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(57) Abstract: In one embodiment, a method includes receiving a search

query requesting first search results of a first object type. The search query in-

cludes an inner query requesting second search results of a second object

FIGURE 4

type. The method includes accessing an inverted index of a data store corres-
ponding to the second object type; retrieving the second search results reques-
ted by the inner query using the inverted index of the data store corresponding
to the second object type; accessing a forward index of the data store corres -
ponding to the second object type; retrieving the first search results requested
by the search query using the second search results and the forward index of
the data store corresponding to the second object type.
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EXTRACT OPERATOR

TECHNICAL VIELD

i1} This disclosure generally relates io a social-networking system.
BACKGROUND
123 A social-networking system, which may include a social-networking website,

may enable its users (such as persons or organizations) to interact with it and with each other
through it. The social-networking system may, with input from g user, create and store in the
social-networking system a user profile associated with the user. The user profile may include
demographic information, communication-channe! information, and information on personal
interests of the user. The social-nefworking system may also, with iuput from a user, create
and store a record of relationships of the user with other users of the soctalnetworking
systern, as well as provide services {e.g. wall posts, photo-sharing, event organizalion,
messaging, games, or advertisements) to facilitate social interaction between or among asers.
i3 The social-networking system may transmit over one or more networks
cordent or messages related to its services to a mobile or other computing device of a user. A
user may also insiall software applications on g mobile or other computing device of the user
for accesaing a user profile of the user and other data within the social-networking system.
The social-networking system may generate a personalized set of content objects to display to

& user, such as a newsfeed of aggregated stories of other users connected fo the user,

SUMMARY OF PARTICULAR EMBODIMENTS

14} Particular embodiments may receive & search query requesting first search
results of a first object type, while the search query may comprise an inner query requesting
second search results of a second object type.  Particular embodiments may access an
inverted index of a data store corresponding to the second object type, and retrieve the second
search resulls requested by the inner query. Particular emabodiments may access a forward

index of the data store, and refrieve the first scarch resalis using the second search resulis,
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BRIEF DESCRIPTION OF THE DRAWINGS

{5 FIGLIRE 1 ilustrates an example network environment associated with a
social-networking system.

16} FIGURE 2 iHustrates an example social graph.

71 FIGURE 3 illustrates an example partitioning for storing objects of a social-

networking system.

18} FIGURE 4 illustrates an example method for searching using a forward index.
9] FIGURE 5 illustrates an example computer system,

DESCRIPTION OF EXAMPLE EMBODIMENTS

(18]  FIGURE 1 iilustraies an example network envirotment 100 associated with a
social-networking system. Metwork environment 100 includes a user 101, a client system
136, a social-networking system 160, and a third-party system 170 connected to each other by
a network 110, Although FIGURE 1 illustrates a particular arrangement of user 101, cliemt
system 130, social-networking systern 160, third-party system 170, and network 119, this
disclosure contemplates any suitable arrangement of user 101, client system 130, social-
networking system 160, thivd-party sysiern 170, and network 110, As an example and not by
way of limitation, two or more of client system 130, social-networking system 166, and third-
party systern 170 may be connected o each other directly, bypassing network 110, As
another example, two or more of client system 130, social-networking system 160, and third-
party systemn 170 may be physically or logically co-located with each other in whele or in
part. Moreover, although FIGURE 1 illustraies a particular number of users 101, chent
systerns 130, social-networking systems 160, third-party systems 170, and networks 114, this
disclosure contemplates any suitable number of users 101, client systems 130, social
networking systems 160, third-party systems 170, and networks 110, As an example and not
by way of limitation, network environment 100 may include multiple users 181, client system
130, soctal-networking systems 160, third-party systems 170, and networks 110,

{11} In particular evobodiments, user 101 may be an individual (human user), an
entity {e.g., an enterprise, business, or third-party application}, or a group {e.g,, of individuals
or entities) that interacts or comwmunicates with or over social-networking system 168, In

particolar embodiments, soclal-networking system 160 may be a network-addressable

"
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computing system hosting an online social network. Social-networking system 160 may
generate, store, receive, and ransmit social-networking data, such as, for example, user
profile data, concept-profile data, social-graph information, or other suitable data refated o
the online social network, Social-networking system 160 way be accessed by the other
components of network environment 100 either divectly or via network 110, In particular
embodiments, social-networking systern 160 may include an authorization server that allows
users 101 o opl in or opt out of having their actions logged by soclal-networking system 160
or shared with other systems (e.g., thivd-party systems 170}, such as, for example, by setiing
appropriate privacy setiings. In particular embodiments, third-party system 170 may be a
network-addressable computing system that can host websites or applications. Third-party
system 170 may generate, siore, receive, and transmit third-party system dala, such as, for
exarpie and without limitation, web pages, text, images, video, audio, or applications, Third-
party system 170 may be accessed by the other components of network envivonment 100
either directly or via network 110, In particular ombodiments, ong or more users 101 may use
one or more client systems 130 fo access, send data to, and receive data from social-
networking system 160 or third-party system 170, Client system 130 may access social-
petworking system 160 or third-party system 170 divectly, via network 110, or via a third-
party sysiemn, As an example and not by way of limitation, client systemy 130 may access
third-party systemn 170 via social-networking system 160, Client system 130 may be any
suitable computing device, such as, for example, a personsl computer, a laplop computer, 8
cellulbar telephone, a smartphone, or a tablet computer,

{12]  This disclosnre coniemplates any suitable network 110, As an example and not
by way of Hmitation, ous or more portions of network 110 may include an ad hoo network, an
intranet, an extranct, a virtual private network (VPN), a local area network {LAN), a wireless
LAMN (WLAN}, a wide arsa network (WAMN), & wircless WAN {WWAN}, a metropolitan area
network (MAN), a portion of the Infernet, a portion of the Public Swiiched Telephone
Metwork (PSTN), a cellular telephone network, or a corbivation of two or more of these,
Network 110 mayv include one or more networks 118,

1331 Links 150 may connect client system 130, social-networking system 160, and
shird-parly systern 170 to comwmmnication network 110 or to each other. This disclosure
conteraplates any suitable links 150, In particular embodiments, one or more links 130
include one or more wireline (such as for example Digital Subseriber Line (DBSL) or Data

Over Cable Service Interface Specification (DOCSISY)), wireless (such a3 for example Wi-I5
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or Worldwide Interoperability for Microwave Access {WiMAXY), or optical {such as for
example Synchronous Uptical Network (SONET) or Synchronous Digital Hierarchy (SDH)
Huoks, In particular embodiments, one or more links 150 each include an ad oo network, an
intranet, an extranet, a VPN, a LAN, a2 WLAN, a WAN, a WWAN, a MAN, a portion of the
Internct, a portion of the PSTN, a cellolar technology-based network, a satellite
commumications technology-based petwork, another Hink 1590, or 3 combination of two or
more such links 150, Links 150 need nol necessarily be the same throughout nelwork
environment 100. One or more first Hoks 150 may differ in one or more respects {from one or
more second links 130,

1141 FIGURFE 2 illustrates exarople social graph 200, In particular embodiments,

social-networking system 160 may store one or more social graphs 200 in one or more data

stores. In particular embodiments, social graph 209 may include multiple nodes—which may
incinde multiple user nodes 202 or multiple concept nedes 204-—and multiple edges 206
comnecting the nodes. Example social graph 200 illustrated in FIGURE 2 is shown, for
didactic pwrposes, in a two-dimensional visual map represenmtation. In  particular
embodiments, a social-networkdng system 160, client systom 130, oy third-party system 170
may access social graph 200 and related soclal-graph information for suitable applications.
The nodes and edges of social graph 200 may be stored as data objects, for example, in g dais
atore (such as a social-graph database). Such a data store may inchude one or more searchable
or quervable indexes of nodes or edges of social graph 200,

151 In particular embodiments, a user vode 202 may correspond 1o a user of
social-networking system 160, As an example and not by way of limitation, 2 user may be an
individual (human user), an entity {e.g., an enterprise, business, or third-party application), or
a group {e.g. of individuals or entities) that interacts or communicates with or over socigl-
networking system 160, In particular embodiments, when a user registers for an account with
social-networking systern 160, sociab-networking system 160 may create 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 described herein may, where appropriate, refor to registered users and user
nodes 207 associated with registered users. In addition or as an alternative, users and user
nodes 202 described herein may, where appropriate, refer to neers that have not registered
with social-networking system 160, In parlicular embodiments, a user node 202 may be
associated with information provided by a user or information gathered by various systems,

including social-networking system 160, As an example and not by way of tunitation, a user
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may provide his or her name, profile picturs, contact information, birth date, sex, marital
status, family status, employment, education background, preferences, interests, or oiher
demographic information. In particular smbodiments, a user node 202 may be associated with
one or more data obiects corresponding to information associated with a user. In particular
erhodiments, a user node 202 may correspond 10 one or more webpages.

[16]  In particular erobodiments, a concept node 204 may correspond to a concept.
Ag an example and pot by way of limitation, & concept may correspond 1o a place (such as,
for example, a movie theater, restaurant, landmark, or city); a websile (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 a8, for example, a person, business, group, sporis
team, or celebrityy; a resource (such as, for example, an audio file, video file, digital photo,
text file, struciured document, or application} which may be located within social-networking
systern 160 or on an external server, such as a web-application server: reel or intellectual
property (such as, for example, a sculpture, painting, movie, game, song, idea, photograph, o
written work); a game; an activity; an idea or theory; another suitable concepl; or two or more
such concepis, 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 Hmitation, informsation of a concept may inchude a
name or & tifle; ope or more images (e.g., an image of the cover page of a book); a location
{e.g., an address or a geographical location); a website (which may be associated with a
1IRLY; contact information {e.g., @ phone number or an email address); other suitable concept
information: or any suitable combination of such information. In particular embodiments, a
poncept node 204 may be associated with one or more data objects corresponding o
information associated with concept node 204. In particular erobodiments, a concept node
204 may correspond 10 one or more webpages,

871 In particular embodiments, a node in social graph 200 may represent or be
represented by a webpage (which may be referred to as a “profile page”). Profile pages may
be hosted by or accessible 1o 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 limitation, a profile page corresponding to a particular exteral webpage may be the
particular external webpage and the profile page may correspond to a particular concept node
204. Profile pages may be viewable by all or a selecied subset of other users, As an exaraple

and net by way of limitation, a user node 202 may have a corresponding user-profile page in
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which the corresponding user may add content, make declarations, or otherwise expross
himself or herself. As apother example and not by way of Himitation, a concept node 204 may
have a corresponding concepi-profile page in which one or more users may add content,
make declarations, or express themselves, particularly in relation to the concept
corresponding o concept node 204,

1181 In particular embodiments, g concept node 204 may represent a third-party
webpage or resource hosted by a third-party systera 170, The third-party webpage or resouree
may include, among other elements, content, a selectable or other icon, or other inter-actable
obiect (which may be implemented, for example. in JavaScript, AJAX, or PHF codes)

representing an action or activity. As an exaruple and not by way of limitation, a third-party

LE N1 3 &s

webpage may include a selectable icon such as “like,” “check in,” “gai,” “recoramend,” of
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”™), causing & client system 130 to transmil to
social-networking svstem 160 a message indicating the user’s action. In response io the
message, social-networking system 160 may create an edge (e.g. an “eat” edge) between &
user node 207 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,

1197 In particular embodiments, a pair of nodes in social graph 200 may be
commected 1o each other by one or more edges 206, An edge 206 cormecting a pair of nodes
may represent a relationship between the pair of nodes. In particular embodiments, sn edge
206 may include or represent one or more data objects or atiribuies corresponding o the
relationship between a pair of nodes. As an example and not by way of limitation, & first user
may indicate that a second user i g “friend” of the first user. In response to this indication,
social-networking system 160 may transmit s “friend request” to the second user. [f the
second user confirms the “friend reguest,” social-networking system 160 may create an edge
206 comnecting the first user’s user node 202 1o 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 FIGURE 2, social graph 200 includes an edge 206 indicating a friend relation
between user nodes 202 of user “A” and user “B” and an edge indicating a friend relation
between user nodes 207 of user “C” and user “B.” Although this disclosure describes or
iHustrates particular edges 206 with particular attributes connecting particular user nodes 202,
this disclosure conternplates any suitable edges 206 with any suitable atiribules connecting

user nodes 202, As an example and not by way of Umitation, an edge 206 may represent a
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friendship, family relationship, business or employment relationship, fan relationship,
follower velationship, visitor relationship, subscriber relationship, superior/subordinate
relationship, reciprocal relationship, non-reciprocal relationship, another suitable type of
relstionship, or two or more such relationships. Moreover, although this disclosure generally
describes nodes as baing connected, this disclosure aleo describes users or concepts as being
connected, Herein, references o users or concepts being connected may, where sppropriate,
refer 1o the nodes corresponding to those users or concepts being connected in social graph
204 by one or more edges 206,

28] 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 limitation, as illastrated in FIGURE 2, a user may “like,” “attended,” “played,”
“listened,” “cocked.” “worked at,” or “waiched” a concept, each of which may correspond o
a edge type or sublype. A concept-profile page corresponding to a concept node 204 may
include, for example, a selectable “check in” icon (such as, for example, a clickable “check
in” toon) or a selectable “add to favoriies” lcon. Similarly, after a user clicks these icons,
social-networking system 160 may create a “favorite” edge or a “check in” edge in response
to a user's action corresponding o a respective action. As another example and not by way of
Hmitation, a user (user “(7) may listen o a particular song (“Ramble On™) using a particular
application (SPOTIFY, which is an onling music application). In this case, social-networking
system 160 may create a “listened” edge 206 and a “used” edge (as illustrated in FIGURE 2}
between user nodes 202 corresponding to the user and concept nodes 204 corresponding fo
the seng and application to indicate that the user Hstened to the song and used the application.
Moreover, social-networking sysiem 160 may creaic a “played” edge 206 (as illustrated in
FIGURE 2) between concept nodes 204 corresponding fo the song and the application o
indicate that the particular song was plaved by the particular application. in this case,
“slayed” edge 206 comresponds 1o an action performed by an external application (SPOTIFY)
on an external andio file {the song “lmagine”). Although this disclosure describes particular
edges 206 with particular atiributes connecting user nodes 202 and concept nodes 204, this
disclosure contemplates any suilable edges 206 with any suitable attributes connecting user
nodes 202 and concept nodes 204, Morsover, although this disclosure describes edges
hetween a user node 202 and a concept node 204 representing a single relationship, this

disciosure contemplaies edges between a user node 202 and g concep! node 204 representing
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one or more relationships. As an example and not by way of limitation, an edge 206 may
represent both that a user likes and has nsed at a particnlar concept. Alternatively, another
edge 206 may represent each type of relationship {or multiples of 2 single relationship)
hetween a user node 202 and a concept node 204 {(as lusirated in FIGURE 2 between user
nede 202 for user “E” and concept node 204 for “SPOTIFY™).

{31}  In particular embodiments, social-networking systemn 160 may create an edge
206 hetween 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 weh browser or a 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” jcon, which may cause the user’s client system 130 fo transmit to social-
setworking systemn 160 & 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 sssociated with the user and concept node 204, a3
ithustrated by “like” odge 206 between the user and concept node 204, In particular
embodiments, social-networking system 160 may siore an edge 206 in one or more dais
stores. In particular embodiments, an edge 206 may be awtomaticaily formed by social-
networking syster 160 in response to a particular user sction. As an example and not by way
of limitation, if a first user uploads a picture, watches a movie, or listens o g song, an edge
206 may be formed between user node 202 corresponding to the first user and concept nodes
204 corresponding to those concepts. Although this disclosure deseribes forming particular
edges 206 in particular manners, this disclosure contemplates forming any suiiable edges 206
in any suitable manner.

{32] u addition, the degree of separation between any two nodes is defined as the
winimum number of hops required to fraverse the social graph from one node o the other, A
degree of separation between two nodes can be considered s measure of relatedness between
the users or the concepts represented by the two nodes in the social graph.

{33}  The amount of data {(e.g., data for a social graph) stored by a social-
networking system may be very large. For example, a social graph used by Facebook of
Menlo Park, CA can have a number of nodes in the order of }i}gﬂ and a number of edges in
the order of 107 Typically, a large coliection of daia such as a large database may be

divided into a nurnber of partifions.  Fach partition may be held by separate servers or at
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separaie physical locations, As the index for each partition of a database is smaller than the
index for the overall database, the partitioning may improve performance in aceessing the
database. As the partitions may be distributed over a large number of servers (while each
partition may be duplicated at geographically diverse locations), the pariitioning roay also
improve performance and reliability in accessing the database. Ordivarily, a database may be
partitioned by storing rows {(or columns} of the database separately. A database may also be
partitioned by using a hashing algorithm. A database may also be partitioned by some real-
world segmentation of the daia held by the database {(¢.g., customers in gach time zone of the
United States). Particular erobodiments may partition storage of a collection of data based on
object types, Particular embodiments may store data objects in a plurality of partitions, each
partition holding data objects corresponding to a single object type.

124}  FIGURE 3 Hlustrates an exarnple partitioning for storing objects of a social-
networking systent. In the example of FIGURE 3, a plurality of data stores or verticals {e.g.,
P1, B2, P2, and so on) may store objects of a social networking systers.  In particular
embodiments, each data store may be configured o store obiects of a particular one of &
plurality of object types in respective daia storage devices 340, Each dats store may also be
configured to store in dala storage devices 340 information associated with each stored
object. An ohiect type may be user, photo, posi, web page, or application. Other examples of
obiect types may be music, comment, event, ressage, offer (e.g., coupon), and review. This
disclosure conternplates any suitable object types for a socisl-networking system,

(28] For example, a user vertical P illustrated in FIGURE 3 may store user
objects. Fach user object stored in the user vertical P1 may comprise an idewtifier {e.g., a
character string), a user name, and a profile picture for a user of the social-networking
systemn.  The social-networking system may also store in the user vertical Pl information
associated with a user object such as language, location, education, one or more email
addresses, inferests, relationship status, a Het of friends, a st of family members, privacy
settings, and so on, For example, a post vertical P2 illustrated in FIGURE 3 may store post
objects. Fach post object stored in the post vertical P2 may comprise an identifier, 4 text
string for a post posted o the social-networking sysiermn. The social-networking system may
also store in the post vertical P2 information associated with a post object such 85 a fime
starap, an author, privacy settings, users who like the post, a count of likes, comments, a
count of cormmnents, location, and so on. For example, a photo vertical P23 may store photo

objects {or ohiects of other media {ypes such as video or audic). Each photo object stored in
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the photo vertical P3 may comprise an identifier and s photo. The social-networking system
may also store in the photo vertical P3 information assoclated with a photo object such as &
time stamp, an author, privacy seitings, users who are tagged in the photo, asers who Hike the
rhoto, comments, and 5o on.

(26} In particular embodiments, objects stored in cach vertical may be indexed by
one or more search indices. The search indices may be hosted by respective index server 330
comprising one or more computing devices {e.g., servers). The index server 330 may update
the search indices based on data {e.g., a photo and information associated with a photo}
submitted o the social-networking svstem by users or other processes of the social-
networking system {(or a third-party system). The index server 338 may also update the
sgarch indices periodically (e.g., every 24 howrs), The index server 330 may receive a query
comprising a search term, and access and retrieve search results from one or more search
indices corresponding to the search term. In some ombodiments, a vertical corresponding to
a particular object type may covoprise a plurality of physical or logical partitions, each
comprising respective search indices.

127} In particnlar embodiments, the search indices for a vertical corresponding to a
first object type may comprise an inverted index. The inverted index may map a search lerm
associated with a second object type to one or more search results of the first object type. For
example, an inverted index in the post vertical P2 illustrated in FIGURE 3 may map a search
term associated with a user such as (posts_liked by:<user>) from <user™ to a lst posts liked
by <user> The inverted index may map a scarch torm associated with a user such as
<posts_commented byr<user>) from <user> 1o a8 list of posts commented by <user>. For
example, an inveried index in the photo vertical P3 ilustrated in FIGURE 3 may map a
search term associated with a user such as {photos_liked by:<user>} from <unser™ to a list of
photos Hked by <user>, The inveried index may map a search ferm associated with a user
(phetos tagged with:<user>) from <user> to a list of photoes that <user> is fagged . In one
embodiment, an inverted index for a vertical corresponding fo a particular object type may
map a search term associated with the particular ohject type to one or more search resulis of
the same particular object type. For example, an inverted index in the user vertical Pl

Hustrated in FIGURE 3 may map a search term associated with a user such as

i

fricnds:<user>) from <user> o a list of friends (i.e., of user object type) of <user>.
28] In particular embodiments, the search indices for a vertical corresponding to a

first object type may comprise a forward index. The forward index may map a search term
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associated with the first object type to one or more search results of a second object type. For
example, a forward index in the post vertical P2 may map a search term associated with a
post such as (likers ofi<post>} from <post> to a list of users who like <post>. The forward
index may map a search term associated with a post such as (author_ofi<post>) from <post>
to a user who is the author of <post>. For example, a forward index in the photo vertical P3
may map a search term associated with a photo such as {tagged_in<phote>} from <phote> to
a Hst of users who are tagged in <photo>. The forward index may map a search term
associated with a photo {commeniers ofi<phoio>} from <photo> to a list of users who
comment on <photo>. A forward index may comprise a one-to-one mapping for a search
term, A forward index may also comprise a one-to-few mapping for a search term. Un the
other hand, an inverted index may yoap one to many for a search term.  For example, 4
forward index of the photo vertical P2 may map a photo o av owner of the photo {e.g,, the
user who uploaded the photo to the social-networking system). For example, a forward index
in the photo vertical P3 may map a photo to a fow users (e.g,, less than 10 users) who are
tagged in the photo, On the other hand, for exarple, an inverted index of the photo vertical
P3 may map a user io many photos {(2.g., more than 100 photos) that the user is tagged in.

1281  Particular embodiments describe methods for efficient search using a forward
index. FIGURE 4 illustrates an example method 400 for searching using a forward index,
The method 400 may be implemented by one or more computing device (e.g., servers) of the
social-networking system.  The method 400 may begin at step 410, In particular
embodiments, at step 419, one or more computing devices may receive a search guery
requesting one or more first search results of a first object type. The scarch query may
comprise an inner query requesting one of more second search results of & second object type.
For example, an aggregator process 320 illustrated in FIGURE 3 may receive a search guery
{extract author (terrn posts liked by:<9>)). The search query may request (with an extract
operator) a search result in one or more authors for posts that are Hked by a user with a nser
identifier of <9, The search query may include an inner query (ferm posts_liked by <>}
corresponding o a search term that reguests search results in posts that are liked by the user
<G> That is, the search query requesis a first search result of a first object type (user), while
the inner query requests second search resnlts of a second object type {post}.

138]  The aggregator process 320 may be one or mors computing processes hosted
by one or more compuiing devices {e.g., servers) of the social-petworking system. For

example, the aggregator process 320 may determine the seamrch guery based on a search
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request from a PHP (Hypertext Preprocessor) process 310 ilinstrated in FIGURE 3. The PHP
process 210 may be one or more computing processes hosted by ong or mere computing
devices (e, servers) of the social-networking system.  The search request may be a
structured or a substantially unstructured text string submitied to the PHP process by g user or
another process of the social-networking system {or a third-party system). For example, the
aggregator process 320 may  determine  the search guery  {extract author {term
posta liked by:<9>Y) based on a search request “Who are the authors of the posts I hke”
submitted to the PHP process 310 by the user <>,

131}  In perticular embodiments, al step 420, one or more computing devices may
access an inveried index of g data store corresponding 1o the second object type. In particular
ermbodiments, at step 4390, one or more computing devices may retrieve the second search
resulis requested by the inner query using the inverted index of the data store corresponding
to the second object type. For example, the aggregator process 320 may submit the search
guery {extract author (erm posts liked by:<8>Y)) described above o the post vertical P2
Hlustrated in FIGURE 3, causing the index server 330 of the post vertical P2 to access an
inverted index of the post vertical P2, The inverted index may map a search term
{posts_liked by:<user>) associated with <user> {6 a Hat of posts liked by <user>. The index
server mway access the inverted index and retrieve a list of posts liked by the user <% ag
reguested by the inner search query (torm posts liked by:<9>), For example, the Hist of posts
liked by the user <%> may include posis with identifiers <1008, <2000, <3000, <4000>,
<SG00>, and <6000,

321 In particular embodiments, at step 440, one or more computing devices may
access a forward index of the data store corresponding io the sccond object type. In
particular embodiments, at step 450, one or more computing device may retrieve the Hrst
search results requesied by the search query using the second search results and the forward
index of the data store corresponding o the second object type. For example, the index
server of the post vertical P2 described above may access a forward index of the post vertical
P2. The forward index may map a search term {author <post>) associated with <post> 1o an
author of <post>, The index server may access the forward index (using the extract operator
described earlier) with the result Hst of posts (<1060>, <2000>, <3000>, <4000>, <5000>,
<6000>) for the inner search query (term posis liked by:<8>), and reirieve a list of
reapective aothors {e.g., <G1>, <4i>, <81>) for the Hst of posts (<1000>, <2000>, <3000>,
<4G00>, <SH00>, <6UG0>).
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(331 As described earlier, the post vertical P2 may cotmprize a plurality of physical
or logical partilions, each comprising respective search indices. The aggregator provess may
subnit the search guery (extract author (term posts_liked by:<9>)) to each partition of the
post vertical P2, The index server of each partition may access an inverted index and a
forward index of the each partition, and return search results 1o the aggregator as deseribed
above. The aggregator process may then aggregaie the search results from the partitions. For
exaraple, a first partition may retumn search results of authors <31> and <51>. A cecond
partition may return search results of authors <41> and <31>. The aggregator process may
aggregate the results {e.g., by performing an OR operation) yielding an aggregated results of
<Ri>, <di>, and <51>,

1341 With a forward index, the method of FIGURE 4 may improve scarch
performance as a complex search query (.., a query comprising two or more search queries)
may only require accessing one vertical corresponding to one particular object type. To the
comtrary, without a forward index, a complex search query may require scoessing two o
more verticals, each corresponding to a different particular object type. As an example, for a
complex search query such as searching for authors of posts liked by the user <%> described
above, the aggregator process may first submit first search guery (tevm posts_tiked by <9>)
1o the post vertical P2, The index server of the post vertical P2 may access an inverted index
of the post vertical P2 (that maps a user to posts liked by the user) with the first search query,
and return to the aggregator process a list of posis {e.g., <1000>, <2000>, <3000>, <4000>,
<5000, <6000>) liked by the user <9>, The aggregator process then submit a second set of
search gueries {term anthon<1000>), (term authori<2000>), (term author<3000>), and z0
on, to the nser vertical P1. That is, without s forward index in the post vertical P2, the
aggregator process may be required 1o look up the user vertical P1 not only once but multiple
times. The index server of the user vertical Pl may access an inveried index of the user
vertical F'1 (that maps a post to iis author), and return fo the aggregator process a list of
authors {e.g., <31>, <4]>, <531>} for the st of posts (<1000>, <2000, <3000, <4000,
<S>, <G00

1381 In addition, as described earlier, a forward index may indexes search ferms
that are one-to-one or one-to-few. Thus a forward index of a vertical may be considerably
stnaller than an inverted index of a vertical that may indexes search terms that have one-to-
many mappings. The forward index may thus further improve search performance as iis

smaller size may improve access and retrieval ime for search gueries,



WO 2014/099587 PCT/US2013/074592
14

{35}  In particular embodiments, the aggregator process may rank the first search
resulis by accessing at least another data store correspending to the first object type. For
example, the agpregator process may submit the Hst of authors (<312, <41>, <51>} described
above to the user vertical P1. A server process (hosted by one or more computing devices of
the social-networking system) may rank the authors <31>, <41>, and <51> based on their
respective relationship to the user <9> of the search query {extract author (lerm
posts liked by:<®>Y). For example, the server process may rank an author hagher if the
server process determines (2.g., by accessing one or more search indices) that the awthor is &
family member of the user <9>, For example, the server process may rank an author higher it
the server process determines {e.g., by accessing one or ore search indices) that the anthor
has more than a pre-determined mumber {e.g., 3} of common interests {or common Hrst-
degree friends). The server process may return a ranking order between the authors <31>,
<4 1>, and <51> to the aggregator process.

377 In other emabodiments, one or more computing device {(e.g., an index server) of
the dala store corresponding to the second object type may rank the first search resulis, For
example, the index server of the post vertical P2 may rank the search resulls of awthors <331>,
<41>, and <51> described above based on 2 number of posts in the list of posts liked by the
user <9 (<1000, <2000, <3000>, <4000>, <5000>, <6000>) they author. For exarple, if
geet <41> authors posts <1000>, <2000, <3000>, user <31> authors posts <53000> and
<6000>, and user <51> authors post <4000>, the index server may rank user <41> as highest
as user <41> authors most of the posts in the list of posts Hked by the user <9>. The index
server may return a ranked search result (<41>, <31>, <§1>) as the first search resuli o the
agpregator process. Por another example, the index server may access a forward index that
maps a post o a count of likes of the post. The index server may access the forward index
and retrieve counts of likes for each post of the st of posts liked by the user <>, The index
server may rank the posts in the list of posts based on respective counts of likes, and retum to
the aggregator process authors of top ranked posts {e.g.. top 3 ranked or most liked posts) as
the first search result.

[38] Particular embodiments may repeat one or more steps of the methed of
FIGURE 4, where appropriate. Although this disclosure describes and illustrates particular
steps of the method of FIGURE 4 as ocourring in a particular order, this disclosure
conternplates any suitable sieps of the method of FIGURE 4 ccourring in any suitable order.

Moreover, although this disclosure describes and ihustrates particular components, devices,
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or systerns carrying out particular steps of the method of FIGURE 4, this disclosure
conternplases any suitable combination of any suitable components, devices, or sysiems
carrying out any suitable steps of the method of PIGURE 4,

[39] FIGURE 5 illustrates an oxample compuier system 300, In particular
embodiments, one of more computer systems 500 perform one or more steps of one or more
methods described or illustrated herein. In particular embodiments, one of moreg compuier
systems 500 provide functionality described or illustrated herein. [o particular embodiments,
software running on one or more computer systerns 300 performs one or more steps of one or
more methods deseribed or iusirated herein or provides functionality described or iHustrated
herein, Particulasr embodiments include one or more portions of one or more computer
systeros 300, Herein, reference fo a computer SyStem Inay encovopass a computing device,
and vice versa, where appropriate. Moreover, reference (o a computer systent rmay encompass
one or more comnputer systems, where appropriate.

1461 This disclosure contemplates any suliable number of computer systems 508,
This disclosure coutemplates computer sysiem 300 taking any suttable physical form, As
example and not by way of Hmitation, computer systern 500 may be an embedded computer
system, & systern-onechip {SOC), a single-bosrd computer system (SBC) (such as, for
example, a8 computer-on-module {COM) or system-on-module (SOM}), a deskiop computer
system, a laptop or notebook computer system, an intevactive kiosk, a mainframe, a mesh of
compuier systems, a nobile telephone, a personal digital assistant (PDA), a server, a tablet
computer system, or a combination of two or more of these. Where appropriate, computer
systemn 500 may include one or more computer systams 300; be unitary or disiributed; span
rultiple 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 compuier systems 500 may perform without substantial spatial or
temporal Hmitation one or more steps of one or more methods described or itlustrated herein,
As an example and not by way of Hmitation, one or more computer systems 500 ray perform
in real time or in batch mode one or more steps of one or more methods desoribed or
Hlusirated herein, One or more computer systems 500 roay perform at different times or at
different locations one or more steps of one or more methods described or ilustrated herein,
where appropriate,

{411 In particular embodiments, computer system 500 Includes a processor 502,

memory 504, storage 506, an input/ouiput (/O interface 508, a communication interface
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510, and a bus 312, Although this disclosure describes and illustrates a particular computer
svatern having a particular number of particular components in a particular arrangement, this
disclosure contemplates any suifable computer system having any suitable number of any
suitable components in any suitable arrangement.

142}  In particular embodiments, processor 302 includes hardware for executing
instructions, such as those making up a compuier program. As an example and not by way of
Huntigtion, to execnie instructions, processor 502 may retriove {or fetch) the instructions from
an internal register, an internal cache, memory 504, or storage 506, decode and execute theny
and then write one or more regults 1 an internal register, an internal cache, memory 504, or
storage S06. In particular embodiments, processor 502 may include one or mese internal
caches for data, instroctions, or addresses. This disclosure contemplates processor 502
including any suitable number of any suitable internal caches, where appropriate. As an
example and not by way of limitation, processor 502 may include one or more instruction
caches, one or more data caches, and one or more translation lockaside buffers (TLBs).
Instructions in the instruction caches may be copies of justructions in memory 504 or siorage
306, and the instruciion caches may speed up retricval of those instructions by processor 302,
[ata in the data caches may be copies of daia in memory S04 or storage 306 for instructions
executing at processor 302 {0 operate on; the resulis of previous instructions execuied at
processor 502 for access by subsequent instructions executing at procassor 302 or for wriling
to memory 504 or storage S06; or other suitable data. The data caches may speed up read or
write operations by processor 502, The TLBs may speed up virtual-address translation for
processor 302, In particular embodiments, processor 302 may include one or more infernal
regisiers for data, instructions, or addresses. This disclosure contemplates processor 502
including any suitable nuraber of any sultable internal registers, where appropriate. Where
approprigte, processer 502 may include one or more arithmetic logie unite (ALUs), be a
malti-core processor; or include one or ywore processors 5820 Although this disclosure
describes and iHustrales a particudar processor, this disclosure comemplaies any suitable
THOLESSOL.

431 In particular embodiments, memory 504 includes main memory for storing
instructions for processor 302 to execute or data for processor 302 to operate on. As ap
example and not by way of limitation, computer system 300 may load tnstractions from
storage 306 or another source {such as, for example, another computer sysiemn 500} (o

memory 504. Processor 502 may then load the instructions from memory 504 to an internal
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register or internal cache. To execute the instructions, processor 302 may retrieve the
instruciions from the internal register or internal cache and decode them. During or after
execution of the instructions, processor 502 may write one or more results (which may be
intermediate or final results) to the intemal regisier or internal cache. Processor 302 may then
write one or more of those results to memory 504, In particular embodiments, processor 302
executes only instructions in one or more internal regisiers or internal caches or In memory
304 (as oppesed io sitorage 506 or elsewhere) and operates only on data in one or more
internal registers or imternal caches or in memory 504 {as opposed to storage 506 or
elsewhere). One or more memory buses {which may each inclnde an address bus and a data
hus) may couple processor 302 to memory S04, Bus 512 may include one or more memeary
buses, as described below. o particular embodiments, one of more memory management
units (MMLs) reside between processor 502 and memory 304 and facilitate accesses 1o
memory 504 requested by processor 302, In particular embodiments, memory 504 inchudes
random aceess memory (RAM). This RAM may be volatile memory, where appropriate
Where appropriate, this RAM may be dynamic RAM (DRAM) or static RAM {SRAM},
Moreover, where appropriate, this RAM may be single-poried or multi-ported RAM. This
disclosure contemplates any suitable RAM. Memory 504 may include one or more memories
504, where appropriste, Although this disclosure deseribes and illusirates particular memory.
this disclosure contemplates any suitable memory.

144] In particular embodiments, storage 506 includes mass slorage for data or
instructions. As an example and not by way of limitation, storage 506 may include a bard
disk drive (HID), a floppy disk drive, flash memory, an optical disc, a magneto-optical dise,
magnetic tape, or a Universal Serial Buos (USE) drive or a combination of two or more of
these. Storage 506 may include removable or non-removable {or fixed) media, where
approprigte. Storage 506 may be imternal or external to computer system 500, where
appropriate. fn particular embodiments, storage 506 is now-volatile, solid-state meroory. In
particular embodiments, storage 506 includes read-only memory (ROM), Whers appropriate,
this ROM may be mask-progranumed ROM, programmable ROM (PROM), crasable PROM
(EPROM), electrically erasable PROM (EEPROM), electrically alterable ROM (EAROM),
or flash memery or a combination of two or more of these. This disclosure conternplates mass
storage SO6 taking any suitable physies] form. Storage 306 may include one or more storage
control unils facilitating communication between processor 502 and storage 306, where

appropriate. Where appropriate, storage 506 may include one or more storages 506. Albthough
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this disclosure deseribes and Hustrates particular storage, this disclosure contemplaies any
suitable storage,

[45]  In particular embodiments, VO interface 308 includes hardware, software, or
both, providing one or more interfaces for communication between computer system 500 and
one or more VO devices, Compuler system 500 may include one or more of thess V(O
devices, where appropriate, Une or more of these VO devices may enable communication
between a person and compuier system 500, As an example and pot by way of limitation, an
YO device may include a kevboard, keypad, microphone, monitor, mouse, prinler, scanner,
speaker, still camera, stylus, tablet, touch screen, trackball, video camera, another suitable VO
device or g combination of two or more of these. An VO device may include one or more
sencors, This disclosure contemplates any suitable VO devices and any suitable VO interfaces
50% for them. Where appropriate, /0 interface SOR may include one or more device of
seftware drivers enabling processor 302 io drive one or more of these VO devices. VO
interface S08% may include one or more VO inferfaces 308, where appropriate. Although this
disclosure describes and illustrates a particular 0 interface, this disclosure contemplates any
sutiable ¥ intertace.

(461 In particular embodiments, communication interface 510 includes hardware,
software, or both providing one or more interfaces for communication {such as, for example,
packet-based communication) between computer system 500 and one or more other compter
systems SO0 or ope or more networks. As an example and not by way of limilstion,
communication interface 510 may include a network interface controller (MIC) or network
adapter for commumicating with an Ethernet or other wire-based network oy a wireless NIC
(WNICY or wireless adapter for communicating with a wircless network, such as a WI-Fl
network. This disclosure contemplates any suitable network and any suitable communication
interface 310 for it. As an example and not by way of limitation, computer system 300 may
comumunicate with an ad hoo network, a personal area network (PAN), a local area network
(LAN), a wide area network {WAN}, & metropolitan area network (MAN), or one 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
500 may commurdeate with a wireless FAN (WPAN) (such as, for example, a BLUETOOTH
WPANY, a WI-FI network, a WI-MAX network, a cellular telephone network (such as, for
example, a Global System for Mobile Communications {(G8M} netwark}, or other suiiable

wireless network or a combination of two or more of these, Computer system 500 may
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include auy suitable communication imterface 510 for any of these networks, where
appropriate. Commuupication interface 510 may include one or more communication
interfaces S10, where appropriate. Although this disclosure describes and ilusirates a
particular conmunication interface, this disclosurs contemplates any suitable communication
interface,

1471 In particular embodimenis, bus 512 includes hardware, software, or both
coupling compenents of computer system 500 to cach other. As an example and not by way
of limitation, bus $12 may include an Accelerated Graphics Port (AGF} or other graphics bus,
an Frhanced Industry Standard Architecture (EISA)Y bus, a front-side bus (5B}, a
HYPERTRANSPORT (HT) interconnect, an Industry Standard Architecture (JSA} bus, an
DNFINIBAND interconnect, a low-pin-count {1.PC) bus, a memory bus, a Migro Channel
Architecture (MCA) bus, a Peripheral Component Interconnect (PCI) bus, a PCI-Express
(PCle} bus, s serial advanced technology atlachment (SATA) bus, a Video Flectronics
Standards Association local (VLB) bus, or another suitable bug or a combination of two or
more of these. Bus 512 may include one or more buses 512, where appropriate. Although this
disclosure describes and illustrates a particular bus, this disclosure contemplates any suitable
bus or wnterconnect.

(48] Herein, a computer-readable noun-transitory storage medium or media may
include one or more semiconductor-based or other indegrated circuiis (ICs) (such, as for
example, field-programmable gate arrays (FPGASs) or application-specific s (ABICs)), hard
disk drives (HDDs), hybrid hard drives {HHDs}, optical discs, optical disc drives {OLHIs),
magneto-optical dises, magneto-optical drives, floppy disketies, floppy disk drives (FDDs),
magnetic tapes, solid-state drives (85Ds), RAM-drives, SECURE INGITAL cards or drives,
any other suitable computer-readable non-iransitory storage media, or any suifable
combination of two or more of these, where appropriate, A compuier-readable non-transitory
storage medium may be volatile, non-volatile, or a combination of volaule and non-volatile,
where appropriate.

(48]  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 Maoreover,
“and” is both joint and several, unless expressly indicated otherwise or indicated otherwise by

3

context. Therefore, herein, “4 and B” means “A and B, joinily or severally,” unless expressly

indicated otherwise or indicgted otherwise by context.
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1581 The scope of this disclosure encompasses sll changes, substinutions, variations,
alterations, and modifications to the example embodiments described or iHustrated herein that
a person having ordinary skill in the art would comprehend, The scope of this disclosure is
not limited 1o the example embodiments described or Hiustrated berein, Moreover, although
this disclosure describes and ilustrates respective embodiments herein a3 including particular
components, elements, functions, operations, or steps, any of these ernbodinents may include
any combination or permutation of any of the components, elements, functions, operations, or
steps deseribed or Hlustrated anywhere herein that a person having ordinary skill in the ant
would comprehend. Furthermore, reference o the appended claims to an apparaius or system
or a component of an apparatus or system being adapted to, arranged ie, capable of)
configured to, enabled to, operable to, or opergtive to perform a particular function
encompasses that apparatus, sysierm, component, whether or not it or that particular function
is activaled, turned on, or unlocked, as long as that spparstus, system, or component 18 80

adapted, arranged, capable, configured, evabled, operable, or operative,
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WHAT IS CLAIMED I5:

1. A method comprising:

by one or more computing devices, receiving a search query requesting one or more
first search results of a first object type, the search query comprising an inner query
requesting one or more second search results of a second object type;

by one or more computing devices, accessing an inveried index of & data store
corresponding to the second object type;

by one or more computing devices, retrieving the second search results requested by
the inner guery using the inverted index of the data store corresponding o the second object
type;

by one or more computing devices, accessing a forward index of the data store
corresponding to the second object type; and

by one or more computing devices, retripving the firet search results requested by the
search query using the second search results and the forward index of the dala store

corresponding fo the second object type,

7. The method of Claim 1, wherein an object type is user, photo, post, web page, or

apphication.

3. The method of Claim 1, further comprising, by one or more computing devices,
ranking the first search resuits byt
accessing a data store corresponding to the first object type;
determining respective relationships of the first search results to an element of the inner guery
using the data store corresponding to the first object type; and
ranking the first search results based on the respective relationships of the first search results

to the element of the Inmer query.

4. The method of Claim 1, wherein the Inverted index maps a search term associaied

with the first object type to one or more search results of the second object type.

S. The method of Claim 1, wherein the forward index maps a search term associated

with the second object type to one or more search results of the first object type.
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6. The wethod of Claim 1, wherein the search query is divected to objects within a

social network of a sccial-networking syster.

7. The method of Claim 1, wherein & social-networking system comprises the

computing devices and the data store,

8. Ume or more computer-readable non-transitory siorage media embodying sofiware
that is operable when executed by one or more computing devices {o:

receive a search query requesting one or more first search resuits of a first object type,
the search query comprising an inper query reguesting one or more second search results of a
second object type,

access an inverted index of a data store correaponding to the second object type;

retriove the second search results reguested by the fnmer query using the inverted
index of the data store corresponding to the second olgect type;

access a forward index of the data store corresponding o the second object type; and

retrieve the first search resulis requested by the search query using the second search

results and the forward index of the daia store corresponding {0 the second object type,

8, The media of Claim &, wherein an object type is user, photo, post, web page, or

application,

1. The media of Claim &, wherein the software is further operable when execnied o
rank the first search results by:
accessing a data store corresponding to the first object type;
determining respective relationships of the first scarch resulis to an element of the inner query
using the data store corresponding to the first object type; and
ranking the tirst search results based on the respective relationships of the first search resulis

to the element of the inner query.

11. The media of Claim 8, wherein the inverted index of the data store maps a search
term associated with the first object type to one or more search results of the second object

type.
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12, The media of Claim 8, wherein the forward index maps a search term associated

with the second object type to one or move search results of the first object type.

13, The media of Claim 8, wherein the search query is directed to objects within a

social network of a social-networking system,

14, The media of Clairn &, wherein a social-networking system comprises the

computing devices and the data store.

15, A sysiom comprising
O OF TMOre processers; and
a memory coupled to the processors comprising justructions executable by the
processors, the processors being operable when executing the instructions to:

receive a search query requesting one or more first search results of & furst
obiect type, the search guery comprising an inner guery requesting one of more
second search results of a second object type;

access an inverted index of & dats store corresponding to the second object
type;

retrieve the second search results requested by the inner guery using the
inverted index of the data store corresponding to the second object type;

access a forward index of the dats store corresponding o the second object
fype; and

retrieve the firsi search resulis requested by the search guery using the second
search resulis and the forward index of the data store corresponding 1o the second

ohigct type.

16. The system of Claim 15, wherein an object type is user, photo, post, web page, or

application.

17. The system of Claim 15, wherein the processors are further operable when
executing the instructions 1o rank the frst search resulis by:

accessing a data siore corresponding o the first object type;
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determining respective relationships of the first search results to an element of the Inner query
using the data store corresponding o the first object type; and
ranking the first search resulis based on the respective relationships of the first search results

io the element of the inner query.

{8, The system of Claim 15, wherein the inverted index of the data store maps a
search term associated with the first object type {0 one or more search resulis of the second

objeet type.

19. The system of Claim 13, wherein the forward index of the data store maps a
search term associated with the second object type o one or more search results of the first

object type.

20, The system of Claim 15, wherein the search query is divected to objects withina

social network of a social-networking system.
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