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Description
FIELD

[0001] The present invention relates generally to location based full text search, and more particularly, relates to
location based full text search using interwoven location and data values.

BACKGROUND

[0002] Full text search (FTS) systems search for relevant documents based on key words entered by a system user.
The user enters a set of terms, referred to as tokens, and the FTS system retrieves documents containing all of the
terms in the set. For example, Lucene (described at http://lucene.apache.org/) and SQLite’s FTS module (described at
http://www.sqlite.org/cvstrac/wiki?p=FtsUsage) are both FTS systems.

[0003] Often a user wants to combine FTS with a spatial search. For instance, a web-based mapping application may
allow a user to zoom into a certain region of a map and then enter one or more search terms, such as "restaurant” or
"hotel." The web-based mapping application may then overlay push-pin icons over the map identifying where restaurants
or hotels are located in the displayed region.

[0004] Generally, there are three approaches to execute a location based full text search. First, a spatial search may
be conducted to return all points of interest within a geographic area. A full text search may then be conducted on the
set of returned points of interest using one or more entered search tokens. This approach may be efficient if the spatial
search is somewhat selective (i.e., a relatively small geographic area). Second, a full text search may be conducted first
followed by a spatial search conducted upon the returned list of full text search results. This approach may be efficient
if the full text search is somewhat selective. Third, a full text search and a spatial search may be conducted in parallel
and the intersection of the two result sets may constitute the result set. This approach may be efficient if both searches
are rather selective.

[0005] However, when the spatial search and the full text search are both rather unselective, none of these three
approaches are particularly efficient. One example in which the spatial search and the full text search are both rather
unselective is if a user conducted a search for "Pizza" within Chicago, lllinois. Thus, it would be beneficial to have a
location based full text search system that works efficiently when the single search criteria are unselective but the
combination of them is selective. Oosterom et al, "The Spatial Location Code", 12 August 1996 discloses a spatial
location code used for indexing and clustering geographic objects in a database. WO 2008/005809 discloses a "Nearest
search on adaptive index with variable compression" method.

SUMMARY

[0006] A method and system for performing a location based full text search that increases search query speed is
described. According to one example, a system generates interwoven bit vectors for documents that are stored in a
database. An interwoven bit vector may be the combination of a data value associated with a search term and a location
value. The location value may be based on a portion of a map that a user is viewing. Executing a search using an
interwoven bit vector may be faster and more efficient than separately executing a search using the underlying data
token and/or the underlying location value.

[0007] According to a first aspect of the disclosure we provide a method as defined in claim 1.

[0008] According to a second aspect of the disclosure we provide an apparatus as defined in claim 10.

[0009] Optionally the vectorincludes alternating portions of the first geographical coordinate, the second geographical
coordinate, and the search term.

[0010] Optionally, the at least one memory and the computer program code configured to, with the at least one
processor, cause the apparatus to: modify a character length of at least one of the first geographical coordinate, the
second geographical coordinate, and the search term so that the first geographical coordinate, the second geographical
coordinate, and the search term have the same length.

[0011] Optionally, the first geographical coordinate and the second geographical coordinate are based on a geographic
position of a device or a map area viewed on the device.

[0012] We also disclose an apparatus comprising: a geographic database; and a processor configured to identify a
first geographical coordinate and a second geographical coordinate corresponding to a location and combine the first
geographical coordinate, the second geographical coordinate, and a search term into a single dimensional interwoven
bit vector for querying the geographic database.

[0013] Optionally, the processor is configured to access an offset value for an index in the geographic database,
wherein the vector includes alternating portions of the first geographical coordinate, the second geographical coordinate,
and the search term defined at least in part by the offset value.
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[0014] These as well as other aspects and advantages will become apparent to those of ordinary skill in the art by
reading the following detailed description, with reference where appropriate to the accompanying drawings. Further, it
is understood that this summary is merely an example and is not intended to limit the scope of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Presently preferred embodiments are described below in conjunction with the appended drawing figures, where-
in like reference numerals refer to like elements in the various figures, and wherein:

Figure 1 is a block diagram depicting a navigation system, according to an example;

Figure 2 is a block diagram that illustrates forming geographic database products from a master version of a geo-
graphic database; according to an example;

Figure 3 depicts a map of a geographic region, according to an example;

Figure 4 is a block diagram of a geographic database that represents the geographic region of Figure 3, according
to an example;

Figure 5 is a block diagram of a location based full text search system, according to an example;

Figure 6 depicts a one-dimensional value generated from a two-dimensional value, according to an example;
Figure 7 is a flow diagram of a method of generating an index for a location based full text search system, according
to an example;

Figure 8 depicts generation of an interwoven bit vector, according to an example;

Figure 9 is a block diagram of a location based full text search system, according to another example;

Figure 10 is a flow diagram of a method of performing a location based full text search using the system depicted
in Figure 9, according to an example; and

Figures 11A, 11B, and 11C depict generation of interwoven bit vectors, according to some examples.

DETAILED DESCRIPTION

[0016] The method and system for performing location based full text search as described herein may be performed
on any computing platform, such as a navigation system, a server, a personal computer, a mobile telephone, and so
on. A navigation system example is provided for purposes of explaining the details of the location based full text search
system. However, it is understood that this is a non-limiting example.

I. Navigation System

[0017] Figure 1 is a block diagram of a navigation system 10 associated with a computing platform 12. The computing
platform 12 may be associated with a vehicle. Additionally, the computing platform 12 may be a personal digital assistant
(PDA), mobile telephone, personal computer, or any other computer. The navigation system 10 is a combination of
hardware and software components. In one example of the present invention, the navigation system 10 includes a
processor 14, a drive 16 connected to the processor 14, and a non-volatile memory storage device 18 for storing
navigation application software programs 20 and possibly other information.

[0018] The navigation system 10 also includes a positioning system 22. The positioning system 22 may utilize GPS-
type technology, a dead reckoning-type system, or combinations of these or other systems, all of which are known in
the art. The positioning system 22 may include suitable sensing devices that measure the traveling distance speed,
direction, orientation, and so on. The positioning system 22 may also include a GPS system. The positioning system 22
outputs a signal to the processor 14. The navigation application software programs 20 that run on the processor 14 use
the signal from the positioning system 22 to determine the location, direction, orientation, etc., of the computing platform
12.

[0019] The navigation system 10 also includes a user interface 24 that allows the end user to input information into
the navigation system 10 and obtain information from the navigation system 10. The input information may include a
request for navigation features and functions of the navigation system 10. To provide navigation features and functions,
the navigation system 10 uses a geographic database 26.

[0020] In one example of the present invention, the geographic database 26 is stored on a storage medium, such as
a CD-ROM or DVD, that is installed in the drive 16 so that the geographic database 26 can be read and used by the
navigation system 10. In one example of the present invention, the navigation system 10 also includes a storage device
28, such as a hard disk or memory card, on which a portion of the geographic database 26 is stored. In another example
of the present invention, the geographic database 26 is stored on a hard disk. In one example of the present invention,
the geographic database 26 may be a geographic database published by NAVTEQ North America, LLC of Chicago,
lllinois. The geographic database 26 does not have to be physically provided at the location of the navigation system
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10. In alternative examples of the present invention, some or the entire geographic database 26 may be located remotely
from the rest of the navigation system 10 and portions of the geographic data provided via a communications system
30, as needed.

[0021] In one exemplary type of system, the navigation application software programs 20 load from the non-volatile
memory storage device 18 into a random access memory (RAM) 44 associated with the processor 14. The processor
14 also receives input from the user interface 24. The navigation system 10 uses the geographic database 26 stored
on the storage medium and/or storage device 28, possibly in conjunction with the outputs from the positioning system
22 and the communications system 30, to provide various navigation features and functions. The navigation application
software programs 20 may include separate applications (or subprograms) that provide the various navigation-related
features and functions. The navigation functions and features may include destination selection 32 (identifying one or
more places to be used as a destination based on user input), route calculation 34 (determining a route from an origin
to a destination), route guidance 36 (providing detailed directions for reaching a destination), map display 38, and
positioning 40 (e.g., map matching). Other functions and programming 42 may be included in the navigation system 10.
[0022] The navigation application software programs 20 may be written in a suitable computer programming language
such as C, although other programming languages, such as C++ or Java, are also suitable. All of the components
described above may be conventional (or other than conventional) and the manufacture and use of these components
are known to those of skill in the art.

Il. Geographic Database

[0023] The geographic database 26 is a compiled database product, which is produced directly or indirectly from a
master version of a geographic database. Figure 2 shows a master version of a geographic database 45. The master
version of the geographic database 45 contains data that represent geographic features in a coverage area. The coverage
area may correspond to an entire country, such as the United States. Alternatively, the coverage area may correspond
to several countries, such as the United States, Canada, and Mexico, or France, Germany, and Italy, and so on. According
to another alternative, the coverage area of the master version of the geographic database 45 may represent only a
single region within a country, such as the West Coast or the Midwest of the U.S. Although the master version of the
geographic database 45 includes data that represent geographic features in the entire coverage area, there may be
parts of the coverage area that contain geographic features that are not represented by data in the geographic database,
or for which the representation of geographic features is sparse.

[0024] The master version of the geographic database 45 includes data about a road network located in the coverage
area. The data about the road network include various kinds of information, such as the geographic coordinates of
positions of the roads, street names of the roads, addresses ranges along the roads, turn restrictions at intersections of
roads, and so on. The master version of the geographic database 45 also includes data about points of interest in the
covered area. Points of interest may include hotels, restaurants, museums, stadiums, offices, automobile dealerships,
auto repair shops, etc. The master version of the geographic database 45 may include data about the locations of these
points of interests. The master version of the geographic database 45 may also include data about places, such as
cities, towns, or other communities. The master version of the geographic database 45 may include other kinds of
information.

[0025] The master version of the geographic database 45 is maintained as the copy that has the most up-to-date data
relating to the coverage area. Accordingly, the master version of the geographic database 45 is updated, expanded,
and/or otherwise modified on a regular and continuing basis. To facilitate these operations, the master version of the
geographic database 45 is stored in a format that facilitates updating, maintenance, and development. For example, the
data in the master version 45 may be uncompressed. Examples of suitable formats include Oracle Spatial and VSAM
although other formats, both proprietary and non-proprietary, including GDF, may be suitable. In general, the format of
the master database 45 is not suitable for use in systems that provide navigation functions, such as navigation systems.
[0026] The master version of the geographic database 45 is used to make compiled database products 48, one
example of which is the geographic database 26 depicted in Figure 1. In one method of operation, data from the master
version of the geographic database 45 is first compiled into an intermediate or delivery format, such as GDF. Then, the
database in the delivery format is used to make the compiled database products 48. The compiled database products
48 are made using a compiler 46. The compiler 46 is a software program run on an appropriate computer platform. The
compiler 46 obtains geographic data from the intermediate format database (which was formed from the master geo-
graphic database 45) and organizes the data into a format (or formats) to produce the compiled (or working) version of
the geographic databases 48. The format of the compiled geographic databases 48 facilitates use of the geographic
data in the end users’ systems for navigation-related purposes.

[0027] The compiled database products 48 may include only portions of all the data in the master version of the
geographic database 45. For example, the compiled database products 48 may include data that relate to only one or
more specific sub-areas within the coverage area of the master version of the geographic database 45. Further, the
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compiled database products 48 may include fewer than all the data attributes that describe geographic features repre-
sented in the master version of the geographic database 45.

[0028] The compiled database products 48 are used on various kinds of computing platforms. For example, the
compiled database products 48 are used in navigation systems (such as in-vehicle navigation systems and hand-held
portable navigation systems), personal computers (including desktop and notebook computers), and other kinds of
devices, such as pagers, telephones, personal digital assistants, tablets, smartphones, etc. The compiled database
products 48 are also used on networked computing platforms and environments, including systems connected to the
Internet.

[0029] The compiled database products 48 are stored on media that are suitable for the hardware platforms on which
they are used. For example, the compiled database products may be stored on CD-ROM disks, hard drives, DVD disks,
flash memory, or other types of media that are available now or that become available in the future.

[0030] In the compiled databases 48, the geographic data are organized differently than in the master version of the
geographic database 45. A compiled database is organized, arranged, structured and stored in a form that facilitates
the use of the data in the computing platform in which it is installed. A compiled database 48 may also be stored in a
compressed format on the media on which it is located. An example of how the road network is represented in a compiled
database product 48 is provided with reference to Figures 3 and 4.

[0031] Figure 3 shows a map 50 of a geographic region 52. The geographic region 52 may correspond to a metropolitan
orrural area, a state, a country, or combinations thereof, or any other area of comparable size. Located in the geographic
region 52 are physical geographic features, such as roads, points of interest (including businesses, facilities, etc.), lakes,
rivers, railroads, municipalities, etc.

[0032] Figure 3 also includes an enlarged map 54 of a portion 56 of the geographic region 52. The enlarged map 54
illustrates part of the road network 58 in the geographic region 52. The road network 58 includes, among other things,
roads and intersections located in the geographic region 52. As shown in the portion 56, each road in the geographic
region 52 is composed of one or more road segments 60. A road segment 60 represents a portion of the road. Each
road segment 60 is shown to have associated with it two nodes 62; one node represents the point at one end of the
road segment and the other node represents the point at the other end of the road segment. The node at either end of
a road segment may correspond to a location at which the road meets another road, i.e., an intersection, or where the
road dead-ends.

[0033] Referring to Figure 4, a geographic database 70 contains data 72 that represents some of the physical geo-
graphic features in the geographic region (52 in Figure 3). The geographic database 70 may constitute all or part of the
geographic database 26. For example, the geographic database 70 may be a subset of the data contained within the
geographic database 26. The geographic database 70 may be accessible through the navigation system 10 and the
computing platform 12. Alternatively or additionally, the geographic database 70 may be a standalone database located
remotely from the geographic database 26, the navigation system 10, and/or the computing platform 12 but nonetheless
accessible via the communication system 30 and/or the processor 14.

[0034] The data 72 contained in the geographic database 70 includes data that represent the road network 58. In the
example of the present invention of Figure 4, the geographic database 70 that represents the geographic region 52
contains atleast one database record 74 (also referred to as "entity" or "entry") for each road segment 60 in the geographic
region 52 in Figure 3. The road segment data record 74 may include a segment ID by which the data record can be
identified in the geographic database 70.

[0035] Each road segment data record 74 has associated with it information (such as "attributes", "fields", etc.) that
describes features of the represented road segment. The road segment data record 74 may include data that indicate
the restrictions, if any, on the direction of vehicular travel permitted on the represented road segment, data indicating a
speed limit or speed category (i.e., the maximum permitted vehicular speed of travel) on the represented road segment,
data indicating whether the represented road segment is part of a controlled access road (such as an expressway), a
ramp to a controlled access road, a bridge, a tunnel, a toll road, a ferry, and so on.

[0036] The road segment data record 74 also includes data providing the geographic coordinates (e.g., the latitude
and longitude) of the endpoints of the represented road segment and data providing the shape of the road segment. In
one example of the present invention, the endpoint data are references to the node data records 76 that represent the
nodes corresponding to the endpoints of the represented road segment.

[0037] The road segment data record 74 may also include or be associated with other data that refer to various other
attributes of the represented road segment. The various attributes associated with a road segment may be included in
a single road segment record, or may be included in more than one type of record that are cross-referenced to each
other. For example, the road segment data record 74 may include data identifying what turn restrictions exist at each of
the nodes that correspond to intersections at the ends of the road portion represented by the road segment, the name
or names by which the represented road segment is known, the street address ranges along the represented road
segment, and so on.

[0038] The geographic database 70 that represents the geographic region 52 also includes a database record 76 (or
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"entity" or "entry") for each node 62 in the geographic region 52. (The terms "nodes" and "segments" represent only one
terminology for describing these physical geographic features and other terminology for describing these features is
intended to be encompassed within the scope of these concepts). Each of the node data records 76 may have associated
information (such as "attributes", "fields", etc.) that allows identification of the road segment(s) that connect to it and/or
its geographic position (e.g., its latitude and longitude coordinates).

[0039] The geographic database 70 may also include other kinds of data 78. The other kinds of data 78 may represent
other kinds of geographic features or anything else. The other kinds of data may include point of interest data. For
example, the point of interest data may include point of interest records comprising a type (e.g., the type of point of
interest, such as restaurant, hotel, city hall, police station, historical marker, ATM, golf course, etc.), location of the point
of interest, a phone number, hours of operation, etc. Each point of interest has a unique physical location and each of
the locations can be identified by its two dimensional (or three dimensional) geographic coordinates, (i.e., latitude,
longitude, and optionally altitude). Additionally, the locations may correspond to one of the nodes or may correspond to
a point along a road segment.

[0040] The geographic database 70 also includes indexes 80. The indexes 80 may include various types of indexes
that relate the different types of data to each other or that relate to other aspects of the data contained in the geographic
database 70. One of the indexes is an index that is described with respect to Figures 5-11.

lll. Location Based Full Text Search System
A. Overview

[0041] Figure 5is a block diagram of a location based full text search (LBFTS) index creation system 500. The LBFTS
index creation system 500 may be embodied as program instructions stored on a non-transitory computer-readable
medium (CRM), which when executed by a processor cause the processor to carry out function as described further
herein. The LBFTS index creation system 500 may be embodied as a processor coupled to memory storage. The memory
storage may have stored thereon program instructions, which, when executed by the processor, cause the LBFTS
system 400 to carry out functions as described herein. Any such program instructions may be written in a suitable
computer programming language such as C, C++, Java, or any other suitable program language now known or later
developed. In the navigation system example, the LBFTS index creation system 500 may be part of or accessible to the
compiler 46.

[0042] The LBFTS index creation system 500 is shown in Figure 5 as including a location table 502, a token converter
504, an interwoven bit vector generator 506, and an index 508. The interwoven bit vector generator 506 generates
interwoven bit vectors based on an input from the location table 502 and the token converter 504. The index 508
associates document identifiers with interwoven bit vectors generated by the interwoven bit vector generator 506. For
example, the index 508 may be a one-dimensional index, such as a B-Tree.

B. Location Table

[0043] While the location table 502 is shown in Figure 5 as part of the LBFTS index creation system 500, the location
table 500 may also be included in the geographic database 26 or another location accessible by the LBFTS index creation
system 500. The location table 502 associates locations, such as points of interest, with a location value, such as a
Morton code. A Morton code (sometimes referred to as a z-order curve) is a space-filling curve that enables a multi-
dimensional value (such as a latitude/longitude value) to be expressed as a one-dimensional integer value. Using a one-
dimensional integer value to represent a point of interest’s location may allow the index 508 to be a one-dimensional
index structure, such as a B-Tree, which may be more efficient than multi-dimensional index structures, such as R-Trees.
[0044] A Morton code is generated by interweaving bits of multi-dimensional values. Figure 6 illustrates an example
in which a two-dimensional value is converted to a one-dimensional Morton code. The two-dimensional value (45, 87)
is first converted to binary. The value 45 is converted to 0100 0101 and the value 87 is converted to 1000 0111. Next,
the two binary values are interwoven together, starting with the first binary value, to form the one-dimensional interwoven
bit vector 01100000 00110111. As a visual aid, the first binary value is underlined so its bits can be identified in the
interwoven bit vector. Finally, the interwoven bit vector is converted to decimal as 6037.

[0045] The example two-dimensional values depicted in Figure 6 are comprised of two values, each one byte in length.
Therefore, the Morton code generated from these two one-byte values is two-bytes in length. A point of interest may be
associated with a two-dimensional value comprised of a latitude value and a longitude value. Depending on the imple-
mentation, the latitude and longitude values may be four bytes each, which would yield an eight-byte Morton code. Of
course, other value lengths are also possible.

[0046] Thelocation table 502 may be arelational table having the form: POIs(PoilD INTEGER, MortonCode INTEGER,
Category INTEGER). A query for all points of interest that are located within a certain region may be formatted as follows.
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SELECT * FROM POIs WHERE MortonCode BETWEEN X AND Y,

where X and Y are integers. A regional box query may be accomplished through a single range query (like the query
above) or a sequence of ranges. This example and other examples provided herein use SQLite syntax. However,
depending on the implementation, other suitable commands and data structures may be used as well.

[0047] In addition to associating points of interest with Morton codes, map tiles may also be associated with Morton
codes. In this example, the location table 502 may have the form: Tiles(TilelID INTEGER, TileData BLOB) where TilelD
is equal to the Morton code of the tile. A query for a range of tiles may be formatted as follows.

SELECT * FROM TilelD WHERE TilelD BETWEEN X HAND Y,

where X and Y are integers.

[0048] A map of a geographic region may be divided by overlaying a grid on the map. The grid is formed of grid lines
that divide the represented geographic region into a plurality of areas or map tiles. The lines of the grid represent the
boundaries of the map tiles. Typically, the map tiles are rectangular; however, the map tiles may have other shapes.
The map tiles may all have the same dimensions; however, other dimensions may be used.

[0049] A grouping of data corresponding to a map tile contains a plurality of individual data records that represent the
geographic features that are encompassed within the map tile area. Thus, each separate grouping of data contains the
data records that represent the geographic features, such as the roads, intersections, points of interest, and other
features, encompassed within a corresponding map tile area.

[0050] Map tiles that depict a relatively small geographic area typically have larger Morton codes than map tiles that
depict a relatively large geographic area. A map tile that depicts a small geographic area may referred to as "zoomed-
in," whereas a map tile that depicts a large geographic area may be referred to as "zoomed-out."

C. Index Creation

[0051] In the navigation system example, index creation may occur during the compilation process of generating
geographic database products as shown in Figure 2. In other examples, the index may be created and stored on any
computing platform prior to operation (i.e., querying) of the LBFTS system.

[0052] In practice, a user of the navigation system 10 may desire to view a specific map tile and search for all points
of interest within that map tile that match one or more entered search tokens. For each point of interest (or other database
entry), the LBFTS index creation system 500 generates an interwoven bit vector that is a combination of the point of
interest’s Morton code (location value) and at least one data value associated with the search tokens.

[0053] Figure 7 is a flow diagram of a method 700 for creating the index 508. At block 702, the LBFTS index creation
system 500 determines a Morton code for a point of interest. The Morton codes may be stored in the location table 502
having the form: POIs(PoilD INTEGER, MortonCode INTEGER, Category INTEGER). Thus, for a particular point of
interest, the interwoven bit vector generator 506 uses the point of interest’s identifier (PoilD) to retrieve the Morton code
associated with the point of interest from the location table 502. By way of example, Figure 8 depicts a Morton code
associated with the point of interest having the identifier POI1.

[0054] In other examples of the present invention, the Morton codes may not be stored in the location table 502. In
this example, the LBFTS index creation system 500 may generate a Morton code for a particular point of interest based
on the latitude and longitude values associated with the point of interest. The LBFTS index creation system 500 may
retrieve the latitude and longitude values from the location table 502, the geographic database 26, or another location
accessible to the LBFTS index creation system 500. The LBFTS index creation system 500 may then store the generated
Morton code in the location table 502.

[0055] Referring back to Figure 8, the LBFTS index creation system 500 obtains a 32-bit (4-byte) latitude value for
POI1 of:

11101100 10101101 1100010001100111.

Likewise, LBFTS index creation system 500 obtains a 32-bit (4-byte) longitude value for POI1 of:

11100011 01111010 11000101 11001000.

The latitude value shown in Figure 8 is underlined as a visual aid. Based on the latitude and longitude values, the LBFTS
index creation system 500 generates a Morton code by interweaving single bits of the latitude value with single bits of
the longitude value, starting with the latitude value. The generated 64-bit (8-byte) Morton code becomes:

11111100 10100101 10011101 11100110
11110000 00110001 01111000 01101010.

[0056] The method described above is merely an example and other methods exist for generating a Morton code
based on latitude and longitude values. For instance, the LBFTS index creation system 500 may start with a bit from
the longitude value instead of the latitude value. Further, the LBFTS index creation system 500 could interweave two
(or more) bits of the latitude value with two (or more) bits of the longitude value. And still further, the LBFTS index creation
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system 500 may interweave or combine the latitude value with the longitude value according to any number of other
suitable ways.

[0057] Atblock 704, the LBFTS index creation system 500 receives a data token associated with the point of interest.
Referring back to Figure 8, the LBFTS index creation system 500 receives the data token "NAVTEQ." The token converter
504 converts the data token into a binary value (referred to herein as a "data value"). In some examples of the present
invention, it may be preferable for the bit-length of the data value to be equal to the bit-length of the Morton code. In the
example depicted in Figure 8, the length of the Morton code is eight bytes but other lengths are possible as well.
[0058] Therefore, at block 704, the token converter 504 may determine whether the length of the data value is smaller
than the length of the Morton code, equal to the length of the Morton code, or greater than the length of the Morton code.
If the data value is smaller than the length of the Morton code, the token converter 504 may append one or more zero-
bytes to the data value until the length of the data value is equal to the length of the Morton code. If the data token has
the same length as the Morton code, then the token converter 504 may append nothing to the data value. And if the
data value is larger than the Morton code, the token converter 504 may append one or more zero-bytes to the Morton
code until the lengths are equal.

[0059] In the example depicted in Figure 8, the data token "NAVTEQ" is six characters in length and, therefore,
represented by a data value of six bytes. Thus, the token converter 504 may append two zero-bytes to the end of the
six-byte data value in order for length of the data value to equal the length of the Morton code. The eight-byte data value
becomes:

01001110 01000001 01010110 01010100
01000101 01010001 00000000 00000000.

The eight-byte data value shown in Figure 8 is double underlined as a visual aid.

[0060] Atblock 706, the interwoven bit vector generator 506 generates an interwoven bit vector using the Morton code
from the location table 502 and the data value from the token convertor 504. An interwoven bit vector may be generated
by interweaving a fixed number of bits of the data value with a fixed number of bits of the Morton code. This fixed number
may be referred to as an "offset number" and stored in metadata of the index 508.

[0061] The offset number is typically one, two, or three (although it could be any suitable number). According to the
example depicted in Figure 8, the offset number is two. Thus, the interwoven bit vector is generated by interweaving
two bits of the Morton code with two bits of the data token value until all the bits from both values are used. The example
interwoven bit vector becomes:

1101110011110010 1001100001000101
1001010111010110 1101100101011000
1101110000010001 0001110100000101
0100110010000000 0100100010001000.

[0062] Other suitable ways of generating interwoven bit vectors exist as well, such as interweaving differing numbers
of bits from each value.

[0063] At block 708, the interwoven bit vector generator 506 stores the interwoven bit vector in the index 508. The
index 508 may be a relation table having the following form.

FtsAndSpatiallndex(InterwovenData BLOB, PoilD INTEGER)

Each interwoven bit vector may occupy a separate record in the table.

[0064] Forexample,the LBFTS indexcreationsystem 500 may carry outthe method 700 for each data token associated
with a point of interest. For example, there may be eight data tokens associated with POI1 (e.g., "NAVTEQ," "Otto,"
"Volger," "Strasse," "1," "65843," "Sulzbach," and "Deutschland"). Thus, there would be eight records in FtsAndSpa-
tiallndex associated with POI1. Each column in FisAndSpatiallndex may be a primary key. In addition, the index 508
may utilize a B-Tree or other suitable one-dimensional index on the InterwovenData column.

D. Query Processing

[0065] Figure 9 is a block diagram of a location based full text search (LBFTS) system 900. The LBFTS system 900
includes a query processor 902 and an index 904. The index 904 may be a copy of the index 508 generated using the
method 700. As previously described, in the navigation system example, the index 904 may be included in the indexes 80.
[0066] The query processor 902 may be embodied as program instructions stored on a non-transitory computer-
readable medium, which when executed by a processor cause the processor to carry out function as described further
herein. Any such program instructions may be written in a suitable computer programming language such as C, C++,
Java, or any other suitable program language now known or later developed.



10

15

20

25

30

35

40

45

50

55

EP 3 407 223 B1

[0067] Inthe navigation system example, the query processor 902 may be part of the navigation programs 20 contained
within the non-volatile memory 18 of the navigation system 10. For example, the query processor 902 may be used in
the navigation system 10 as part of destination selection. In this example, some or all of the query processor 902 may
be included as part of the destination selection program 32.

[0068] The LBFTS index creation system 500 and the LBFTS system 900 may be combined into a single LBFTS
system. They are shown separately because some functions of the query processor 902 are not needed during index
creation. Additionally, as described with the navigation system example, the components of the LBFTS index creation
system 500, 900 do not need to be co-located as shown in Figures 5 and 9. The index 904 may be the same as the
index 508 once the index creation process is completed.

[0069] Figure 10 is a block diagram of a method 1000 for facilitating a location based full text search. At block 1002,
the LBFTS system 900 receives a location value from a user. For example, the user may be a user of navigation system
10. In at least one example of the present invention, a user may be viewing a particular map tile via the user interface
24 of navigation system 10. The LBFTS system 900 may receive from the navigation system 10 an indication of the tile
ID associated with the map tile the user is viewing. The tile ID is a Morton code.

[0070] Alternatively, the LBFTS system 900 may receive a location value directly from the user. For instance, a user
may enter via user interface 24 a latitude value and a longitude value. The LBFTS system 900 may receive the latitude
and longitude values and generate a Morton code based on the received latitude and longitude value according to the
process described above with respect to block 702 and Figure 8 (or any other suitable process). Alternatively, the user
may enter a Morton code directly and the LBFTS system 900 may receive the Morton code as the location value. The
LBFTS system 900 may receive a location value in any number of other suitable ways as well including, for example,
via the positioning system 22.

[0071] Atblock 1004, the LBFTS system 900 receives at least one search term from a user. The search term may be
a word that relates to a desired destination or point of interest (e.g., street name, point of interest name, category, or
part of an address). The user may enter the search term via the user interface 24 or in any other suitable way.

[0072] At block 1006, the query processor 902 generates an interwoven bit vector for each received search term in
block 1004. The interwoven bit vector for a given search term is based on the given search term and the received location
value (e.g., Morton code) from block 1002. According to the example depicted in Figure 11A, the LBFTS system 900
receives or determines a Morton code as:

11111100 10100101 10011101

(underlined in Figure 11A as a visual aid).

[0073] The Morton code depicted in Figure 11A is three bytes in length. However, Morton code lengths may be shorter
or longer in practice depending on the particular map tile a user is viewing and/or depending on the set of latitude and
longitude coordinates the LBFTS system 900 may have otherwise determined.

[0074] The LBFTS system 900 may receive "NAV" as a search term at block 1004. In response to receiving the search
term, the query processor 902 may convert the search term to binary. In the example depicted in Figure 11A, "NAV"
becomes:

01001110 01000001 01010110.

[0075] At block 1006, the query processor 902 may then generate an interwoven bit vector according to the process
previously described with respect to method 700 and Figure 8. For instance, the query processor 902 may determine
the offset value from metadata in the index 904, which is two in this example. Thus, the query processor 902 may
generate the interwoven bit vector by interweaving two bits from the data value with two bits of the Morton code until all
bits from each value have been used. The interwoven bit vector becomes:

1101110011110010 1001100001000101 1001010111010110.

[0076] At block 1008, the query processor 902 performs a query using at least part of the generated interwoven bit
vector. To facilitate the query, the query processor 902 may generate an upper-bound bit vector and a lower-bound bit
vector. In accordance with the example depicted in Figure 11A, the query processor 902 may generate an upper-bound
bit vector by appending one-bytes to the end of the interwoven bit vector until the upper-bound bit vector is a predetermined
length. The predetermined length depicted in Figure 11A is sixteen bytes; however, other suitable predetermined lengths
are possible as well. Similarly, the query processor 902 may generate a lower-bound bit vector by appending zero-bytes
to the interwoven bit vector until the lower-bound bit vector is the predetermined length.

[0077] Upon generating the upper-bound and lower-bound bit vectors, the query processor 902 may issue a range
query as follows.
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SELECT PoilD FROM FtsAndSpatiallndex WHERE InterwovenData > =
11011100111100101001100001000101 1001010111010110
00000000000000000000000000000000 0000000000000000
0000000000000000 0000000000000000

AND InterwovenData <=

11011100111100101001100001000101 1001010111010110
IIIIIIITIIIII1D 11111111111111111111111111111111
11111111111111111111111111111111

[0078] Atblock 1010, the query processor 902 provides the result set of document identifiers or other data associated
with the queried interwoven bit vector. The document identifiers are associated with documents. The term document
means any kind of electronic data record or file that contains text. In the example of a navigation system, relevant
documents may be a segment, node, point of interest, or other record stored in the geographic database 26.

[0079] The query processor 902 may provide the result set to another system, which then retrieves the documents
and provides the documents to the user. Alternatively, the query processor 902 may retrieve the documents associated
with the document identifier and then provide the documents to the user.

[0080] For instance, in response to the above query, the query processor 902 may identify POI1 because POI1 has
associated with it the interwoven bit vector:

1101110011110010 1001100001000101 1001010111010110
1101100101011000 1101110000010001 0001110100000101
0100110010000000 0100100010001000.

The query processor 902 may provide the point of interest identifier, POI1, to the map display application 38, which then
retrieves data from the geographic database 26 associated with POI1. The map display application 38 may then display
a map that identifies a location and possibly other data associated with POI1 on the user interface 24.

E. Additional Examples

[0081] Severalotherqueries are possible depending on the length and number of search terms a user enters. According
to the example depicted in Figure 11B, the LBFTS system 900 may receive or otherwise determine a Morton code as:
11111100 10100101 10011101.

A user may enter "NA" as a search term.

[0082] Upon receiving the search term, the LBFTS system 900 may make a determination that the received search
term has a shorter data value length than the Morton code. In the example depicted in Figure 11B, the data value is two
bytes whereas the Morton code is three bytes. In response to making this determination, the LBFTS system 900 may
append at least one zero-byte to the data value so that the data value’s length is equal to the Morton code’s length. The
binary value of "NA" with an appended zero-byte is:

01001110 01000001 00000000.

[0083] TheLBFTS system 900 may then generate aninterwoven bit vectorin accordance with the interweaving process
previously described and produce the interwoven bit vector:

1101110011110010 1001100001000101 1000010011000100.

To facilitate a query, the LBFTS system 900 may then generate an upper-bound bit vector and a lower-bound bit vector.
The lower-bound bit vector may be generated in accordance with the process previously described with respect to Figure
11A and is as follows:

1101110011110010 1001100001000101 1000010011000100
0000000000000000 0000000000000000 0000000000000000
0000000000000000 0000000000000000.

However, when a zero-byte is appended to the data value because the search term is shorter than the Morton code,
the upper-bound bit vector is generated as if a one-byte was appended to the data value instead of a zero-byte. In Figure
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11B, the bits of the upper-bound bit vector that are marked with a double underline are the bits that have been changed
from zero to one. This change may facilitate more accurate querying.

[0084] Finally, after the upper-bound and lower-bound bit vectors are generated, the LBFTS system 900 may issue
a range query as follows.

SELECT PoilD FROM FtsAndSpatiallndex WHERE InterwovenData > =
1101110011110010 1001100001000101 1000010011000100
00000000000000000000000000000000 0000000000000000
0000000000000000 0000000000000000

AND InterwovenData <=

11011100111100101001100001000101 1011011111110111
IIIIIIITIIIII1D 11111111111111111111111111111111

IIIIITIIII1111T 1111111111111111.

[0085] According to the example depicted in Figure 11C, the LBFTS system 900 may receive or otherwise determine
a Morton code as:

11111100 10100101 10011101.

[0086] A user may enter "NAVTEQ" as a search term. Upon receiving the search term, the LBFTS system 900 may
make a determination that the received search term has a data value having a longer length than the received Morton
code. In the example depicted in Figure 11C, the data value is six bytes whereas the Morton code is three bytes. In
response to making this determination, the LBFTS system 900 may append at least one zero-byte to the Morton code
so that the length of the Morton code and the length of the data value are equal. The binary form of "NAVTEQ" is:

01001110 01000001 01010110
01010100 01000101 01010001.

And the Morton code with three appended zero-bytes becomes:

11111100 10100101 10011101
00000000 00000000 00000000.

[0087] TheLBFTS system 900 may then generate aninterwoven bit vectorin accordance with the interweaving process
previously described and produce the interwoven token:

1101110011110010 1001100001000101 1001010111010110
0001000100010000 0001000000010001 0001000100000001.

[0088] To facilitate a query, the LBFTS system 900 may then generate an upper-bound bit vector and a lower-bound
bit vector. The lower-bound bit vector may be generated in accordance with the process previously described with respect
to Figures 11A and 11B and is as follows:

1101110011110010 1001100001000101 1001010111010110
0001000100010000 0001000000010001 0001000100000001
0000000000000000 0000000000000000.

[0089] However, when one or more zero-bytes are appended to the Morton code because the data value is longer
than the Morton code, the upper-bound bit vector is generated as if one or more one-bytes were appended to the Morton
code instead of one or more zero-bytes. In Figure 11C, the bits in the upper-bound bit vector that are marked with a
double underline are the bits that have been changed from zero to one. As described above, this change may facilitate
more accurate querying.

[0090] Finally, after the upper-bound and lower-bound bit vectors are generated, the LBFTS system 900 may issue

1"
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a range query as follows.

SELECT PoilD FROM FtsAndSpatiallndex WHERE InterwovenData > =
11011100111100101001100001000101 1001010111010110
0001000100010000 0001000000010001 0001000100000001
0000000000000000 0000000000000000

AND InterwovenData <=

11011100111100101001100001000101 1001010111010110
11011101110111001101110011011101 1101110111001101
11111111111111111111111111111111

[0091] According to another example, if the LBFTS system 900 receives two (or more) search terms at block 1004,
the LBFTS system 900 may generate two (or more) interwoven bit vectors, two (or more) sets of upper-bound and lower-
bound bit vectors, and issue an intersect query. For example, if the LBFTS system 900 receives at block 1004 "NAV"
and "SULZBACH," the LBFTS system 900 may at block 1008 issue a query as follows:

SELECT PoilD FROM FtsAndSpatiallndex WHERE InterwovenData > =
11011100111100101001100001000101 1001010111010110
00000000000000000000000000000000 0000000000000000

0000000000000000 0000000000000000

AND InterwovenData <=

11011100111100101001100001000101 1001010111010110

IIIIIIITIIIII1D 11111111111111111111111111111111
11111111111111111111111111111111.

INTERSECT

SELECT PoilD FROM FtsAndSpatiallndex WHERE InterwovenData > =
1101110111000011 1001100101010101 1001010011110100 0001000100100010
0001000000000010 0001000000000001 0001000000000011 0001000000100000
AND InterwovenData <=

1101110111000011 1001100101010101 10010100111101001101110111101110
11011100110011101101110011001101 1101110011001111 1101110011101100.

IV. Alternative Examples of the Present Invention
[0092] One more ofthe following alternative examples of the present invention may be usedin place of orin combination
with any of the above-disclosed examples of the present invention as well as any of the hereinafter-described alternative
examples of the present invention as appropriate.

A. Hexadecimal Values

[0093] The LBFTS index creation system 500 may utilize hexadecimal or other numeral system instead of binary. For
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example, with respect to method 700 at block 702, the LBFTS index creation system 500 may determine the Morton
code associated with POI1 and convert it to hexadecimal. The hexadecimal value for the Morton code associated with
POI1 is "FCAS5 9DE6 F031 786A."

[0094] The LBFTS index creation system 500 may determine a data value associated with POI1 in accordance with
the process previously described with respect to block 704. Instead of converting the data token to binary, the LBFTS
index creation system 500 may instead proceed to block 706 and generate an interwoven bit vector by interweaving
characters of the data token with the hexadecimal Morton code. In one example of the present invention, the LBFTS
index creation system 500 may interweave two characters of the Morton code with one character of the data token to
yield:"FCNASA9DVESTFOE31Q7806A0." In other examples of the presentinvention, however, the LBFTS index creation
system 500 may interweave characters from the Morton code and characters from the data token according to other
suitable ways.

[0095] The LBFTS index creation system 500 may store the interwoven bit vector in a relational table according to the
process previously described with respect to block 708. Alternatively, the LBFTS index creation system 500 may store
the interwoven token in a standard FTS3 table of the form VT_ POI(PoilD INTEGER, Data BLOB, InterwovenStrings
BLOB). The column InterwovenStrings contains the interwoven strings generated from the Morton code and the data
tokens associated with the same POI. Forexample, the InterwovenStrings column for POI1 would contain eightinterwoven
strings. FTS3 is the term for the SQLite Full Text Search engine and is provided as an example only. Other full text
search systems, such as Lucene and SQL, may also be used.

[0096] The LBFTS system 900 may process a query in a similar way. For instance, at block 1002, the LBFTS system
900 may determine the Morton code of a particular map tile as "FCAS59DESG." At block 1004, the LBFTS system 900 may
receive a search token "NAVTEQ." At block 1006, the LBFTS system 900 may generate an interwoven token based on
the Morton code and the received search term. An interwoven token based on "FCA59DEG" and "NAVTEQ" may be
"FCNA5A9DVE9T." However, other suitable ways of generating interwoven tokens exist and may be used as well.
Finally, at block 1008, the LBFTS system 900 may issue a query using the generated interwoven bit vector as follows.

SELECT * FROM VT POI WHERE VT POI match “InterwovenStrings:
“FCNASAIDVEIT *” AND DATA like ‘%NAVTEQ%’

[0097] In this query, the interwoven string is used as a rough filter. The resulting candidate set is then be refined by
the SQL like clause.

B. Efficient Storage of Interwoven Data

[0098] The generation and storage of interwoven bit vectors for each POl may contribute to an increased data size,
which may have several negative consequences including added cost and processing time. In order to minimize the
size increase, the LBFTS index creation system 500 may facilitate the storage of shortened interwoven bit vectors.
[0099] For example, a table of the form FisAndSpatialBlobindex(InterwovenDataPrefix BLOB, ListOflnterwovenDa-
taSuffixAndIDs BLOB) may store the starting prefix of an interwoven bit vector in the InterwovenDataPrefix column. The
POI IDs and all interwoven bit vectors that share the same prefix may be stored in the same record in the column
ListOfInterwovenDataSuffixAndIDs with only the data that comes after the shared prefix. The LBFTS index creation
system 500 may store the size of the prefix in the metadata of the index 508.

[0100] One example prefix size is 48 bits. Thus, if five interwoven bit vectors are each 128 bits in length and have
identical first 48 bits, then the identical string of 48 bits may be stored in the InterwovenDataPrefix column. The remaining
80 bits of each of the five interwoven bit vectors may be stored in the ListOfInterwovenDataSuffixAndIDs column. Those
skilled in the art will understand that this is merely an example and other prefix sizes may be used as well including, for
example, 12, 16, 24, 32, 56, and so on. In this scenario, only the prefix is stored in the index 508.

C. Proprietary Database Structures
[0101] Inaddition to storing interwoven bitvectors in relationsindexed by B-Trees, those skilled in the art will understand
that interwoven bit vectors may be stored in any proprietary database structure or proprietary file structure. The database

or file structure may not be based on SQL but, instead, on any suitable proprietary algorithm in accordance with the
entirety of the present disclosure.
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D. Generalized Spatial Search

[0102] The Morton code (or other location value) received at block 1002 may be based on a single map tile. However,
sometimes a user of the navigation system 10 may be viewing a combination of map tiles. For example, half of a user’s
screen may be showing part of a level 12 map tile, whereas the other half may be showing part of a level 13 map ftile.
Other examples of map tile combinations are possible as well.

[0103] When a user is viewing multiple map tiles, the LBFTS system 900 may determine the Morton code of each of
the map tiles represented on the user’s screen and generate separate interwoven bit vectors for each of the determined
Morton codes. Each of the generated interwoven bit vectors is based on a received search term and one of the Morton
codes. Subsequently, the LBFTS system 900 may carry out separate queries using the interwoven bit vectors and
combine the list of results for the user.

V. Conclusions

[0104] The LBFTS systems 500, 900 and the methods 700, 1000 may increase query processing speed. As a result,
the LBFTS systems 500, 900 and the methods 700, 1000 may be beneficial during destination selection with a navigation
system. However, based on this disclosure, those skilled in the art will realize that the LBFTS systems 500,900 and the
methods 700, 1000 may be used in navigation systems for other location based full text search applications and in other
systems that perform location based full text searches.

Claims
1. A method comprising:

receiving data indicative of a location (1002) comprising identifying a map tile viewed on a device; and selecting
the data indicative of the location based on the map tile;

receiving (1004) a search term;

identifying a first geographical coordinate and a second geographical coordinate corresponding to the location;
combining, using a processor, the first geographical coordinate and the second geographical coordinate into a
single dimensional location value;

combining (1006), using the processor, the single dimensional location value and the search term into an
interwoven bit vector;

querying (1008) a geographic database having an index of interwoven bit vectors with the interwoven bit vector ;
and

receiving search results (1010) limited spatially by a geographic area based on the location and limited textually
by the search term.

2. The method of any preceding claim, further comprising:
performing range query of a geographic database having an index of interwoven bit vectors wherein performing the
range query includes generating an upper-bound bit vector and a lower-bound bit vector from the interwoven bit
vector and using the upper-bound bit vector and the lower-bound bit vector as a search range.

3. The method of any preceding claim, wherein the interwoven bit vector includes alternating portions of the first
geographical coordinate, the second geographical coordinate, and the search term.

4. The method of any preceding claim, wherein a length of the alternating portions is defined by an offset value, wherein
the offset value is defined by a geographic database.

5. The method of any preceding claim, further comprising:
modifying a character length of at least one of the first geographical coordinate, the second geographical
coordinate, and the search term so that the first geographical coordinate, the second geographical coordinate,
and the search term have the same length.

6. The method of any preceding claim, further comprising:

converting the first geographical coordinate to a numbering system;
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converting the second geographical coordinate to the numbering system; or
converting the search term to the number system.

The method of claim 6, wherein the numbering system is binary or hexadecimal.

The method of any preceding claim, wherein method comprises:

identifying a plurality of map tiles viewed on the device;

selecting the data indicative of the location for each of the map tiles; and wherein the method comprises carrying
out a plurality of separate queries using interwoven bit vectors for each of the map tiles and the search term and
combining the results.

The method of any preceding claim, further comprising:

detecting a geographic position of a device; and
selecting the data indicative of the location based on the geographic position of the device.

An apparatus comprising:

at least one processor; and

at least one memory including computer program code for one or more programs, the at least one memory and
the computer program code configured to, with the at least one processor, cause the apparatus to perform at
least the following:

identify a first geographical coordinate and a second geographical coordinate corresponding to a location,
the location determined by identifying a map tile viewed on a device and selecting the location based on
the map tile;

combine the first geographical coordinate and the second geographical coordinate into a single dimensional
location value; and

combine (1006) the single dimensional location value and a search term for a point of interest into an
interwoven bit vector;

query (1008) a geographic database having an index of interwoven bit vectors with the interwoven bit vector;
and

receiving (1010) search results limited spatially by a geographic area based on the location and limited
textually by the search term.

The apparatus of claim 10, wherein the first geographical coordinate and the second geographical coordinate are
based on a geographic position of a device or a map area viewed on the device.

The apparatus of claims 10 wherein the apparatus is configured to:

identify a plurality of map tiles viewed on the device;

select the data indicative of the location for each of the map tiles; and

carry out a plurality of separate queries using interwoven bit vectors for each of the map tiles and the search
term and combine the results.

The apparatus of claims 10 wherein the interwoven bit vector includes alternating portions of the first geographical
coordinate, the second geographical coordinate, and the search term.

The apparatus of claim 10 wherein the apparatus is configured to modify a character length of at least one of the
first geographical coordinate, the second geographical coordinate, and the search term so that the first geographical

coordinate, the second geographical coordinate, and the search term have the same length.

A computer program or computer program product comprising instructions for performing the method of any one of
claims 1 to 9.
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Patentanspriiche

1.

Verfahren, umfassend:

Empfangen von Daten, die einen Ort (1002) angeben, umfassend das Identifizieren einer Kartenkachel, die auf
einem Gerat betrachtet wird, und Auswahlen der Daten, die den Ort angeben, basierend auf der Kartenkachel;
Empfangen (1004) eines Suchbegriffs;

Identifizieren einer ersten geographischen Koordinate und einer zweiten geographischen Koordinate, die dem
Ort entsprechen;

Kombinieren, mittels eines Prozessors, der ersten geographischen Koordinate und der zweiten geographischen
Koordinate zu einem eindimensionalen Ortwert;

Kombinieren (1006), mittels des Prozessors, des eindimensionalen Ortwertes und des Suchbegriffs zu einem
verschachtelten Bit-Vektor;

Abfragen (1008) einer geographischen Datenbank, die einen Index von verschachtelten Bit-Vektoren aufweist,
mit dem verschachtelten Bit-Vektor; und

Empfangen von Suchergebnissen (1010), die raumlich durch ein geographisches Gebiet auf der Grundlage
des Orts begrenzt sind und sprachlich durch den Suchbegriff begrenzt sind.

Verfahren nach einem der vorhergehenden Anspriiche, ferner umfassend:
Durchfilhren einer Bereichsabfrage einer geographischen Datenbank, die einen Index von verschachtelten Bit-
Vektoren aufweist, wobei das Durchfiihren der Bereichsabfrage das Erzeugen eines Obergrenzen-Bit-Vektors und
eines Untergrenzen-Bit-Vektors aus dem verschachtelten Bit-Vektor und das Verwenden des Obergrenzen-Bit-
Vektors und des Untergrenzen-Bit-Vektors als einen Suchbereich umfasst.

Verfahren nach einem der vorhergehenden Anspriiche, wobei der verschachtelte Bit-Vektor sich abwechselnde
Abschnitte der ersten geographischen Koordinate, der zweiten geographischen Koordinate und des Suchbegriffs
umfasst.

Verfahren nach einem der vorhergehenden Anspriiche, wobei eine Lange der sich abwechselnden Abschnitte durch
einen Offset-Wert definiert ist, wobei der Offset-Wert durch eine geographische Datenbank definiert ist.

Verfahren nach einem der vorhergehenden Anspriiche, ferner umfassend:

Andern einer Zeichenlénge von mindestens einem von der ersten geographischen Koordinate, der zweiten geogra-
phischen Koordinate und dem Suchbegriff, so dass die erste geographische Koordinate, die zweite geographische
Koordinate und der Suchbegriff die gleiche Lange haben.

Verfahren nach einem der vorhergehenden Anspriiche, ferner umfassend:
Umwandeln der ersten geographischen Koordinate in ein Nummerierungssystem;
Umwandeln der zweiten geographischen Koordinate in das Nummerierungssystem;
Umwandeln des Suchbegriffs in das Nummerierungssystem.
Verfahren nach Anspruch 6, wobei das Nummerierungssystem binar oder hexadezimal ist.
Verfahren nach einem der vorhergehenden Anspriiche, wobei das Verfahren umfasst:
|dentifizieren mehrerer Kartenkacheln, die auf dem Gerat betrachtet werden;
Auswahlen der Daten, die den Ort fur jede der Kartenkacheln angeben; und
wobei das Verfahren das Ausfliihren mehrerer separater Abfragen unter Verwendung verschachtelter Bit-Vek-
toren fur jede der Kartenkacheln und des Suchbegriffs und das Kombinieren der Ergebnisse umfasst.

Verfahren nach einem der vorhergehenden Anspriiche, ferner umfassend:

Erfassen einer geographischen Position eines Geréats; und
Auswahlen der Daten, die den Ort anzeigen, auf der Grundlage der geographischen Position des Gerats.

10. Apparat, umfassend:
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mindestens einen Prozessor; und

mindestens einen Speicher, der einen Computerprogrammcode fiir ein oder mehrere Programme enthalt, wobei
der mindestens eine Speicher und der Computerprogrammcode so konfiguriert sind, dass sie mit dem mindes-
tens einen Prozessor den Apparat veranlassen, zumindest das Folgende auszufiihren:

Identifizieren einer ersten geographischen Koordinate und einer zweiten geographischen Koordinate, die
einem Ort entsprechen, wobei der Ort durch Identifizieren einer auf einem Gerat betrachteten Kartenkachel
und Auswahlen des Orts basierend auf der Kartenkachel bestimmt wird;

Kombinieren der ersten geographischen Koordinate und der zweiten geographischen Koordinate zu einem
eindimensionalen Ortwert; und

Kombinieren (1006) des eindimensionalen Ortwerts und eines Suchbegriffs fir ein Sonderziel (POI) zu
einem verschachtelten Bit-Vektor;

Abfragen (1008) einer geographischen Datenbank, die einen Index von verschachtelten Bit-Vektoren auf-
weist, mit dem verschachtelten Bit-Vektor; und

Empfangen (1010) von Suchergebnissen, die rAumlich durch ein geographisches Gebiet basierend auf
dem Ort und sprachlich durch den Suchbegriff begrenzt sind.

Apparat nach Anspruch 10, wobei die erste geographische Koordinate und die zweite geographische Koordinate
auf einer geographischen Position eines Gerats oder eines auf dem Geréat betrachteten Kartenbereichs basieren.

Apparat nach Anspruch 10, wobei der Apparat konfiguriert ist zum:

|dentifizieren mehrerer Kartenkacheln, die auf dem Gerat betrachtet werden;

Auswahlen der Daten, die den Ort fur jede der Kartenkacheln angeben; und

Ausfiihren mehrerer separater Abfragen unter Verwendung von verschachtelten Bit-Vektoren fir jede der Kar-
tenkacheln und des Suchbegriffs und Kombinieren der Ergebnisse.

Apparat nach Anspruch 10, wobei der verschachtelte Bit-Vektor sich abwechselnde Abschnitte der ersten geogra-
phischen Koordinate, der zweiten geographischen Koordinate und des Suchbegriffs umfasst.

Apparat nach Anspruch 10, wobei der Apparat so konfiguriert ist, dass er eine Zeichenlange von mindestens einem
von der ersten geographischen Koordinate, der zweiten geographischen Koordinate und dem Suchbegriff so mo-
difiziert, dass die erste geographische Koordinate, die zweite geographische Koordinate und der Suchbegriff die
gleiche Lange haben.

Computerprogramm oder Computerprogrammprodukt, umfassend Befehle zur Durchfiihrung des Verfahrens nach
einem der Anspriiche 1 bis 9.

Revendications

1.

Procédé comprenant :

la réception des données indiquant un emplacement (1002) comprenant l'identification d’une tuile de carte
visualisée sur un dispositif ; et

la sélection des données indiquant la tuile de carte basée sur la localisation ;

la réception (1004) d’'un terme de recherche ;

l'identification d’'une premiére coordonnée géographique et une seconde coordonnée géographique correspon-
dant a la localisation ;

la combinaison, en utilisant un processeur, de la premiére coordonnée géographique et la seconde coordonnée
géographique en une valeur de localisation unidimensionnelle ;

la combinaison (1006), au moyen du processeur, de la valeur de localisation unidimensionnelle et le terme de
recherche en un vecteur de bits entrelacés ;

l'interrogation (1008) d’une base de données géographique ayant un index de vecteurs de bits entrelacés avec
le vecteur de bits entrelacés ; et

la réception des résultats de recherche (1010) limités spatialement par une zone géographique basée sur la
localisation et limitée textuellement par le terme de recherche.
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2. Procédé selon I'une quelconque des revendications précédentes, comprenant en outre :
la réalisation d’une interrogation de plage d’une base de données géographique ayant un index de vecteurs de bits
entrelacés, dans lequel I'exécution de l'interrogation de plage comprend la génération d’'un vecteur de bits liés
supérieurs et d’'un vecteur de bits liés inférieurs a partir du vecteur de bits entrelacés et I'utilisation du vecteur de
bits liés supérieurs et du vecteur de bits liés inférieurs comme plage de recherche.

3. Procédéselonl'une quelconque des revendications précédentes, dans lequel le vecteur de bits entrelacés comprend
des parties alternées de la premiére coordonnée géographique, de la seconde coordonnée géographique et du
terme de recherche.

4. Procédé selon I'une quelconque des revendications précédentes, dans lequel une longueur des parties alternées
est définie par une valeur de décalage, dans lequel la valeur de décalage est définie par une base de données
géographique.

5. Procédé selon 'une quelconque des revendications précédentes, comprenant en outre :
la modification d’'une longueur de caractére de la premiére coordonnée géographique et/ou de la seconde coordon-
née géographique et/ou le terme de recherche, de sorte que la premiere coordonnée géographique, la seconde
coordonnée géographique et le terme de recherche aient la méme longueur.

6. Procédé selon 'une quelconque des revendications précédentes, comprenant en outre :

la conversion de la premiére coordonnée géographique en un systéme de numérotation ;
la conversion de la seconde coordonnée géographique en systéme de numérotation ; ou
la conversion du terme de recherche en systéme numérique.

7. Procédé selon la revendication 6, dans lequel le systeme de numérotation est binaire ou hexadécimal.
8. Procédé selon I'une quelconque des revendications précédentes, le procédé comprenant :

l'identification d’'une pluralité de tuiles de carte visualisées sur le dispositif ;

la sélection des données indiquant la localisation pour chacune des tuiles de carte ; et

le procédé comprenant la réalisation d’'une pluralité d’interrogations distinctes au moyen des vecteurs de bits
entrelacés pour chacune des tuiles de carte et le terme de recherche et la combinaison des résultats.

9. Procédé selon 'une quelconque des revendications précédentes, comprenant en outre :

la détection d’'une position géographique d’un dispositif ; et
la sélection des données indiquant la localisation sur la base de la position géographique du dispositif.

10. Appareil comprenant:

au moins un processeur ; et

au moins une mémoire comprenant un code de programme informatique pour un ou plusieurs programmes ;
I'au moins une mémoire et le code de programme informatique étant configurés pour, a I'aide de I'au moins un
processeur, amener I'appareil a effectuer au moins I'une des actions suivantes :

l'identification d’'une premiére coordonnée géographique et d’'une seconde coordonnée géographique cor-
respondant a une localisation, la localisation déterminée par l'identification d’'une tuile de carte visualisée
sur un dispositif et par la sélection de la localisation sur la base de la tuile de carte ;

la combinaison de la premiére coordonnée géographique et la seconde coordonnée géographique en une
valeur de localisation unidimensionnelle ; et

la combinaison (1006) de la valeur de localisation unidimensionnelle et un terme de recherche pour un
point d’intérét dans un vecteur de bits entrelacés ;

l'interrogation (1008) d’'une base de données géographique ayant un index de vecteurs de bits entrelacés
avec le vecteur de bits entrelacés ; et

la réception (1010) des résultats de recherche limités spatialement par une zone géographique basée sur
la localisation et limitée textuellement par le terme de recherche.
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Appareil selon la revendication 10, dans lequel la premiére coordonnée géographique et la seconde coordonnée
géographique sont basées sur une position géographique d’un dispositif ou d’'une zone de carte visualisée sur le
dispositif.

Appareil selon la revendication 10, 'appareil étant configuré pour :

identifier une pluralité de tuiles de carte vues sur le dispositif ;

sélectionner les données indiquant la localisation pour chacune des tuiles de carte ; et pour

effectuer une pluralité d’interrogations distinctes au moyen des vecteurs de bits entrelacés pour chacune des
tuiles de carte et le terme de recherche et pour combiner les résultats.

Appareil selon la revendication 10, dans lequel le vecteur de bits entrelacés comprend des parties alternées de la
premiere coordonnée géographique, de la seconde coordonnée géographique et du terme de recherche.

Appareil selon la revendication 10, dans lequel I'appareil est configuré pour modifier une longueur de caractere de
la premiére coordonnée géographique et/ou de la seconde coordonnée géographique et/ou le terme de recherche,
de sorte que la premiére coordonnée géographique, la seconde coordonnée géographique et le terme de recherche
aient la méme longueur.

Programme informatique ou produit de programme informatique comprenant des instructions permettant d’exécuter
le procédé de I'une quelconque des revendications 1 a 9.
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