. Bus 612 may include one or more memory
buses, as described below. In particular embodiments, one or more memory management
anits (MMUs) reside between processor 602 and memory 604 and facilitale accesses to
memory 604 requested by processor 602, In particular erabodiments, memory 604 includes
random access memory (RAM). This RAM may be volatile memory, where appropriaie
Where appropriate, this RAM may be dynamic RAM (DRAM} or static RAM (SRAM).
Moreover, where appropriate, this RAM may be single-ported or multi-ported RAM. This
disclosure contemplates any suitable RAM. Memory 604 may include one or more memories
604, where appropriate, Although this disclosure describes and illustrates particular memory,
this disclosure contemplates any suitable memory.

165] In particolar embodiments, storage 606 includes mass storage for data or
instructions. As an example and not by way of limitation, storage 606 may include a hard
disk drive (MDD, a floppy disk drive, flash memory, an optical disc, a magneto-optical dise,
magnetic tape, or a Universal Serial Bus (USB) drive or & combination of two or more of
these. Storage 606 may include removable or non-rersovable {or fixed) media, where
appropriate. Storage 606 may be internal or external fo computer system 600, where
appropriate. In particular embodiments, storage 606 is non-volatile, solid-state memory. In
particalar embodiments, storage 606 includes read-only memory (ROM), Where appropriate,
this ROM may be mask-programmed ROM, programmable ROM (PROM)}, erasable PRUM
(EPROM), electrically erasable PROM (BEPROM), electrically alterable ROM (EAROM),
or flash memory or a combination of twe or more of these. This disclosure conternplates mass
storage 606 taking any suitable physical form. Storage 606 may include one or more storage
control unite facilitating communication between processor 602 and storage 606, where

appropriate. Where appropriate, storage 606 may include one or more storages 606. Although
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this disclosure describes and illustrates particular storage, this disclosure contemplates any
suitable storage.

{66} In particular embodiments, VO interface 608 includes hardware, software, or
both providing one or more interfaces for communrication between computer sysiem 600 and
one or more FO devices. Compuier system 600 may include one or more of these VO
devices, where appropriate. Une or more of these /O devices wmay enable communication
between a person and computer system 600, As an example and not by way of Hmitation, an
VO device may include a kevboard, keypad, microphone, montior, mouse, printer, scanner,
speaker, stifl camera, stytus, tablet, touch screen, trackball, video camera, another suitable VO
device or a combination of two or more of these, An VO device may include one or more
sensors, This disclosure contemplates any suitable /O devices and any suitable VO interfaces
608 for themn. Where appropriste, 1/0 interface 608 may include one or more device or
software drivers enabling processor 602 to drive one or more of these VO devices. VO
interface 608 may include one or more YO inierfaces 608, where appropriate. Although this
disclosure deseribes and illustrates a particular /O interface, this disclosure contemplates any
suitable 1O interface.

(67] In particular embodiments, communication interface 610 includes hardware,
software, or both providing one or more interfaces for communication {such as, for example,
packet-based communication} between computer system 600 and one or more other computer
systems 600 or one or more networks. As an example and not by way of limilation,
communication interface 610 may include a network interface controller (NIC) or network
adapter for conumunicating with an Ethernet or other wire-based network or a wireless NIC
{WNIC) or wireless adapter for comrpunicating with a wireless network, such as a WI-Fl
network, This disclosure contemplates any suitable network and any suitable communication
interface 610 for it. As an example and not by way of Hmitation, computer system 600 may
communicate with an ad hoc network, a personal area network (PAN), a local area network
(LAMN), a wide area network {WAN), a metropolitan area network (MAN}, or cue or more
portions of the Internet or a combination of two or more of these, Une or more portions of
one or more of these networks may be wired or wireless. As an example, computer system
600 may conununicate with a wireless PAN (WPAN) (such as, for example, a BLUETOUTH
WEAN), 8 WI-FI network, a WI-MAX network, a cellular telephone network {such as, for
example, a Global System for Mobile Communications ((G8M) network), or other suitable

wireless network or a combination of two or more of these., Computer system 600 may
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include any suitable communication inferface 610 for any of these uetworks, where
appropriate. Commumication interface 610 may include one or more compmumnication
interfaces 610, where appropriate. Although this disclosure describes and illustrates a
particular communication interface, this disclosure contemplates any suitable communication
interface,

[68] In pariicular embodimentis, bus 612 inchudes hardware, software, or both
coupling components of computer system 600 to each other. As an example and not by way
of lmitation, bus 612 may include an Accelerated Graphics Port (AGP) or other graphics bus,
an FEnhanced Industry Standard Architecture (EISA} bus, a front-side bus {F5B), a
HYPERTRANSPORT (HT) interconnect, an Industry Standard Architecture (ISA) bus, an
INFINIBAND interconnect, a low-pin-count (LPC) bus, a memory bus, a Micro Channel
Architecture (MCA) bus, a Peripheral Component Interconnect (PCI) bug, s PCI-Express
{PCle) bus, a serial advanced technology aitachment {SATA) bus, a Video Electronics
Standards Association local (VLB) bus, or another suitable bus or a combination of two or
move of these. Bus 612 may include one or more buses 612, where appropriate. Although this
disclosure describes and ilustrales a particular bus, this disclosure conternplates any suitable
bus or interconnect.

{691 Herein, a compuier-readable nop-transitory storage mediurn or media may
include one or more semiconductor-based or other integrated circuits {IUs) (such, as for
example, field-programmable gate arrays (FPGAS) or application-specific ICs (ASICs)}, hard
disk drives (HDDs), hvbrid hard dreives (HHDS), optical discs, optical disc drives (O13Ds),
magneto-optical discs, magneto-optical drives, floppy diskettes, floppy disk drives (FDDs},
magnetic tapes, solid-state drives (88Ds), RAM-drives, SECURE DIGITAL cards or drives,
any other suitable computer-readable non-transitory storage media, or any suilable
combination of two or more of these, where appropriate. A computer-readable non-transitory
storage medium may be volatile, non-volatile, or a combination of volatile and non-volatile,
where appropriate.

{74}  Herein, “or” is inclusive and not exclusive, unless expressly indicated
otherwise or indicated otherwise by context. Therefore, herein, “A or B” means “A, B, or
both,” unless expressly indicated otherwise or indicated otherwise by context. Moreover,
“and” is both joint and several, unless expressly indicated otherwise or indicated otherwise by
context. Thercfore, herein, “A and B” means “A and B, jointly or severally,” unless expressly

indicated otherwise or indicated otherwise by conlext.
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71} The scope of this disclosure encompasses all changes, substitutions, variations,
alterations, and modifications to the example embodiments described or illustrated herein that
a person having ordinary skill in the art would comprehend. The scope of this disclosure is
aot limited to the example embodiments described or llustrated herein. Moreover, although
this disclosure describes and illustrates respective embodiments herein as including particular
components, elements, functions, operations, or steps, any of these embodiments may include
any combination or permuiation of any of the components, elements, functions, operations, or
steps described or Husirated anywhere herein that a person having ordinary skill in the art
would comprehend. Furthermore, reference in the appended claims to an apparatus or system
or a component of an apparatus or system being adapted to, arranged to, capable of,
configured to, enabled to, operable to, or operative to perform a particalar function
encornpasses thal apparatus, system, component, whether or not it or that particular function
is activated, turned on, or unlocked, as long as that apparatus, system, of component is so

adapted, arranged, capable, configured, enabled, operable, or operative.
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CLAIMS:

What is claimed is:

1. A method comprising, by a computing device:

accessing a social graph comprising a plurality of nodes and a plurality of edges
connecting the nodes, each of the edges between two of the nodes representing a single
degree of separation between them, the nodes comprising:

a first-nser node corresponding to a first aser assoclated with an online social
network: and
a plurality of second nodes that each correspond to g concept or a second user

associated with the online social network;

vecelving from the first user an unstroctured text query;

identifying one or more edges or one or more second vodes, each of the identified
adges or identified nodes corresponding to at least a portion of the unstructured text query;

accessing a context-free grammar model comprising a plurality of grammars, each
grammar comprising one or more query tokens;

identifving one or more grammars, cach identified grammar having one or more guery
tokens corresponding to at least one of the identified second nodes or identified edges;

determining a first score for each identified grammar; and

generating one or more structured queries, sach structured query corresponding to an
identified grammar having first score greater than a grammar-threshold score wherein the
structured guery is based on a string generated by the identified grammar, each structured
query comprising the guery tokens of the corresponding identified grammar, wherein one or
more of the query tokens of the stractured guery corresponds 1o at least one of the identified

second nodes or identified edges.

2. The method of Claim 1, wherein the unstructured text query COmMPprises 00g Of More n-
grams, and wherein each of the identified edges or identified nodes corresponds to al least

ong of the n-grams.

3. The method of Claim 2, wherein each n-gram comprises one or more characters of

iext eniered by the first user.
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4, The method of Claim 2, wherein each n-gram comprises a contiguons sequence of »

ttoms from the text query.

5. The method of Claim 2, wherein identifying one or more edges or second nodes
COMPrises:
stermining a second score for each n-gram that the n-gram corresponds 1o an edge or
a second node;
selecting one or more edges having a second score greater than an edge-threshold
score, cach of the identified edges corresponding to at least one of the n-grams; and
selecting one or more second nodes baving @ second score greater than a node-
threshold score, each of the identified second nodes being connected to at least one of the
identified edges, each of the identified second nodes corresponding to at least one of the n-

grams,

&. The method of Claim 5, wherein the second score for each n-gram is g probability that

the n-gram corresponds to an edge or a second node.

7. The method of Claim 1, wherein determining the first score for each grammar is
based on the degree of separation between the first-user node and the identified second nodes

corresponding to the query tokens of the grammar.

8. The method of Claim 1, wherein determining the first score for each grammar is

based on the identified edges corresponding to the query tokens of the grammar.

9. The method of Claim 1, wherein determining the first score for each grammar i3
based on the number of identified edges conmected to the identified second nodes

corresponding to the query tokens of the grammar.

10. The method of Claim 1, wherein determining the first score for cach granumar is

based on the search history associate with the first user.

11, One or more computer-readable non-transitory storage media embodying software

that is operable when executed to:
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access a social graph comprising a plurality of nodes and a plurality of edges
connecting the nodes, each of the edges between two of the nodes representing a single
degree of separation between them, the nodes comprising:

a {irst-user node corresponding to a first user associated with an online social
anetwork; and
a plurality of second nodes that each correspond to a concept or a second user

associated with the online social networl;

receive from the fivst user a unstructured text query;

identify one or more edges or one or more second nodes, sach of the identified edges
or identified nodes corresponding to at least a portion of the unstructured text query;

access a comtext-free grammar wodel comprising 8 plurality of grammars, each
grammar comprising one or more query tokens;

identify one or more grammars, each identified grammar having one o1 more guery
tokens corresponding to at least one of the identified second nodes or identified edges;

determine a first score for cach identified grammar; and

generate one or more structured queries, cach structured guery corresponding to an
identified grammar having first score greater than a gramumaer-threshold score wherein the
structured guery is based on a siring generated by the identified grammar, each structured
query comprising the query tokens of the corresponding identified gramwsar, wherein one or
more of the query tokens of the structured query corresponds to at least one of the identified

second nodes or identified edges.

12, The media of Claim 11, wherein the unstructured text query coruprises one of more n-
grams, and wherein each of the identified edges or identified nodes corresponds to at least

one of the n-grams.

13. The media of Claim 12, wherein each n-gram comprises one or more characiers of

text gntered by the first user,

14, The media of Claim 12, wherein each n-gram comprises a contignous sequence of »

items from the text query.
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15, The media of Claim 12, wherein identifying one or more edges or second nodes

COMPTiSes:

determining 2 second score for gach n-gram that the n-gram corresponds to an edge or
a second node;

selecting one or more edges having a second score greater than an edge-threshold
score, each of the identified edges corresponding fo at least one of the n-grams; and

selecting one or more sccond nodes having a second score greater than a node-
threshold score, each of the identified second nodes being connected o at least one of the
identified edges, each of the identified second nodes corresponding o at least one of the n-

grams,

16. The media of Claim 13, wherein the second score for each n-gram is a probability that

the n-gram corresponds o an edge or a second node.

17. The media of Claim 11, wherein determining the first score for ach grammar is based
on the degree of separation between the first-user node and the identified second nodes

corresponding to the query tokens of the gramumar,

1%, The media of Claim 11, wherein determining the first score for each gramumar is based

on the identified edges corresponding o the query tokens of the gramumar,

19, The media of Claim 11, wherein delermining the first score for cach gramumar is based
on the number of identified edges connected to the identified second nodes corresponding 1o

the guery tokens of the grammar.

20. A system comprising: one or more processors; and a memory coupled to the
processors comprising instructions executable by the processors, the processors operable
when executing the instructions o

access a soclal graph comprising a plurality of nodes and a plurality of edges
connecting the nodes, sach of the edges between two of the nodes representing a single

degree of separation between them, the nodes comprising:
a first-user node coresponding to a first user associated with an ondine social

network: and
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a plurality of second nodes that each correspond o g concept or a second user

associated with the online social network:

receive from the first user a unstructured text query;

identily one or more edges or one or more second nodes, sach of the identified edges
or identified nodes corresponding to at least a portion of the unstructured text query;

access a comtext-free grammar model comprising 2 plurality of grammars, each
grammar comprising one or more query tokens;

identify one or more grammars, each identified grammar having one or more query
tokens corresponding to at least one of the identified second nodes or identified edges;

determine a first score for each identified grammar; and

generate one or more structured gueries, each siructured query comesponding o an
identified grammar having first score greater than a grammar-threshold score wherein the
structured query is based on a string gencrated by the identified grammar, each structured
guery comprising the query tokens of the corresponding identified grammar, wherein one or
more of the guery tokens of the structured query corresponds to at least one of the identified

second nodes or identified edges.
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