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BACKGROUND

1. Technical Field:

This invention is in the technical field of geographic information systems, more
specifically those systems involved with geographic names data commonly referred to as

“Geonames.”
2. Background:

Geographic name data has traditionally been stored in the form of large hard copy
editions called gazetteers. The industry has now moved in the direction of databases to allow
Web-based access and more usable search features. Geographic names databases contain
information, including geographic place names, jocation coordinates, and any amount of
associated feature data and metadata. These forms of databases are compiled and maintained
by numerous government bodies including the United States Geological Survey (USGS) for
domestic data and National Geospatial-Intelligence Agency (NGA) as well as other agencies
and private geographic companies. This data is used for purposes ranging from map

production to defense intelligence.

Geonames data storage and retrieval pose a number of unique challenges compared to
other types of database information. Proper retrieval often requires knowledge of the exact
place name spelling, as well as information about uniquely geographic metadata such as
geographic location and feature type. Available database search engines are known for being

unforgiving with their search options. For example, a search as simple as “Mexico” may
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come up with no search results because this place name is stored as “Mexico”. When
searches are extended to place names with multiple name parts including a generic feature
type, this becomes even more cumbersome. Additionally, there are many place names that
are identical without additional location information (e.g., Springfield, Virginia and
Springfield, Illinois) or without information regarding feature type (e.g., Potomac River and
Potomac, Maryland).

Generic geographic feature names (e.g. river, stream, city, road etc.) complicate
geographic searches. To retrieve information about a feature of interest, a search engine user
would need to know the feature name used in the database (e.g., stream not river) as well as
use the correct native language or dialect for this term. Names are generally collected in the
native language in Romanized form. While name Romanization nominally follows some sort
of standardization, there are multiple systems for Romanization of particular languages (e.g.,
MOCT or McHune Reicheur for Korean) and more than one standardization body (e.g., the.
U.S. Board of Geographic Names and the International Board of Geographic Names). This is

compounded by human fallibility and judgments that must be made regarding pronunciation.

Like all other parts of language, geographic names and terms evolve. Geographic
names are particularly susceptible to change over time because of the political nature of place
names. Place names often change with the party or leader in power for reasons of language
change or political use (e.g., Istanbul/Constantinople). To properly identify a place, a
Geonames database user may need to be able to identify this feature by a historic variant of

the name that may be completely different linguistically.

SUMMARY

The invention provides a computer-based software tool for performing intelligent
searches for geographic names data. It utilizes a fuzzy-logic search as well as linguistic

principles and allows the user to select flexible search criteria.

The computer is programmed to search geographic feature names for, among others,
exact matches, similar geographic names based on misspellings or phonetic similarities,
similar geographic names based on language dialects, historic place name variants, features
with similar name Romanization, similar names with generics (type of feature such as city,
river, or mountain included in the name) in reversed or reading order, and similar names with

inconsistent Unicode.



WO 2008/156600 PCT/US2008/007265

The program can search an entire database of geographic names in its entirety or
focus on specific geographic areas. This is implemented with the aid of a geographic map
that is displayed to the user and superimposed with the location of geographic feature names.
In one embodiment, the program will search for similar feature names within a customizable

distance. In a preferred version, this distance is measured in decimal degrees of Earth
latitude and longitude.

The invention quantifies the degree of similarity. In a preferred version, the degree of
similarity is expressed as a percentage, with 100% indicating exact matches. Fuzzy logic is
used to determine smaller percentages indicating lower levels of spelling similarities. In
addition to misspellings, the invention can take into account phonetic similarities, i.e., look
for similar phonemes. Both spelling and phonetic searches can be refined by the user’s
selection of a particular language or even dialect. This leads to looking for reversed order of

generics in the geographic name.

In a preferred version, the search criteria can be set to limit the search to geographic
names of specific geographic feature types, such as cities, rivers, mountains, etc. As an

alternative, the search criteria can include a broader class of related feature types.

Finally, the user can specify a threshold level of similarity that must be reached to be

included in displayed search results.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a graph indicating a general Gaussian distribution of random errors occurring in

names;

FIG. 2 is a computer screenshot illustrating a map area and several user inputs;
FIG. 3 is a screenshot illustrating a display of gathered map sheets;

FIG. 4 is a screenshot of the opening screen for geographic name search;

FIG. § is a screenshot following FIG. 4 illustrating entry of a query name, “gohar”;

FIG. 6 is the screenshot following FIG. 5 illustrating search results as a list of geographic

names with map locations indicated;
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FIG. 7 is a screenshot following FIG. 4 illustrating entry of a query name, “lavi” and query
type, “rud” with results including alternative spellings of the type;

FIG. 8 is a screenshot similar to FIG. 7, but illustrating entry of another query name, kalam

and type, kani, with search results;

FIG. 9 is a screenshot similar to FIG. 7, but illustrating entry of another query name, chop

and type, jabal, including an illustration of the use of a bounding rectangle;

FIG. 10 is a screenshot following FIG. 9 illustrating a zoom with topographic and native

language script names displayed;
FIG. 11 is a flowchart showing the main software routine;
FIG. 13 is a flowchart outlining the basic search for a name in a dictionary.

FIG. 14 is a flowchart illustrating how the proximity values (similarities) are calculated for

any two names;

FIG. 15 is a flowchart illustrating software for handling the display of found names on the
displayed map; and

FIG. 16 illustrates a flowchart for changing the viewing area on the map display.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Definitions:

It will be useful to define some terms as follows:

A geographic feature is a user defined inanimate object of interest to a user having a
fixed location on a map. This include natural phenomenon (rivers, lakes), man made

structures, and geopolitical subdivisions.

A geographic feature type is a formal user defined characterization of a feature, e.g.,

River, City, Building.

A designation code is a user defined code designating a feature type, e.g., STM for

stream.
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A. geographic feature type class is a user defined collection of related types, e.g.,
Hydraulic, Populated Area.

A geographic name is a string of symbols (characters, see below) identifying a
geographic feature. The name need not have any other independent meaning, although many
do, e.g., New York City, Potomac River, etc. Occasionally, a geographic name may be
similar to the name of a person, e.g., John F. Kennedy Boulevard, but this invention treats the
name as a string of characters without regard to surnames, titles, or another aspect of a

person’s name. The character string can include spaces.

A generic is herein defined as a geographic feature type used as part of the name, e.g.,

River in Potomac River.
Phonetic means of or pertaining to speech sounds.

A phoneme is any of a set of speech units that could indicate a difference in meaning,

usually represented by the symbols of the International Phonetic Alphabet.

A diacritic is an additional mark located near phonetic symbols providing additional

representation for modulations of the phoneme.
A language is a system of linguistic signs or symbols, herein, used in the abstract.

A dialect is a language that is part of a group of related dialects, often referred to as a

dialect of a language, based on an historical derivation.

Romanized means rendered using characters (letters) from the Latin alphabet to

represent languages that use different characters, especially, Chinese, Japanese, etc.

Characters are discrete symbols capable of being represented as a binary number of

reasonable size, typically 16 bits or less.

Character position means the position of a character in a string, typically numbered

from the first character.

Unicode is a character encoding standard (ISO 10646) the uses 16 bits (allowing
65,536 distinct variations) to represent characters from most World languages including

Chinese, Jépanese, etc. Characters are formally specified in the format “U+ABCD” where A,
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B, C, and D are hexadecimal numbers. (ASCII is a 7 bit subset limited to 128 characters.)

Herein, the U+ and leading zeros will be omitted where the context is clear.

Latitude and Longitude have their ordinary meaning and coordinates means the

coordinates of a point on a map using latitude and longitude, unless otherwise stated.

Detailed Overview:

The invention addresses the issues raised in the Background in a number of ways. It
utilizes a fuzzy logic search to find names that may be misspelled either in the database or in
the search query (eg. Kalam/Kalak) or are phonetically similar Romanizations because of a
difference in pronunciation or Romanization standard (Kalam/Khalam). The invention
associates similar phonemes within languages (eg. “k”/’kh” or “gh”/’q” in Farsi) to allow the
fuzzy logic to extend beyond simple character recognition. A software program accounts for
the location of geographic features by allowing a user to select a specific search area as well
as displaying search results on a coverage map. Since these features are connected to a
geographic database, users can easily access additional feature data and metadata. Within
standard Geonames databases, features are linked by Unique Feature Identifications (UFI) as
well as by Unique Name Identifications (UNI). This UFI linkage allows the program to link

historic names with current names for search and display purposes.

The invention search process extends beyond the geographic name to any generics
within the name. The search recognizes the fact that many databases use a reversed generics
order instead of the standard reading order (Washington, Mount instead of Mount
Washington). There is also a difference of generic term/feature name order depending on the
grammatical stipulations of specific languages. The fuzzy search compares words in both
orders to account for these cases. The invention also takes into account the need to search
generics beyond the specific term in the database or query. For example, a search for “__
mountain” should also include similar generics such as “mountain range”, “peak”,
“mountains”, and “summit” as well as these words in other languages or dialects spoken in or
near the area of interest. This is vital for cases where the source for a search query is from a
different language than the database source (e.g., an Arabic source provides “Puladi jebal” for

the same mountain in Iran “NMI Iciih”).

Similarity Procedures:
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The ultimate in similarity occurs when two geographic names are identical, character
by character. A search on this criterion alone can be useful to find different geographic
features with the same name. Also, the same geographic feature may have the same name,
but be designated by two different feature types. However, greater utility is obtained by
looking for names that are similar, though not identical. In this case, some weight must be

attached to the degree of similarity.

"The most common typing error is believed to be a character reversal. Although this
does not account for all errors, the probability of being misplaced by more than two spaces
should be quite small. Assuming random errors, this could be modeled with a Gaussian
distribution. This is illustrated generally in FIG. 1. However, for this invention, based on
experimental testing, an even simpler weighting method was adopted. A weight of 100% is
given to characters that match and 90% to those that are shifted by one character position.

All other shifts are given a weight of 0%., i.e., not counted.

Table 1, below, is an example of a comparison and weighting of characters for two
short words, KHAN and KAHN. The characters in KHAN are compared, position by
position and a weight assigned. The degree of similarity is simply calculated as (100 + 90 +
90 + 100)/4 = 95%.

TABLE 1: Weighting Example.

3 4 1 1 2 3 4

A N] _ Kl KIH]AEN:
 100% ! 0w 100%
KIAKIN] [FTAA[Y] R [« A [

One fairly common error results from incorrect characterization of phonemes. For
example, when Romanizing Farsi text, “Gh” is often used when the correct Romanization is
“G.” The extra “h” would yield dissimilarities where none existed. Based on a database of
common errors for each dialect, it is possible to recognize these errors and make the correct
substitution. Table 2, below, shows how the similarity increases from 78% to 100%. (Note
that the length of the longer string, 7, is used as the divisor.) As can be easily understood, this

is more important for shorter words.
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TABLE 2: Example of Increased Similarity with Phoneme Replacement.

TABLE 2: Example of Increased Similarity with Phoneme Replacement.

Gh 1 2345686 7 1 23 4 5 6
} GIH|A|Z|N[E[H GIAJZ|NJE|H
G
VLSS R 0%
G GIA[Z[N[E[H GIA[Z|N[EH

Another concern for search queries occurs when characters are inconsistently
represented in the underlying Unicode. (All characters are represented in Unicode out of
necessity.) Based on another database of common Unicode errors for different dialects, it is
| possible to compare and correct these. Table 3, below, illustrates two different situations.
For example, “a acute accent” can be represented by the accepted standard of “El” or
alternately by the sequence “61+341”. The program must recognize these two as identical
characters. A second example of Unicode discrepancy could occur where an attempt to
represent §, for example, as a combination of a Latin s (73) and the Unicode (327) for
COMBINING CEDILLA is used instead of the correct “15F°.

TABLE 3: Examples of Correction of Unicode Errors.

Correct Unicode Incorrect Unicode

4 | aacute accent E1l 61+341
§ s cedilla 15F 734327
d= Kl §=15F
a=El $ = 15F
4=61+341 §=73+327

Although not an error per se, another common occurrence is a reversal of a geographic name
and the generic feature type. In some languages, the generic precedes the name, e.g., River

Jordon instead of Jordon River. As Table 4 illustrates, a comparison on this basis would be

-8-
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entirely inaccurate. When this factor is added into the search, one can now accurately

compare the generic and proper name portions of the word.

TABLE 4: Reversed Generics.

K[&[N ATsTT Wrareria— B [A[B[A[STI

FIGS. 2 - 9 are screenshots illustrating user interactions with the computer based
system. These figures assume a direct connection via a keyboard and display. It should be

relatively straightforward to enable the user to be remotely connected via the Internet.

Create Master File:

The first action required is to gather information and create a master file for later use.
Geographic name databases may be obtained in several formats. However, a popular one is
in the form of Excel® (Microsoft Corporation) spreadsheets. These correspond to square
map sheets and contain data on geographic features, locations, names, type and other
information in tabular form. In principal, the master file could be created by specifying
spreadsheets by number. Another method is to select areas on a map. There are a number of

ways to accomplish this, but something like the following should be practical.

FIG. 2 illustrates a computer screenshot with a map area and several user inputs. Map
area 21 shows a region of interest. Using a mouse pointer, the user can click on points on the
map. Each time, a map sheet square 22 will be outlined. In some embodiments, the user may
be interested in the boundary areas between map sheets where errors are more likely to occur.
If so, the user can input a distance from boundary 23. If left blank, the default is no
restriction. For later use, the percentage of similarity between names can be specified by the
similarity input 24. The last option is to click a check inside box 28. This limits the system
from checking across map sheets, but is not normally used. When the user is finished,
pressing the “Gather” button 25 will gather the individual sheets into a master file. If
changes are desired, squares can be added or deleted without reprocessing the entire file by

pressing the “Recalc” button 26. Pressing the “Map” button 27 shows all the available map
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sheets on the map view area. Progress bar 29 shows the time remaining to gather the master
file.

FIG. 3 illustrates a display of all map sheets gathered 31. Those with no geographic
features are highlighted 32. A listing of Excel spreadsheets is provided 33.

Use of the System:

FIGS. 4- 10 illustrate an opening screen presented to the user. From left to right on
the top right of the display above a displayed map 41, “Zoom to Full Extent” button 42a
allows the user to zoom to the full extent of the geo-referenced images, “Zoom Out” button
42b allows the user to zoom out in 10% increments, and “Zoom In” button 42¢ allows the
user to zoom in 10% increments. “Zoom Raster Resolution” button 42d allows a user to
zoom up to the resolution of the map. “Cursor” button 42e allows the user to move a mouse
pointer across the map 41 and display latitude and longitude as show in latitude display box
43a and longitude display box 43b. “Pan” button 42f allows the user to pan the view across
the map window 41. “Rubber Box™ button 42g allows the user to paint a rectangle on the

map 41 for enlargement.

Generic Input drop down box 44a allows the user to type in a geographic feature type
and view the synonymous or related feature types stored in a glossary. These are displayed in
Generic display area 45a. Alternatively, if synonyms are displayed, they can be selected

from display area by double mouse clicking.

Query Name Input box 44b allows the user to enter a geographic feature name and
start a search by pressing the “Go” button 42h. The result of the search appears in Search
Result display are 45b. Once displayed, a double mouse click will select one from the search

results or select one from a list displayed below it.

In FIG. 4, Database Names are displayed in display areas 45¢. Double mouse
clicking will bring it up to the Query box 44b. The list shown is all the names in the database
in use. The names are listed in alphabetical order. Associated with each name is a
designation code for the geographic feature code. For example STM designates a stream,
PPL a populated place, and MT a mountain. These codes are based on standards from the

National Geospatial-Intelligence Agency. However, other codes could be used.

-10 -
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In discussing FIGS. 5 - 10, the buttons, inputs and displays are the same as in FIG. 4
‘and the numeral designations will not be repeated to better point out the ones that are being

used in the figure under discussion.

FIG. 5 illustrates entry of a name string, “gohar,” in the query box 44b that is not
necessarily selected from a name in the glossary box below. (The highlight of the name All
Maran is an artifact from producing screenshots.) The system then searches the database in

use and “Progress Bar” 51 indicates graphically the percentage completion.

In FIG. 6, a list of geographic names that exceeded a similarity percentage set by the
user is shown in display area 45b in order of the highest percentage. In this example, the
most similar name is “god r;” there are no “gohar”s. The type designation code is also
displayed. (AREA means a general unpopulated area.) The small circles (green on a color
display) within the larger circle 61 (superposed for the purposes of illustration) on the map 41
show the location of all names in the results box 45b. The location on the map of a particular
named geographic feature can be found by highlighting it. The dark circle 62 (blue on a color
display) shows its location. The map can be re-centered by double clicking on one of the

name location circles.

Fig. 7 illustrates a new search for a particular type using the language of the database
in use. In this case the database will search for similar names to the feature name “lavi” and
the generic “rud” (stream). The results are shown in results display area 45b. In the case the
results box displays a list of similar names, e.g., “laving” and “gavi.” However, the names are
limited to those attached to the same generic. These also correspond with classification
codes, in this case, | STM, being the same. Two entries, “Lavin,Cham” 71a and
“Lavin,Rudkahaneh” 71b have identical names. In Farsi, “Rudkahaneh” is a generic term for
“river”. However, “cham” is the Turkish word for river. The generic results box 45a
indicates equivalent terms to “rud” (another Farsi word for river) in a number of dialects, in
this case, Farsi, Arabic, Turkish, Kurdish, and various others in the loaded dictionary. Their

geographic locations are also shown by the small circle on the map.

FIG. 8 illustrates a search 44b for all “kani” (springs) with a name similar to “kalam.”
Results display area 45b shows five results. However, there are only three locations on the

map 41 within the large circle 81 because one geographic feature “kaiak” goes by three

-11 -
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variant names 82a, 82b, and 82c. Generic display area 45a lists all synonyms for “kani”

(spring) found in database.

FIG. 9 illustrates a different search for a “jabal” (an Arabic word for mountain) by the
name of “chopoglu”. In this case, only one geographic name was found and displayed in
Results box 45b meeting this criterion. Using the Rubber Box button 42g, the user can

outline a bounding rectangle 91 for zooming on map 41.

FIG. 10 is a screenshot following FIG. 9 illustrating a zoom with location 101, the
native language script name 102 and nearby elevations 103a and 103b displayed;

FIGS. 11-16 are flowcharts of some of the computer software used in generating
FIGS. 4 -10.

FIG. 11 is a flowchart showing the main routine. Before any user inputs, the first
steps are: 1) 110a load a dictionary of feature names and types into memory, 2) 110b load
maps with names of geographic features, and 3) 110c¢ display an initial window showing a
map and having boxes for inputting user commands, see FIG. 4, discussed above. At step
111, the user provides various inputs as discussed above to establish a character search
pattern. The program: 1) 112a searches the dictionary for matching patterns, 2) 112b
displays found names as a list in Results box 54b, and 3) 112¢ displays the location of found
names on the map 41. Based on this display, the user can enter a new search pattern and/or
navigate over the map with a curser or by typing in coordinates. In response to navigation
commands, the program changes the view area 113. (A new search pattern might also change

the view area.)

Before any dictionary searches are undertaken, all names in the dictionary are
“normalized” as illustrated in FIG. 12 which shows three steps 121, 122, and 123. These
steps replace diacritical characters with non-diacritical equivalents, replace phonetically equal
sequences with normalized equivalents, and remove all non-alphanumeric characters,
respectively. Also, any query names are normalized before a name search is started. Thus,

the search compares normalized names against normalized names.

FIG. 13 shows a flowchart outlining the basic search for a name in a dictionary. The
first step 131 is to extract the generic part, if any, of the name from the user input search

pattern. If there, the next step 132 is to retrieve synonyms for the generic from an internal

-12 -
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glossary. The name is then normalized 133 as discussed above with respect to FIG. 12. The
next procedure 134 is to calculate the proximity between the normalized search pattern and
normalized names from the dictionary. The next step 135 determines if the proximity
between a name in the dictionary and the search pattern is greater than a threshold set by the
user. If Yes, it is added, step 136, to a collection of “found names.” If not, it is not added and
the program asks, step 137, whether all names in the dictionary have been checked. If No,
the dictionary is searched further until all names have been checked. If Yes, step 138 asks if
all synonyms for generics have been checked 138. If Yes, the collection of found names is

sorted by proximity values 139 for display in results box 45b.

FIG. 14 illustrates how the proximity values are calculated for any two names, here
designated a first name and a second name where each name consists of a normalized string
of characters. Each character in the first name is compared to the corresponding character in
the second name, character by character, as follows. The first step 141 is to ask if the first
character in the first name is equal to the first character in the second name. For example, in
KHAN and KAHN, the first characters are identical. If Yes, a proximity value of 100% is
assigned 142 to these character positions and step 146 asks if all characters have been
checked.

If No, the procedure loops back and checks the next character. If the result of step
141 is No, step 143 asks if the next character from the first name equals either the proceeding
or following (for the first character, only the following is possible) character from the second
name. For example, in KAHN and KHAN, the second character in KAHN equals the third
character in KHAN. As a result step 144 assigns a proximity value of 90% and loops back to
check the next (third) character. (Note that, once a character is checked, it is not checked a
second t‘me for a second possible proximity. For example, comparing AAA to AAA does
not yield 100% of the exact match + 90% for the matching adjacent characters, only 100%.
Similarly comparing ABA with BAB does not yield 90% + 90% for the second B, only 90%.)
In the KAHN example, H will also yield a 90% proximity value. In the last pass, the fourth
character, N yields a proximity value of 100%. At this point, step 146 results in a Yes, all -

characters checked.

The last step 147 is to calculate an average proximity value. This is found by
summing the proximity values (100%, 90%, or 0%) for all characters in the name string and

dividing by the length of the longest string, here 4.
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FIG. 15 is a flowchart illustrating the display of found names on the displayed map.
At step 151, the program looks at the geographic coordinates of the found names and
determines those two which are the smallest and largest in longitude and the smallest and
largest in latitude. The four values determine the east-west and north-south extent of a
boundary rectangle that would include all found names. At step 152, the map is enlarged to
the size of this bounding rectangle. In cases where map sheets do not cover the entire

rectangle, the display still fits those that are available out to the limits of the longest side.

Additionally, at step 153, the program looks at the first found name in a list of such
and overlays a small circle centered on its geographic coordinates. At step 154, the program
asks if each found name circle has been drawn. If No, the program loops back to look for

more. If Yes, the program exits the subroutine.

FIG. 16 illustrates a flowchart for changing the viewing area on the map display in
response to user inputs, labeled as shown in the figure. Except where noted, the steps may be
executed in any order. These operations are fairly straightforward to implement with routine
programming and only the basic operations are described. At step 161, in response to
pressing (on a touch screen or mouse clicking on an ordinary display) a “Zoom to Full”
button, the program sets the view area to show the fullest available map coverage. After

execution, the program loops back to wait for further inputs.

In response to a “Zoom In” input at step 162, the View area is decreased by 10% each
time the button is pressed. The response to “Zoom Out” at step 163 is similar. Pressing the
“Zoom Raster Resolution” button at step 164, causes the View area to use the map resolution

in the center of the display. If no map coverage is available for the center, this button is
disabled.

At step 165, the View Area can be panned by pressing the “Pan” button and uSing the
mouse to drag the view area across the window. Moving the mouse cursor to an edge causes

the off screen maps from that edge to slide to toward the center of the View Area.

At step 166, pressing the “Rubber Box” button allows the view area to be set to
correspond to a painted rectangle. After the button is pressed, the program looks for the
position of the first mouse click, then in response to movement of the mouse, outlines a
rectangle in the view area. Releasing the mouse click button indicates that the rectangle is

drawn and causes the view area to expand to the limits of the rectangle and the program loops
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back to wait for further inputs. Implementing other methods of drawing rectangles should be

routine.

Lastly, at step 167, if none of the input buttons are pressed, the program keeps track
of movement, if any, of the mouse cursor across the view area and updates the display of the
longitude and latitude of the cursor position in Box 43a and 43b, respectively. After
updating, at step 168, the program detects whether the cursor is inside a small circle
generated previously that represents a geographic feature. If No, the program loops back to
monitor any button inputs. Otherwise, the program displays 169 a “Tip Box,” which lists
attributes of this geographic feature. These attributes include feature name and designation
code, however any other geographic attributes included in the database such elevation,

population code, or feature name in native script.

The principles, preferred embodiments and modes of operation of the present
invention have been described in the foregoing specification. However, the invention to be
protected is not limited to the particular embodiments disclosed. The embodiments described
herein are illustrative rather than restrictive. Variations and changes may be made, and
equivalents employed, without departing from the spirit of the present invention. For
example, the invention may be applied not just to human beings but also to animals.
Accordingly, it is expressly intended that all such variations, changes and equivalents which
fall within the spirit and scope of the present invention as disclosed and claimed be embraced

thereby.
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What is claimed is:

1. A method of searching for geographic information, comprising the steps of:

loading a dictionary of geographic feature names and geographic feature types
into a memory;

loading locations associated with the geographic feature names into the
memory;

normalizing each of the geographic feature names;

storing the normalized geographic feature names in the memory; -

inputting a query for searching for geographic information, the query
including a geographic name;

normalizing the geographical name included in the query;

searching the memory for a candidate name to be compared with the
geographic name included in the query, the candidate name being one of the
normalized geographic feature names;

calculating a value of proximity between the candidate name and the
geographic name included in the query; and

if the value of proximity is equal or larger than a predetermined value,
displaying on a display a geographic feature name corresponding to the candidate
name and a location associated with the geographic feature name corresponding to the

candidate name.

2. A method according to claim 1,

wherein the step of normalizing each of the geographic feature names
comprises the steps of:

replacing a diacritical character in each of the geographic feature names with a
non-diacritical equivalent character,

replacing a string in each of the geographic feature names with a phonetically
normalized equivalent string, and

removing a non-alphanumeric character in each geographic feature name, and

wherein the step of normalizing the geographical name included in the query
comprises the steps of

replacing a diacritical character in the geographical name included in the

query with a non-diacritical equivalent character,
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replacing a string in the name included in the query with a phonetically
normalized equivalent string, and

removing a non-alphanumeric character in the geographical name included in

the query.

A method according to claim 1, wherein the location associated with the geographic

feature name corresponding to the candidate name is displayed in a map.

A method according to claim 1, wherein the step of replacing a string in each of the
geographic feature names with a phonetically normalized equivalent string includes
the step of replacing a string in a geographic feature name which uses a character
different from Latin alphabets with a phonetically equivalent normalized string which

uses the Latin alphabets.

A method according to claim 1, further comprising the steps of:

extracting a geographically generic term from the geographic name included
in the query;

retrieving a synonym of the geographically generic term from an internal
glossary;

searching the memory for a candidate name which includes the synonym, the
candidate name being one of the normalized the geographic feature names including
the synonym,;

calculating a value of proximity between a string other than the synonym in
the candidate name and a string other than the geographically generic term in the
geographic name included in the query; and

if the value of proximity is equal or larger than the predetermined value,
displaying on a display a geographic feature name corresponding to the candidate
name including the synonym and a location associated with the geographic feature
name corresponding to the candidate name including the synonym,

wherein a location associated with the geographic feature name corresponding

to the candidate name including the synonym is displayed in the map.
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A method according to claim 1, wherein the step of calculating a value of proximity
between the candidate name and the geographic name included in the query comprises
the steps of:

comparing characters in the normalized geographic name in the query with
characters in the candidate name, position by position;

determining a weight of each character in the candidate name according to a
number of shift to match a character in the normalized geographic name in the query;

and

dividing a sum of weights of characters in the candidate name by a number of

the characters in the candidate name.

A method according to claim 5, wherein the step of calculating a value of proximity a
between a string other than the synonym in the candidate name and a string other than
the geographically generic term in the geographic name included in the query
comprises the steps of:

comparing characters in the string other than the geographically generic term
in the geographic name included in the query with characters in the string other than
the synonym in the candidate name, position by position;

determining a weight of each character in the string other than the synonym in
the candidate name according to a number of shift to match.a character in the string
other than the geographically generic term in the geographic name included in the
query; and

dividing a sum of weights of characters in the string other than the synonym in
the candidate name by a number of the characters in the string other than the synonym

in the candidate name.

A method according to claim 1, further comprising the steps of:

obtaining a geographic coordinate of the candidate name; and _

determining a smallest longitude, largest longitude, a smallest latitude, and a
largest latitude,

wherein an area of the map is defined by the smallest longitude, the largest
longitude, the smallest latitude, and the largest latitude and the area includes a

location corresponding to the candidate name.
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A method according to claim 8, further comprising the steps of:
inputting a command for changing a size of a viewing area of the map; and

changing the size of the viewing area of the map according to the command

for changing a size of a viewing area of the map.

A method according to claim 8, further comprising the steps of:
inputting a command for moving a viewing area of the map; and

moving the viewing area according to the command for moving a viewing area

of the map.

A method according to claim 8, wherein the candidate name is selected from a

plurality of candidate names searched.

A machine-readable medium storing a computer program for searching for
geographic information, the computer program comprising the steps of:

loading a dictionary of geographic feature names and geographic feature types
into a memory;

loading locations associated with the geographic feature names into the
memory;

normalizing each of the geographic feature names;

storing the normalized geographic feature names in the memory;

inputting a query for searching for geographic information, the query
including a geographic name;

normalizing the geographical name included in the query;

searching the memory for a candidate name to be compared with the
geographic name included in the query, the candidate name being one of the
normalized geographic feature names;

calculating a value of proximity between the candidate name and the
geographic name included in the query; and
if the value of proximity is equal or larger than a predetermined value, displaying on a
display a geographic feature name corresponding to the candidate name and a location

associated with the geographic feature name corresponding to the candidate name.
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13. A machine-readable medium according to claim 12,

wherein the step of normalizing each of the geographic feature names
comprises the steps of: |

replacing a diacritical character in each of the geographic feature names with a
non-diacritical equivalent character,

replacing a string in each of the geographic feature names with a phonetically
normalized equivalent string, and

removing a non-alphanumeric character in each gebgraphic feature name, and

wherein the step of normalizing the geographical name included in the query
comprises the steps of _

replacing a diacritical character in the geographical name included in the
query with a non-diacritical equivalent character,

replacing a string in the name included in the query with a phonetically
normalized equivalent string, énd

removing a non-alphanumeric character in the geographical name included in

the query.

14. A machine-readable medium according to claim 12,
wherein the location associated with the geographic feature name

corresponding to the candidate name is displayed in a map.

15. A machine-readable medium according to claim 12, wherein the step of replacing a
string in each of the geographic feature names with a phonetically normalized
equivalent string includes the step of replacing a string in a geographic feature name
which uses a character different from Latin alphabets with a phonetically equivalent

normalized string which uses the Latin alphabets.

16. A machine-readable medium according to claim 12, wherein the computer program
further comprises the steps of:
extracting a geographically generic term from the geographic name included
in the query;
retrieving a synonym of the geographically generic term from an internal

glossary;
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searching the memory for a candidate name which includes the synonym, the
candidate name being one of the normalized the geographic feature names including
the synonym;

calculating a value of proximity between a string other than the synonym in
the candidate name and a string other than the geographically generic term in the
geographic name included in the query; and

if the value of proximity is equal or larger than the predetermined value,
displaying on a display a geographic feature name corresponding to the candidate
name including the synonym and a location associated with the geographic feature
name corresponding to the candidate name including the synonym,

wherein a location associated with the geographic feature name corresponding

to the candidate name including the synonym is displayed in the map.

A machine-readable medium according to claim 12, wherein the step of calculating a
value of proximity between the candidate name and the geographic name included in
the query comprises the steps of:

comparing characters in the normalized geographic name in the query with
characters in the candidate name, position by position;

determining a weight of each character in the candidate name according to a
number of shift to match a character in the normalized geographic name in the query;
and

dividing a sum of weights of characters in the candidate name by a number of

the characters in the candidate name.

A machine-readable medium according to claim 16, wherein the step of calculating a
value of proximity a between a string other than the synonym in the candidate name
and a string other than the geographically generic term in the geographic name
included in the query comprises the steps of:

comparing characters in the string other than the geographically generic term
in the geographic name included in the query with characters in the string other than
the synonym in the candidate name, position by position;

determining a weight of each character in the string other than the synonym in

the candidate name according to a number of shift to match a character in the string
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other than the geographically generic term in the geographic name included in the
query; and
dividing a sum of weights of characters in the string other than the synonym in

the candidate name by a number of the characters in the string other than the synonym

in the candidate name.

19. A machine-readable medium according to claim 12, wherein the computer program
further comprises the steps of:
obtaining a geographic coordinate of the candidate name; and
determining a smallest longitude, largest longitude, a smallest latitude, and a
largest latitude,
wherein an area of the map is defined by the smallest longitude, the largest
longitude, the smallest latitude, and the largest latitude and the area includes a

location corresponding to the candidate name.

20. A machine-readable medium according to claim 19, wherein the computer program
further comprises the steps of:
inputting a command for changing a size of a viewing area of the map; and
changing the size of the viewing area of the map according to the command

for changing a size of a viewing area of the map.

21. A machine-readable medium according to claim 19, wherein the computer program
further comprises the steps of:
inputting a command for moving a viewing area of the map; and

moving the viewing area according to the command for moving a viewing area

of the map.

22. A machine-readable medium according to claim 19, wherein the candidate name is

selected from a plurality of candidate names searched.
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