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(57) Abstract: A network -based service is disclosed for disambiguating search queries based on a location-based clustering of
search results corresponding to the query. In one embodiment, a user may submit a query for travel items, such as hotel accommoda-
tions. The service can determine, based on the query, an initial set of hotels providing such accommodations. The service can then
cluster the hotels according to their geographic positions. If the service identifies multiple clusters, the user can be prompted to se -
lect a specific cluster to receive additional information regarding the cluster. Illustratively, if a user submits a query for a hotel in
"Springtield," the service may ask the user to select among multiple clusters of results, each corresponding to a different city named
"Springtield" in which results have been located.
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DISAMBIGUATING SEARCH QUERIES

BACKGROUND

[0001] Computing devices and computing networks are frequently employed
by users to obtain mnformation on a variety of topics. Duc to the breadth of information
provided, many network-based systems enable users to search for mformation on those
systems. Commonly, users are enabled to submit structured or anstructured queries to a
network-based system, which the system then attempts to match to a set of potential
search results. Due to their case of use, unstructured queries, such as frecform text
strings, are often preferred by users. However, due m part to their unstructured nature,
these queries are often ambiguous, and thercfore result 1 at least partially irrelevant
search results being provided to a user.

[0002] For cxample, a user imcrested in locating information on hotel
accommodations in the city of Springfield, Missouri, may search a network-based service
using the query string “hotels in springficld.” However, the network-based service may
be unable to determine from the text of the query which specific city of “Springfield” the
user 13 mterested in (e.g., Springfield, Missoun, Springfield, Massachusetts, Springfield,
Oregon, ete.), or ndeed, whether “springfield” denotes a city in the United States at all.
Thus, merely executing the query and providing a set of results is highly likely to present
wrelevant information to a user, resulting in a decrease in user satisfaction with the

system and an increased use of computing resources necessary to service the user.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] FIG. 1 1s a schematic block diagram of an illustrative network
environment 1n which a travel service may operate to enable user submission of quernies
for travel ttemg and to disambiguate user queries based on geographic clustering of
resuits;

[0004] FIG. 2 18 an illustrative block diagram of the query processing system
mcluded in the travel service of FIG. 1, which may process user queries to detect
potential ambiguities based on geographic clustering of resalis;

{0005] FI(. 3 is an dlustrative user interface that may be displayed on a user
computing device to notify the user of a potentially ambiguous query and to provide

results of the query based on the detected ambiguity;
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[0006] FI(G. 4 13 an illustrative visualization of geographic clustering of search
results, which may indicate an ambiguity in the corresponding query; and

{0007] FIGS. 5A and 5B arc a flow diagram for processing user-submitted
gueries that may include ambiguities, for detecting such ambiguities based on geographic

clustering of results, and for providing results of the query to the user.

DETAILED DESCRIPTION

[0008] Generally described, aspects of the present disclosure are directed to
processing user-submitted queries that may include ambiguous terms or scarch criteria,
and for resolving the ambiguitics to provide meaningful and accurate scarch resulis 1o a
user. More specifically, aspects of the present disclosure utilize geographic clhustering of
search results for location-based goods or services (such as hotel accommodations} to
determine a set of potential areas or regiong in which valid results may be located, and o
notify the customer of the various arcas or regions. Hlustratively, a user of a U .S -based
network travel service may submit a guery for “hotels in springfield.” The travel service
may determine that valid results for the gquery may inclide hotels i Springficld,
Missouri, Springticld, Oregon, or Springficld, Massachusetts. Accordingly, a user may
be prompted to select the correct tocation in which hotel accommodations are desired. As
will be described below, the travel service may determine a set of regions nchuding
potentially valid results without requiring a literal mapping of terms of the query tc
specific regions {e.g., without requiring a detection that “springfield” refers to a city, and
that citics of that name exist in multiple states). As such, the travel service may be
enabled to disambiguate any freeform query. For example, a query for “beach hotels”
may result in a detection of potential results i various locations with beaches {e.g..
Hawaii, Califormia, Florida, etc.). Similarly, a querv for “Edgewater Hotel” may result in
a detection of potential hotel accommodations in both Seattle, WA (where a hotel named
the “Edgewater Hotel” is located) and in the city of Edgewater, NJ. Ag detailed below,
the travel service may therefore be enabled to more quickly and accurately process user
queries, resulting in an improved user experience and a reduction m the computing
resources necessary io utilize network travel services.

{0009] In order to determine a set of areas or regions in which potentially
valid results to a query are located, the travel service may utilize resulis clustering.
Specifically, the travel service may initially execute a query to determine a set of results

{c.g., in accordance with the algorithms described below, traditional searching algorithms
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known in the art, or any other searching algorithm). Thereafter, the travel service may
determine a geographic location of each search result. For example, the travel service
may utilize known address data or latitude and longitude data for cach of the sct of results
to assign a location to the resuit. The travel service may then cluster the results according
to their assigned locations. In one embodiment, results may be clustered based on a
simple distance calcufation, such that two results within a threshold distance (which may
be predefined by the travel service) of one another are placed within the same “cluster,”
while results more than the threshold distance from any existing cluster are placed n a
new cluster. Other clusterning algonthms, such as “k-means” clustering, are known within
the art and may be utilized to determine clusters of resulis.

[0010] Afier a set of results clusters are determined, the travel service may
assign an identifier to the chister. In one embodiment, identifiers may be based on
existing metadata regarding cach result within the cluster. For example, the travel service
may mawntain a number of geographical identifiers for each result, designating cach
result’s city, county, region, state, country, etc. As sach, each cluster may be identified
based on the most specific geographical identifier shared by all results within the chuster.
Accordingly, a cluster of results in the downtown of Seattle, WA mayv be identified as

”

“Hotels in Downtown Seattle, WA,” while a cluster of resuits spread across Rhode Island
stage may be identified as “Hotels in Rhode Island.”

{0011} Thereafter, information regarding the set of determined clusters may be
presented to a user in response to their query. For example, a query for “hotels in
sprningfield” may cause the travel service to return an indication that potential results were
located in Springfield, Missouri, Springfield, Oregon, or Sprngfield, Massachusetts, and
to request that the user select ome of those regions m order to display hotel
accommodations n the selected region. Thus, a user who mitially intended to search for
hotel accommodations i Springficld, Oregon would not be presented with resalts for
hotel accommodations in Springfield, Missouri (which might otherwise be displayed
maore prominently within a sct of search results). Morcover, because the query has been
disambiguated based on clustening of results, there 1s no need for the travel service to
attempt to implement separate systems to detect ambiguities in the search critena before
conducting a scarch. Disambiguation based on clustering thus represents a clear
mmprovement on other disambiguation techniques, such as scanming each query to detect a

pre-defined hist of potentially ambiguous terms or phrases.
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[0012] In some embodiments, a travel service may be configured to
distinguish between clusters that hikely represent an area of interest to a user and clusters
that likely include a specific ttem of inmterest to a user. For example, a query for
“Edgewater Hotel” may result in two clusters: a first including the Edgewater Hotel in
Seattle, WA as well as other nearby hotels in Seattle, and a second including a vartety of
hotels in the borough of Edgewater, NJ. While each of the hotels in the first cluster may
accurately be described as “Hotels in Scattle, WA.” such a description may be viewed as
unhelpful 1o a user searching for the specific “Edgewater Hotel” (since such resolts may
appear to be more vague than the iwtial search). Accordingly, rather than present a
region corresponding to the first cluster to the user, the travel scrvice may detect that the
Edgewater Hotel mcluded within that cluster is a specific ttem of nterest to the user. As
such, the travel service may represent the first cluster of resolts to the user as
corresponding to the Edgewater Hotel m Seattle, and allow the user to select that first
cluster in order to view hotel acconunodations at the Edgewater Hotel.

{0013] In some instances, in addition to or alternatively from exphicit user
selection of a clusier, uvser history or other user profile data of 3 user may be used to
distinguish between clusters. For example, where a travel service has a record of a prior
purchase of a user in a specific geographic region on a specific date, the travel service
may automatically disambiguate additional queries of the user on that specific date by
selecting a cluster corresponding to the geographic region. As a further example, where a
travel service has a record of a preference of the user for a specific region (c.g., as
indicated by repeated past purchases, an exphcit indication of a preference for the region,
etc.), the travel service may automatically disambiguate queries of the user by selecting a
cluster corresponding to the specific region. In some imstances, rather than automatically
selecting a cluster corresponding to a preferred region, the travel service may utilize user
preference for a region to prioritize clusters {e.g., such that a cluster corresponding to a
preferred region is displaved above alternative clusters).

{0014} As would be appreciated by one of skill in the art, the use of
geographic clustering to disambiguate search queries represents a significant advantage
over prior implementations.  Specifically, the use of geographic clustering enables a
reduction in the number of rrelevant results presented to a user, and thus enables a user to
search for and locate items of interest more rapidly and efficiently.  As such, the use of
geographic clustering to disambiguate queries may enable travel services to operate more

cfficiently, enabling travel services to return relevant query results more quickly and with

e
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utilization of fewer computing resources. Morcover, the use of geographic clustering to
disambiguate search queries does not require independent analysis of the query iiself
{c.g.. by attempting to match guery torms to a known list of potentially ambiguous terms),
but rather utilizes the varety of search results matching a query in order to detect
ambiguitics. As such, the embodiments described herein represent significant advances
over existing systems,

{0015] Though examples are provided herein with respect to specific types of
travel services, such as hotel accommodations, embodiments of the present disclosure
may be applied to any geographicallv-based item or service, meluding but not limited to
flights, accommaodations, other transportation, activities, tours, travel insurance, day trips,
destination services, or combinations thereof.

{0016} FIG.1 is a block diagram depicting an illustrative operating
environment i which a network-based travel service 150 enables customers 1o browse,
scarch for, and acquire travel ttems made available by third party providers or the
operator of the travel service 1530 As illostrated m FIG. 1, the operating enviromment
includes one or more reservation systems 120 and onme or more user ¢ompubing
devices 110 in communication with a npetwork-based travel service 150 via a
network 130, A third party provider, using a reservation system 120, may make travel
items, or mformation regarding travel items, available to the travel service 150 via the
network 130, The travel service 150 may then make the travel items, as well as other
travel itoms, available to traveler computer devices 110, Accordingly, a prospective
traveler, using a user computing device 110, may browse the travel items available from
the travel service 130, scarch travel items, and acquire, reserve, or book one or more
desired travel items.

[0017] A user computing device 110 may be any computing device, such as a
laptop or tablet computer, personal computer, server, personal digital assistant (PDA),
hybrid PDA/mobile phone, mobile phone, clectronic book reader, sei-top box, camera,
digital media plaver, and the like. The reservation systems 120 and the user computing
devices 120 may communicate with the travel service 130 via a network 130, Those
skilled in the art will appreciate that the network 130 may be any wired network, wircless
network or combination thereof  In addition, the network 130 may be a personal arca
network, local arca network, wide area network, cable network, satelltte network, cellular
telephone network, or combination thereof. In the illustrated embodiment, the

network 130 is the Imtermet.  Protocols and components for communicating via the
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Internet or any of the other aforementioned types of communication networks are known
to those skilled i the art of computer communications and thus, need not be described in
more detail herein.

[0018] The reservation systems 120 may correspond to any systems or devices
configured or enabled to allow booking, reservation, or acquisition of travel items. For
example, a reservations system 120 may correspond to a centralized reservation system
{CRS), a global distribution system {GDS), or any other system where multiple travel
ttem providers, such as airlines, hotels, car rental agencies, cruise lines, bus services, gte.,
make travel items available for booking, reservation, and/or purchase. In other
embodiments, a reservation system 120 may correspond to a svsicm provided by an
mdividual travel item provider (e.g., a specific airline, hotel or hotel chai, car rental
agency, cruise line, bus service, ¢tc.). In general, each reservation system may enable
other network-based devices, such as devices of the travel service 150 to request
mformation regarding travel ttems {e.g.. availability, price, travel plan, ¢tc.), to scarch
travel items, and to book, acquirs, or reserve travel items. Operation of reservation
systems is known within the art, and therefore will not be described in more detail herein.

[0019] In the iHustrated embodiment, the travel service 150 1s illustrated as a
computer environment including several computer svstems that are mmterconnecied using
one or more networks. More specifically, the travel service 150 may include a aser
mterface system 156, a reservation systems mterface 152, a query processing svstem 154,
a traveler profile data store 158, and a travel item data store 160, While shown in FIG |
as distinet systems, one or more of the user mterface system 156, reservation systems
mterface 152, query processing system 154, traveler profile data store 158, and travel
ttem data store 160 may, in some embodiments, be combined into one or more aggregate
systems. Further, it will be appreciated by those skilled in the art that the travel
service 1530 could have fewer or greater componenis than are illustrated mn FIG. 1,
mmcluding various Web sorvices and/or peer-to-peer network configurations. In some
cmbodiments, the one or more components of the travel service 1530 may be implemented
bv virtual machines implemented in a hosted computing environment. The hosted
computing environment may include one or more rapidly provisioned and released
computing resources, which computing resources may include computing, networking
and/or storage devices. A hosted computing environment may also be referred to as a
cloud computing environment. Thus, the depiction of the travel service 150 m FIG. 1

should be taken as illustrative and not limiting to the present disclosure.

o
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{0020] Anyv one or more of the user mterface system 156, the reservation
systems interface 152, the query processing system 154, the traveler profile data
storc 158, and the travel item data store 160 may be embodied in a plurality of
componegnts, ecach executing an instance of the respective user interface system 156,
reservation systems interface 152, guery processing system 154, traveler profile data
store 158, and travel itom data store 160. A server or other compuiing component
implementing any onc of the user merface sysiem 136, the reservation systems
mterface 152, the query processing system 154, the traveler profile data store 158, and the
travel item data store 160 may inclade a network interface, memory, processing unit, and
computer readable medium drive, all of which may communicate which cach other may
way of a communication bus. The network mterface may provide connectivity over the
network 130 and/or other networks or computer systems. The processing umit may
communicate to and from memory containing program instructions that the processing
unit executes in order o operate the respective user interface svstem 136, reservation
systems mterface 132, query processing system 134, traveler profile data store 158, and
travel item data store 160. The memory may generally include RAM. ROM, other
persistent and auxiliary memory, and/or any non-transitory computer-readable media.

[0021] In accordance with embodiments of the present disclosure, the query
processing system 154 may be configured to process queries and determine a set of query
results {e.g., for presentation to the user computing devices 110 via the user interface
system 156).  More specifically, the gucry processing svstem 154 may  utilize
geographically-based clustening to detect ambiguous queries, and to present the user
computing devices 110 with indicators of cach result cluster {e.g.. as identifiers of the
geographic region in which a chuster is located or of a specific item within a cluster that is
Iikely to be of mnterest to the user). As will be described below, the guery processing
system may conduct additional pre- or post-processing on a query to increase the
accuracy of results.

[0022] In some cmbodiments, the query processing system 134 may utilize
mformation on travel ems obtained from the reservations systems 120, Interaction with
the reservation systems 120 may be facilitated by the reservation systems interface 152,
which may enable querving for information regarding rclevant travel items on the
reservation system 120, retrieving mformation regarding travel items from the reservation
system 120, and reserving travel items on behalf of users. In some embodiments,

multiple reservation systems interfaces 152 may be provided, each configured to interact
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with one or more specific reservation systems 120, For cxample, a first reservation
systems interface 132 may interact with an airline-based reservation system 120, while
second reservation svstems interface 157 may interact with a hotel based rescrvation
system 120. Embodiments of systems and methods for nteraction with reservation
systems 120 are described within U.S. Patent Application No. 12/470,442, filed on May
21, 2009, and entitled “OPTIMIZED SYSTEM AND METHOD FOR FINDING BEST
FARE,” which is herchy incorporated by reference in its entircty.

{0023] The query processing system 134 may farther utilize information from
the travel item data store 160, which may include varicus data on relevant travel items.
The travel item data store can correspond to any physical data store, collection of physical
data stores, or virtual data store implemented by one or more phyvsical data stores, such as
hard disk drives (HDDs), solid state drives {§8SDs), tape dnves, network attached storage
{NASs} or any other persistent or substantially persistent storage component. In some
nstances, data within the travel item data store 160 may be obtained from reservation
system 120 (e.g., names, addresses, available booking types, etc) via the reservation
systems interface 152, The travel item data store 160 may further inchide mformation
generated by the travel service 150 utself, or submitted to the travel service 150 by the
user computing devices 110, such as reviews, ratings, pictures, or comments on varnous
travel ftems. The travel item data store 160 may also mclude mformation retrieved or
submitted by third party services, such as independent travel tiem rating services or travel
agencies (not shown in FIG. 1), In some instances, the query processing system 154 may
utilize information from the travel item data store 160 exclosively or preferentially to
information retrieved directly from the reservations system 120, due to delays
communication with the reservation system 120, As such, the travel item data store 160
may, in some instances, function to cache mformation from the reservation systemn 120 or
other distinct systems (not shown in FIG. 1) for use by the query processing system 154,

10024] Submissions to the query processing systerm 154 may be submitted by
user computing devices 110 via the user interface system 156, which may also transmit
query results to the user computing devices 110, Accordingly, the user mterface

system 156 mav facilitate searching

o0

browsing, and acqusition {e.g., by reservation,
booking, ctc) of travel items by users via user computing devices 110, In some
embodiments, the user mierface system 156 may include a network server, such as a web
server, for generation of instructions for presentation by recipient devices of network

pages {¢.g., web pages) facilitating such secarching, browsimg, and acqusition. One

e
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example of a user mterfaces for which instructions may be gencrated by a user mterface
system 156 will be described in more detail in FIG. 3, below.

[0025] The user imterface system 156 may further be configured to store,
maintain, and acquire mformation from a traveler profile data store 166. The user
mformation data store 166 may correspond to any persistent or substantially persistent
data store, such as one or more hard disk drives (HDDs), solid state drives (85Ds), or
network attached storage devices (NASs). The traveler profile data store 166 may store
information regarding users, such as a user’s name, age, address, date of birth, credit card
information, purchase history, and travel reservations, frequent flver or rewards program
mformation, ¢tc., for use by the travel service 150, As discussed below, information from
the traveler profile data store 166 may be utilized to determine one or more preferred
regions for a user submitting a qaery, which may assist in disambiguation of the query.

{0026} Further detail regarding the query processing system 154 is shown in
FiG. 2, which is a block diagram depicting illustrative components of the query
processing systern 154, Each of the components 202-210 may represent a distinct
computing device (including at least one physical processor configured o execute
computer-cxecutable instructions) within the guery processing system 154, or may
represent programs, functionalities, code modules or other code executed by at least one
processor included in one or more computing devices within the query processing system
154. For the purposes of llustration, these components 202-210 will be discussed with
respect to the handling of an example query input into the query processing svstem 154
{e.g., by a user computing device 110}

{0027] A guery received by the query processing system 154 may be initially
passed into the query annotator 202, where the varnious terms of the query may be
mspected and annotated for later use within the query processing system.  In some
embodiments, the query asnotator 202 may utilize natural language processing
techniques, such as those known within the art, to determine whether any terms or series
of tcrms (sometimes referred to as an “n-gram™) can be classitied into a pre-defined term
type. Bv way of illustration, term types may include (but are not limited to): a type of
travel item sought (e.g., hotel, car, flight, activity, ¢tc.), a name of a specific item sought
{e.g.. a specific hotel name, a brand of hotel, ¢ic.,), a geographic location in which an tem
is sought {e.g., city, county, efc.), geographic descriptors for the geographic location {e.g.,
beach, mountains, ¢tc.), amenities provided by a desired travel item (e.g., pool, hot tub,

meals, fitness center, spa, etc.}, serviee-level descriptors {e.g., huxery, business, economy,
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gt ), or specific parts of speech (2.g., noun, verb, participle, pronoun, preposition, adverb,
conjunction, ¢tc.}. Ag described below, the query processing system 154 may utilize term
annotations to determine which fermas of a query should be processed at a given stage
within the query processing svstem 154, For example, the query processing system 154
may ignore desired amenities {¢.g., pool, spa, meals served} when attempting to locate
geographical regions that may mclude searched-for travel itoms, since these terms are not
likely to be geographically meamngful. As a further example, the query processing
system 154 may ignore certain parts of speech, such as prepositions, that are enlikely to
be meaningfol during processing of the query.

[0028] Thereafter, the query processing system 154 mayv pass the annotated
guery mto the search engine 204, which functions to locate travel items that are
potentially relevant to the query. In one embodiment, the search engine 204 may utilize
simple term maiching to rank and sort potential travel items in response o a guery, such
that travel items whose description more closely matches the terms of a query are
rebimned in response to the guery, and ranked based on the level of comespondence
between their relative descriptions and the terms. In another e¢mbodiment, the search
engine 204 may utilize historical user activity data, such as “clickstream” data, to
determine travel 1tems responsive to a given query. For example, the scarch engine 204
may determine, for a given hotel query, a set of hotels that prior users selected when
ptitizing the same query, or terms within the same query. The secarch engine 204 may
further rank the set of hotels based on the frequency of prior user selection. In one
embodiment, the search engine 204 may correlate search terms with specific travel items
bv use of a naive Bayesian classifier. The use of clickstieam data to determine relevant
guery results may enable the search engime 204 to identify refevant results even when a
search query and resultant travel item do not share terounologv.  For example,
clickstream data may indicate that specific hotels in New York City, NY are sclected by
users after scarching for “Hotels in the Big Apple,” despite the term “Big Apple” not
actually occurring in the descriptions of the specific hotels. In some embodiments,
chickstream data may be generated by interactions between the user computing
devices 110 and the travel service 150 {¢.g., as a result of searches made by users on the
travel service 150}, In another embodiment, clickstream data may be inferred or gathered
during referrals to the travel service 150 by third party scarch engines (not shown), which
may notify the travel service 150 of the specific user query utibzed by the third party

search engine to direct the user to the travel service 150, Additionally or alternatively,

=10
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the search engine 204 may utilize any number of search algorithms known within the art
to locate travel stems of potential relevance to a user’s query.

[0029] In some stances, the search engine 204 may only utilize a subset of
terms from the query, which are expected to be relevant to the geographical clustering of
the potential results. For example, the search engine 204 may ignore, for the purposes of
identifying imitial results, terms within the guery that specify desired amenities. As will
be described below, these terms may later be utilized by the query processing system 154
to rank mdividual travel items, before such travel items are presented to the user. In some
embodiments, the search engimne 204 mayv further process search results or modify the
search results. For example, the search engine 204 may prunc the search results, such that
the results include only the top » travel 1tems potentially relevant to the user’s query.

{0030} After determiming a set of imitial search results, the query processing
system 134 may pass the mitial scarch results to the region identifier 206, which may
cluster the results into a sct of regions. In one embodiment, clustering may occur based
on a single-pass algorithm, such that a travel item is determined to fall with a previously
wdentified cluster if a location associated with the travel diem is  within a threshold
distance {c.g., 50 miles} of the previously identified cluster, and 1s otherwise determined
to constitute a new cluster. In instances where a travel item 1s associated with a single
geographic location (e.g., the location of a hotel offering an accommodation, the location
at which a destination service is provided, the location of a rental car agency), the region
identifier 206 mayv utilize that single geographic location as a location of the travel
service. In instances where a travel item 1s associated with meltiple geographic locations
{e.g.. a Hlight with both a departure location and retarn location), the travel item may be
considered within a threshold distance of the cluster if anv of the multiple geographic
locations are within the threshold distinet from the cluster. Distance from a cluster may
be determined based on any location within the cluster. In some embodiments, a travel
item may be consudered within a threshold distance of a previcusly exasting cluster if a
location of the travel e is within a threshold distance from a location of any other
travel ttem already existing within the cluster. In other embodiments, a travel item may
be considered within a threshold distance of a previously existing cluster if a location of
the travel item is within a threshold distance of a centroid of the cluster (.3, as
determined from the average location of each travel item already within the cluster. Such
a single-pass clustering algorithm may be beneficial, in that it may be quickly utilized by

the query processing system 134 to determine clusters relevant io geographically
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dispersed items. However, more complex clustering algorithms, such as k-means
clustering {which is known within the art) may also be utiized by the region
wdentitier 206 to determine clusters of travel iterns.

[0031] Afier identitving a number of clusters, the region wdentifier 206 may
further assign a geographic identifier to cach cluster. In one embodiment, the region
identifier 206 may utilize geographic metadata available to the query processing
system 154 (c.g., from the travel item data store 160 of FIG. 1) to identify the most
specific geographic identifier applicable to all (or a threshold percentage of} hotels within
the cluster.  Such metadata may include identify a set of zones, each identfying a
geographic region associated with a specific region identifier. In one cmbodiment, the
metadata may be generated based on exasting geo-political boundaries, such as
neighborhood, city, county, or state boundary lines. In other cbodiments, metadata may
be manually generated by the travel service 150, In still more embodiments, the travel
service 150 may obtain metadata identifving geographic identifiers and corresponding
geographic zones or locations from a third party service, such as a geographic information
service {GI8), as is known in the art. Using such geographic metadata, the region
wdentifier 206 may compare the locations of travel ttems within any given cluster to
determine 1dentifiers of one or more geographic regions that includes the locations of all
or a threshold percentage of travel tems within the cluster. Accordingly, a cluster of
accommodations for hotels located within the Fremont neighborhood of Seattle, WA may
be identified as the “Fremont, Secattle, WA” cluster, while a cluster of accommodations
for hotels located m Spokane, WA may be identified as the “Spokane, WA” cluster. In
some embodiments, the travel service 150 may also inchude relative geographic identifiers
within the metadata of travel items. For example, one or more travel items may be
classified as “near the Space Needle” {(an observation tower in Seattle, WA}, Where the
travel items of a claster are included within meltiple regions (e.g., a relative wentifier, a
neighborhood, and a city) the travel service 150 may select from the multiple regions
based on a priority fevel of cach region. Hlustratively, regions may be prionitized on the
travel service 150 based on a total area included within the region, based on a popularity
of the region on the travel service 150 {e.g., based how often users scarch for travel items
corresponding o the region), or both, For example, where travel items of a closter are
located within both the region “Downtown Seattle, WA™ and “Scattle, WA, the travel
service 150 can use the identifier “Downtown Seattle, WA” for the cluster due to that

regions smaller size and greater popularity among users of the travel service 150
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Additionally or altemnatively, the travel service 150 may select from multiple regions
based on a cormrespondence between terms used in a user’s query and the identifiers of
cach region. For cxample, a search for “hotels near the Space Needle” may result in a
cluster of hotels 1dentified as “near the Space Needle,” rather than as © “in Seattle, WA,”
Due at least in part to the overlap in terms between the search guery and the region
identifier,

{0032} Additionally, the region identifier 206 may sort the determined
chusters, to establish a predicted relevancy of each cluster to the search gquery. In one
embodiment, clusters may be sorted based on the travel items deternmined to fall within
the cluster. For example, an initial ranking of each travel item {c.g., as determined by the
search engine 204} may be utilized to determine an aggregate or average ranking of travel
ttems within each cluster (such that clusters with mcluding travel stems highly ranked by
the search engine 204 are ranked above clusters inchuding travel items not highly ranked
bv the scarch engine 204). In another embodiment, clusters may be sorted based at least
in part on a correspondence between the geographic wentifier assigned to the cluster and
the query, such that a cluster of hotels identified as geographically “near the Space
Meedle” 13 ranked highly for a query including the term “space necedie” In vet more
embodiments, clusters may be sorted based on the geographic identifiers of the clusters
themaelves (e.g., such that geographic identifiers that are more popular with users of the
travel service 150 are ranked more highly than less popular geographic identifiers, or such
that more specific geographic identificrs are rated more highly than less specific
geographic identifiers), or based on a preference of the user for a geographic identifier
corresponding to at least one cluster {e.g., as determined by profile data of the user).

[0033] Thereafter, the query processing system 154 may pass the identified
clusters to the region classifier 208, which can attempt to distinguish clusters that are
relevant by virtue of their geographic location from clusters that are relevant based on
travel items included within the cluster. For example, a query for “Edgewater Hotel” may
result in two clusters:  a first cluster including the Edgewater Hotel and other nearby
hotels in Seattle, WA, and a second cluster including hotels in and around the borough of
Edgewater, NJ. Of these, the first cluster is expected to be relevant based on a specific
travel item included within the cluster (the Edgewater Hotel). Accordingly, rather than
present a geographic identifier {e.g., “Hotels in Seattle, WA™) to a user, the cluster can be
represented to the user as the specific travel item within the cluster expected to be of

interest {e.g., “the Edgewater Hotel in Seattle, WA™}. User selection of the cluster would
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then result in detaided information regarding the specific travel item. Conversely, the
second cluster {of hotels in and arpund the borough of Edgewater, NI} can be represented
to a user as a selectable region {e.g., “Edgewater, NJ7) selectable to view a listing of hotel
accommodations within that region.

[0034] To distinguish between regions that are relevant due to a specific travel
items and regions that are themselves relevant, the region classifier 208 may utilize the
relevant rankings of the individual travel items within the cluster, as assigned by the
search engine 204 (o.g., based on clickstream data, term analysis, or any other search and
ranking criteria}. In instances where the highest-ranked travel item within a given cluster
appears to be rauch more relevant than the next highest-ranked travel wtem, 1t 15 hikely that
the cluster is relevant by virtue of that highest-ranked travel item. As such, that cluster
can be represented to a user as merely the travel item itself (c.g., as a link to view
additional mformation regarding the specific travel item). Conversely, where all travel
items within a cluster are similarly ranked, that cluster may be presented fo the user as a
geographic wdentifier {e.g., a specific city), selectable to view travel items within that city.
The region classifier 208 may utilize any number of comparisons between the items of a
given cluster, in order to distinguish whether an individual travel ttem within the cluster
represents an item of specific mterest to the customer. In the instance that individual
travel items within a cluster have been assigned a score {e.g., by the search engine 204},
examples of comparisons between the ttems of a cluster include, but are not limited to,
the difference in scores between the first and last ranked travel items within the cluster
{e.g., as measured as an absolute difference, difference 1n a loganthmic doman, etc.); the
difference in scores between the first and second ranked travel tems within the cluster;
the ratio of the difference in score between the first and second ranked items within the
cluster, as compared to the difference in score between the second and third ranked ttems
within the claster; and the ratio of the difference in score between the first and second
ranked tems within the cluster, as compared to the difference in score between second
and last ranked items within the cluster. Other factors that the region classifier 208 may
use to distinguish between tvpes of cluster {e.g.. a regionally relevant cluster or a cluster
relevant by virtue of a specific travel item) include the number of chisters gencrated based
on a top » number of search results to the query, an average distance between oxtracted
clusters {¢.g., as determined based on a center of the cluster, an edge ot the cluster, etc.), a
maximum distance between all extracted clusters, and a minimum distance bebween all

extracted clusters.
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{0035} Additionally or aliernatively, types of clusters (g, a regionally
relevant chuster or a cluster relevant by virtue of a specific travel item) may be
distinguished based on a comparison of the query terms input by a user and terms
associated with the highest ranked travel item within a cluster. For example, where a
scarch goery and a top-ranked travel item share similar terms {c.g., a querv for
“edgewater hotel” and a travel ttem named “The Edgewater Hotel™), a cluster’s relevance
is likelv highly linked to that top-ranked travel item. Conversely, where a scarch query

and a top-ranked travel tem do not share similar terms {e.g.

Pl

a query for “Hotels in
Seattle, WA” and a top-ranked travel item of “The Edgewater Hotel ™), the cluster is bkely
relevant generally, and a user may benefit from viewing hotels within the geographic
identifier associated with the cluster. In some instances, the similanty of terms between a
query and a travel item may be quantized as the proportion of matching terms {or “n-
grams”) between a query and a travel item identifier {e.g., a name), as compared to the
total terms {or “n-grams”} in the query. Thus, m one embodiment, the region
classifier 208 may determine that a cluster is relevant by virtue of a specific travel item
where that travel item and the user’s query have a proportion of matching terms over a
threshold amount. In some embodiments, cluster types may also be distinguished based
on a companson of guery terms to a region identifier for the cluster. For example, a
cluster may be determined to be relevant by virtue of its corresponding region when a
name of the region closely matches one or more terms within the query.  Still further,
cluster types may be distinguished based on the use of specific terms or term types within
the query. Mlustratively, regional identifiers for clusters may be more likely to be relevant

o9

to a query containing a ploral term {e.g., “hotels”™ as opposed to “hotel”) than specific
travel item identifiers. In some embodiments, cach of the metncs described above may
be quantized, and additional metrics may be derived from comparisons of such
quantizations. For example, the query processing system 154 may assign a score to the
similarity of a cluster’s regional identifier and the terms used in a query, as well as a score
to the similarity of the top-scarch result in a cluster to the those terms. An additional
metric may then be created by comparing these two scores.  Additional metrics are
possible and contemplated within the scope of this disclosure. The specific metrics (or
combination thereof) used to distinguich between cluster types may i some instances be
determined based on the use of a machine leaming algorithm to process a traiming data set

including queries and corresponding results closters with known relevance types {¢.g.,



WO 2017/019304 PCT/US2016/042145

relevant based on a geographic identifier or based on the top-travel item within the
claster).

[0036] Thereafter, the query processing systerm 154 may pass the identified
and classified clusters to the results coordinator 210, If multiple clusters have been
identified, the results coordinator 210 may transmit {e.g., via the user mterface
system 136} a request to the user to select one of the clusters, as identified erther by a
geographic identitier or a top-ranked travel ttom within the cluster. If a user selects a
chuster ientified by a top-ranked travel ttem, such as a hotel, the user can be directed
immediately to a detail page allowing reservations for the hotel to be made. H a user
selects a cluster wentified by a geographic identificr, the results coordinator 210 may
present a histing of travel items available within the cluster. In some instances, the results
coordinator 210 may re-sort or re-rank travel items within the cluster. For example,
where query terms tagged as amenities {¢.g., spa, fitness center, ofc.) were previously
ignored by the search engine 204, the resulis coordinator may recvaluate travel itoms
within the chuster based on the availability of those amenities for each travel item. In
some instances, the results coordinator may conduct a new search, limited to the
geographic region identified by the cluster, to determine a st of travel ttems to present to
the customer.

[0037] In the instance that only a simgle cluster was previously identified by
the query processing system 154, the results coordinator 210 may proceed as if a user has
selected that single cluster. Thus, if the single cluster 1s determined to be relevant to the
guery based on a top-ranked travel item, the user may be directed to a detanl page of that
travel itom. If the single cluster is determined to be relevant based on a geographical
region, the results coordinator 210 mayv present a listing of travel tiems within the cluster
{as potentially resorted or re~ranked based on the initial query), or may present the resulis
of a new search for travel itoms within the geographical region.

{0038] In the manner described above, the query processing system 154 may
process unstructured querics to determine potential geographic ambiguitics withmn the
query, and to allow the user to select an intended travel stem or geographic region. Thus,
the query processing system 154 enables an improvement n the speed, efficiency, and
accuracy of searching for information related to travel ttems, as compared to traditional
searching algonithms.

[0039] With reference to FIG. 3, an illustrative example of a user nterface

300 for enabling disambiguation of a search query vtilizing geographical clusters is
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displaved. In this example, the user interface 300 is generated by a browser application
{e.g.. a “web browser”) executing on a user computing device 110, based on instructions
{c.g.. and hypertext markup language {HTML] document} received from the travel
service 150, The user mterface 300 can enable a user computing device 110 to submit
queries to the travel service, to select an appropriate cluster of results in mstances where
such guenes are determined to be ambiguocus, to view and acquire available travel items
in response to a submitted travel query, and to view travel package recommendations
generated based at least in part on the submitted travel guery. In the illustrated example
of FIG. 3, a user identified as “Tom Traveler” has accessed the travel service 150, To
enable the user to navigate among various interfaces of the travel service 150, the user
mterface includes a navigation panel 302, which directs the traveler to various other
features offered by the travel service 150, Hlustratively, units of text within the
navigation panel 302 may correspond to interactive links, which modify or change the
user interface when selected. In the current example, Tom Traveler has selected link 304,

>

“Hotels.” Based on this selection, the user mterface system 156 has retumned the content
for user interface 300, The user may be cnabled to view ahlternative user mterfaces by
selection of alternative links withm the navigation panel 302, For example, the user may
view the alternative interfaces related to other types of travel items by selecting the
portions of the navigation panel titled “Packages,” “Cars,” “Flights,” ¢tc.

{0040] By use of the user interface 300, the traveler computing device 110
may submit a query to the travel service 130 by use of the search box 306. In the current
example, the user has submitted the unstructured guery text “hotels in wa.” On receiving
this guery, the travel service 150 may pass the query text (along with any other additional
mformation, such as profile information of the user) to the query processing svsterm 154,
As described above, the query processing system 154 may locate a set of results for the
query {e.g., using term maiching, chickstream classification, or other searching
algorithms), and process the reselts to geographically cluster the travel items included
within the results.

{0041} One example of potential geographical clusters for the query “hotels m
wa” 1s shown in FIG. 4. As shown in FIG. 4, potential travel items related to the query
“hotels in wa”™ may be spread across the Washington State region 400. It should be noted
that the specific clusters shown m FIG. 4 are illustrative in nature only, and that potential
travel items related to the query “hotels in wa” may also inclade travel items located

cutside of the Washington State region 400 {e.g., in Washington, B.C.}. To disambiguate
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the query, the query processing system 154 can utilize a clustering algorithm (such as
those described above) to cluster the results into three clusters 402A, 4028, and 402C.
While only three clusters are shown in FIG. 4, any number of clusters may be identified
by the gquery processing system 154, In some instances, the query processmg system 154
may “prune” clusters, such that clusters having a low potential relevancy {c.g., as
determined by the aggregate or average scores of travel items within the chuster} are not
selected for further processing, thus reducing the number of clusters represented to a user.
In the example of FIG. 4, cach cluster is associated with a pre~-determined geographical
region in the State of Washington, sach that each fravel item within the cluster is
assoctated with that geographical region. Specifically, the travel items within cluster
402 A are illustratively associated with the “Greater Seattle Area” region; the travel ttems
within cluster 4028 are dlustratively associated with the “Spokane” region; and the travel
items in cluster 402C are Hustratively associated with the “Yakima Valley” region.

{0042} Because most travelers have a relatively specific travel location in
mind, it is unlikely that a user would benefit from having hotels from ecach of clusters
402A-C presented simubtancously.  Moreover, if the vser was actually interested in
travehing to a less popular or otherwise less highly-ranked region, it is possibie that an
mitial set of resulis selected from cach of the clusters 402A-C would not include any
travel items from the user’s desired region, thus requiring the user to request additional
search results {e.g., by moving to through subsequent “network pages” of results), to
“narrow” their scarch terms {e.g., by manually specifving the region in which thev are
interested}, or to resubmit a different search query. Each of these alternative options is
both detrimental to the user’s eoxperience, and decrecases the speed, accuracy and
efficiency at which the travel service 150 may operate.

[0043] To address these issues, aspects of the present disclosure enable each
of the three clusters 402A-C to be represented to the user as a group, rather than as
mdividual travel sems within the cluster.  As noted above, the query processing
system 154 mav be configured to dentify an expected relevancy of cach cluster 402A-C,
as either relevant by virtue of its geographical location or relevant by virtue of a top-
ranked travel item within the cluster 402A-C. In the example of FI(. 4, it i3 assumed that
gach of the clusters 402A-C 1s determined by the query processing system 134 to be
relevant by virtue of its geographical location. Thus, in order to disambiguate the query
“hotels tn wa,” the travel service 150 may request that the user select one of the

geographic regions represented by the clusters 402A-C.
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{0044] One example of a request to select from a number of identified clusters
1s shown within FIG. 3. Specifically, FIG. 3 includes a prompt 308 generated by the
travel service 150 to request that the user select from three geographic identifiers 310-314
identifving regions in which travel items resulting from the query “hotels in wa” are
located. Each of the geographic identifiers 310-314 corresponds to one of the
clusters 402A-C shown in FIG. 4 {(where identifier 310, “Hotels mn Seattle, WA”
corresponds to cluster 402A; identifier 312, “Hotels m Spokane, WA,” corresponds o
chuster 402B; and identifier 314, “Hotels in Yakima, WA.” corresponds to cluster 402C).
Through the user nterface 300, a user may sclect one of the geographic identifiers 310-
314 to receive additional mformation regarding the sclected identificr.  fn one
embodiment, sclection of an identifier may result display ot a set of travel items ncluded
within the cluster represented by the wdentifier. In another embodiment, selection of an
wdentifier may result 1o a new query being generated on behalf of the user {e.g., sharing
the previously submitted unstructured query terms, but being limited to the region
wdentified by the selected geographic identifier).  Various systems and methods for
displaying results to a travel item query are known within the art, and will not be
described in detail herein.

[0045] While ecach cluster 402A-C 1s represented by a geographic identifier
within FI(G. 3, m some embodiments, clusters may alternatively be represented by a top-
ranked travel item located within the cluster {¢.g., as the name of that travel item).
Moreover, wdentifiers for different types of identified clusters may be mtermixed within
the same prompt. For example, a query for “Edgewater Hotel” may result in a prompt
requesting selection between “The Edgewater Hotel, Seattle, WA” (representative of a
cluster that is relevant based on a top-ranked travel item in that cluster) and “Hotels in the
borough of Edgewater, NI” {(representative of a cluster that is relevant based on a
geographic region in which travel items within the cluster are located}. In instances
where a customer selects an identifier corresponding to a specific travel tem (e.g., “The
Edgewater Hotel, Seattle, WA”), the user may be automatically directed to an information
page regarding the specific travel itemn (which may enable to user to reserve, book, or
otherwise acquire the travel item).

{0046] With reference to FIGS. 5A and 5B, one illustrative routing 500 for
disambiguating search queries based on geographic clustening of potential results will be
described. The illustrative routine 300 may be carned out, for example, by the query

processing system 154, in conjunction with addifional components of the travel
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service 130, The routine 500 begins at block 502, where the query processing svstem 154
receives a travel ttem query. IHustratively, the query may be received from a user,
utdizing a user computing device 110 of FIG. 1, via submission to the user interface 300
of FIG. 3. The routine 300 continues at block 504, where the query processing
system 134 may pre-process, filter, and/or normalize the guery to facilitate further
processing. Ilustratively, block 504 mayv include nomnalizing the query by removing
capitalization, cxcess spaces, or other ignored formatting or characters, executing

pre-defined regular expressions on the qaery, grouping multiple words into a single term

{e.g.. grouping the words “new” and “vork" mnto a single term, “new york™), or ctherwise
executing known processes on the query to prepare the query for further use by the query
processing system 154

[0047] Thereafter, the routine 500 continaes at block 306, where terms of the
guery can be annotated to tdentify a “type” for the termy, such as. a type of travel item
sought {¢.z., hotel, car, flight, activity, ¢ic.), a name or descriptor of a specific item sought
{e.g., a specific hotel name, a brand of hotel, eic.)), a geographic location in which an item
is sought {2.g., city, county, ¢ic.}, geographic descriptors for the geographic location {e.g.,
beach, mountaing, ¢tc.), amenitics provided bv a desired travel item {¢.g., pool, hot tub,
meals, fitness center, spa, etc.), service-level descriptors {e.g., luxury, business, economy,
ctc.), or specific parts of speech (.2, noun, verb, participle, pronoun, preposition, adverb,
conjunction, etc.). In onc embodiment, block 506 may include execution of a natural
language processing algorithm by the query processing systern 154, which processes a
query to annotate individual terms within the query with a determined term type. In some
embodiments, terms of the query annotated with ong or more pre-defined types, such as
propositions, may be removed from the query before the routine 560 continues. In other
embodiments, terms of the guery annotated with one or more pre-defined types may be
maintained within the query, but ignored in specific portions of the routing 500, For
example, the query processing system 134 may ignore terms annotated as “amenities”
when determining an tnitial set of potential results from which to derive geographically-
based clusters.

[0048] At block 508, the query processing system 154 implements a search for
a set of potential results to the query. In one embodiment, the query processing
system 134 may utilize term-maiching, to determine travel items whose descriptions
mechide terms also within the guery. In another embodiment, the gaery processing

system 134 may utilize historical usage data of users of the travel service 150 {e.g, as

-20-



WO 2017/019304 PCT/US2016/042145

represented by “clickstream” data obtained by the travel service 1530, In one embodiment,
the query processing system 154 may otilize naive Bavesian classification to rank or
score travel items according to a query. For example, the query processing system 154
may attempt to deternune, for any given travel item, the probability of that travel item
being selected by a vser in response to a query. This probability may be represented in
the form of P(TIQ), where “I” represents a travel item, and “(Q° represents a guery. This
probability may be represented by the formula:
[0049]P(TIQ) = P(QIT) * P(T)

where P(T) represents the probability of a given travel item being selected, and may be
calculated as the total mumber of occurrences of user-selection of the travel item within
the relevant data divided by the total number of queries within the relevant data. The
function P(Q|T) may be computed, in turn, according to the equation:

[0050]P(QIT) = P(W,|T) * P(W,|T) ..% P(W,|T)
where W, represent the series of terms {or “n-grams”) within a query, and P(Wn|T)
represents the percentage of times that a given word Wn occurs i an individual query
within all querics resolting in selection of the travel item T. Thus, by analyzing
chickstream data to determine correspondences between past queries and individual travel
ttems, the guery processing system 154 may score or rank the individual travel items in
response to newly submitted queries.

[0051] Various additional mechanisms and algorithms for locating travel
items n response a guery are known within the art and may be utilized additionally or
alternatively to those described above. In some mstances, the query processing
system 1534 may commuunicate with distinct systems in order to determine search rosults
of a query. For example, the query processing svstem 154 may comumunicate with third
party search engines, such as those provided by reservation systems 120 or other systems
not shown in the figures to determine search results for use in conjunction with the
routine 500, Thus, the scarch mechanisms and algorithis described above arce intended
to be illustrative and not exhaustive in nature.

{00521 Thereafter, the routine 500 continues of FIG. 5B, at block 512,
Specifically, at block 512, the query processing system 154 wtilizes the previously
cstablished sct of scarch results to deteroune onc or more clusters of travel items
responsive to the query, based on the geographic location of cach travel ttem.
fhustratively, geographic location may be cstablished based on latitude and longitude

coordinates of a travel em, address of a travel item, or other indicator of the travel item’s
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geographic positioning. Geographie ocations of a travel item may be pre-determined by
the travel service 150, or may be determined by the querv processing system 154 during
mmplementation of the routine 500 (e.g., utilizing information retrieved from the travel
item data store 160, the reservation systems 120, or other sysiems}. The query processing
system 1534 may cluster travel items based on any variety of clastering algorithms. In one
embodiment. the query processing system 154 utilizes a single pass clustering algorithm,
such that a given travel item is identified as associated with an existing cluster if the
travel tem is located within a threshold distance (2.g., 100 kilometers) from the existing
chuster {e.g., as represented by a center point of the cluster, a border of the cluster, one or
more travel items within the cluster, etc.), and 1s otherwise determiuned to constitute a new
cluster. In another embodiment, the query processing system 134 utilizes the k-means
clustering algorithm. Various additional clustering algonthms are known within the art
and therefore will not be described in detail herein.

{0053] In some embodiments, the query processing system 154 may further
prunc clusters, by removing clusters unlikely to be relevant to the users search. In one
embodiment, clusters are pruned based on a score of the cluster, as determined by at least
one of the average or total score of travel ttems included within the cluster. Hlustratively,
scores for individual travel items may be determined during the mitial search described
above with respect to block 508, For example, the query processing system 154 may
prune {e.g., 1ignore} clusters whose score represents less than a threshold percentage of the
total scorc of all detcomined clusters.  As another cxample, the guerv processing
system 154 may rank the clusters by scorg, and prune any clusters below a pre-
determined rank.

{0054 Thereafter, the routine continues at block 514, where the query
processing svstem 154 classifies the clusters to determine their expected selevance. In
one embodiment, the query processing system 154 may attempt to determine whether a
given cluster is likely relevant based on a geographical identifier attributed to the query
{c.g., a specific neighborhood, city, ctc.), or whether the cluster is hikely relevant duc to a
gpecific travel item included within the clusters. As described above, the query
processing system 154 may distinguish between types of clusters based on a mumber of
criterta, including but not limited to: the similarity between terms of the query and terms
of a top-ranked travel item within a cluster; the number travel items within the top »
overall search results that are included within the query; the difference in scores between

the first and last ranked travel items within the cluster; the difference in scores between
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the first and second ranked travel rems within the cluster; the ratio of the difference n
score between the first and second ranked tiems within the cluster, as compared to the
difference 1n score between the second and third ranked items within the cluster; and the
ratio of the difference in score between the first and second ranked items within the
cluster, as compared to the difference n score between second and last ranked items
within the cluster. In one embodiment, machine learning techniques may be utilized to
determing the specific criteria utilized to distinguish botween types of clusters.

{0033] Thereafter, the routine 500 continues af block 516, where the query
processing sysiem 154 can present a user with representations of cach identified cluster.
Onc example of a user interface to present representations of clusters is discussed above
with respect to FIG. 3. THustratively, where a cluster is determined to be relevant based
on a geographic region corresponding to the cluster, the cluster can be presented to the
customer by a geographic identifier associated with the cluster {¢.g , a neighborhood, city,
or region in which all or a threshold percentage of the travel items within the cluster are
located). Where a cluster is determined to be relevant based on a top-ranked travel item
within the chister, the cluster can be presented to the user as a name or other identifier of
that top ranked travel ttem.

[0056] At block 518, the query processing system 154 receives a user
selection of a presented cluster {¢.g., as input through a browser application executed on
the user computing device 110}, Hlastratively, selection of 3 presented chister may
include selection of a hyperlink {¢.g., link within an HTML document} corresponding to
the presented cluster. Thereafter, at block 520, the query processing system 154 displays
a result of the selected cluster {e.g., by returning an HTML document or portion of an
HTMIL document comresponding to a selected link). Hlustratively, sclection of a cluster
represented by a geographic wdentifier {e.g., a neighborhood, city, or region identifier)
may result 1n a display of travel itemns matching the user’s submutted query and located
within the geographic identifier. Similarly, a selection of a cluster represented by an
wdentifier of an mdividual travel item (¢.g., the name of a top-ranked travel tferm within
the cluster} may result in a display of mformation regarding the mdividual travel tem,
and an interface enabling the user to book or reserve the travel item. Thus, by sclection
of a cluster identified by the query processing system 154, the user may be presented with
mfommation regarding a specific, disambiguated portion of results initially identified in
response to their potentially ambiguous query.  The routine 300 may then end at

block 522,

=23
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[0037] The various illustrative logical blocks, routines, and algorithms
described in connection with the embodiments disclosed herein can be implemented as
clectronic hardware or compuier software executing on clectronic hardware. To thlustrate
this, vanous llustrative components, blocks, modules, and steps have been described
above generally in terms of their functionality.  Whether such functionality is
implemented as bardwarg or software executed via hardware depends upon the particular
application and design constraints imposed on the owverall system. The described
functionality can be implemented i varving wavs for ecach particolar application, but
such implementation decisions should not be interpreted as causing a departure from the
scope of the disclosure.

[0055] The steps of a method, process, routine, or algorithm described n
connection with the embodiments disclosed herein can be embodied directly i hardware,
in a software module execuied by a processor, or in a combination of the two. A software
module may generally correspond to a collection of computer-executable instructions
enabling a computing device to implement a desired functionality. Software modules can
reside in RAM memory, flash memory, ROM memory, EPROM memory, EEPROM
memory, registers, hard disk, a removable disk, a CD-ROM, or anv other form of a non-
transitory computer-readable storage medium.  An example storage medium can be
coupled to the processor such that the processor can read information from, and write
imformation to, the storage medium. In the alternative, the storage medium can be
imtegral to the processor. The processor and the storage medium can reside i an ASIC.
The ASIC can reside in a user terminal. In the alternative, the processor and the storage
medivm can reside as discrete components in a user terminal.

[0059] Conditional language used herein, such as, among others, "can,”
"could," "might,” "may," “c.g.” and the like, unless specifically stated otherwise, or
otherwise understood within the context as used, s generally mtended to convey that
certain embodiments include, while other embodiments do not mclude, certain features,
clements and/or steps. Thus, such conditional language is not generally mtended to mply
that features, elements and/or steps are in any way required for one or more embodiments
or that one or more embodiments necessarily include logic for deciding, with or without
author mput or prompting, whether these featares, elements and/or steps are included or
are to be performed in any particular embodiment. The terms “compnising,” “including,”
“having,” and the like are synonvmous and are used inclasively, m an open-ended

fashion, and do not exclude additional clements, features, acts, operations, and so forth
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Also, the term “or” is used in its inclusive sense {and not in 18 exclusive sense) so that
when used, for example, to connect a list of elements, the term “or” means one, some, of
all of the clements n the list.

[0060] Disjunctive language such as the phrase “at least onc of X, Y, o1 2.7
unless specifically stated otherwise, 1s otherwise understood with the context as used in
general to present that an item, torm, ete., may be either X, Y, or Z, or any combination
thereof {c.g., X, Y, and/or Z). Thus, such disjunctive language is not generally intended
to, and should not, imply that certain embodiments require at least ong of X, at least one
of Y, or at least one of Z to each be present.

{0061 While the above detailed description has shown, described, and
pointed out novel features as applied to varous embodiments, it can be understood that
various omissions, substitutions, and changes in the form and details of the devices or
algorithms iHustrated can be made without departing from the spirit of the disclosure. As
can be recognized, certain embodiments of the jnventions described herein can be
embodied within a form that does not provide all of the features and benefits set forth
herein, as somge features can be used or practiced scparately from others. The scope of
certain inventions disclosed herein is indicated by the appended claims rather than by the
foregoing description.  All changes which come within the meaning and range of

cquivalency of the claims are to be embraced within their scope.
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CLAIMS
WHAT IS CLAIMED 1S:

L A computer-implemented method for disambiguating travel queries, the
computer-implemented method comprising:
as implemented by one or more computing devices configured with specific
executable mstructions,
receciving a travel item guery trom a user computing device associated with
a4 user;
identifying a plurality of travel items in response to the travel iiem query:
determining a geographic location for each of the plurality of travel ttems;
clustering the plurality of travel ttems according to their respective
geographic locations to identify at least two travel ttem chusters, each travel item
cluster of the at least two travel siem clusters including a set of a travel items from
the plurality of travel items;
determining that an expected relevance for each travel item cluster of the
at least two travel item clusters is based at least in part on a geographic region
corresponding to each travel item cluster.
trapsmitting a geographic identifier for each travel item cluster of the at
least two travel item clusters to the user computing device for presentation to the
user;
receiving, from the user computing device, a selection of a travel item
cluster from the at least two travel item clusters: and
transmitting to the user computing device information regarding the set of
travel items included in the selected travel item cluster for presentation to the user.
2. The computer-implemented method of Claim 1, wheremn a travel em
comprises af least one of an accommodation, ground transportation, activity, tour, day
trip, or destination service.
3. The computer-implemented method of Claim 1, wherein the travel item
query 1is a treeform text query.
4. The computer-implemented method of Claim 1 further comprising:
identifying one or more terms within the travel #tem query corresponding
{0 a pre~determined part-of-speech; and
removing the one or more terms from the travel item query.

5. A system comprising:

-26-
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a data store mcluding location information for a plurality of travel items;
and
a computing device in communication with the data store, the computing
device configured with computer-execuiable instructions that, when executed,
cause the computing device to at least
receive a query from another computing device;
wdentify the plurality of travel items from the data store o response
to the gquery;
cluster the plurality of travel items according to the respective
location information for each travel item of the plurality of travel tems to
wdentify at least two travel item clusters, each travel item cluster of the at
least two travel item clusters mchuding a set of a travel items from the
plurality of travel items;
transmif an identifier for each travel item cluster of the at least two
travel item clusters to the other computing device;
recetve from the other computing device a selection of a travel item
cluster from the at least two travel item clusters; and
transmit to the other computing device information regarding the
set of travel items ncluded in the selected travel item cluster.

6. The system of Claim 3, wherein the computer-executable instructions
further cause the computing device to at feast determine that an expected relevance for a
first travel ttem cluster of the at least two travel item clusters is based at least m part on a
geographic region corresponding to the first travel em cluster, and wherein the identifier
for the first travel item cluster is an identifier of the geographic region.

7. The systermn of Claim 6, wherein the computer-executable instructions
further cause the computing device to at least identify the geographic region
corresponding to the first travel item cluster based at least in part on the location
mformation of each travel tiem within the first travel item cluster.

8. The svstem of Claim 6, wherein the computer-cxecutable instructions
further cause the computing device to at least identify the geographic region
corresponding to the first travel item cluster from a plurality of predetermined geographic
regions identitied within the data store.

9. The system of Claim 6, whercin the computer-executable instructions

cause the computing device to at least identify the plurality of travel items from the data
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store as responsive to the guery based at least in part on processing one or more terms of
the query according to a naive Bavesian classifier,

16, The svstern of Claim 9, whercin the naive Bayesian classifier is based at
feast in part on chicksiream data associating the one or more terms of the guery fo the
plurality of travel ttems.

11, Non-transitory computer-readable media including computer-executable
mstructions that, when executed by a computing systom comprising a processor, cause the
computing system to at least:

recetve a query from a computing device;

identify a plurality of travel ttems responsive to the query, whercin
cach the plurality of travel items 1s associated with location mformation;

chuster the plurality of travel tems according to their respective
location information to identify at least two travel item clusters, cach of
the at least two travel item clusters including a sct of a travel items from
the plurahity of travel items;

transmit an identifier for each of the at least two travel item clusters
to the computing device;

receive from the user computing device a selection of a travel iem
cluster from the at least two travel item clusters; and

transmit to the computing device mformation regarding the set of
travel ttems included in the travel item cluster.

12, The non-transitory computer-readable media of Claim 11, wherein the
location mformation ncludes at feast one of geographic coordinates corresponding to a
travel ttem or address information of a travel item.

I3, The non-transitory computer-readable media of Claim 11, wherein the
computer-executable instructions further cause the computing device to determine that an
expected relevance for a first travel item cluster of the at least two trave] ttem clusters is
based at least in part on an individual travel ttem within the first travel ttem cluster, and
wherem the identifier for the first travel 1tem cluster is an identifier of the ndividual
travel ftem.

14. The non-transitory computer-readable media of Claim 11, wherein the
computer-cxecutable instructions cause the computing device to cluster the plurality of
travel items according to their respective location information to identify at least two

travel item clusters at least in part by:
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for cach travel item within the plurality of travel items:

determine whether a location the travel ttem is within a threshold
distance from any previously established cluster;

if the travel item 1s determined to be within the threshold distance
from a previously established cluster, include the travel item with the
previousty established cluster; and

if the travel item 15 deternmined not to be within the threshold
distance from any previously established claster, establish a new cluster
including the {ravel item.

The non-transitory computer-readable media of Claim 11, wherein the

computer-cxecutable instructions further cause the computing device to at least rank the

set of travel #tems mohided in the selected travel item chuster, and wherein the

representation of the set of travel items mcluded in the sclected travel item cluster

represents the set of travel iters according to their respective rankings.

16.

The non-transitory computer-readable media of Claim 15, wherein the

computer-cxecutable instructions further cause the computing device to at least:

identify one or more terms within the travel tem query corresponding to

desived amemities; and

rank the set of travel items included in the selected travel iiem cluster

based at least in part on the desired amenities.

17, A computer-implemented method comprising:
under control of a processor exccuting specific computer-executable
wnstructions,

receiving a query from a computing device;

wdentifving a plurality of travel items responsive to the query,
wherein cach the plurality of travel ttems is associated with location
mformation;

clustering the plurality of travel ttems according to their respective
location information to identify at least two travel item clusters, each of
the at least two travel ttem clusters including a set of a travel items from
the plurality of travel items;

determining an idenufier for each of the at least two travel item

clusters;
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identifving a travel ttem cluster from the at least two travel item
clusters based at least in part on the determined identifiers for each of the
at feast two travel item clusters: and

transmitting to the user computing device information regarding
the set of travel items mchuded in the selected travel item cluster.

18. The compuier-implemented method of Claim 17 further comprising:

identifying one or more terms within the travel tem query corresponding
to a geographic location;

wherein identifying a plurality of travel items responsive to the travel item
query comprses identifving a plurality of travel ttems corresponding to the
geographic location.

9. The computer-implemented method of Claim 17 further comprising:

identifying one or more terms within the travel item query corresponding

1o a desired amenity,;

wherein wdentifying a plurality of travel items responsive to the travel item
query comprises ignoring the one or more terms within the travel tem query
corresponding to a desired amenity.

20.  The computer-implemented method of Claim 19, wherein identifying one
or more terms within the travel item query corresponding the desired amenity includes
applying natural language processing to the travel ftem query.

21, The computer-implemented method of Claim 17 further comprising
determining that an expected relevance for a first travel item cluster of the at least two
travel item clusters is based at least in part on an individual travel ttem within the first
travel item cluster, and whercin the identifier for the first travel item cluster is an
identifier of the individual travel item.

22. The computer-implemented method of Clanm 17, wherein identifving a
travel iteny cluster from the at least two travel sem clusters based at feast in part on the
determined identifiers for cach of the at least two travel item clusters comprises:

transmitting to the computing device the identifiers of cach of the at least
two travel tem clusters; and
recetving from the computing deviee a selection of the travel item cluster.

23, The computer-implemented method of Claim 17, wherein identifving a

travel ttem claster from the at least two travel item clusters based at least in part on the

determined identificrs for cach of the at least two travel item clusters comprises:

=30~
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determining at least one preferred geographic region of a user associated
with the computing device based at least in part on a history of travel items
acquired by the user; and

determining that a location of the travel item cluster corresponds fo the

preferred geographic region.
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