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(57) Abstract: In an example embodiment, a first set of results
from first search results are displayed in a user interface. A plur-
ality of facets, including selectable filters, of the first search res-
ults are displayed. A sampling scheme is retrieved, with the
sampling scheme defining a first sampling rate for a first number
of search results and a second sampling rate for a second number
of search results. The first search results are traversed using the
sampling scheme, sampling search results for the first number of
search results at the first sampling rate and sampling search res -
ults for the second number of search results at the second
sampling rate, for each sampled search result, causing an increase
in a facet count for a facet and/or selectable filter having a match-
ing value in the sampled search result. Facet counts for each of
the facets and/or selectable filters are displayed in the user inter-
face.
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HYBRID FACET COUNTING

RELATED APPLICATIONS
{0001} This application claims the priority of U.S. Application No.
14/813,030, filed July 29 2015, the contents of which is hereby incorporated by

reference in its entirety.

TECHNICAL FIELD
{0002} The present disclosure generally relates to the processing of searches
performed in computer systems. More specifically, the present disclosure relates
to a hybrid mechanism to allow for more efficient counting of facets in response

to searches.

BACKGROUND
{0003} A faceted search is a type of search performed by users in a computer
systems. In a faceted search, dynamic filters are displayed in a user interface.
These dynamic filters list different types of information {called facets) for the
information from the results. For example, if the data set being searched
consists of user profiles, facets may be created for types of information such as
focation, current company, past company, relationship, location, industry,
school, languages spoken, and the ike. For each of these facets, actual values
from the data set may be presented as selectable filters. Thus, for example, for
location, there may be a selectable filter allowing the user to search on all
focations, another selectable filter allowing the user to limit the search to just
results in the United States, another selectable filter allowing the user to limit the
search to just results in the United Kingdom, and so on, with the countries
displayed being countries listed as locations in actual search results from the last
query (e.g., Zaire will not be listed as a selectable filter because there are no
results in the last result set having a location of Zaire). The filters chosen to be
displayed are commonly (but not always) the filters corresponding to the values

having the most results in the result set. Thus, for example, the result set may
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include results from 300 different countries but the user interface may only have
room to display five countries as selectable filters, and thus in most cases, the
five countries listed in the most results in the result sets are chosen to be
displayed. In some user interfaces, a facet count (of matching search results) for

each tacet and selectable filter can also be displayed.

DESCRIPTION OF THE DRAWINGS
{0004} Some embodiments of the technology are illustrated by way of
example and not limitation in the figures of the accompanying drawings.
{0005] FIG. 115 a block diagram illustrating a client-server system, in
accordance with an example embodiment.
{0006} FIG. 2 1s a block diagram showing the functional components of a
social networking service, including a data processing module referred to herein
as a search engine, for use in generating and providing search results for a search
query, consistent with some embodiments of the present disclosure.
{06007} FIG. 3 1s a block diagram illustrating a search engine, in accordance
with an example embodiment, in more detail.
10008} FIG. 4 1s a screen capture illustrating a results display screen
generated by a results display module, in accordance with an example
embodiment.
{6009} FIG. S 1s a screen capture illustrating a results display screen
generated by the results display module after a user selection, in accordance with
an example embodiment.
{0010} FIG. 6 is a diagram illustrating a sampling scheme, in accordance
with this example embodiment.
{0011} FIGS. 7A and 7B are a flow diagram tllustrating a method for facet
counting, in accordance with an example embodiment.
10012} FIG. 8 15 a block diagram illustrating a mobile device, according to
an example embodiment.
{0013} FIG. 9 1s a block diagram of machine in the example form of a
computer system within which instructions can be executed for causing the

machive to perform any one or more of the methodologies discussed herein.
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DETAHLED DESCRIPTION
Overview
{6014} The present disclosure describes, among other things, methods,
systems, and computer program products, which individually provide
functionality for speeding data access. In the following description, for purposes
of explanation, numerous specific details are set forth in order to provide a
thorough understanding of the various aspects of different embodiments of the
present disclosure. It will be evident, however, to one skilled in the art, that the
present disclosure may be practiced without all of the specific details.
10015] As result sets from queries grow larger, providing a facet count can
become more complex and processor-intensive. In storing data used for search
engines, it is common to utilize an inverted index data structure. An inverted
index is an index that stores a listing of which documents/results contain
particular words or terms. Part of the process of creating an inverted index is to
create a forward index. A forward index is an index that stores a list of words or
terms contained in each document. The forward index can then be sorted to
transform it into an inverted index. The facets for each document are listed in the
document’s forward index. Therefore, in order to provide an accurate
determination of whether or not a particular document should add to the “count”
for a particular facet, the forward index of the document is traversed. It can take
a great deal of computing power, therefore, to provide an accurate count for each
facet as every forward index for every document in the result set would need to
be traversed.
{0016} In an example embodiment, a hybrid approach to facet counting is
performed where sampling is performed. First, the list of search results is sorted
based on a relevance scheme. This relevance scheme may place, for example,
results that have a high chance of matching relevant facets at the top of the list
and results having a low chance of matching relevant facets at the bottom of the
list. Tn one example embodiment, this relevance scheme may be based on how
well a particular document {e.g., a member profile} has been curated. Curation
generally involves the act of completing and updating a member profile. Thus,
for example, a member profile with fields that have not been completed and/or

that has not been updated in a long time may be viewed as not having been
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curated {or, at least having a low level of curation). Conversely, member
profiles that have been completely filled out and/or updated frequently may be
viewed as having a high level of curation. More generally, the relevance scheme
may, in an example embodiment, cause the search results to be sorted such that
higher ranked search results have a higher likelihood of being relevant, thus
enabling sampling to occur at a more infrequent frequency as the search results
are further and further traversed.

{0017} Once the list of search results has been sorted based on the relevance
scheme, a step sampling scheme may be followed down the list. In an example
embodiment, the step sampling scheme involves sampling a certain frequency of
search results for a certain number of search results, then a lower frequency of
search results for another number of search results, then an even lower frequency
of search results for another number of search results, and so on. Thus, rather
than sampling the entire data set at the same rate {(e.g., one cut of every 5
documents sampled), the sampling rate is biased towards the most relevant
results {as produced by the aforementioned relevance scheme).

{0001} FIG. 1 1s a block diagram illustrating a client-server system 100,
in accordance with an example embodiment. A networked system 102 provides
server-side functionality via a network 104 (e.g., the Internet or Wide Area
Network (WAN)) to one or more chients. FIG. 1 illustrates, for example, a web
client 106 (e.g., a browser) and a programmatic client 108 executing on
respective client machines 110 and 112,

10002} An Application Program Interface {API) server 114 and a web
server 116 are coupled to, and provide programmatic and web interfaces
respectively to, one or more application servers 118, The application server(s)
118 host one or more applications 120. The application server(s) 118 are, in
turn, shown to be coupled to one or more database servers 124 that facilitate
access to one or more database 126, While the application(s} 120 are shown in
FIG. 1 to form part of the networked systern 102, 1t will be appreciated that, in
alternative embodiments, the application(s} 120 may form part of a service that
is separate and distinct from the networked system 102,

{0003} Further, while the client-server system 100 shown in FIG. 1

employs a client-server architecture, the present disclosure is of course not
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limited to such an architecture, and could equally well find application in a
distributed, or peer-to-peer, architecture system, for example. The various
applications 120 could also be implemented as standalone software programs,
which do not necessarily have networking capabilities.

{0004} The web client 106 accesses the varicus applications 120 via the
web interface supported by the web server 116, Similarly, the programmatic
client 108 accesses the various services and functions provided by the
application(s) 120 via the programmatic interface provided by the AP server
114,

{0005} FIG. 1 also illustrates a third party application 128, executing on
a third party server machine 130, as having programimatic access to the
networked system 102 via the programmatic interface provided by the APY
server 114, For example, the third party application 128 may, utilizing
information retrieved from the networked system 102, support one or more
features or functions on a website hosted by the third party. The third party
webisite may, for example, provide one or more functions that are supported by
the relevant applications of the networked system 102,

10006} In some embodiments, any website referred to herein may
comprise online content that may be rendered on a variety of devices, including
but not limited to, a desktop personal computer (PC), a laptop, and a mobile
device {e.g., a tablet computer, smartphone, etc.). In this respect, any of these
devices may be employed by a user to use the features of the present disclosure.
In some embodiments, a user can use a mobile app on a mobile device {any of
machives 110, 112 and third party server machine 130 may be a mobile device)
to access and browse online content, such as any of the online content disclosed
herein. A mobile server {e.g., API server 114) may communicate with the
mobile app and the application server(s) 118 in order to make the features of the
present disclosure available on the mobile device.

{00071 In some embodiments, the networked system 102 may comprise
functional components of a social network service. FIG. 2 is a block diagram
showing the functional compounents of a social networking service, including a
data processing module referred to herein as a search engine 216, for use in

generating and providing search results for a search query, consistent with some
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embodiments of the present disclosure. In some embodiments, the search engine
216 may reside on application server(s) 118 in FIG. 1. However, it is
contemplated that other configurations are also within the scope of the present
disclosure.

{0008} As shown in FiG. 2, a front end may comprise a user interface
module {e.g., a web server} 212, which recetves requests from various client-
computing devices and communicates appropriate responses 10 the requesting
client devices. For example, the user interface module(s) 212 may receive
requests 1o the form of Hypertext Transport Protocol (HTTP) requests, or other
web-based, APl requests. In addition, a member interaction and detection
module 213 may be provided to detect various interactions that members have
with different applications, services, and content presented. As shown in FIG. 2,
upon detecting a particular interaction, the member interaction and detection
module 213 logs the interaction, including the type of interaction and any meta-
data relating to the interaction, in the member activity and behavior database
222.

{06009} An application logic layer may include one or more various
application server modules 214, which, in conjunction with the user interface
module(s) 212, generate various user interfaces (e.g., web pages) with data
retrieved from various data sources in the data layer. With some embodiments,
individual application server modules 214 are used to implement the
functionality associated with various applications and/or services provided by
the social networking service.
{0016} As shown in FIG. 2, a data layer may include several databases,
such as a database 218 for storing profile data, including both member profile
data as well as profile data for various organizations (e.g., companies, schools,
etc.). Consistent with some embodiments, when a person initially registers {0
become a member of the social networking service, the person will be prompted
to provide some personal information, such as his or her name, age (e.g.,
birthdate}, gender, interests, contact information, home town, address, the names
of the member’s spouse and/or family members, educational background (e g.,
schools, majors, matriculation and/or graduation dates, etc.), employment

history, skills, professional organizations, and so on. This information is stored,
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for example, in the database 218, Simularly, when a representative of an
organization initially registers the organization with the social networking
service, the representative may be prompted to provide certain information about
the organization. This information may be stored, for example, 1 the database
218, or another database (not shown). With some embodiments, the profile data
may be processed (e.g., in the background or offline) to generate various derived
profile data. For example, if a member has provided information about various
job titles that the mermber has held with the same company or different
companies, and for how long, this information can be used to infer or derive a
member profile attribute indicating the member’s overall sentority level, or
seniority level within a particular company. With some embediments, importing
or otherwise accessing data from one or more externally hosted data sources may
enhance profile data for both members and organizations. For instance, with
companies in particular, financial data may be imported from one or more
external data sources and made part of a company’s profile.

{0011} Once registered, a member may invite other members, or be
invited by other members, to connect via the social networking service. A
“connection” may require a bi-lateral agreement by the members, such that both
members acknowledge the establishment of the connection. Similarly, with
some embodiments, a member may elect to “follow” ancther member. In
contrast to establishing a connection, the concept of “foliowing” another
member typically 1s a unilateral operation, and at teast with some embodiments,
does not require acknowledgement or approval by the member that 1s being
followed. When one member follows another, the member who 1s following
may receive status updates {e.g., in an activity or content stream) or other
messages published by the member being followed, or relating to various
activities undertaken by the member being followed. Similarly, when a member
follows an organization, the member becomes eligible to receive messages or
status updates published on behalf of the organization. For instance, messages
or status updates published on behalf of an organization that a member is
following will appear in the member’s personalized data feed, commonly
referred to as an activity stream or content stream. In any case, the various

associations and relationships that the members establish with other members, or

-
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with other entities and objects, are stored and maintained within a social graph in
the social graph database 220,

{0012} As members interact with the various applications, services and
content made available via the social networking service, the members’
interactions and behavior (e.g., content viewed, links or buttons selected,
messages responded to, etc.) may be tracked and information concerning the
member’s activities and behavior may be logged or stored, for example, as
indicated in FIG. 2, by the member activity and behavior database 222, This
fogged activity information may then be used by the search engine 216 to
determine search results for a search query.

{00613} In some embodiments, databases 218, 220, and 222 may be
incorporated into database(s) 126 in FIG. 1. However, other configurations are
also within the scope of the present disclosure.

10014} Although not shown, with some embodiments, the social
networking systern 210 provides an API module via which applications and
services can access various data and services provided or maintained by the
social networking service. For example, using an APl an application may be
able to request and/or receive one or more navigation recommendations. Such
applications may be browser-based applications, or may be operating system-
specific. In particular, some applications may reside and execute {(at feast
partially} on one or more mobile devices {e.g , phone, or tablet computing
devices) with a mobile operating system. Furthermore, while in many cases the
applications or services that leverage the API may be applications and services
that are developed and maintained by the entity operating the social networking
service, other than data privacy concerns, nothing prevents the API from being
provided to the public or to certain third-parties under special arrangements,
thereby making the navigation recommendations available to third party
applications and services.

{0015] Although the search engine 216 15 referred to herein as being used
in the context of a social networking service, 1t 1s contemplated that it may also
be emploved in the context of any website or online services. Additionally,
although features of the present disclosure are referred to herein as being used or

presented in the context of a web page, it is contemplated that any user interface
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view {e.g., a user interface on a maobile device or on desktop software) is within
the scope of the present disclosure.

{0016} In an example embodiment, when indexing member profiles,
forward search indexes are created and stored. The search engine 216 facilitates
the indexing and searching for content within the social network service, such as
the indexing and searching for data or information contained in the data layer,
such as profile data (stored, e.g., in database 218), social graph data (stored, e.g.,
in database 220), and member activity and behavior data (stored, e.g., in
database 222). The search engine 216 may collect, parse, and/or store data in an
index or other similar structure to facilitate the identification and retrieval of
information in response to received queries for information. This may include,
but ts not limited to, forward search indexes, inverted indexes, N-gram indexes
and so on.

{0017} FIG. 3 is a block diagram illustrating the search engine 216, in
accordance with an example embodiment, in more detail. As can be seen, the
search engine 210 includes an indexing module 300. The indexing module 300
acts to index information from the social network. It should be noted that this
indexing may occur etther offline (e.g, performed pertodically and not in
response to a user query) or online {e.g., performed in real-time in response to a
user gquery). As such, in some example emabodiments, the indexing module 300
may be located outside of the search engine 216, either in lieu of or in addition
to inside the search engine 216.

10018} in some examples embodiments, a query module 302 is
configured and/or programmed to receive and/or access a search query, such as a
search query received by the search engine 216. The query module 302 may
access a full query, such as a member name or company name {e.g., “Apple”},
and/or a partial query, such as a string of characters that make up a partially
input query (€. g., “A-P-P”). The query module 302 may receive and/or access a
variety of different query types, including natural language queries, structure
queries, and so on. Also, the query module 302 may receive and/or access
quernies of varying scopes, such as informational queries, navigational queries,

transactional queries, connectivity queries, and so on.
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10019} In some example embodiments, an identification module 304 1s
configured and/or programmed to identity one or more categories of data that
include information satisfying the received and/or accessed search query. The
identification module 304 may 1dentify, select, and/or determine two or more
categories that include and/or contain information that satisfies a recetved query.
For example, the identification module 304 may parse an index in order to
identify categories of data that include information that satisfies a received
query. The identification module 304 may determine that two or more
categories of data include such information. For exaruple, in response to a search
query received by the search engine 216, the identification module 304 may
identity a member database and a company database that both include
information that satisfies the received query.

{6020} Example categories of information may include categories of
information associated with people or members, categories of information
associated with jobs, categories of information associated with companies,
categories of information associated with news, categories of information
associated with information posted to a social network, categories of information
associated with schools and other organizations, categories of information
associated with skills or attributes, and so on.

{0021} In some example embodiments, a member module 306 1s
configured and/or programmed to identify information associated with one or
more members of a social network, such as member attribute information. For
example, in response to receiving a search query from a member of the social
network service, the merober module 306 may identify and/or determine
characteristics, attributes, activity information, soctal graph information, and
other information associated with the member that provided the received search
query.

10022} In some example embodiments, a results display module 308 is
configured and/or programmed to present and/ or otherwise display the results of
a search query.

{0023} FIG. 4 15 a screen capture tllustrating a results display screen 400
generated by the results display module 308, in accordance with an example

embodiment. A user enters a search query (here “patent attorney”) in search box
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402, which generates a search on member profiles and other data (such as job
postings} in the social network and produces results.  Facets 4044, 4048 are
provided allowing the user to select one or more filters 406 A-406F, 408A-408F
corresponding to each facet, which, when selected, act to filter the results.
10024 Here, the facets displayed are location 404 A and company 404B.
Currently the user has selected “all” as a general filter 410 (for result type),
although it ts also possible that the system has made this selection based on
default settings and/or other processes to anticipate the desirable results in
response to the search query. Thus, the results displayed in results area 412 are
results of the types “people,” “jobs,” companies,” and the like that match the
search query “patent attoroey.” The user may further imit the search results to
one of these types, or may select one or more of the selectable filters 406A-
400F, 408 A-403F to further restrict the search results. Notably, facet counts are
provided next to each of the selectable filters 406A-406F, 408A-408F, indicating
the number of results from the search results that match the particular filter.
Thus, for example, of the total results, 57 correspond to “San Francisco Bay
Area” as a location.

{0025} FIG. 5 is a screen capture tllustrating a results display screen 400
generated by the results display module 308 after a user selection in accordance
with an example embodiment. Here, the user has selected filter 406C,
corresponding to a location of “San Francisco Bay Area.” The overall result set
has also been limited to “Jobs,” either through user selection or via a
determination by the system that the result set should be so limited. Notably, 57
results are listed in the results area 412, all of which match a location of “San
Francisco Bay Area.” Also notably, the facet counts for the selectable filters
{and the choice of selectable filters themselves) 408 A-408F for the “other” facet
{any facet not having a selected filter, here facet 404B corresponding to
company) are also dynamically updated. Thus, while “KIM” Staffing solutions
4088 may have been a selectable filter corresponding to the most matching
results in the results set of FIG. 4 (corresponding to all geographic areas), in
FIG. S, due to the users selection of the selectable filter 4068, only the
companies corresponding to results in the results set having a location of San

Francisco Bay Area are used in figuring out which selectable filters S08A-508F
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are displayed under facet 4048 in FIG. 5, and thus “Google” now represents the
top selectable filter SOBA, with an updated facet count showing 12 results in the
result set for San Francisco Bay Area jobs. Thus, as can be seen, the user’s
selection of one or more individual selectable filters 406 A-406F, 408 A-408F,
SO08A-S0OBF causes not just a dynamic update of the results set displayed in result
area 412 but also a dynamic update of the facets 404A-404B, selectable filters
406A-404F, 408A-408F, and SOBA-508F, and corresponding facet counts,
{0026} In an example embodiment, a sampling scheme is used that
saraples every document for X number of documents sampled, then samples
every second document for another X number of documents, then samples every
fourth document for another X number of documents, and 30 on, decreasing the
sampling frequency exponentially each number of X documents traversed. FIG.
6 1s a diagram lustrating a sampling scheme, 10 accordance with this example
embodiment. Here, a sorted result list 600 is traversed as described above.
Here, for simplicity, 8 1s selected as X, although in real-world examples this
number would likely be much larger. Thus, as can be seen, the first eight
documents are sampled without skipping. The next 8§ documents sampled are
selected by skipping every other document {thus sampling every second
document). Thus, of the next 8 documents, only 4 are actually sampled. The
next 8 documents sampled are selected by only selecting one out of every four
documents. Thus, of the next 8 documents, only 2 are actually sampled. The
next 8 documents sampled are selected by only selecting one out of every eight
documents. Thus, of the next 8 documents, only 1 is actually sampled.

{0027} For each document sampled, any necessary facet counting 1s
performed. Thus, for example, document 602 is selected to be sampled by the
above-described sampling scheme. Thus, if' there is any facet or selectable filter
that needs a corresponding facet count, this particular document 602 will be used
to increase the facet count. While in the first set of sampled documents no
document is skipped, this distinction becomes more relevant in subsequent sets
when some documents in the sorted result list 600 are skipped. For example,
docurnent 604 1s sampled while document 606 1s not sampled. The result is that
document 604 is used to increase the facet count for all facets and selectable

filters relating to the document 604, while docurnent 606 1s ignored.
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10028} An accurate facet count 1s maintained by weighting the increase
in facet count based on the sampling frequency when the corresponding
document was encountered. Thus, for example, if document 604 has a location
of San Francisco Bay Area then when document 604 is encountered, the facet
count for the “San Francisco Bay Area” selectable filter is increased by two (1x2
because the sampling frequency at that stage 1s 1/2). Likewise, if document 608
has a location of San Francisco Bay Area, then when document 608 is
encountered, the facet count for the “San Francisco Bay Area” selectable filter is
increased by four (1x4 because the sampling frequency at that stage is 1/4). For
each sampled document, the count for other facets and selectable filters can be
counted n a similar fashion, but notably no facet count tor any facet is affected
by document 606, which is ignored and not sampled.

{0029} It should be noted that there is no requirement that the distance
between samples (X)) be fixed for the length of the sampling scheme.
Embodiments are possible where X 1s altered as the results list 1s traversed. For
example, a first leg of the sampling scheme may tnvolve sampling every
documment for 20 documents sampled, while a second leg may involve sampling
every other document for 15 documents sampled, while a third leg may involve
sampling every fourth document for 10 documents sampled.

{0036] In addition to determining how to sample, as described above
with respect to the sampling scheme, in an example embodiment, a
determination 1s made as to when sampling occurs. Tn other words, a
determination is made as to which contexts the sampling scheme is run in, in
contrast to, for example, a straight count of all documents without sampling, or
simply not needing an updated count at all.

{0031} In an example embodiment, a set of facet rules define when and
in what context sampling occurs. In one example facet rule, counting of any sort
(either by sampling or by counting each document) only occurs for facets or
selectable filters relating to facets other than a facet or selectable filter relating to
a facet actually selected by a user. An example of this is described above with
respect to FIGS. 4-5, where the fact that the user selected the selectable filter
406B for “San Francisco Bay Area,” which is related to the “Location” facet

404 A, causes counting to be performed for facet 4048 and all of its
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corresponding selectable filters 408 A-408F, which may be re-ranked and filtered
into selectable filters SORA-SO8F. This counting is only performed on
documents that match the initial search query and the selected filters (here
selectable filter 406B). Thus, tor example, the count next to Google 5088 for
facet 404B reflects how many of the documents maiching the original search and
that also correspond to the San Francisco Bay Area location additionally
correspond to the Google company.

{0032} In another example facet rule, when it is determined that a
particular facet or selectable filter requires a facet count, a determination is made
as to whether to utilize the sampling scheme, such as the sampling scheme
described above, or to perform a straight count. There roay be certatn instances
where sampling is considered unreliable, such as with small counts. For
example, while estimating the number of documents matching “Google” via
sampling may be fine when the number of matching results is on the order of
1000 matches (say, sampling will estimate that there are between 990 and 1050
matches), that margin of error may be too great when the number of maiching
results in on the order of 10 matches (where sampling might estimate that there
are between 5 and 15 matches, which is simply not precise enough for most user
purposes}. As such, the facet rule may specity a threshold tacet count that, if
transgressed, causes the sampling schere to be executed but, if not transgressed,
causes a straight count to be performed.

{0033} In the case where there are no selections of facets or selectable
filters, the resulting query will look like:

+ Q

+((?Q 7 UUT L 2UU)

where (3 is the query condition, 7 is a sampling iterator for a query condition,
Uk 1s a disjunction of all conjunctions of all unselected iterators
{corresponding to each facet value) with corresponding sampling tterators for a
facet k, and u is the number of facets without selections, and 7 means
disjunctions and + means conjunction

{0034} In the case where there is a single selection of a facet or
selectable filter, the resulting query will Iook like:

+Q
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where Q 15 the query condition, (@’ is a sampling tterator for a query condition,
Sk is the disjunction of all selected values for a facet k, 857k is the disjunction of
all selected facet values conjoined with their sampling iterators for facet value k
which has selections, UUk 13 a disjunction of all conjunctions of all unselected
iterators with corresponding sampling iterators for a facet k, and u is the number
of facets without selections.

{0035} in the case where there are two or more facets with selections, the
resulting query will ook like:

+Q

+(

2

+S1 ... +Ss

_i_(i

7}

781 . 78’8

WU's+1 . 2UU's+u

)

Y

)
2(+S2 . +Ss
+UUM
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+81 .. +8s-1

+Ul's

)

where Q is the query condition, (¥’ is a sampling iterator for a query condition,

Sk is the disjunction of all selected values for a facet k, S8’k is the disjunction of

~
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all selected facet values conjoined with their sampling iterators for facet value k
which has selections, UU’k 1s a disjunction of all conjunctions of all unselected
iterators with corresponding sampling iterators for a facet k, s 1s the number of
facets with selections, and u is the number of facets without selections.

{0036} FIGS. 7A and 7B are a flow diagram illustrating a method 700 for
facet counting 1n accordance with an example embodiment. At operation 702, a
search guery is received. At operation 704, first search results to the search
query are obtained from a database. This may be performed by, for example,
submitting the search query to a search engine designed to retrieve docurnents in
response to the search query. In one example embodiment, these documents are
member profiles of a social networking service. Tn another example
embodiment, these documents are job profiles in a social networking service.
{0037} Each of the search results may contain various pieces of
information. In an example embodiment, a search result may contain a value for
one or more facets. For example, if the facet 1s location, the search result may
contain a piece of information identifying the location (such as “Mountain View,
California”). The facets themselves could either be explicitly provided by a
developer or may be deduced via comparison of the search resulis to various
computerized templates or rules.

{0038} At operation 706, the first search results are ordered based on a
relevance scheme. At operation 708, a first set of the first search results may be
displayed in the user interface. This may be performed by, for example,
identitying relevance scores for each of the search results and selecting a preset
number of the tirst search results having the highest relevance score. In some
exampie embodiments, this aspect may be performed by the search engine.
{6039} At operation 710, a plurality of facets of the first search results
are displayed, along with one or more selectable filters for each facet. Each
selectable filter corresponds to a ditferent value for the corresponding facet.
{0040} At operation 712, a sampling scheme is retrieved. This sampling
scheme defines a first sampling rate for a first number of search results and a
second sampling rate for a second number of search results. The sampling rate

is the ratio of sampled search results to search results traversed. Thus, a
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sampling rate of V4, for example, corresponds to one sampled search result out of
every four search resulis,

{0041} At operation 714, the first search results are traversed using the
saropling scheme. This results in sampling search results for the first number of
search results at the first sampling rate and sampling search results for the
second number of search results at the second sampling rate, with each sampled
search result causing an increase in a facet count for a facet and/or selectable
filter having a matching value in the sampled search result. It should be noted
that while a sampling scheme with only two different sampling rates is described
here, in an example embodiment, any number of different sampling rates may be
specified by the sampling scheme (and used for the traversing in operation 712).
{6042} At operation 716, facet counts for each of the facets and/or
selectable filters 13 displayed.

10043} At operation 718, a selection of a first selectable filter of a first
facet 1s received. This may be indicated by, for example, a checkbox
corresponding to the first selectable filter being selected in the user interface. At
operation 720, the search query is altered to reflect the selection of the first
selectable filter. At operation 722, revised search results to the altered search
query are obtained from the database. It should be noted that in some example
embodiments, the revised search results are actually obtained by narrowing
down the first search results as opposed to requiring a separate call to the
database. At operation 724, the revised search results are ordered based on the
relevance scheme. At operation 726, a second set of results from the revised
search results 1s displayved. As with the first set of results, the second set may be
selected based on a relevance score for each search result.

{0044} It should be noted that while the above describes selection of
facets as sequential, in some example embodiments counting and sampling for
all facets can be performed during a single pass. This acts to reduce the number
of requests that need to be issued, which reducing processing time/complexity.
{0045} At operation 728, the revised search results are traversed using
the sampling scheme. As with the first traversal, this traversal results in
sampling search results for the first number of search results at the first sampling

rate and sarpling search results for the second number of search results at a
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second sampling rate. Here, however, an increase in facet count is only caused
for facets other than the first facet or for selectable filters corresponding to facets
other than the first facet, assuming a matching value is found in the sampled
search result.

{0046} At operation 730, updated facet counts for each of the facets
and/or selectable filters, other than the first facet and selectable filters
corresponding to the first facet, are displayed.

{0047} At operation 732, a selection of a second selectable filter of a
second facet is received. This may be indicated by, for example, a checkbox
corresponding to the second selectable filter being selected in the user interface.
At operation 734, the search query 1s altered to retlect the selection of the second
selectable filter. At operation 736, additional revised search results to the altered
search query are obtained from the database. ¥t should be noted that 1n some
example embodiments, the additional revised search results are actually obtained
by narrowing down the revised search results as opposed to requiring a separate
call to the database. At operation 738, the additional revised search results are
ordered based on the relevance scheme. At operation 740, a third set of results
from the additional revised search results is displayed. As with the first and
second sets of resulis, the third set may be selected based on a relevance score
for each search result.

{6048} At operation 742, the additional revised search results are
traversed using the sampling scherne. As with the first and second traversals,
this traversal results in sampling search results for the first number of search
results at the first sampling rate and sampling search results for the second
number of search results at a second sampling rate. Here, however, an increase
in facet count is only caused for facets other than the first facet or second facet
or for selectable filters corresponding to facets other than the first facet or
second facet, assuming a matching value is found in the sampled search result.
{0049} At operation 744, updated facet counts for each of the facets
and/or selectable filters, other than the first facet or second facet and selectable

filters corresponding to the first facet or second facet, are displayed.

18



WO 2017/019239 PCT/US2016/040040

Example Mobile Device

{06050} FIG. B is a block diagram illustrating a mobile device 8300,
according to an example embodiment. The mobile device 800 can include a
processor 802, The processor 802 can be any of a variety of different types of
commercially available processors 802 suitable for mobile devices 800 (for
example, an XScale architecture microprocessor, a microprocessor without
interfocked pipeline stages (MIPS) architecture processor, or another type of
processor 802). A memory 804, such as a random access memory (RAM]), a
flash memory, or another type of memory, is typically accessible to the
processor 802, The memory 804 can be adapted to store an operating system
{O8) 80O, as well as application programs 808. The processor 802 can be
coupled, either directly or via appropriate intermediary hardware, to a display
310 and to one or more input/output (I/0) devices 812, such as a keypad, a touch
panel sensor, a microphone, and the like. Similarly, in some embodiments, the
processor 802 can be coupled to a transceiver 8§14 that interfaces with an antenna
&16. The transceiver 814 can be configured to both transmit and recetve celiular
network signals, wireless data signals, or other types of signals via the antenna
810, depending on the nature of the mobile device 800, Further, in some
configurations, a Global Positioning System (GPS) receiver 818 can also make

use of the antenna 816 to receive GPS signals.

Modules, Components. and Logic

{0051} Certain embodiments are described herein as including logic or a
number of components, modules, or mechanisms. Modules can constitute either
software modules (e.g., code embodied (1} on a non-transitory machine-readable
medium or (2) in a transmission signal) or hardware-implemented modules. A
hardware-implemented module 1s a tangible unit capable of performing certain
operations and can be configured or arranged in a certain manner. In example
embodiments, one or more computer systems {(e.g., a standalone, client, or server
computer system) or one or more processors 802 can be configured by software
{e.g., an application or application portion) as a hardware-implemented module

that operates to perform certain operations as described herein.
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10052} In various embodiments, a hardware-implemented module can be
implemented mechanically or electronically. For example, a hardware-
implemented module can comprise dedicated circuitry or logic that is
permanently configured (e.g., as a special-purpose processor, such as a field
programmable gate array (FPGA) or an application-specific integrated circuit
(ASIC)) to perform certain operations. A hardware-implemented module can
also comprise programmable logic or circuitry {e.g., as encompassed within a
general-purpose processor 802 or other programmable processor 802} that is
temporarily configured by software to perform certain operations. It will be
appreciated that the decision to implement a hardware-implemented module
mechanically, in dedicated and permanently configured circuitry, or in
temporartly contigured circuitry {e.g., configured by software) can be driven by
cost and time cousiderations.

10053} Accordingly, the term “hardware-implemented module” should
be understood to encompass a tangible entity, be that an entity that is physically
constructed, permanently configured (e.g., hardwired) or temporarily or
transitorily configured (¢.g., programmed) to operate in a certain manner and/or
to perform certain operations described herein. Constdering embodiments in
which hardware-implemented modules are temporarily configured {e.g.,
programmed), each of the hardware-implemented modules need not be
configured or instantiated at any one instance in time. For example, where the
hardware-implemented modules comprise a general-purpose processor 802
configured using software, the general-purpose processor 802 can be configured
as different hardware-implemented modules at different tiroes. Software can
accordingly configure a processor 802, for example, to constitute a particular
hardware-implemented module at one instance of time and to constitute a
10054 Hardware-implemented modules can provide information to, and
receive information from, other hardware-implemented modules. Accordingly,
the described hardware-implemented modules can be regarded as being
communicatively coupled. Where multiple of such hardware-implemented
modules exist contemporaneously, communications can be achieved through

signal transmission {e.g., over appropriate circuits and buses that connect the
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hardware-implemented modules). In embodiments in which multiple hardware-
implemented modules are configured or instantiated at different tirmes,
communications between such hardware-implemented modules can be achieved,
for example, through the storage and retrieval of information in memory
structures to which the multiple hardware-implemented modules have access.
For example, one hardware-implemented module can perform an operation, and
store the output of that operation in a memory device to which it is
communicatively coupled. A further hardware-implemented module can then, at
a later time, access the memory device to retrieve and process the stored output.
Hardware-implemented modules can also initiate communications with input or
output devices, and can operate on a resource {e.g., a collection of information).
{0055] The various operations of example methods described herein can
be performed, at least partially, by one or more processors 302 that are
temporarily configured (e.g., by software} or permanently configured to perform
the relevant operations. Whether temporarily or permanently configured, such
processors 802 can constitute processor-implemented modules that operate to
perform one or more operations or tunctions. The modules referred to herein
can, in some example embodiments, comprise processor-implemented modules.
10056 Similarly, the methods described herein can be at least partially
processor-implemented. For example, at least some of the operations of a
method can be performed by one or more processors 802 or processor-
implemented modules. The performance of certain of the operations can be
distributed among the one or more processors 802, not only residing within a
single machine, but deployed across a number of machines. In some example
embodiments, the processor 802 or processors 802 can be located in a single
location (e.g., within a home environment, an office environment, or a server
farm), while in other embodiments, the processors 802 can be distributed across
a number of locations.

{0057} The one or more processors 802 can also operate to support
performance of the relevant operations in a “cloud computing” environment or
as a “software as a service” (Saal). For example, at least some of the operations

can be performed by a group of computers (as examples of machines including
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processors 802), these operations being accessible via a network (e.g., the

Internet) and via one or more appropriate interfaces (e.g., APIs).

Flectronic Apparatus and Svstem

10058} Example embodiments can be implemented in digital electronic
circuitry, in computer hardware, firmware, or software, or in combinations of
them. Example embodiments can be implemented using a computer program
product, e.g, a computer program tangibly embodied in an information carrier,
e.g., in a machine-readable medium for execution by, or to control the operation
of, data processing apparatus, e.g., a programmable processor 802, a computer,
or multiple computers.

{0059} A computer program can be written in any form of programming
fanguage, including compiled or interpreted languages, and it can be deployed in
any form, including as a standalone program or as a module, subroutine, or other
unit suitable for use in a computing environment. A computer program can be
deployed to be executed on one computer or on multiple computers at one site or
distributed across multiple sites and interconnected by a communication
network.

10060} In example embodiments, operations can be performed by one or
more programmable processors 802 executing a computer program to perform
functions by operating on input data and generating output. Method operations
can also be performed by, and apparatus of example embodiments can be
implemented as, special purpose logic circuitry, e.g., an FPGA or an ASIC.
{0061} The computing system can include clients and servers. A client
and server are generally remote from each other and typically interact through a
communication network. The relationship of client and server arises by virtue of
computer programs running on the respective computers and having a client-
server relationship to each other. In embodiments deploying a programmable
computing system, it will be appreciated that that both hardware and software
architectures merit consideration. Specifically, it will be appreciated that the
choice of whether to implement certain functionality in permanently configured
hardware (e.g., an ASIC), in temporarily configured hardware (e g, a

combination of software and a programmable processor 802), orin a
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combination of permanently and temporarily configured hardware canbe a
design choice. Below are set out hardware {(e.g., machine) and software

architectures that can be deployed, in varicus example embodiments,

Examuple Machine Architecture and Machine-Readable Medium

10062} FIG. 9 1s a block diagram of machine in the example form of a
computer system 900 within which instructions 924 can be executed for causing
the machine to perform any one or more of the methodologies discussed herein.
In alternative embodiments, the machine operates as a standalone device or can
be connected {(e.g., networked) to other machines. In a networked deployment,
the machine can operate in the capacity of a server or a client machine n server-
client network environment, or as a peer machine in a peer-to-peer {or
distributed) network environment. The machine can be a personal coraputer
(PC), a tablet PC, a set-top box (8TB), a personal digital assistant (PDA), a
cellular telephone, a web appliance, a network router, switch or bridge, or any
machine capable of executing instructions (sequential or otherwise) that specify
actions to be taken by that machine. Further, while only a single machine is
illustrated, the term “machine” shall also be taken to inchude any collection of
machines that individually or jointly execute a set (or multiple sets) of
instructions 924 to perform any one or more of the methodologies discussed
herein.

{0063} The example computer systern 900 includes a processor 902 {e.g.,
a CPU, a graphics processing unit (GPU}, or both}, a main memory 904 and a
static memory 906, which communicate with cach other via a bus 908. The
computer system 900 can further include a video display 910 {e.g,, a liquid
crystal display (LCD) or a cathode ray tube (CRT)). The computer system 900
also includes an alphanumeric input device 912 (e.g, a keyboard or a touch-
sensitive display screen), a cursor control device 914 (e.g., a mouse), a storage
unit 916, a signal generation device 918 {e.g., a speaker), and a network interface

device 920,

Machine-Readable Medium
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10064 The storage unit 916 includes a machine-readable medium 922 on
which 1s stored one or more sets of instructions 924 (e.g., software) embodying
or utilized by any one or more of the methodologies or functions described
herein. The instructions 924 can also reside, completely or at least partially,
within the main memory 904 and/or within the processor 902 during execution
thereof by the computer system 900, with the main memory 904 and the
processor 902 also constituting machine-readable media 922.

{0065} While the machine-readable medium 922 1s shown in an example
embodiment to be a single medium, the term “machine-readable mediom” can
include a single medium or multiple media (e.g., a centralized or distributed
database, and/or associated caches and servers) that store the one or more
instructions 924 or data structures. The term “machine-readable medium” shall
also be taken to include any tangible medium that is capable of storing,
encoding, or carrying instructions 924 for execution by the machine and that
cause the machine to perform any one or more of the methodologies of the
present disclosure, or that is capable of storing, encoding, or carrying data
structures utilized by or associated with such instructions 924, The term
“machine-readable medium” shall accordingly be taken to include, but not be
limited to, solid-state memories, and optical and magnetic media. Specific
examples of machine-readable media 922 nclude non-volatile memory
including, by way of example, semiconductor memory devices, e.g., erasable
programiuable read-only memory (EPROM), electrically erasable prograramable
read-only memory (EEPROM), and flash memory devices; magnetic disks such
as internal hard disks and removable disks; magneto-optical disks; and CD-ROM

and DVD-ROM disks.

Transmission Medium

10066} The instructions 924 can further be transmitted or received over a
communications network 926 using a transmission medium. The instructions
924 can be transmitted using the network interface device 920 and any one of a
number of well-known transter protocols (e.g, HTTP). Examples of
communication networks include a local area network (LAN}, a WAN, the

Internet, mobile telephone networks, plain old telephone (POTS) networks, and
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wireless data networks (e.g., WiF1 and WiMax networks). The term
“transmission medium” shall be taken to include any intangible medium that 1s
capable of storing, encoding, or carrying instructions 924 for execution by the
machine, and includes digital or analog communications signals or other
intangible media to facilitate communication of such software. A transmission
medium is one embodiment of a machine readable medium.

{0067} Although an embodiment has been described with reference to
specific example embodiments, it will be evident that various modifications and
changes can be made to these embodiments without departing from the broader
spirit and scope of the disclosure. Accordingly, the specification and drawings
are to be regarded in an Hlustrative rather than a restnictive sense. The
accompanying drawings that form a part hereof show by way of illustration, and
not of limitation, specific embodiments in which the subject matter can be
practiced. The embodiments tllustrated are described in sufficient detail to
enable those skilled in the art to practice the teachings disclosed herein. Other
embodiments can be utilized and derived therefrom, such that structural and
fogical substitutions and changes can be made without departing from the scope
of this disclosure. This Detailed Description, therefore, is not to be taken tn a
limiting sense, and the scope of various embodiments is defined only by the
appended claims.

{6068} Such embodiments of the inventive subject matter can be referred
to herein, individually and/or collectively, by the term “invention” merely for
convenience and without intending to voluntarily limit the scope of this
application to any single invention or inventive concept if more than one is in
fact disclosed. Thus, although specific embodiments have been itlustrated and
described herein, it should be appreciated that any arrangement calculated to
achieve the same purpose can be substituted for the specific embodiments
shown. This disclosure is intended to cover any and all adaptations or variations
of various embodiments. Combinations of the above embodiments, and other
embodiments not specifically described herein, will be apparent to those of skill

in the art upon reviewing the above description.
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CLAIMS

1. A computer-implemented method comprising:

receiving, via a user interface, a search query;

obtaining first search results to the search query from a database;

displaying, in the user interface, a first set of results from the first search
resulis;

displaying, in the user interface, a plurality of facets of the first search
results, each facet including one or more selectable filters, each facet
corresponding to a different type of information in the first search results, and
each selectable filter corresponding to a particular value for a type of
information corresponding to its facet;

retrieving a sampling scheme, the sampling scheme defining a first
sampling rate for a first number of search results and a second sampling rate for
a second number of search results;

traversing the first search results using the sampling scheme, sampling
search results for the first number of search results at the first sampling rate and
sampling search results for the second number of search results at the second
sampling rate, and for each sampled search result, causing an increase in a facet
count for a facet and/or selectable filter having a matching value 1o the sampled
search result; and

displaying, in the user intertace, facet counts for each of the facets and/or

selectable filters.

2. The computer-implemented method of claim 1, further comprising:
ordering the first search results based on a relevance scheme prior to the

traversing,

3. The computer-implemented method of claim 2, further comprising:

receiving, via the user interface, a selection of a first facet;
altering the search query to reflect the selection of the first facet;
obtaining revised search results to the altered search query by applying

the altered search query to the first results;
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displaying, in the user interface, a second set of results from the revised
search results;

traversing the revised search results using the sampling scheme, sampling
search results for the first number of search results at the first sampling rate and
sampling search results for the second number of search results at the second
sampling rate, and for each sampled search result, causing an increase in a facet
count for a facet other than the first facet and/or selectable filter other than a
selectable filter corresponding to the first facet, having a matching value in the
sarpled search result;

displaying, in the user interface, updated facet counts for each of the
facets and/or selectable filters, other than the first facet and selectable filters

corresponding to the first facet.

4. The computer-implemented method of any one of claims 1 to 3, further
comprising:

recetving, via the user interface, a selection of a first selectable filter of a
first facet;

altering the search query to reflect the selection of the first selectable
filter;

obtaining revised search results to the altered search query from the
database;

displaying, in the user interface, a second set of results from the revised
search resulis;

traversing the revised search results using the sampling scheme, sampling
search results for the first number of search results at the first sampling rate and
sampling search results for the second number of search results at the second
sampling rate, and for each sampled search result, causing an increase in a facet
count tor a facet other than the first facet and/or selectable filter other than a
selectable filter corresponding to the first facet, having a matching value in the
sampled search result;

displaying, in the user intertace, updated facet counts for each of the
facets and/or selectable filters, other than the first facet and selectable filters

corresponding to the first facet.
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5. The computer-implemented method of claim 3, turther comprising
ranking the revised search results based on a relevance scheme prior to the

traversing the revised search results.

6. The computer-implemented method of claim 5, further comprising:

recetving, via the user interface, a selection of a second facet;

altering the search query to reflect the selection of the second facet;

obtaining additional revised search results to the altered search query
reflecting selection of the second facet by applving the altered search query
reflecting selection of the second facet to the revised search results;

displaying, in the user interface, a third set of results from the additional
revised search results;

traversing the additional revised search results using the sampling
scheme, sampling search results for the first number of search results at the first
sampling rate and sampling search results for the second number of search
results at the second sampling rate, and for each sampled search result, causing
an increase in a facet count for a facet other than the first facet or second facet
and/or selectable filter other than a selectable filter corresponding to the first
facet or second facet, having a matching value in the sampled search result;

displaying, in the user interface, updated facet counts for each of the
facets and/or selectable filters, other than the first facet and second facet and

selectable filters corresponding to the first facet and second facet.

7. The computer-implemented method of claim 4, further comprising:
receiving, via the user interface, a selection of a second selectable filter
ot a second facet;
altering the search query to reflect the selection of the second selectable
filter;
obtaining additional revised search results to the altered search query
reflecting the selection of the second selectable filter from the database;
displaying, in the user interface, a third set of results from the additional

revised search resulis;
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traversing the revised search results using the sampling scheme, sampling
search results for the first number of search results at the first sampling rate and
sampling search results for the second number of search results at the second
sampling rate, and for each sampled search result, causing an increase in a facet
count for a facet other than the first facet and/or selectable filter other than a
selectable filter corresponding to the first facet, having a matching value in the
sampled search result;

displaying, in the user interface, updated facet counts for each of the
facets and/or selectable filters, other than the first facet and selectable filters

corresponding to the first facet.

8. The computer-implemented method of claim 6, further comprising:
ranking the additional revised search results based on a relevance scheme

prior to the traversing the additional revised search results.

9. The computer-implemented method of any one of claims 1 to 8, further
comprising:

retrieving one or mote facet rules, each of the facet rules including a set
of instructions that, when executed by a processor, affect alteration of the search
query after selection, via the user interface, of one or more facets and/or

selectable filters.

10.  The computer-implemented method of any one of claims 1 to 9, further
comprising:

determining if the facet count for a facet is less than a predetermined
threshold; and

in response to a determination that the facet count for a facet is less than
the predetermined threshold, traversing the first search results one-by-one to

obtain an exact facet count for the facet without sampling.

It The computer-implemented method of claim 3, further compnising:
updating the selectable filters displayed for a second facet based on the

selection of the first facet.
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12, The computer-implemented method of claim 11, wherein the updating
the selectable filters includes displaying a preset number of selectable filters
having corresponding values with the hughest facet counts after the traversing the

revised search results.

13, The computer-implemented method of any one of claims 1 to 12,
wherein the causing the increase in the facet count includes, based on a
particular document, adding a facet count proportional to the sampling rate

specified by the sampling scheme when the particular document is traversed.

14. A system comprising:
a computer-readable medium having tustructions stored thereon, which,
when executed by a processor, cause the system to:

receive, via a user interface, a search query;

obtain first search results to the search query from a database;

display, in the user interface, a first set of results from the first
search results;

display, in the user interface, a plurality of facets of the first
search results, each facet including one or more selectable filters, each
tacet corresponding to a different type of information in the first search
results, and each selectable filter corresponding to a particular value for a
type of information corresponding to its facet;

retrieve a sampling scheme, the sampling scheme defining a first
sampling rate for a first number of search results and a second sampling
rate for a second number of search results;

traverse the first search results using the sampling scheme,
sampling search results for the first number of search results at the firgt
sampling rate and sampling search results for the second number of
search results at the second sampling rate, and for each sampled search
result, causing an increase in a facet count for a tacet and/or selectable

filter having a matching value in the sampled search result; and
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display, in the user interface, facet counts for each of the facets

and/or selectable filters.

IS. The system of claim 14, further comprising the processor.
16. A machine-readable medium carrying instructions to cause a machine to

perform the following operations:

receiving, via a user interface, a search guery;

obtaining first search results to the search query from a database;

displaying, in the user interface, a first set of results from the first search
results;

displaying, in the user interface, a plurality of facets of the first search
results, each facet including one or more selectable filters, each facet
corresponding to a different type of information in the first search results, and
each selectable filter corresponding to a particular value for a type of
information corresponding to its facet;

retrieving a sampling scheme, the sampling scheme defining a first
sampling rate for a first number of search results and a second sampling rate for
a second number of search results;

traversing the first search results using the sampling scheme, sampling
search results for the first number of search results at the first sampling rate and
sampling search results for the second number of search results at the second
sampling rate, and for each sampled search result, causing an increase in a facet
count for a facet and/or selectable filter having a matching value 1o the sampled
search result; and

displaying, in the user intertace, facet counts for each of the facets and/or

selectable filters.

~3

The machine-readable storage mediom of claim 16, further comprising:
receiving, via the user interface, a selection of a first facet;

altering the search query to reflect the selection of the first facet;
obtaining revised search results to the altered search query by applying

the altered search query to the first results;
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displaying, in the user interface, a second set of results from the revised
search results;

traversing the revised search results using the sampling scheme, sampling
search results for the first number of search results at the first sampling rate and
sampling search results for the second number of search results at the second
sampling rate, and for each sampled search result, causing an increase in a facet
count for a facet other than the first facet and/or selectable filter other than a
selectable filter corresponding to the first facet, having a matching value in the
sarpled search result;

displaying, in the user interface, updated facet counts for each of the
facets and/or selectable filters, other than the first facet and selectable filters

corresponding to the first facet.

I8. The machine-readable storage medium of claim 17, further comprising:

recetving, via the user interface, a selection of a first selectable filter of a
first facet;

altering the search query to reflect the selection of the first selectable
filter;

obtaining revised search results to the altered search query trom the
database;

displaying, in the user interface, a second set of results from the revised
search resulis;

traversing the revised search results using the sampling scheme, sampling
search results for the first number of search results at the first sampling rate and
sampling search results for the second number of search resuits at the second
sampling rate, and for each sampled search result, causing an increase in a facet
count for a facet other than the first facet and/or selectable filter other than a
selectable filter corresponding to the first facet, having a matching value in the
sampled search result;

displaying, in the user interface, updated facet counts for each of the
facets and/or selectable filters, other than the first facet and selectable filters

corresponding to the first facet.
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9. The machine-readable storage medium of claim 17 or 18, further
comprising:

receiving, via the user interface, a selection of a second facet;

altering the search query to reflect the selection of the second facet;

obtaining additional revised search resulis to the altered search query
reflecting selection of the second facet by applying the altered search query
reflecting selection of the second facet to the revised search results;

displaying, in the user intertace, a third set of results from the additional
revised search results;

traversing the additional revised search results using the sampling
scheme, sampling search results for the first number of search results at the first
sampling rate and sampling search results for the second number of search
results at the second sampling rate, and for each sampled search result, causing
an increase in a facet count for a facet other than the first facet or second facet
and/or selectable filter other than a selectable filter corresponding to the first
facet or second facet, having a matching value in the sampled search result;

displaying, in the user intertace, updated facet counts for each of the
facets and/or selectable filters, other than the first facet and second facet and

selectable filters corresponding to the first facet and second facet.

20.  The machine-readable storage medium of any one of claims 18 to 19,
further comprising:

recetving, via the user interface, a selection of a second selectable filter
of a second facet;

altering the search query to reflect the selection of the second selectable
filter;

obtaining additional revised search resulis to the altered search query
reflecting the selection of the second selectable filter from the database;

displaying, in the user interface, a third set of results from the additional
revised search results;

traversing the revised search results using the sampling scheme, sampling
search results for the first number of search results at the first sampling rate and

sampling search results for the second number of search results at the second
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sampling rate, and for each sampled search result, causing an increase in a facet
count for a facet other than the first facet and/or selectable filter other than a
selectable filter corresponding to the first facet, having a matching value in the
sarpled search result;

displaying, in the user interface, updated facet counts for each of the
facets and/or selectable filters, other than the first facet and selectable filters

corresponding to the first facet.
21, A machine-readable medium carrying instructions, which when executed

by at least one processor of a machine, causes the machine to carry out the

method of any one of claims 1 to 13
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