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BASING OF SEARCH RESULT CLUSTERING 
TO ENSURE MORE EFFECTIVE POINT OF 

INTEREST (POI) TARGETING 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is related to U.S. Provisional Appli 
cation No. 60/794,856, filed Apr. 26, 2006 and titled “Biasing 
Of Search Result Clustering To Ensure More Effective Point 
Of Interest (POI) Targeting,” which is incorporated herein by 
reference in its entirety. 

TECHNICAL FIELD 

0002 This document relates to presenting results to a user. 

BACKGROUND 

0003 Directory services may provide a name and location 
for a good or service provider in response to a user request. 
The good or service provider may be identified by the direc 
tory service based on a location provided by the user as part of 
the request. 

SUMMARY 

0004. In a general aspect, a point of interest is provided. A 
request for a point of interest is received from a user. The 
request includes a desired good or service provider and a 
source location. A beneficial objective related to the requestis 
identified. At least one beneficial objective location associ 
ated with the identified beneficial objective is determined. At 
least one potential point of interest that satisfies the request is 
determined. The point of interest that best satisfies the request 
is provided. 
0005 With respect to at least the first general aspect, 
implementations may include one or more of the following 
features. For example, a sequence of geometrical representa 
tions may be determined based on the source location, the at 
least one beneficial objective location and the at least one 
potential point of interest. The point of interest that best 
satisfies the request based on a relationship of the geometrical 
representations within the sequence may be provided. An 
indication of a source location for a user may be received. The 
indication of the Source location may include a detailed 
Source location for the user or an identifier that points to a 
detailed source location for the user. The detailed source 
location for the user may be translated into a general Source 
location. The sequence of geometrical representations may be 
determined based on the detailed source location, the at least 
one beneficial objective location and the at least one potential 
point of interest. 
0006 Identifying a beneficial objective related to the 
request may include receiving a beneficial objective from a 
user or inferring a beneficial objective for a user. 
0007 Determining at least one beneficial objective loca 
tion associated with the identified beneficial objective may 
include receiving a beneficial objective location from the 
USC. 

0008 Determining at least one potential point of interest 
that satisfies the request may include determining at least one 
potential point of interest that is a match for the requested 
good or service provider, is proximate to the Source location 
and satisfies the beneficial objective. A potential point of 
interest may satisfy the beneficial objective if the potential 
point of interest is proximate to a beneficial objective location 
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associated with the beneficial objective. Alternatively, a 
potential point of interest may satisfy the beneficial objective 
if the potential point of interest is not proximate to a beneficial 
objective location associated with the beneficial objective. 
0009. The sequence of geometrical representations may 
include a sequence of Delauney Triangles, such that a circum 
circle about one Delauney Triangle does not include any 
edges of any other Delauney Triangles. Determining a 
sequence of geometrical representations based on the Source 
location, the at least one beneficial objective location and the 
at least one potential point of interest may include determin 
ing a sequence of Delauney Triangles where the vertices of 
the Delauney Triangles are defined as the Source location, the 
at least one beneficial objective location and the at least one 
potential point of interest. 
0010. The relationship of the geometrical representations 
within the sequence may include a relationship between edge 
length, area and/or circumcircle radius associated with 
Delauney Triangles in the sequence of Delauney Triangles. 
Edge length may include a distance between two vertices of a 
Delauney Triangle. The edge length, area and circumcircle 
radii associated with Delauney Triangles in the sequence of 
Delauney Triangles may be stored in a data structure config 
ured as a heap. 
0011 Determining a sequence of geometrical representa 
tions may include generating a sequence of geometrical rep 
resentations. 
0012 Implementations of any of the techniques described 
may include a method or process, an apparatus or system, or 
computer Software on a computer-accessible medium. The 
details of particular implementations are set forth below. 
Other features will be apparent from the description and 
drawings, and from, the claims. 

DESCRIPTION OF DRAWINGS 

0013 FIG. 1 is an exemplary map showing a series of 
location points. 
0014 FIG. 2 is an exemplary map showing a series of 
location points and geometrical representations generated 
from the location points. 
0015 FIG.3 is a data structure that includes data related to 
FIG 2. 
0016 FIG. 4 is a block diagram of an exemplary commu 
nications system including a host configured to retrieve a 
point of interest for a client based on a source location, a 
desired good or service provider and a beneficial objective 
location. 
(0017 FIGS. 5 and 6 are flow charts of exemplary pro 
cesses for retrieving a point of interest based on a source 
location. 
0018 FIG. 7 is a flow chart of an exemplary process for 
retrieving a point of interest based on a source location and a 
beneficial objective. 
0019 FIGS. 8A-8D are block diagrams of a dynamic heap 
data structure. 
0020 FIG. 9 is an exemplary map showing a series of 
location points. 
0021 FIG. 10A illustrates an exemplary graphical user 
interface (GUI) enabling a user to enter a source location, a 
point of interest type and a beneficial objective type in order 
to retrieve a point of interest. 
0022 FIG. 10B illustrates an exemplary GUI enabling a 
user to enter a specific beneficial objective location. 
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0023 FIG. 10C illustrates an exemplary GUI enabling a 
user to entera specific type of good or service provider related 
to a beneficial objective. 
0024 FIG. 11 illustrates an exemplary GUI enabling a 
user to perceive point of interest results retrieved based on 
information provided by the user. 
0025 FIG. 12 illustrates an exemplary GUI enabling an 
administrator to add a new good or service provider and/or a 
new beneficial objective location of a high or low population 
area to a data store. 

DETAILED DESCRIPTION 

0026. A directory service may enable a user to find a 
desired good or service provider that is located proximate to 
a particular location selected by the user, such as, for 
example, the user's home, office, present location or another 
desired location. The provider returned by the directory ser 
vice may be referred to as a point of interest and the user 
selected location may be referred to as a source location. For 
example, a user may wish to find a dry-cleaner that is proxi 
mate to the user's office. Several dry-cleaners may be located 
within a comfortable walking distance from the user's office 
and a directory service may provide a list of the dry-cleaners. 
0027. However, the list of dry-cleaners provided by the 
directory service may not take into account a preference on 
the part of the user for travel in a particular direction from the 
user's source location. A directional preference may result 
from the user's desire to achieve another goal. Such as, for 
example, visiting another location en rout, avoiding high 
traffic areas, or traveling in one part of town over another. The 
user's other goal may be referred to as a beneficial objective. 
Thus, in addition to seeking a desired good or service pro 
vider near a user-selected location, a user also may seek a 
location of the desired good or service provider that satisfies 
a beneficial objective. 
0028. For example, a user may seek a dry-cleaner that is 
both proximate to the users office and near a sandwich shop. 
The Sandwich shop, or, more particularly, eating lunch during 
the user's lunch hour, may be the users beneficial objective. 
In a more particular example, a user may wish to drop off the 
user's dirty laundry at a dry-cleaner en route to the user's 
favorite sandwich shop, which is located Northeast from the 
users office. Here, visiting the user's favorite sandwich shop 
may be the user's beneficial objective and the location of the 
favorite sandwich shop may be referred to as a beneficial 
objective location. In this example, a dry-cleaner that is 
located Northeast from the user's office, preferably between 
the office and the sandwich shop so that the user need not 
carry dirty laundry into the Sandwich shop, may be the service 
provider that is the most responsive to the user's request for a 
desired good or service provider because it is both proximate 
to the user's source location and satisfies the user's beneficial 
objective. 
0029 Techniques are described to provide directory ser 
Vice results (or points of interest) based on one or more 
locations selected by a user. For example, a user may seek a 
desired good or service provider (i.e., a point of interest) that 
is proximate to a location from which the user may begin 
traveling to the point of interest (i.e., the user's source loca 
tion) and satisfies a beneficial objective held by the user (i.e., 
the user's other goals). In some implementations, a user may 
be enabled to provide more than one beneficial objective. 
0030 To quantify the beneficial objective, a user may pro 
vide a beneficial objective location. For example, a user may 
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provide a beneficial objective of “sandwich shop.” or the user 
may provide a beneficial objective of “my favorite sandwich 
shop located at 123 B Street, Washington, D.C. 20006.” Thus, 
the beneficial objective location may be a specific location 
requested by the user, such as the location of the user's favor 
ite sandwich shop. The beneficial objective location may 
represent a low population or light traffic area. For example, 
a user may seek a good or service provider outside a crowded 
area of town. In this example, the beneficial objective location 
may be a center of a low population area. 
0031. The source location may include locations other 
than a user's home or office, such as the user's current loca 
tion, a vacation spot, a family member's home town or the 
location of a previous errand. The Source location may be 
derived automatically from a mobile device such as a cell 
phone, personal data assistant or multimedia device. In some 
implementations, a directory service may include a default 
configuration that does not typically provide directory service 
results, or points of interest, that are outside a threshold dis 
tance from a user's source location. 

0032. As such, the particular point of interest provided by 
a directory service to the user as the point of interest that is 
most responsive to the user's request may take into account 
several different locations. For example, the desired good or 
service provider returned by the directory service may take 
into account (1) a source location, (2) a beneficial objective 
location and (3) locations of known good or service providers 
of the type requested by the user. 
0033. Thus, a geometrical representation, such as a 
Delauney Triangle, may be used to determine which of sev 
eral locations of a desired good or service provider may be 
most responsive to a user's request based on the multiple 
locations associated with the request. In general, the process 
of creating Delauney Triangles among multiple points or 
locations, referred to as Delauney Triangulation, is the most 
efficient way to draw triangles between multiple points. Each 
point may be connected by lines to its closest neighbors such 
that the lines form triangles, the lines do not otherwise inter 
sect, and none of the triangles overlap. 
0034. A Delauney Triangle may be drawn between a 
Source location, beneficial objective location and the point of 
interest that is most responsive to the user's request for a 
desired good or service provider in that it is proximate to the 
Source location and satisfies the beneficial objective (i.e., it is 
proximate or not proximate to the beneficial objective loca 
tion). For example, the source location and the beneficial 
objective location (if the beneficial objective is to find a point 
of interest near another user-specified location or a high popu 
lation area) may be two vertices of the Delauney Triangle, and 
the point of interest returned by the directory service may be 
the third vertex of the Delauney Triangle. In this example, the 
goal is to minimize the area of the Delauney Triangle having 
these three vertices such that the point of interest is proximate 
to both the source location and the beneficial objective loca 
tion. 

0035 Alternatively, if the beneficial objective is to find a 
point of interest that is located outside a high population or 
high traffic area identified by a beneficial objective location, 
a directory service may return a point of interest result that 
satisfies the third vertex of a Delauney Triangle having a 
maximized area. Thus, the point of interest may be proximate 
to the source location, but not proximate to the beneficial 
objective location of the high population or high traffic area. 



US 2014/0114566 A1 

0036. For example, a user may seek a dry-cleaner proxi 
mate to the users office and also proximate to the user's 
favorite sandwich shop. In this example, a Delauney Triangle 
may be generated having as its three vertices (1) the office 
location (i.e., Source location), (2) the location of the sand 
wich shop (i.e., the beneficial objective location) and (3) the 
location of the one dry-cleaner that is most responsive to the 
user's request (i.e., the point of interest). To determine the 
point of interest that is most responsive to the users request, 
several Delauney Triangles may be generated, each having at 
its third vertex a location of a dry-cleaner that is within a 
certain threshold distance from the source location (e.g., 
within the same city, town or zip code). The Delauney Tri 
angle having the Smallest area of the generated Delauney 
Triangles may be determined, and the corresponding point of 
interest may be returned as being the most responsive to the 
user's request. 
0037. In another example, a user may seek a dry-cleaner 
that is located away from restaurants serving lunch in order to 
avoid waiting in line. In this example, a Delauney Triangle 
may be generated having as its three vertices (1) the office 
location (i.e., Source location), (2) the population center of the 
town or perhaps just the center of a downtown neighborhood 
(i.e., the beneficial objective location) and (3) the location of 
the dry-cleaner that is most responsive to the user's request. 
As described above, several Delauney Triangles may be gen 
erated, each having at its third vertex a different location of a 
dry-cleaner. However, in this example, because the beneficial 
objective is to determine a dry-cleaner that is not proximate to 
the beneficial objective location, the point of interest at the 
third vertex of the Delauney Triangle having the largest area 
may be determined as the point of interest most responsive to 
the user's request. 
0038 Alternatively, for the same example, the beneficial 
objective location may be represented by the center of a town 
or neighborhood that has a small population or low levels of 
traffic. In this example, the Delauney Triangle having the 
Smallest area may include the point of interest that is most 
responsive to the user's request because the point of interest 
may be proximate to the source location and a low population 
area, rather than not proximate to a high population area. 
0039. In one implementation, a user may perform a search 
for a desired good or service provider via a graphical user 
interface (“GUI). In one configuration, the inputs to the GUI 
include a source location (e.g., office location), a beneficial 
objective (e.g., near a sandwich shop) or beneficial objective 
location (e.g., location of a sandwich shop), and a desired 
good or service provider (e.g., a dry-cleaner). The user may 
enter detailed location information for the source location and 
the beneficial objective location. The detailed location infor 
mation may include a street address, two cross-streets in a 
particular town, a city, and/ora Zip code. The detailed location 
information may be translated to general location informa 
tion, Such as a neighborhood, a town, a city, or a Zip code. 
Alternatively, the user may enter general location information 
for the source location and the beneficial objective location. 
0040. Once received, the general location information for 
the source location and the beneficial objective location may 
be provided to a structured query engine. The structured 
query engine may enable retrieval of values related to 
Delauney Triangle creation, analysis and organization. In one 
implementation, Delauney Triangles may be generated 
before receipt of a source location and a beneficial objective 
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location. Alternatively, Delauney Triangles may be generated 
upon receipt of a source location and a beneficial objective 
location. 
0041 FIG. 1 is an exemplary map showing a series of 
location points. More particularly, FIG. 1 illustrates an exem 
plary map 100 including location points representing a source 
location (Home 110), beneficial objective locations (Town. A 
130 and Town B 150) and locations related to a desired good 
or service provider (Movies. A 120 and Movies B 140). 
0042. A user residing at Home 110 may wish to find a 
movie theater where the user can catch the new George 
Clooney film. In this example, the user may provide Home 
110 as a source location. The user also may indicate a “movie 
theater as a desired good or service provider. In addition to 
seeking a movie theater, the user may have a beneficial objec 
tive of eating dinner at a restaurant near the movie theater. 
Thus, the user may indicate “restaurants near the movie the 
ater as the user's beneficial objective. 
0043 Based on the provided beneficial objective, one or 
more beneficial objective locations may be determined. For 
the beneficial objective of eating dinner at a restaurant near 
the movie theater, beneficial objective locations that include 
many restaurants may be determined. For example, Town. A 
130 and Town B 150 may be identified as high population 
areas, and thus may include a wide variety of restaurants. As 
such, Town. A 130 and Town B 150 may be used as beneficial 
objective locations. 
0044. One of Movies. A 120 and Movies B 140, which 
represent movie theaters, may be provided to the user as a 
point of interest because both Movies A 120 and Movies B 
140 are proximate to the source location of Home 110 and the 
beneficial objective locations ofTown A130 and Town B150. 
To determine which of Movies A120 or Movies B140 may be 
returned to the user as the point of interest that is most respon 
sive to the user's request, geographical representations. Such 
as Delauney Triangles, may be used. 
0045 FIG. 2 is an exemplary map showing a series of 
location points and geometrical representations generated 
from the location points. More particularly, FIG. 2 includes 
an exemplary map 200 including location points representing 
a source location (Home 210), beneficial objective locations 
(Town. A 230 and Town B 250) and locations related to a 
desired good or service provider (Movies A 220 and Movies 
B 240). Map 200 also includes geographical representations 
that have been generated about the location points. 
0046 More particularly, map 200 includes Delauney Tri 
angles drawn between the location points. A Delauney Tri 
angle may be used as a geometrical representation to deter 
mine a point of interest that satisfies a user's request for a 
desired good or service provider. Creating Delauney Tri 
angles, referred to as Delauney Triangulation, may be an 
efficient way to associate more than one location by generat 
ing triangles between location points using lines to connect 
the location points. However, a geometrical representation 
may not be referred to as a Delauney Triangle unless the 
representation satisfies two properties that are referred to as 
the Delauney properties or principles. First, a line may be 
drawn from a point to the points closest neighboring point 
Such that all lines form triangles and no triangles overlap or 
intersect in any way. Second, a circumscribed circle, also 
referred to as a circumcircle, may be drawn around each 
triangle Such that, apart from the vertices, there are no other 
points on or inside the circumscribed circle of any triangle. 
The Delauney Triangles of map 200 satisfy these properties. 



US 2014/0114566 A1 

0047 Similar to the example described above with respect 
to FIG. 1, a user may seek a movie theater, such as Movies A 
220 or Movies B240, that is proximate to Home 210 and also 
proximate to restaurants where the user can eat dinner before 
the movie, represented by Town. A 230 and Town B 250, both 
of which have been determined to be high population areas 
that may include a wide variety of restaurants. Once the 
location points have been identified, Delauney Triangles may 
be generated between Home 210 and each set of beneficial 
objective locations and locations related to a desired good or 
services. 

0048. Two triangles may be generated to connect the loca 
tion points of map 200. Triangle A includes vertices of Home 
210, Movies A 220, and Town. A 230, Triangle B includes 
vertices of Home 210, Movies B 240, and Town B 250. 
Triangle A and triangle B do not intersect or overlap. A 
circumcircle may be generated about each of triangle A and 
triangle B. As shown, the only points on the circle for triangle 
A are the vertices of triangle A and the only points on the 
circle for triangle B are the vertices of triangle B. Addition 
ally, the vertices of triangle A do not fall within the circle for 
triangle B and the vertices of triangle B do not fall within the 
circle for triangle A. As such, triangle A and triangle B may be 
classified as Delauney Triangles. 
0049. Because Delauney Triangles may be generated 
about a series of location points to determine a point of 
interest that is both proximate to a source location and satis 
fies a beneficial objective (e.g., is proximate or not proximate 
to a beneficial objective location), triangle A and triangle B 
may be the only triangles that may be generated within map 
200. A trianglehaving at its vertices Home 210, Movies A220 
and Movies B 240, or a triangle having at its vertices Home 
210, Town. A 230 and Town B 250, may violate one or more of 
the Delauney principles. For example, an edge of a triangle 
having at its vertices Home 210, TownA 230 and Town B 250, 
may overlap or intersect with one or more of triangle A and 
triangle B. In addition, a triangle having at its vertices Home 
210, Movies A 220 and Movies B 240, or a triangle having at 
its vertices Home 210, Town. A 230 and Town B 250 may not 
be generated within map 200, and thus the potential violation 
of the Delauney principle need not be considered, because 
Such a triangle would fail to include at its vertices a source 
location, a beneficial objective location and a potential point 
of interest. For example, a trianglehaving at its vertices Home 
210, Movies. A 220 and Movies B 240 does not include a 
beneficial objective location, and a triangle having at its ver 
tices Home 210, Town. A 230 and Town B 250 does not 
include a potential point of interest. Thus, neither of these 
triangles would be useful in determining a point of interest 
that is both proximate to a source location and satisfies a 
beneficial objective. 
0050 FIG.3 is a data structure that includes data related to 
map 200 of FIG. 2. More particularly, FIG. 3 is a data struc 
ture 300 that includes parameters related to the location 
points (or objects), Delauney Triangles and circumcircles of 
map 200 of FIG. 2. A relationship between the Delauney 
Triangles and circumcircles of map 200 also may be per 
ceived from the data of data structure 300. 

0051 Data structure 300 includes columns for informa 
tion related to Potential Beneficial Objective Locations 310, 
Potential Points of Interest 320, Length of Edge Between 
Source Location and Potential Beneficial Objective Location 
330, Length of Edge Between Source Location and Potential 
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Point of Interest 340, and Radius of Circumcircle 350. Data 
structure 300 also includes row A and row B. 

0052 Data under the column for Potential Beneficial 
Objective Locations 310 includes Town A for row A and 
Town B for row B. If a user provided a beneficial objective 
location, Such as, for example, an address of a particular 
restaurant, the entries in each of rows A and B may be iden 
tical. Alternatively, ifa user did not specify a beneficial objec 
tive location, and merely indicated a beneficial objective of 
for example, restaurants near the movie theater, entries in row 
A and row B may represent multiple beneficial objective 
locations that satisfy the provided beneficial objective. 
0053 Data under the Potential Points of Interest 320 col 
umn includes Movies. A for row A and Movies B for row B. 
Movies A and Movies B are locations of a desired good or 
service provider that satisfy the user's request, and thus are 
potential points of interest. 
0054 Data under the Length of Edge Between Source 
Location and Potential Beneficial Objective Location 330 
include L(BOLa) for row A and L(BOLb) for row B. 
L(BOLX) represents the length of the edge, or line, generated 
between the source location and the beneficial objective loca 
tion for row X (e.g., row A or row B). Data under the Length 
of Edge Between Source Location and Potential Point of 
Interest 340 column include L(POIa) for row A and L(POIb) 
for row B. L(POIx) represents the length of the edge, or line, 
generated between the source location and the potential point 
of interest for row X (e.g., row A or row B). In some imple 
mentations, the length of an edge may be a true distance 
between location points. In other implementations, the length 
of an edge may be some representation of the distance 
between location points, such as a scaled distance value. 
0055 Data under the Radius of Circumcircle 350 column 
includes R(a) for row A and R(b) for row B. R(x) represents 
the size of a circumcircle, as represented by the radius of the 
circle, Surrounding a particular Delauney Triangle generated 
between a source location, a beneficial objective location and 
a location related to a desired good or service of row X (e.g., 
row A or row B). For example, R(a) represents the radius of 
the circumcircle drawn about a Delauney Triangle having at 
its three vertices (1) Home, (2) Town A and (3) Movies A. 
0056 Although the values as shown in data structure 300 
do not represent particular numeric values, the relationship 
between the values may determine which of the generated 
Delauney Triangles yields the point of interest that is most 
responsive to a user's request. For example, if the values 
relating to Triangle A are much greater than the values relat 
ing to Triangle B. Such that if R(a) is significantly larger than 
R(b), the location related to a desired good or service provider 
lying at a vertex of Triangle B may be selected as the point of 
interest in response to the user's request in an example where 
the area of a triangle is to be minimized to determine a point 
of interest (i.e., to find a point of interest that is proximate to 
a source location and satisfies a beneficial objective by being 
proximate to a beneficial objective location). 
0057 FIG. 4 is a block diagram of an exemplary commu 
nications system 400 where a host 430 is configured to 
retrieve a point of interest for a client 410 based on a source 
location, a desired good or service provider and a beneficial 
objective location. Generally, the client 410 displays one or 
more GUIs (e.g., the GUIs described in FIGS. 10-12) to 
enable a user to provide a desired good or service provider, a 
source location and a beneficial objective or a beneficial 
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objective location to host 430 such that a structured query 
engine on host 430 may retrieve a point of interest for client 
410. 

0058. Each of the client 410 and the host 430 may be 
implemented by, for example, a general-purpose computer 
capable of responding to and executing instructions in a 
defined manner, a personal computer, a special-purpose com 
puter, a workstation, a server, a device, a component, other 
equipment or some combination thereof capable of respond 
ing to and executing instructions. The client 410 and host 430 
may be configured to receive instructions from, for example, 
a Software application, a program, a piece of code, a device, a 
computer, a computer system, or a combination thereof, 
which independently or collectively direct operations, as 
described herein. The instructions may be embodied perma 
nently or temporarily in any type of machine, component, 
equipment, storage medium that is capable of being delivered 
to the client 410 or the host 430. 
0059. The client 410 may include one or more devices 
capable of accessing content on the host 430. The host 410 
may include a general-purpose computer (e.g., a personal 
computer (PC)) capable of responding to and executing 
instructions in a defined manner, a workstation, a notebook 
computer, a PDA (“Personal Digital Assistant”), a wireless 
phone, a component, other equipment, or some combination 
of these items that is capable of responding to and executing 
instructions. 
0060. In one implementation, the client 410 includes one 
or more information retrieval software applications (e.g., a 
browser, a mail application, an instant messaging client, an 
Internet service provider client, a media player, or an AOL TV 
or other integrated client) capable of receiving one or more 
data units. The information retrieval applications may run on 
a general-purpose operating system and a hardware platform 
that includes a general-purpose processor and specialized 
hardware for graphics, communications and/or other capa 
bilities. In another implementation, the client 410 may 
include a wireless telephone running a micro-browser appli 
cation on a reduced operating system with is general purpose 
and specialized hardware capable of operating in mobile 
environments. 
0061 More particularly, client 410 may include one or 
more graphical user interfaces (“GUIs) such that a user may 
be provided with a point of interest in response to providing a 
Source location, a beneficial objective (optionally including a 
beneficial objective location) and a desired good or service 
provider. The GUIs may be rendered on client 410 by, for 
example, a software program or an Internet webpage. 
0062. The user may enter location information into the 
GUI in detail or generally. In one implementation, if the user 
enters detailed location information, such as, for example, a 
street address, client 410 may translate the detailed location 
information into general location information, Such as, for 
example, a town, neighborhood or Zip code, before providing 
the location information to host 430. In another implementa 
tion, client 410 may provide the detailed location information 
to host 430 and host 430 may translate the detailed location 
information into general location information. 
0063 Similarly, the GUI may be configured to enable a 
user to provide either general location information or detailed 
location information for a beneficial objective location. Alter 
natively, the GUI may be configured to receive a beneficial 
objective that is not associated with a particular location. For 
example, a users beneficial objective may be to eat dinner 
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near a movie theater, but the user may not have a specific 
restaurant or location of a restaurant in mind. In yet another 
implementation, client 410 may be configured to provide a 
beneficial objective location by default, that is, without any 
user input. For example, client 410 may be configured to 
provide a beneficial objective location of a user's home when 
the user Submits a request for a desired good or service pro 
vider around 5:00 PM on a weekday with a source location of 
the users office in an attempt to guess that the user is headed 
home and wishes the good or service provider location 
returned as a point of interest to be on the way home. 
0064. The network 420 includes hardware and/or software 
capable of enabling direct or indirect communications 
between the client 410 and the host 430. As such, the network 
420 may include a direct link between the client 410 and the 
host 430, or it may include one or more networks or sub 
networks between them (not shown). Each network or sub 
network may include, for example, a wired or wireless data 
pathway capable of carrying and receiving data. Examples of 
the delivery network include the Internet, the World Wide 
Web, a WAN (“Wide Area Network”), a LAN (“Local Area 
Network”), analog or digital wired and wireless telephone 
networks, radio, television, cable, satellite, and/or any other 
delivery mechanism for carrying data. 
0065. The host 430 generally includes one or more devices 
configured to retrieve a point of interest based on a source 
location, a desired good or service provider and a beneficial 
objective or beneficial objective location. Typically, the host 
430 includes maps of various location points and a structured 
query engine. The host 430 may include a general-purpose 
computer having a central processor unit (CPU), and 
memory/storage devices that store data and various programs 
Such as an operating system and one or more application 
programs. Other examples of a host 430 includes a worksta 
tion, a server, a special purpose device or component, abroad 
cast system, other equipment, or some combination thereof 
capable of responding to and executing instructions in a 
defined manner. The host 430 also may include an input/ 
output (I/O) device (e.g., video and audio input and conver 
sion capability) and peripheral equipment such as a commu 
nications card or device (e.g., a modem or a network adapter) 
for exchanging data with the network 420. 
0066. The host 430 is generally capable of executing 
instructions under the command of a controller. The host 430 
may be used to provide content to the client 410. The control 
ler may be implemented by a software application loaded on 
the host 430 for commanding and directing communications 
exchanged with the client 410. Other examples of the con 
troller include a program, a piece of code, an instruction, a 
device, a computer, a computer system, or a combination 
thereof, for independently or collectively instructing the cli 
ent 410 or the host 430 to interact and operate as described. 
The host 430 may be embodied permanently or temporarily in 
any type of machine, component, physical or virtual equip 
ment, storage medium, or propagated signal capable of pro 
viding instructions to the client 410 or the host 430. 
0067 Host 430 may be configured to include a structured 
query engine to retrieve a point of interestin response to a user 
request on client 410. The structured query engine may be 
configured to receive the user inputs provided by client 410 
via network 420 to host 430. The inputs provided to the 
structured query engine may include a source location, a 
beneficial objective (which may include a beneficial objective 
location) and a desired good or service provider. Location 
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information provided to the structured query engine may 
include detailed location information as translated by client 
410 or host 430 if provided by the user as general location 
information. 
0068. In response to receiving user inputs from client 410, 
the structured query engine may be configured to return to 
host 430 a point of interest that is most responsive to the user's 
request. To do so, the structured query engine may generate 
one or more geometrical representations connecting location 
points represented by the users inputs. The geometrical rep 
resentations may be Delauney Triangles, for example, as dis 
cussed above with respect to FIGS. 1-3. The Delauney Tri 
angles may be generated to include the Source location and 
the beneficial objective location as two of the vertices. The 
third vertex of each generated Delauney Triangle may be a 
good or service provider that is a potential point of interest. 
The good or service provider that is returned to client 410 as 
the point of interest may be determined based on the area of 
the generated Delauney Triangles. 
0069 FIG. 5 is a flow chart of an exemplary process 500 
for retrieving a point of interest based on a source location. 
Generally, the operations shown in flow chart 500 may be 
used in conjunction with the systems and configurations 
described with respect to FIGS. 1-4. Similarly, the operations 
of flow chart 500 may use the GUIs described below with 
respect to FIGS. 10-13. For convenience, particular compo 
nents described earlier, such as host 430 of FIG. 4, are refer 
enced as performing the process. However, similar method 
ologies may be applied in other implementations where 
different components are used to define the structure of the 
system, or where the functionality is distributed differently 
among the components shown. 
0070 Initially, host 430 accesses a data store that includes 
location information for one or more objects (510). An object 
may refer to a location point, Such as, for example, a source 
location. Location information may include detailed or gen 
eral Source location information, beneficial objective loca 
tions and locations related to desired good or service provid 
CS. 

0071. In some implementations, aparticular object may be 
classified as a Source location, a beneficial objective location 
or a desired good or service provider location depending on a 
user's request. For example, in a first request for a restaurant, 
a user may indicate a source location of Home and a beneficial 
objective location of Office, lithe user seeks a restaurant 
where the user may get a bagel for breakfast on the way into 
the office. In a second request, however, a user may indicate a 
source location of Office and a beneficial objective location of 
Home if the user seeks a restaurant from which the user can 
pickup dinner on the way home. However, because the object 
location information in the data store is generic (that is, not 
related to a particular user request), an object may include 
information related to the object's classification (e.g., Source 
location, beneficial objective location or desired good or ser 
Vice provider location) based on, for example, the classifica 
tion of the object in one or more previous searches by any 
user, one or more previous searches by a particular user or 
Some other criteria. For example, an address that is known to 
be a residence (and not a business of any sort) may not be 
classifiable as a good or service provider. 
0072 Host 430 generates a sequence of geometrical rep 
resentations, which may be, for example, Delauney Tri 
angles, where each geometrical representation in the 
sequence is based at least in part on location information for 

Apr. 24, 2014 

at least three objects (520). The three objects may include a 
Source location, a beneficial objective location and a location 
related to a desired good or service provider. However, 
because the user has not yet provided a source location, ben 
eficial objective location or a desired good or service provider 
related to a particular search, the three objects on which each 
geometrical representation in the sequence of geometrical 
representations is based may merely be a potential source 
location, a beneficial objective location and a location related 
to a desired good or service provider. As such, geometrical 
representations may be generated among all, or a Subset, of 
the objects stored in the location information data store 
described above. A particular object may belong to more than 
one geometrical representation, particularly when the object 
may be any one of the three types of objects depending on the 
context of a user's search. 
0073 For at least some of the geometrical representations 
in the sequence, host 430 determines values for edges, or 
lines, between two objects in the geographical representation 
(530). For example, host 430 may determine the length of an 
edge between a first object and a second object or between a 
first object and a third object. Host 430 loads the determined 
values into a structured query engine (540). 
0074. Once the values are loaded, the host 430 uses the 
structured query engine to receive a source location related to 
a particular user request (550). In one implementation, host 
430 may directly receive a source location as it was provided 
to the structured query engine by a user. In another imple 
mentation, the structured query engine may receive a detailed 
Source location from a user, which is then translated into a 
general source location that is provided to host 430. 
(0075 Host 430 then may determine whether the received 
Source location includes the same location information as one 
of the objects on which the sequence of geometrical repre 
sentations is based. Host 430 may make this determination 
based on a hash table that includes information about the 
objects in the sequence. 
0076. If so, the particular object that is a match for the 
Source location may be associated with the received source 
location. If none of the objects on which the sequence of 
geometrical representations is based includes the same loca 
tion information as the received source location, host 430 may 
employ techniques, such as, for example, a k-d tree, to deter 
mine an object (referred to as a closest object) within the 
sequence that is closer to the received source location than 
any other object in the sequence. A k-d tree is a multidimen 
sional search tree that has k keys for points in k-dimensional 
space. Once the closest object has been determined, the clos 
est object may be associated with the source location. 
(0077 Host 430 then may provide the user with a point of 
interest in response to at least receiving the Source location 
from the user, or determining the closest object. More par 
ticularly, the host 430 may identify a point of interest based on 
one or more geometrical representations to which at least the 
Source location (e.g., closest object) belongs. 
0078. As an alternative to process 500, a sequence of geo 
metrical representations, such as Delauney Triangles, may be 
dynamically generated after at least a source location is 
received from a user. In this example, the objects on which the 
sequence may be based are objects that correspond to infor 
mation provided by the user. For example, if a user provides 
a source location and a beneficial objective location, host 430 
may generate a sequence of geometrical representations, all 
of which include an object that corresponds to the source 
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location and an object that corresponds to a beneficial objec 
tive location. There may only be one source location (since 
the Source location is a pre-determined location), while there 
may be more than one beneficial object location (e.g., a user's 
beneficial objective may be to eat lunch at a sandwich shop 
before dropping of the user's dry cleaning, and as such, any 
sandwich shop may be a potential beneficial objective loca 
tion). Once the sequence is generated, host 430 then may 
determine a point of interest to provide to the user based only 
on the geometrical representations generated for the instant, 
particular search. 
0079 FIG. 6 is flow chart of a more detailed exemplary 
process 600 for retrieving a point of interest based on a source 
location. The operations of process 600 also may be per 
formed by host 430 of FIG. 4. 
0080 Host 430 accesses a data store with location infor 
mation for one or more objects (610). As discussed above 
with respect to FIG. 5, location information may include 
detailed or general source location information, beneficial 
objective locations and locations related to desired good or 
service providers. In other words, the location information of 
the data store may include location information (e.g., 
addresses) for a source location entered by a user. For 
example, the data store may include a home address for a user 
that may be retrieved whenever the user provides a source 
location of “home. Location information in the data store 
also may include location information for locations related to 
desired good or service providers. Such as, for example, 
addresses for movie theaters within a certain threshold dis 
tance of a user's source location, which may be retrieved 
when a user requests a movie theater as a desired good or 
service provider. 
0081 Host 430 generates a sequence of Delauney Tri 
angles, where each Delauney Triangle in the sequence is 
based at least in part on location information that includes at 
least three objects (620). The three objects may include a 
Source location, a beneficial objective location, and a location 
related to a desired good or service provider. Also, as 
described above, in Some cases the objects may only include 
a potential source location, beneficial objective locations and 
locations related to a desired good or service provider. 
0082 For at least some of the Delauney Triangles in the 
sequence, host 430 may determine the length of an edge 
between two objects in the Delauney Triangle (630). For 
example, host 430 may determine the length of the edge 
between a potential source location and a potential desired 
good or service provider location. 
0083) Host 430 loads the edge length values into a struc 
tured query engine (640) configured as a heap data structure. 
A heap is a data structure based on the notion of a complete 
binary tree, as described in more detail below with respect to 
FIG 8. 

0084. Once the values are loaded, the host 430 uses the 
structured query engine to receive a source location (650). In 
one implementation, host 430 may directly receive a source 
location provided by a user to the structured query engine. For 
example, a user may provide a home Zip code (i.e., a general 
Source location) to be used as the Source location. in another 
implementation, the structured query engine may receive a 
detailed Source location that may be translated into a general 
Source location. For example, a user may enter a complete 
home address to be used as the source location. In this case, 
the detailed source location (e.g., the user's home address) 
may be translated into a general Source location (e.g., the city 

Apr. 24, 2014 

in which the user's home is located as represented, for 
example, by the home address Zip code). 
I0085 Host 430 then may access a hash table to determine 
whether the received source location includes location infor 
mation that is the same as that associated with one of the 
objects on which the sequence of Delauney Triangles is 
based. For example, the user's Source location may be a home 
address of 123 C Street, Washington, D.C. 20006. Host 430 
may access a hash table to determine if an object includes a 
location of 123 C Street, Washington, D.C. 20006. 
I0086. If so, the matching object may be associated with the 
received source location. If not, host 430 may employ a k-d 
tree to determine a closest object to be associated with the 
received source location. As described above, a closest object 
represents an object that is closer to the received source loca 
tion than any other object in the sequence of Delauney Tri 
angles. For example, the hash table may indicate that an 
object has a location of 140 C Street, Washington, D.C. 
20006. The 140C Street object may be closer to 123 C Street 
than any other object, and thus, may be associated with the 
Source location. 
I0087 Host 430 then may provide the user with an identity 
of a point of interest in response to receiving a source location 
from the user, and determining a matching object or a closest 
object for the received source location. For example, the 
structured query engine may determine that a particular 
desired good or service (e.g., the ABC movie theater) satisfies 
a beneficial objective (e.g., near restaurants) and is proximate 
to a source location (e.g., the user's home address of 123 C 
Street, Washington, D.C. 20006 if a matching object exists, or 
the closest object having a location at 140C Street, Washing 
ton, D.C. 20006). Host 430 may provide the user with loca 
tion information, such as a street address, cross-streets, and/or 
a map or driving directions, for the ABC movie theater as the 
point of interest that is most responsive to the users request. 
I0088 Similar to that described above, an alternative pro 
cess may include dynamically generating a sequence of 
Delauney Triangles after at least a source location, such as the 
user's home address, is received from a user. In this example, 
the objects on which the sequence may be based are objects 
that literally correspond to information provided by the user. 
For example, if a user provides a source location of 123 C 
Street, Washington, D.C. 20006 and a beneficial objective 
location of “near restaurants.” host 430 may generate a 
sequence of Delauney Triangles that each include an object 
that corresponds to the Source location (e.g., the user's home 
address) and an object that corresponds to a beneficial objec 
tive location (e.g., the location of a town or neighborhood 
center that has been determined to include a variety of res 
taurants). There may only be one source location (since the 
Source location is a pre-determined location), while there may 
be more than one beneficial object location (e.g., any town or 
neighborhood center that includes a variety of restaurants 
may be a potential beneficial objective location). Once the 
sequence is generated, host 430 then may determine a point of 
interest to provide to the user based only on the geometrical 
representations generated for the instant, particular search. 
I0089 FIG. 7 is a flow chart of an exemplary process 700 
for retrieving a point of interest based on a source location and 
a beneficial objective. The operations of process 700 also may 
be performed by host 430 of FIG. 4. 
(0090. During the operations of processes 500 and 600, 
host 430 retrieves a point of interest based on a source loca 
tion. During the operations of process 700, host 430 retrieves 
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a point of interest based on a source location and a beneficial 
objective or a beneficial objective location. 
0091 Host 430 identifies a desired good or service pro 
vider for a user (710). For example, a user may provide 
“movie theater as a desired good or service provider. 
0092 Host 430 identifies a beneficial objective related to 
the desired good or service provider for the user (720). In 
Some implementations, a user may provide a beneficial objec 
tive location, such as, for example, a name or location of a 
particular restaurant, the users office, or a particular corner or 
pair of cross-streets. In another example, a user may indicate 
a preference for a high or low population area as a beneficial 
objective in order to avoid traffic and long lines (such as may 
occur in a high population area) or ensure there are plenty of 
activities near the desired good or service provider (such as 
also may occur in a high population area). In this case, host 
430 may access a data store that includes objects to be used as 
beneficial objective locations for high or low population 
aaS. 

0093. In some implementations, a user may provide a ben 
eficial objective that is not related to a particular location. For 
example, a user may provide a beneficial objective that is, 
itself, a good or service provider, but is different than the 
desired good or service provider provided by the user in the 
request. For example, the user may provide “near Chinese 
restaurant’ as the users beneficial objective, while the 
desired good or service provider is a dry-cleaner. In other 
implementations, a beneficial objective may be inferred for a 
user by host 430. For example, and as described above, host 
430 may be configured to provide a beneficial objective loca 
tion of a user's home address and a source location of the 
users office when the user submits a request for a desired 
good or service provider around 5:00 PM on a weekday in an 
attempt to guess that the user is headed home and wishes the 
good or service provider location returned as a point of inter 
est to be on the way home. 
0094) Host 430 identifies beneficial objects associated 
with a beneficial objective and determines beneficial objec 
tive locations associated with the beneficial objective when 
none have been received from the user (730). If a user has 
provided a beneficial objective location, beneficial objects 
may be limited to the one beneficial object related to the 
particular beneficial objective location specified. If no ben 
eficial objective location has been provided, for example, if 
the user has entered “near Chinese restaurant’ as a beneficial 
objective, host 430 may identify at least one beneficial object 
and related beneficial objective location for the beneficial 
objective. In other words, host 430 may identify one or more 
particular Chinese restaurants that are proximate to the 
desired good or service provideras beneficial objects, and the 
locations of the Chinese restaurants as beneficial objective 
locations. 

0095 Host 430 may receive a detailed source location for 
a user (740). In some implementations, a user may enter a 
home address as a source location. The home address may 
include detailed Source location information, such as a street 
address, city, state, and Zip code. In some implementations, a 
user may indicate that “home” is the user's source location. 
Location information related to “home” may be stored in a 
data store and retrieved for use as the source location in this 
scenario. For example, the user's detailed home address may 
be retrieved in response to the user entering “home' as a 
Source location. 
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0096. In response to receiving a detailed source location, 
host 430 translates the detailed source location into a general 
source location (750). For example, if a source location 
includes a particular address, such as a user's home address, 
host 430 may translate the particular address into general 
Source location information that includes cross-streets, a 
neighborhood, a town, a city, a state or a Zip code. Alterna 
tively, a user may provide general source location information 
rather than detailed source location information. In this 
implementation, host 430 may not translate the Source loca 
tion information provided by the user into detailed source 
location information, but may still translate the Source loca 
tion into another format. 
0097 Host 430 generates a sequence of Delauney Tri 
angles based on a source location, a location related to a 
desired good or service provider and a beneficial objective 
location (760). More particularly, more than one Delauney 
Triangle may be generated such that the vertices of the tri 
angles include the source location, a location related to a 
desired good or service provider, and a beneficial objective 
location. For example, one such Delauney Triangle may 
include a user's home location, a location related to the ABC 
Movie Theater, and a location related to the Good Food Chi 
nese Restaurant as the Vertices of the triangle. 
0098. In implementations where a sequence of Delauney 
Triangles is generated prior to receipt of a particular search by 
a user, once the general Source location is determined, host 
430 may access a hash table to determine if an object on 
which the sequence of Delauney Triangles is based includes 
the same location information as the general Source location 
information. If so, the matching object maybe the identified 
as the Source location. If not, host 430 may use a k-d tree, as 
described above, to determine a closest object to be used as 
the source location. In either case, any point of interest that 
may be returned to the user will be one of the vertices of a 
Delauney Triangle that has the determined matching or clos 
est object as one of its other vertices. In some implementa 
tions, Delauney Triangles that include the matching object or 
the closest object as a vertex may be the only Delauney 
Triangles generated in the sequence. 
0099 Regardless of when the sequence of Delauney Tri 
angles is generated, for at least Some of the Delauney Tri 
angles in the sequence, host 430 determines values for edges 
between two objects in the Delauney Triangle (770). For 
example, the length of the edge between a source location and 
a beneficial objective location or the length of an edge 
between a source location and a location related to a desired 
good or service provider may be determined. The edge values 
are loaded into a structured query engine (780). For example, 
length information for the edges in the sequence of Delauney 
Triangles may be loaded into a structured query engine. 
0100. The structured query engine provides a point of 
interest that is most responsive to the user's request (790). In 
other words, the structured query engine may determine, 
based on the edge length information, that aparticular good or 
service provider is most responsive to the user's request for a 
desired good or service provider in that it is proximate to the 
user's source location and satisfies the users beneficial 
objective. For example, the structured query engine may 
determine that the ABC Movie Theater is most responsive to 
the user's request for a movie theater because it is proximate 
to the user's home and also near a Chinese restaurant. In some 
implementations, the structured query engine may provide a 
beneficial objective location in addition to providing a point 
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of interest. For example, the structured query engine may 
provide both a point of interest of ABC Movie Theater and 
a beneficial objective location of “Good Food Chinese Res 
taurant.” 
0101 FIGS. 8A-8D are block diagrams of a dynamic heap 
data structures 800. Data structures may be used to store a 
collection of information in computer memory. The informa 
tion may be stored in the data structure Such that a host, Such 
as host 430, may easily access a particular portion of the 
information in the collection using an identifier that has been 
associated with the particular portion of the information. 
0102 Data structures may be static or dynamic. Static data 
structures require that the maximum number of data items 
that may be stored in the collection is known when the data 
structure is created. In contrast, data items may be added to, or 
deleted from, a dynamic data structure after the dynamic data 
structure has been created. Lists, stacks, arrays and trees are 
all examples of a dynamic data structure. 
0103) A heap, which is a special type of tree data structure, 

is also an example of a dynamic data structure. The simplest 
tree data structure is a binary tree. Binary trees have a node at 
the top, called a root node, and left and right Sub-trees that are 
themselves binary trees. For example, in heap (or tree) 800 of 
FIG. 8A, node Z is the root node of heap 800 of FIG. 8A and 
nodes L and Rare the root nodes of the left and right sub-trees, 
respectively. 
0104. A complete tree is also a type of tree data structure. 
A tree may include one or more leaves. A leaf refers to any 
node in the lowest level of the tree that is not a root of any 
Sub-tree. In a complete tree, each leaf is the same distance or 
height from the root node. For example, in heap 800 of FIG. 
8A, nodes A. J. E. and Y are each the same distance (e.g., 2 
levels) from root node Z, and thus, each of nodes A. J. E and 
Y is a leaf of heap 800. 
0105. A heap is a binary tree, specifically a complete 
binary tree, that has the heap property A tree has the heap 
property if, and only if (1) the tree is empty or (2) a key 
associated with each node of the tree is larger than a key 
associated with one of the two children of the node and both 
Sub-trees have the heap property. A key associated with a 
node is an identifier that relates to a priority of a node. For 
example, the key associated with root node Z (“key(Z)'), is 
greater than the keys associated with either child node L 
(“key(L)) or child node R (“key(R)'). In other words, key 
(Z)>key(L) and key(Z)>key(R). 
0106. The data items stored in heap 800 of FIG. 8A as 
nodes may be values associated with Delauney Triangles in 
the sequence generated by host 430. Each node may include 
information related to an attribute of a particular triangle. For 
example, node L. may include information related to an 
attribute of a triangle L. An attribute of a triangle may include 
features of the triangle, Such as lengths of edges between two 
Vertices of the triangle, a Sum of the lengths of the three edges 
in the triangle, a radius of a circumcircle of the triangle, an 
area of the triangle, a distance between a triangle vertex that 
represents a source location to another vertex in the triangle, 
or some combination of features. 
0107 The attribute of a first triangle may be compared to 
the attribute of a second triangle to determine a point of 
interest for a user. For example, if a user seeks a dry-cleaner 
near a sandwich shop where the user's source location is the 
users office, a Delauney Triangle that includes vertices that 
are closer to each other than the vertices of any other 
Delauney Triangle in the sequence may be selected as the 
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Delauney Triangle that includes the point of interest that may 
be returned to the user. The edge lengths, Sum of edge lengths, 
circumcircle radius, area or some combination of these fea 
tures can be used to determine which Delauney Triangle 
should be selected. Thus, the attribute of a particular triangle, 
and the node in data structure 800 of FIG. 8A that includes 
information related to the attribute for the particular triangle, 
may be used to determine which triangle to select, and, ulti 
mately, the point of interest to return to the user. The node of 
heap 800 that includes lamination related to the attribute of 
the triangle that is most likely to be selected may include a 
higher priority, and thus a larger key; than the nodes associ 
ated with other triangles in the sequence of Delauney Tri 
angles. 
0108. A feature may be weighted before being added to an 
attribute. For example, movie theaters that serve popcorn with 
butter may be weighted in order to allow a Delauney Triangle 
that includes a buttered popcorn-serving movie theater at one 
of its vertices to have a higher priority than a Delauney Tri 
angle that includes a movie theater that does not sell buttered 
popcornata vertex. Thus, the Delauney Triangle that includes 
the buttered popcorn-serving movie theater is more likely to 
be the Delauney Triangle that may be selected to provide the 
point of interest to a user. 
0109 To determine which Delauney Triangle includes the 
point of interest that is most responsive to a user's request 
(and thus will be returned to the user), the attributes of the 
Delauney Triangles in the sequence may be compared with 
one another. More particularly, the attributes included in the 
nodes of heap 800 of FIG. 8A may be compared, and re 
organized, such that the resultant heap, such as heap 800 of 
FIG. 8B, may have as its root node the Delauney Triangle that 
includes the point of interest to be returned to the user. This 
re-organization may be described in the context of adding a 
new node to the heap. For example, once the sequence of 
Delauney Triangles has been generated by host 430, the 
attribute of each triangle, as represented by the nodes, may be 
added to heap 800 one at a time. 
0110 More particularly; node Y may be the last node to 
have been added to heap 800 of FIG. 8A. As described pre 
viously, the heap property requires the key associated with 
each node of the tree to be larger than the key associated with 
one of the two children of the node. A key associated with a 
node is an identifier that relates to a priority of a node. A node 
includes a higher priority if the Delauney Triangle associated 
with the attribute represented by the node lends itself to being 
a Delauney Triangle that is more likely than other Delauney 
Triangles to be selected as the triangle that includes the point 
of interest that may be returned to the user. Thus, as shown in 
FIG. 8A, the key of node Y (“key(Y)') may be compared to 
the key of its parent node R(“key(R)') to determine if the key 
for node Y is larger than the key for node R. In this case, and 
as illustrated by FIG. 8B, the key for node Y is larger than the 
key for node R, such that key (Y)>key (R). Thus, node Y and 
node R swap locations inheap 800 so that node V becomes the 
parent node and node Rbecomes the child node. At this point, 
the key for node Y (“key (Y)) also may be compared with the 
key for node Z (“key(Z)'). However, in the present example, 
the key for node Z is still larger than the key for node Y. Such 
that (key(Y)<key(Z), and node Y may remain in the location 
shown in heap 800 of FIG. 8B. 
0111. Once all nodes have been added to heap 800, and 
have been re-organized so that the heap maintains the heap 
property, the structured query engine may extract the root 
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node Z (i.e., the highest priority node) from heap 800 of FIG. 
8C. As such, the structured query engine may determine the 
desired good or service provider that is included as a vertex of 
the Delauney Triangle associated with the attribute included 
in node Z, and thus provide the user with the point of interest 
that is most responsive to the user's request. 
0112 In this way, a heap may be used as a priority queue 
because the highest priority data item may be at the root (e.g., 
root node Z, which has the largest key). As the highest priority 
data item in the information collection, the root node is most 
likely the one data item that will be accessed, and thus 
extracted, or deleted, from the heap. 
0113. Once the root node is deleted, there is no longer a 
single tree having the heap property, but rather only the left 
and right sub-trees remain. Therefore, the heap must be re 
created before any other data items may be extracted. To 
recreate the heap after node Z is removed from heap 800 of 
FIG. 8C, the last node of the heap (e.g., node R) may be 
moved to the root position, as illustrated in FIG. 8D. The key 
for the new root node R (“key(R)') of heap 800 of FIG. 8D 
then may be compared with the key of the left sub-tree root 
node L (“key(L)) and key of the right sub-tree root node Y 
(“key(Y)) to determine if the key for node R is larger than the 
keys for either node L or node Y. If so, such that key(R)>key 
(Y) and key(R)>key(L), node R remains as the root node. If 
not, such that key(R)<key(Y) or key(R)<key(L), node R is 
swapped with the child node that includes the larger key. The 
process may be repeated until the heap property is restored or 
node R reaches the lowest level of the heap, such that node R 
is a leaf. 

0114. In one implementation, heap 800 may store an 
attribute for each Delauney Triangle in the sequence. In 
another implementation, heap 800 may store attributes for a 
Subset of Delauney Triangles in the sequence. In yet another 
implementation, heap 800 may store an attribute for only one 
Delauney Triangle in the sequence and other heaps may be 
used to store values associated with other Delauney Triangles 
in the sequence. 
0115 FIG. 9 is an exemplary map 900 showing a series of 
location points related to a source location, more than one 
location related to a desired good or service provider and 
more than one beneficial objective location. Map 900 illus 
trates how a landscape of locations related to a desired good 
or service provider and beneficial objective locations may 
exist prior to generating Delauney Triangles between particu 
lar location points in order to determine a point of interest that 
is most responsive to a user's current or future request. In one 
implementation, Delauney Triangles may be generated 
among location points before a user requests a point of inter 
est. In another implementation, Delauney Triangles may be 
generated only after a user has requested a point of interest by 
entering the location information mentioned above. However, 
in both cases, the landscape of location points illustrated by 
map 900 may exist prior to generating the sequence of 
Delauney Triangles. 
0116 Map 900 includes a series of location points that 
include source locations, locations related to a desired good 
or service provider and beneficial objective locations. More 
particularly, the location points of map 900 include Office 
902, School 904, Low Population Center A906, Low Popu 
lation Center B908, Home910, Movies A920, Day Care 925, 
Town A930, Coffee Shop 932, Bookstore 934, Pet Shop 936, 
Movies B940, Town B950, SupermarketA960, Supermarket 
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B962, Town C970, Bar A982, Bar B 984, Bar C986, Bar D 
988, Restaurant A992, Restaurant B994, Restaurant C996, 
and Restaurant D998. 

0117. In some cases, a particular location shown on map 
900 may serve as any one of the three location types depend 
ing on a user's request. For example, on Monday, a user 
whose current location is the user's home may seek a movie 
theater near the users office. In this case, the Source location 
is Home 910, the beneficial objective is “close to the user's 
office.” and thus a beneficial objective location is Office 902, 
and the desired good or service provider is “movie theater so 
the potential locations related to the desired good or service 
provider may be Movies A920 or Movies B940. On Tuesday, 
the same user, whose current location is now the users office, 
may seek a restaurant in a high population area with lots of 
stores so that the user may window shop after dinner. At this 
point, the source location is Office 902, the beneficial objec 
tive is “high population area, so a beneficial objective loca 
tion may be Town A930, Town B950 or Town C970, and the 
desired good or service provider is “restaurant, so potential 
locations related to the desired good or service provider may 
be Restaurant A992, Restaurant B994, Restaurant C996 or 
Restaurant D 998. On Wednesday, the same user, whose 
current location is now the School where the user takes classes 
after work, seeks a bookstore near a restaurant. The source 
location is School 904, the beneficial objective is “near a 
restaurant, so the beneficial objective location may be Res 
taurant A992, Restaurant B 994, Restaurant C 996 or Res 
taurant D998, and the desired good or service provider is 
“bookstore.” Such that the only potential location related to 
the desired good or service provider is Bookstore 934. 
0118. This example illustrates how the same location 
point may be a source location or a beneficial objective loca 
tion. On Monday, Home910 is the source location and Office 
902 is the beneficial objective location since the beneficial 
objective is “near the users office.” On Tuesday, however, 
Office 902 is now the source location. Similarly, on Tuesday, 
the beneficial objective of “near a restaurant' leads to benefi 
cial objective locations that may be Restaurant A992, Res 
taurant B 994, Restaurant C996 or Restaurant D998. How 
ever, on Wednesday, the user seeks a restaurant, so now 
Restaurant A 992, Restaurant B 994, Restaurant C 996 or 
Restaurant D998 may be a location related to a desired good 
or service provider. 
0119 FIG. 10A illustrates an exemplary graphical user 
interface (GUI) 1000A that enables a user to enter a source 
location, a point of interest type and a beneficial objective 
type in order to retrieve a point of interest. GUI 1000 includes 
user instructions 1010, 1020 and 1030 for soliciting informa 
tion to requestapoint of interest, and text entry boxes, such as 
text entry box 1011, and selection controls, such as selection 
control 1031, for a user to provide information to request a 
point of interest. GUI 1000A also includes “Search” button 
1040 that may be selected by a user when the user has pro 
vided sufficient information for a point of interest to be 
returned. 

0120 User instruction 1010 relates to a user's source loca 
tion and instructs the user to "Enter Your Source Location.” 
User instructions 1010 also explain to the user “Your source 
location can be the address of your home, office or your 
current location.” A user may enter detailed source location 
information, Such as the address of the user's Source location, 
by typing a street address into text entry box 1011, a city or 
town into text entry box 1012, a state into text entry box 1013, 
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and a zip code into text entry box 1014. In another implemen 
tation (not shown), a user may have an option to enter general 
Source location information rather than detailed source loca 
tion information by merely providing, for example, cross 
streets, a neighborhood, a town, a city, a state, or a Zip code. 
0121 User instruction 1020 relates to the desired good or 
service provider sought by a user. User instruction 1020 
instructs the user to "Enter Your Desired Good or Service 
Provider” and further explains to the user that “Your desired 
good or service provider is the type of good or service pro 
vider you are seeking.” The point of interest is a location 
related to a desired good or service provider that is the most 
responsive to the user's request. A user may provide a desired 
good or service provider by typing a keyword or subject 
matter indication related to the desired good or service pro 
vider in text entry box 1024. Alternatively, a user may select 
hyperlink 1028, which instructs a user to “Click HERE to 
Browse Categories.” located to the right of text entry box 
1024, to browse categories of good and service providers. The 
user then may select a desired good or service provider from 
one of the categories presented (not shown). For example, a 
user seeking a Chinese restaurant may enter “Chinese restau 
rant' in text entry box 1024 or may select hyperlink 1028 and 
select “Chinese restaurant' from a food-related category of 
good or service providers. 
0122 User instruction 1030 relates to a user's beneficial 
objective in seeking a point of interest. User instruction 1030 
instructs the user to “Select a Type of Beneficial Objective' 
and furtherexplains to the user that “Your beneficial objective 
is any other goal that should be taken into account in seeking 
your desired good or service provider. A user may select a 
beneficial objective type by choosing one of selection con 
trols 1031-1035. 

0123. A user may choose selection control 1031 if the 
user's beneficial objective is to find a point of interest near 
another specific location. For example, a user may seek a 
Chinese restaurant near a day care center where the user must 
first pick up the user's child before having dinner. 
0.124. A user may choose selection control 1032 if the 
user's beneficial objective is to find a point of interest near a 
high population area. For example, a user seeking a Chinese 
restaurant may wish to window shop after eating and thus 
would like to find a Chinese restaurant in an area where there 
may be a wide variety of nearby shops. 
0.125. A user may choose selection control 1033 if the 
user's beneficial objective is to find a point of interest near a 
low population area. For example, a user seeking a Chinese 
restaurant may wish to avoid traffic and long lines so that the 
user may pickup a pre ordered take out meal and then quickly 
return home. 

0126. A user may choose selection control 1034 if the 
user's beneficial objective is to find a point of interest near 
another type of good or service provider. For example, a user 
may wish to find a Chinese restaurant that is near an ice cream 
shop so that the user may take a walk after dinner and have 
dessert along the way. Selection control 1034 is different from 
selection control 1031 in that when a user chooses selection 
control 1031, the user may wish to find a point of interest near 
a specific location, such as a particular ice cream shop. How 
ever, when a user chooses selection control 1034, the user is 
seeking a point of interest near another type of good or service 
provider, such as any shop that sells ice cream, but does not 
have a specific good or service provider in mind. 
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I0127. Finally, a user may choose selection control 1035 if 
the user wishes the point of interest search system to infer a 
beneficial objective for the user when providing a point of 
interest to the user. For example, an inferred beneficial objec 
tive simply may include proximity to a user's source location. 
Another example includes an inferred beneficial objective of 
non-proximity to a high population area (or proximity to a 
low population area) if the user's request is made during rush 
hour so the user may avoid traffic. Yet another example of an 
inferred beneficial objective may include some relation to a 
previous request for a point of interest made by the same user, 
Such as finding a point of interestina neighborhood where the 
user's last Source location, beneficial objective location or 
location related to a desired good or service provider (in this 
case, the ultimate point of interest provided to the user) were 
located based on the assumption that the user may prefer to 
re-visit an area with which the user is already familiar. 
I0128. Once the user has provided a source location, pro 
vided or selected a desired good or service provider and 
selected a beneficial objective type, the user may select search 
button 1040 to begin the point of interest search, 
I0129 FIG. 10B illustrates an exemplary GUI 1000B 
enabling a user to enter a specific beneficial objective loca 
tion. GUI 1000B may be provided to a user when the user 
activates selection control 1031 to indicate that the user's 
beneficial objective relates to finding a point of interest near 
another specific location. GUI 1000B includes user message 
1050, user instruction 1060, text entry boxes 1061-1064 asso 
ciated with user instruction 1060, and “Search button 1070. 
I013.0 User message 1050 informs a user that “You have 
selected a beneficial objective type that requires more infor 
mation.” In this case, the user has selected a beneficial objec 
tive of finding a point of interest near another specific loca 
tion. User instruction 1060 instructs the user to "Enter The 
Location Related To Your Beneficial Objective. A user may 
enter an address for the specific location related to the ben 
eficial objective by typing a street address into text entry box 
1061, a city or town into text entry box 1062, a state into text 
entry box 1063, and a zip code into text entry box 1064. In 
another implementation (not shown), GUI 1000B may enable 
a user to enter more general location information for the 
specific location the user had in mind as a beneficial objective, 
where the general location information may include, for 
example, cross-streets, a neighborhood, a town, a city, a state, 
or a Zip code. In yet another implementation (not shown), 
GUI 1000B may be configured to enable a user to indicate a 
particular location by name. Such as, for example, the name of 
a restaurant or a store, instead of providing an address asso 
ciated with the restaurant or store. In this configuration, the 
location of the restaurant or store may be determined by host 
430 during or prior to generation of the Delauney Triangles 
and determination of the point of interest that is most respon 
sive to the user's request. 
0131 Once the user has entered the location information, 
the user may select search button 1070 to continue the point of 
interest search. 

I0132) For example, a user may seek a Chinese restaurant 
near a day care center where the user picks up the user's child 
prior to having dinner at the Chinese restaurant. In this case, 
the user would choose selection control 1031 in GUI 1000A. 
The user may then be presented with GUI 1000B where the 
user may enter the address of the day care center (or alterna 
tively, the general location of the day care center or the name 
of the day care center) into text entry boxes 1061-1064. The 
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user then may select search button 1070 to continue the point 
of interest search for a Chinese restaurant that satisfies the 
user's beneficial objective of being near the day care center. 
0.133 FIG. 10C illustrates an exemplary GUI 1000C 
enabling a user to enter a specific type of good or service 
provider related to a beneficial objective. GUI 1000C may be 
provided to a user upon selection of selection control 1034 of 
GUI 1000A to indicate that the user's beneficial objective is 
related to finding a point of interest near another type of good 
or service provider. GUI 1000C includes user message 1050, 
user instruction 1080, text entry box 1084 and hyperlink 1088 
associated with user instruction 1080, and a “Search' button 
1090. 
0134) User message 1050, as in GUI 1000B, informs a 
user that “You have selected a beneficial objective type that 
requires more information.” In this case, the user has selected 
a beneficial objective of finding a point of interest near 
another type of good or service provider. User instruction 
1080 instructs the user to “Select AType Of Good Or Service 
Provider For Your Beneficial Objective. A user may enter a 
type of good or service provider by typing a keyword or 
Subject matter indication of that good or service provider in 
text entry box 1084. Alternatively, a user may select hyperlink 
1088, which instructs a user to “Click HERE to Browse 
Categories, located to the right of text entry box 1084, to 
browse categories of good and service providers. The user 
then may select a type of good or service provider from the 
categories presented (not shown). 
0135. Once the user has provided the desired type of good 
or service provider as a beneficial objective, the user may 
select search button 1090 to continue the point of interest 
search. 
0.136 For example, a user may seek a Chinese restaurant 
near an ice cream shop so that the user may have dinner and 
dessert within walking distance of one another. In this case, 
the user may choose selection control 1034 of GUI 1000A. 
The user then may be presented with GUI 1000C where the 
user may provide “ice cream shop' into text entry box 1084. 
Alternatively, the user may click on hyperlink 1088 and select 
“ice cream shop' from a food-related category of good or 
service providers. The user then may select search button 
1090 to continue the point of interest search for a Chinese 
restaurant that satisfies the user's beneficial objective of being 
near an ice cream shop. 
0137 FIG. 11 illustrates an exemplary GUI 1100 enabling 
a user to perceive point of interest results retrieved based on 
information provided by the user. GUI 1100 includes result 
label 1110 and associated result box 1115, result label 1120 
and associated result box 1125, result label 1130 and associ 
ated result box 1135, result label 1140 and associated result 
box 1145, result label 1150 and associated result box 1155, 
result label 1160 and associated result box 1165, and hyper 
links 1170 and 1180. 
0.138. Once a user has provided the information requested 
by GUI 1000A, and GUI 1000B and GUI 1000C, if necessary, 
GUI 1100 provides a point of interest to the user that is most 
responsive to the user's request. GUI 1100 also may provide 
the user with other information related to the point of interest, 
Such as a Source location and a beneficial objective location 
0139 GUI 1100 includes result label 1110 “Your Source 
Location Is:” to identify result box 1115 that displays detailed 
location information related to the user's source location. For 
example, result box 1115 displays “123A Street, Washington, 
D.C. 20006' as the user's source location. Alternatively, 
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result box 1115 may display general location information 
related to the user's source location (not shown). 
014.0 GUI 1100 also includes result label 1120 “Your 
Desired Good or Service Provider Is:” to identify result box 
1125 that displays the point of interest that is responsive to the 
user's request in that it is proximate to the user's Source 
location and satisfies the users beneficial objective. For 
example, result box 1125 displays “Movie Theater as the 
point of interest. 
0141 GUI 1100 further includes result label 1130 “Your 
Beneficial ObjectiveType Is:” to identify resultbox 1135that 
displays the beneficial objective type selected by the user in 
GUI 1000A via one of Selection controls 1031-1035. For 
example, if a user chose selection control 1034 in GUI 
1000A, resultbox 1135 displays “Near Another Type of Good 
or Service Provider” as the users beneficial objective type. 
0142. Result label 1140 “Your Beneficial Objective Good 
or Service Provider Type Is:” identifies result box 1145 that 
displays the type of good or service provider selected by the 
user to be a beneficial objective. For example, if after choos 
ing selection control 1034 in GUI 1000A, a user typed “Chi 
nese restaurant' into text entry box 1084 or selected “Chinese 
restaurant from a category presented after choosing hyper 
link 1088 in GUI 1000C, result box 1145 displays “Chinese 
Restaurant’ as the user's beneficial objective type of good or 
service provider. 
0.143 Result label 1150 “The Location Related to Your 
Beneficial Objective Is:” identifies result box 1155 that dis 
plays the beneficial objective location. For example, if a user 
chose selection control 1034 in GUI 1000A and entered or 
selected “Chinese restaurant’ as the beneficial objective good 
or service provider type in GUI 1000C, a location of a Chi 
nese restaurant that is near both the source location and a 
location related to a desired good or service provider (now the 
location of the point of interest) may be displayed by result 
box 1155. In this case, the particular Chinese restaurant that 
fits the bill is “Good Food Chinese Restaurant' and the ben 
eficial objective location, that is the location of Good Food 
Chinese Restaurant, is “145 A Street, Washington, D.C. 
20006” both of which are displayed in result box 1155. In 
another example, if a user chose selection control 1031 in 
GUI 1000A, the location related to the beneficial objective 
typed into text entry boxes 1061-1064 in GUI 1000B may be 
displayed in result box 1155 along with the name of the 
beneficial objective. 
0144. Result label 1150 and result box 1155 are accompa 
nied by hyperlink 1170 directing a user to “Click HERE to 
See Map & Get Directions. A user may select hyperlink 1170 
to view a map, such as, for example, a street map, of the 
beneficial objective location, or to get directions, such as, for 
example driving directions or directions for taking public 
transportation, from either the source location or another 
user-specified location to the beneficial objective location. 
For example, by clicking hyperlink 1170, a user may view a 
street map that indicates that Good Food Chinese Restaurant 
is located at 145A Street, Washington, D.C. 20006. 
0145 If the beneficial objective type selected by a user in 
GUI 1000A did not require any additional information, for 
example, if a user chose any one of selection controls 1032, 
1033, or 1035, result labels 1140 and 1150, associated result 
boxes 1145 and 1155, and hyperlink 1170, may not be dis 
played at all in GUI 1100 or may display different informa 
tion. 
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0146 GUI 1100 also includes result label 1160 “Your 
Point of Interest Is:” that identifies result box 1165 that may 
display the name and location of the point of interest provided 
in response to the user's request. For example, the point of 
interest provided for a user seeking a movie theater near a 
Chinese restaurant is ABC Movie Theater located at “182A 
Street, Washington, D.C. 20006.” Similar to hyperlink 1170, 
hyperlink 1180 is located to the right of result box 1165 
directing a user to “Click HERE to See Map & Get Direc 
tions. A user may select hyperlink 1180 to view a map of the 
point of interest location or to get directions from either the 
Source location or another user-specified location to the point 
of interest location. For example, by clicking hyperlink 1180, 
a user may view a street map that indicates that ABC Movie 
Theater is located at 182 A Street, Washington, D.C. 20006. 
0147 FIG. 12 illustrates an exemplary GUI 1200 enabling 
an administrator to add a new good or service provider and/or 
a new beneficial objective location of a high or low population 
area to a data store. GUI 1200 may include two sections where 
an administrator may add new information to a data store 
related to a point of interest search. The two sections are 
delineated by administrator instruction 1210 and administra 
tor instruction 1250. In association with administrator 
instruction 1210, GUI 1200 may include text entry boxes 
1220, 1230, and 1240, and hyperlinks 1234 and 1238 associ 
ated with text entry box 1230. Associated with administrator 
instruction 1250, GUI 1200 may include sub-administrator 
instructions 1260 and 1270, as well as selection controls 1264 
and 1268 associated with sub-administrator instruction 1260 
and text entry boxes 1271-1274 associated with sub-admin 
istrator instruction 1270. 

0148 Administrator instruction 1210 instructs an admin 
istrator to "Enter New Good or Service Provider Informa 
tion.” An administrator may enter the name of a new good or 
service provider in text entry box 1220. The administrator 
also may specify a type for the new good or service provider 
by typing into text entry box 1230. In another implementa 
tion, an administrator may enter more than one type for a new 
good or service provider. Alternatively, the administrator may 
select hyperlink 1234 directing the administrator to “Click 
HERE to Browse Categories' to select a type for the new 
good or service provider by selecting a type from a list of 
categories provided when hyperlink 1234 is selected (not 
shown). 
0149. If the administrator selects hyperlink 1234 and finds 
that no existing category or type is suitable to label the new 
good or service provider, the administrator may select hyper 
link 1238 directing the administrator to “Click HERE to Add 
a New Good or Service Provider Type or Category.” Another 
GUI may be provided (not shown) to enable the administrator 
to enter a new good or service provider type or category by 
providing the type of category to a text entry box. In another 
implementation, simply typing an unknown, or new, good or 
service provider type into text entry box 1230 may add that 
type to the list of available good or service provider types. In 
Some implementations, when a new good or service provider 
type is typed into text entry box 1230 or entered after hyper 
link 1238 is selected, another GUI (not shown) may appear to 
enable an administrator to associate the new good or service 
provider type with one or more existing or new categories. 
0150. After entering a name and type for a new good or 
service provider, an administrator may entera location related 
to the new good or service provider by typing into text entry 
box 1240. In some implementations, an administrator may 

Apr. 24, 2014 

enter detailed location information, such as an address, for the 
new good or service provider. In some implementations, an 
administrator may enter general location information for the 
new good or service provider, such as cross-streets, a neigh 
borhood, a town, a city, a state, or a Zip code. In some imple 
mentations, an administrator may enter both detailed and 
general location information related to a new good or service 
provider. Text entry box 1240 may represent any one of the 
location infatuation types of the implementations discussed 
above. In some implementations, location information, either 
detailed or general, may automatically populate text entry 
box 1240 upon entry of a new good or service provider name. 
The location information may be retrieved by host 430 from 
a database. Such as, for example, an electronic yellow pages. 
0151. For example, an administrator may wish to enter 
new good or service provider information relating to a new 
bookstore that opened in Washington, D.C. Under adminis 
trator instruction 1210, the administrator may enter"Reading 
Is Fun Bookstore' in text entry box 1220, “bookstore.” 
“store.” or both in text entry box 1230 and detailed location 
information “210 A Street, Washington, D.C. 20006, general 
location information 'zip code 20006, or both in text entry 
box 1240. 

0152 Administrator instruction 1250 instructs an admin 
istrator to “Enter Location Related to New High or Low 
Population Area.” Sub-administrator instruction further 
instructs an administrator to “Select Population Area Type.” 
An administrator may choose selection control 1264 to indi 
cate the new information relates to a high population area, or 
selection control 1268 to indicate the new information relates 
to a low population area. 
0153. In response to sub-administrator instruction 1270 
“Enter Location Related to New Population Area Center, an 
administrator may enter an address as the center of the popu 
lation area by typing a street address into text entry box 1271, 
a city or town into text entry box 1272, a state into text entry 
box 1273, and a zip code into text entry box 1274. In another 
implementation (not shown), an administrator may entergen 
eral location information, for example, cross-streets, a neigh 
borhood, a city, a town, a state, or a Zip code, as the location 
related to a new population area center. In yet another imple 
mentation (not shown), an administrator may enter both 
detailed and general location information related to a new 
population area center. 
0154 For example, an administrator may wish to enter 
information related to a new low population area. The admin 
istrator may choose selection control 1268 to indicate the new 
population area is a low population area and may then enter 
“111 Z Street, Washington, D.C. 20006' as the location 
related to a new population area center. 
0155 Although this document is focused on a directory 
search application, the techniques described herein are more 
generally applicable. For example, the techniques may be 
applied in a network routing context. In a network routing 
application, an amount of inbound and outbound traffic. Such 
as, for example, data packets, may be equalized on a particu 
lar network, or among multiple networks in order to, for 
example, satisfy a peering agreement (i.e., an agreement 
regarding Voluntary interconnection of distinctly separate 
data networks for the purpose of exchanging traffic between 
the customers of the peered networks). The main search cri 
teria in Such an implementation may be speed of transmission 
of the traffic and cost for sending the traffic over the network. 
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0156. In another example, the techniques described in this 
document may be applied to a dating service. In a dating 
service context, the goal may be to provide a user who has a 
profile on the dating service with the names and/or contact 
information for other users whose profiles are similar to the 
user's own. The search criteria may include any two of for 
example, gender, age, location, alma matter, opinion on pets, 
marital status, interests, religion and political affiliation. In 
addition to an online dating service, this implementation may 
be expanded to include any social networking application 
where a particular user is seeking other users who have 
attributes in common with the particular user. 
0157. In yet another example, the techniques described 
may be used in the context of product development. As such, 
the goal may be to produce an ideal product based on design 
and manufacturing constraints in light of product attributes 
preferred by consumers. 
0158. Furthermore, although this document is focused on 
two-dimensional geometrical representations (e.g., Delauney 
Triangles having vertices that represent source locations, ben 
eficial objective locations and locations of desired good or 
service providers), geometrical representations having other 
dimensions also may be used. For example, three-dimen 
sional geometrical representations, such as, for example, 
pyramids, may be used to represent various locations related 
to a user's search for a desired good or service provider. 
Increasing the number of dimensions allows the geometrical 
representation to include more locations. In the example of a 
pyramid, which would include five “vertices, five objects can 
be related to the pyramid. For example, a user may wish to 
make several stops during a particular journey, and thus, the 
additional objects related to the three-dimensional geometri 
cal representations may relate to additional desired good or 
service providers (e.g., the dentists office and the library) 
mid/or beneficial objectives (e.g., a dry-cleaner and a grocery 
store). 
0159. The described systems, methods, and techniques 
may be implemented in digital electronic circuitry, computer 
hardware, firmware, Software, or in combinations of these 
elements. Apparatus embodying these techniques may 
include appropriate input and output devices, a computer 
processor, and a computer program product tangibly embod 
ied in a machine-readable storage device for execution by a 
programmable processor. A process embodying these tech 
niques may be performed by a programmable processor 
executing a program of instructions to perform desired func 
tions by operating on input data and generating appropriate 
output. The techniques may be implemented in one or more 
computer programs that are executable on a programmable 
system including at least one programmable processor 
coupled to receive data and instructions from, and to transmit 
data and instructions to, a data storage system, at least one 
input device, and at least one output device. Each computer 
program may be implemented in a high-level procedural or 
object-oriented programming language, or in assembly or 
machine language if desired; and in any case, the language 
may be a compiled or interpreted language. Suitable proces 
sors include, by way of example, both general and special 
purpose microprocessors. Generally, a processor will receive 
instructions and data from a read-only memory and/or a ran 
dom access memory. Storage devices Suitable for tangibly 
embodying computer program instructions and data include 
all forms of non-volatile memory, including by way of 
example semiconductor memory devices, such as Erasable 
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Programmable Read-Only Memory (EPROM), Electrically 
Erasable Programmable Read-Only Memory (EEPROM), 
and flash memory devices; magnetic disks such as internal 
hard disks and removable disks; magneto-optical disks; and 
Compact Disc Read-Only Memory (CD-ROM). Any of the 
foregoing may be Supplemented by, or incorporated in, spe 
cially-designed ASICs (application-specific integrated cir 
cuits). 
0160. It will be understood that various modifications may 
be made. For example, useful results still could beachieved if 
steps of the disclosed techniques were performed in a differ 
ent order and/or if components in the disclosed systems were 
combined in a different manner and/or replaced or Supple 
mented by other components. Accordingly, other implemen 
tations are within the scope of the following claims. 

1-31. (canceled) 
32. A computer-implemented method comprising the fol 

lowing operations performed by at least one processor: 
identifying a first location that matches a first type of good 

or service provider and a second location that matches 
the first type of good or service provider; 

identifying a third location that matches a second type of 
good or service provider and a fourth location that 
matches the second type of good or service provider; 

identifying a source location of a user; 
associating the third location with the first location when 

an aggregated distance between the source location, the 
first location, and the third location is less than an aggre 
gated distance between the source location, the first 
location, and the fourth location; 

associating the fourth location with the second location 
when an aggregated distance between the Source loca 
tion, the second location, and the fourth location is less 
thanan aggregated distance between the Source location, 
the second location, and the third location; 

determining whether the aggregated distance between the 
Source location, the first location, and the associated 
third location is less than the aggregated distance 
between the Source location, the second location, and the 
associated fourth location; and 

identifying, to the user, the first location or the second 
location of the first type of good or service provider 
based on the determination. 

33. The method of claim 32, further comprising: 
ranking the first location higher than a second location in 

response to determining that the aggregated distance 
between the source location, the first location, and the 
associated third location is less than the aggregated dis 
tance between the Source location, the second location, 
and the associated fourth location. 

34. The method of claim 32, further comprising: 
ranking the first location lower than a second location in 

response to determining that the aggregated distance 
between the source location, the first location, and the 
associated third location is not less than the aggregated 
distance between the source location, the second loca 
tion, and the associated fourth location. 

35. The method of claim 32, further comprising: 
ranking the first location higher than a second location 

despite the second location being located closer to the 
Source location than the first location in response to 
determining that the aggregated distance between the 
Source location, the first location, and the associated 
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third location is less than the aggregated distance 
between the Source location, the second location, and the 
associated fourth location. 

36. The method of claim 32, wherein associating the third 
location with the first location comprises determining that the 
first location, the third location, and the source location are 
vertices of a Delauney Triangle. 

37. The method of claim 36, further comprising: 
computing the aggregated distance between the Source 

location, the first location, and the associated third loca 
tion comprises based on a perimeter of the Delauney 
Triangle. 

38. The method of claim32, wherein associating the fourth 
location with the second location comprises determining that 
the second location, the fourth location, and the source loca 
tion are vertices of a Delauney Triangle. 

39. The method of claim 38, further comprising: 
computing the aggregated distance between the Source 

location, the second location, and the associated fourth 
location comprises based on a perimeter of the Delauney 
Triangle. 

40. The method of claim 32, further comprising: 
in response to determining that the aggregated distance 

between the source location, the first location, and the 
associated third location is not less than the aggregated 
distance between the Source location, the second loca 
tion, and the associated fourth location: 
ranking the second location higher than the first loca 

tion; and 
causing the second location to be displayed, on a display 

device, in a manner that distinguishes the second loca 
tion from the first location. 

41. The method of claim 32, further comprising: 
causing the first location to be displayed, on a display 

device, without causing the second location to be dis 
played on the display device. 

42. The method of claim 32 further comprising: 
causing the second location to be displayed, on a display 

device, without causing the first location to be displayed 
on the display device. 

43. A computer readable storage device storing a computer 
program, which when executed on at least one processor 
causes the at least one processor to perform a method com 
prising the following operations: 

identifying a first location that matches a first type of good 
or service provider and a second location that matches 
the first type of good or service provider; 

identifying a third location that matches a second type of 
good or service provider and a fourth location that 
matches the second type of good or service provider; 

identifying a source location of a user; 
associating the third location with the first location when 

an aggregated distance between the source location, the 
first location, and the third location is less than an aggre 
gated distance between the source location, the first 
location, and the fourth location; 

associating the fourth location with the second location 
when an aggregated distance between the Source loca 
tion, the second location, and the fourth location is less 
thanan aggregated distance between the source location, 
the second location, and the thirds location; 

determining whether the aggregated distance between the 
Source location, the first location, and the associated 
third location is less than the aggregated distance 

Apr. 24, 2014 

between the Source location, the second location, and the 
associated fourth location; and 

identifying, to the user, the first location or the second 
location of the first type of good or service provider 
based on the determination. 

44. The computer readable storage device of claim 43, 
wherein the operations performed by the at least one proces 
sor further comprises: 

ranking the first location higher than a second location in 
response to determining that the aggregated distance 
between the source location, the first location, and the 
associated third location is less than the aggregated dis 
tance between the Source location, the second location, 
and the associated fourth location. 

45. The computer readable storage device of claim 43, 
wherein the operations performed by the at least one proces 
sor further comprises: 

ranking the first location lower than a second location in 
response to determining that the aggregated distance 
between the source location, the first location, and the 
associated third location is not less than the aggregated 
distance between the source location, the second loca 
tion, and the associated fourth location. 

46. The computer readable storage device of claim 43, 
wherein the operations performed by the at least one proces 
sor further comprises: 

ranking the first location higher than a second location 
despite the second location being located closer to the 
Source location than the first location in response to 
determining that the aggregated distance between the 
Source location, the first location, and the associated 
third location is less than the aggregated distance 
between the Source location, the second location, and the 
associated fourth location. 

47. The computer readable storage device of claim 43, 
wherein the operations performed by the at least one proces 
sor further comprises: 

associating the third location with the first location based 
on a determination that the first location, the third loca 
tion, and the Source location are vertices of a Delauney 
Triangle. 

48. The computer readable storage device of claim 47. 
wherein the operations performed by the at least one proces 
sor further comprises: 

computing the aggregated distance between the Source 
location, the first location, and the associated third loca 
tion comprises based on a perimeter of the Delauney 
Triangle. 

49. The computer readable storage device of claim 43, 
wherein the operations performed by the at least one proces 
sor further comprises: 

associating the fourth location with the second location 
based on a determination that the second location, the 
fourth location, and the source location are vertices of a 
Delauney Triangle. 

50. The computer readable storage device of claim 49, 
wherein the operations performed by the at least one proces 
sor further comprises: 

computing the aggregated distance between the Source 
location, the second location, and the associated fourth 
location comprises based on a perimeter of the Delauney 
Triangle. 
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51. A computer-implemented system comprising: 
at least one processor; and 
a computer readable storage device storing instructions, 
which when executed by the at least one processor, 
causes the at least one processor to: 
identify a first location that matches a first type of good 

or service provider and a second location that matches 
the first type of good or service provider; 

identify a third location that matches a second type of 
good or service provider and a fourth location that 
matches the second type of good or service provider; 

identify a source location of a user, 
associate the third location with the first location when 

an aggregated distance between the Source location, 
the first location, and the third location is less than an 
aggregated distance between the source location, the 
first location, and the fourth location; 

associate the fourth location with the second location 
when an aggregated distance between the source loca 
tion, the second location, and the fourth location is 
less than an aggregated distance between the Source 
location, the second location, and the thirds location; 

determine whether the aggregated distance between the 
Source location, the first location, and the associated 
third location is less than the aggregated distance 
between the source location, the second location, and 
the associated fourth location; and 

identify, to the user, the first location or the second 
location of the first type of good or service provider 
based on the determination. 
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