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METHODS OF SYSTEMS USING 
GEOGRAPHIC META-METADATA IN 
INFORMATION RETRIEVAL AND 

DOCUMENT DISPLAYS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Patent 
Application No. 60/ 876,759, ?led Dec. 21, 2006, entitled 
“Article Mapper With Geographic Search Enhancements,” the 
entire contents of Which are incorporated herein by reference. 
[0002] This application is related to: US. Pat. No. 7,117, 
199, ?led Feb. 22, 2001, entitled “Spatially Coding and Dis 
playing Information,” US patent application Ser. No. 
11/427,165, ?led Jun. 28, 2006, entitled “User Interface for 
Geographic Search,” US. patent application Ser. No. 1 1/ 705, 
368, ?led Feb. 12, 2007, entitled “Systems and Methods for 
Spatial Thumbnails and Companion Maps for Media 
Objects,” US. patent application Ser. No. 11/705,269, ?led 
Feb. 12, 2007, entitled “Systems and Methods for Spatial 
Thumbnails and Companion Maps for Media Objects,” US. 
patent application Ser. No. 11/818,066, ?led Jun. 12, 2007, 
entitled “Systems and Methods for Hierarchical Organization 
and Presentation of Geographic Search Results,” US. patent 
application Ser. No. 11/818,074, ?led Jun. 12, 2007, entitled 
“Systems and Methods for Providing Statistically Interesting 
Geographical Information Based on Queries to a Geographic 
Search Engine,” US. patent application Ser. No. 11/811,976, 
?led Jun. 12, 2007, entitled “Systems and Methods for Gen 
erating and Correcting Location References Extracted from 
Text,” US. patent application Ser. No. 11/834,538, ?ledAug. 
6, 2007, entitled “Systems and Methods for Presenting 
Results of Geographic Text Searches,” US. patent applica 
tion Ser. No. 11/834,563, ?led Aug. 6, 2007, entitled “Sys 
tems and Methods for Presenting Results of Geographic Text 
Searches,” US. patent application Ser. No. 11/834,566, ?led 
Aug. 6, 2007, entitled “Systems and Methods for Presenting 
Results of Geographic Text Searches,” US. patent applica 
tion Ser. No. 11/834,584, ?led Aug. 6, 2007, entitled “Sys 
tems and Methods for Presenting Results of Geographic Text 
Searches,” US. patent application Ser. No. 11/834,594, ?led 
Aug. 6, 2007, entitled “Systems and Methods for Obtaining 
and Using Information from Map Images,” US. patent appli 
cation Ser. No. 11/834,598, ?led Aug. 6, 2007, entitled “Sys 
tems and Methods for Obtaining and Using Information from 
Map Images,” US. patent application Ser. No. 11/834,600, 
?ledAug. 6, 2007, entitled “Systems and Methods for Obtain 
ing and Using Information from Map Images,” US. patent 
application Ser. No. 11/857,987, ?led Sep. 19, 2007, entitled 
“Systems and Methods for Presenting Results of Geographic 
Text Searches,” US. patent application Ser. No. 11/932,438, 
?led Oct. 31, 2007, entitled “Systems and Methods for Pre 
dictive Models Using Geographic Text Search,” and US. 
Patent Application No. 60/866,979, ?led Nov. 22, 2006, 
entitled “Article Mapper With Geographic Search,” all of 
Which are incorporated herein by reference. 

TECHNICAL FIELD 

[0003] This invention relates to computer systems, and 
more particularly to spatial databases, document databases, 
search engines, and data visualiZation. 

BACKGROUND 

[0004] There are many tools available for organiZing and 
accessing documents through various interfaces that help 
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users ?nd information. Some of these tools alloW users to 
search for documents matching speci?c criteria, such as con 
taining speci?ed keyWords. Some of these tools present infor 
mation about geographic regions or spatial domains, such as 
driving directions presented on a map. 
[0005] These tools are available on private computer sys 
tems and are sometimes made available over public netWorks, 
such as the Internet. Users can use these tools to gather 
information. 

SUMMARY 

[0006] In general, in one aspect, the invention features a 
computer-implemented method involving a corpus of docu 
ments. The method involves: accepting search criteria from a 
user, the search criteria including a domain identi?er identi 
fying a domain and including a ?lter condition specifying a 
geometric relationship betWeen co-referenced locations, in 
response to accepting the search criteria from the user, search 
ing among the corpus of documents to identify a set of docu 
ments, Wherein each document among the set of documents 
contains anyWhere Within the document location-related 
information that refers to a location Within the domain and 
satis?es the ?lter condition, and Wherein the set of documents 
only includes documents that satisfy the ?lter condition, and 
identifying to the user the documents in the set of documents. 
[0007] Other embodiments include one or more of the fol 
loWing features. The geometric relationship is any one or 
more of the folloWing: one location is a container of another 
location, one location is contained in another location, one 
location overlaps With another location, or one location is a 
neighbor of another location. 
[0008] In general, in another aspect, the invention features 
a computer-implemented method involving a corpus of docu 
ments that involves: accepting search criteria from a user, the 
search criteria including a domain identi?er identifying a 
domain and a ?lter specifying a semantic category for refer 
enced locations, in response to accepting the search criteria 
from the user, searching among the corpus of documents to 
identify a set of documents, Wherein each document among 
the set of documents contains anyWhere Within the document 
location-related information that refers to a location Within 
the domain and that satis?es the ?lter condition, and identi 
fying to the user the documents in the set of documents. 
[0009] Other embodiments include one or more of the fol 
loWing features. The semantic category is one of the folloW 
ing: a context-dependent property of the spatial indicator, a 
place-of-author, a place-of-subj ect, or a literal location. 
[0010] In general, in yet another aspect, the invention fea 
tures a computer-implemented method of displaying infor 
mation about a document that includes a plurality of spatial 
identi?ers each of Which identi?es a corresponding location 
Within a metric space and at least tWo of Which have a geo 
metric relationship to each other. The method involves: dis 
playing a visual representation of content from the document, 
displaying a map image of a portion of the metric space, 
displaying a visual indicator at a position on the map image 
representing the location that corresponds to one of the plu 
rality of spatial identi?ers, and visually indicating that the 
location corresponding to the visual indicator has associated 
data that characteriZes the geometric relationship betWeen 
that location and the location of another spatial identi?er in 
the document. 
[0011] In general, in still another aspect, the invention fea 
tures a computer-implemented method of displaying infor 
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mation about a document that includes a spatial identi?er that 
identi?es a corresponding location Within a metric space and 
Wherein that spatial identi?er is characterized by a semantic 
type that is determined by its use Within the document. The 
method involves: displaying a visual representation of con 
tent from the document; visually identifying the spatial iden 
ti?er Within the displayed visual representation of the content 
from the document; and visually indicating the semantic type 
of the spatial identi?er. 
[0012] Other embodiments include the folloWing features. 
The computer-implemented method further includes: along 
With the displayed visual representation of content, also dis 
playing a map image of a portion of the metric space; and 
displaying a visual indicator at a position on the map image 
representing the location that corresponds to the spatial iden 
ti?er; 
[0013] In general, in still yet another aspect, the invention 
features a computer-implemented method of displaying 
information about a document that includes a spatial identi 
?er that identi?es a corresponding location Within a metric 
space and Wherein that spatial identi?er is a semantic type. 
The method involves: displaying a visual representation of 
content from the document; displaying a map image of a 
portion of the metric space; displaying a visual indicator at a 
position on the map image representing the location that 
corresponds to the spatial identi?er; and visually indicating 
the semantic type of the spatial identi?er. 
[0014] In general, in yet another aspect the invention fea 
tures a computer readable medium storing code Which When 
executed on a computer system performs the functions 
described above. 
[0015] In general, still yet another aspect, the invention 
features a method of searching a corpus of documents, the 
method involving: accepting search criteria from a user, the 
search criteria including a geometric attribute; in response to 
accepting the search criteria, searching the corpus of docu 
ments to identify portions of the documents that reference 
locations in a metric vector space; analyZing the portions of 
the documents to identify the locations that satisfy the geo 
metric attribute; and compiling a set documents and their 
corresponding location references that are responsive to the 
search criteria. 
[0016] In general, in another aspect, the invention features 
a method of displaying information contained Within a docu 
ment, the method involving: receiving information that iden 
ti?es a ?rst portion of the document containing a ?rst identi 
?er that references a ?rst location in a metric vector space; 
receiving information that identi?es a second portion of the 
document containing a second identi?er that references a 
second location in a metric vector space; receiving informa 
tion describing a geometric relationship betWeen the ?rst 
location and the second location; displaying a map of a por 
tion of the metric vector space, the domain encompassing at 
least a part of one of the ?rst and second locations; and 
displaying at least one of the ?rst location and the second 
location on the representation of the domain, Wherein a mode 
of displaying the at least one of the ?rst location and the 
second location is determined by the geometric relationship 
betWeen the ?rst and second locations. 
[0017] In general, in another aspect, the invention features 
a method of displaying information contained Within a docu 
ment, the method involving: identifying a portion of the docu 
ment that contains an identi?er that references a location in a 
metric vector space; analyZing the portion of the document to 
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obtain a semantic category of the identi?er, the semantic 
category identifying a sense in Which an author of the docu 
ment intended to use the identi?er in the portion of the docu 
ment; displaying a representation of a domain of the metric 
vector space, the domain encompassing at least a part of the 
location referenced by the identi?er; and displaying on the 
representation of the domain the location referenced by the 
identi?er, Wherein a mode of displaying the location refer 
enced by the identi?er is determined by the semantic category 
of the identi?er. 

BRIEF DESCRIPTION OF THE FIGURES 

[0018] FIG. 1 is an illustration of a document having iden 
ti?ers that refer to geographical locations. 
[0019] FIG. 2 illustrates various modes of displaying geo 
graphical information, according to the described embodi 
ment. 

[0020] FIG. 3 is a block diagram shoWing tWo applications 
of meta-metadata. 
[0021] FIG. 4 is a block diagram shoWing the components 
of a computer system for implementing the described 
embodiment. 
[0022] FIG. 5 is an illustration of a user interface for the 
presenting results of geographic searches, according to the 
described embodiment. 
[0023] FIG. 6 is a How diagram shoWing steps involved in 
performing a text search and displaying the result, according 
to the described embodiment. 
[0024] FIG. 7 is an illustration of a document having co 
referenced location identi?ers. 

DESCRIPTION 

[0025] In many information processing systems, geogra 
phy has become an important aspect of searching for and 
displaying information about documents. Systems and meth 
ods that use geographic information about documents fre 
quently use a geotagging system to obtain this information. A 
geotagging system process documents to generate so-called 
“geotags” that describe the association betWeen a document 
and locations. As used herein, a location can mean a point, a 
line, and a region, such as an area bounded by a polygon. For 
example, a geotag might indicate that a particular phrase in a 
document’s content probably refers to the building called the 
Sears ToWer in the City of Chicago in the State of Illinois in 
the United States. 
[0026] A geotagging system is a computer-implemented 
system that produces geographic metadata about digital con 
tent by analyZing the structured, semi-structured, and 
unstructured information in the content. For example, a 
geotagger system might take a PDF ?le as input and analyZe 
its textual content to ?nd strings of text that appear to refer to 
places on Earth. For example, if the document contains the 
string “Cambridge,” the geotagger system might indicate in 
its output response that the document has a particular prob 
ability of referring to the City of Cambridge in Massachusetts 
and a different probability of referring to the City of Cam 
bridge in the United Kingdom. The association betWeen the 
document and these locations is metadata. 
[0027] Often the association betWeen a document and a 
location is based on digital content contained Within the docu 
ment. In other cases, the association may be based on other 
information that is not contained Within the document itself. 
For example, a database system may associate coordinates, 
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location names, or other location identi?ers With document 
identi?ers. Such document identi?ers might be numbers or 
URLs that alloW a system to obtain the contents of the docu 
ment. The database ?eld that identi?es a location may be the 
only source of association betWeen the document and the 
location. A geotagger system might use such a database table 
to alloW people to assign location associations to documents 
Without modifying the contents of the document. Regardless 
of the source of the association, a geotagger system is any 
system that identi?es an association betWeen a document and 
a location in a metric vector space. 

[0028] It is often useful to provide additional types of meta 
data in the geotagger output. For example, by including a 
“feature type” for each location, a visual display can select an 
appropriate icon to illustrate the location. A feature type is a 
categorization of the location. The enumeration of feature 
types can be quite long. For example a Wide variety of geo 
logic feature types are used in geoscience, including drum 
lins, eskers, and moraines. Different levels of administrative 
regions are also “types” of locations. A building is a different 
type of location from a landmark. For example, if a document 
refers to Westminster Cathedral, a geotagger system indicates 
not only the coordinates for this building but also a 
TypeIChurch attribute that alloWs a visual display to use an 
icon resembling a church to indicate the location on a map. 
This church icon is used in illustrating search results on a map 
or in augmenting the visual display of a single document. This 
example of metadata that We call feature type is an attribute of 
the location and is not in?uenced by the particulars of a 
document that references it. Other attributes of a location 
might be the population count of hoW many people live there, 
or the average annual rainfall. Attributes and meta-metadata 
are similar concepts. We use the term meta-metadata to mean 
those attributes that are de?ned With reference to a particular 
document. That is, meta-metadata are attributes of a location 
that cannot be de?ned Without identifying a particular docu 
ment that is associated With that location. For example, the 
fact that a document refers to a location in the “byline” of the 
document is an attribute of that location, Which is an attribute 
that cannot be de?ned Without identifying that particular 
document. 

[0029] We noW describe tWo types of metadata that We have 
found valuable for several uses of geotagger systems 
described herein. These tWo types of metadata describe prop 
er‘ties of the geographic locations in the context of a particular 
document. That is, these pieces of metadata can only be 
determined With reference to a particular document. While 
attributes like the number of people Who live in a particular 
place is a fact independent of any documents that refer to that 
place, other attributes are de?ned in relation to a particular 
document. For example, if a document mentions tWo loca 
tions, then an attribute of those tWo locations is that they have 
been co-referenced. The existence of that co-reference 
depends on that particular documentiby de?nition. We Will 
discuss several more attributes and meta-metadata examples 
beloW. 

[0030] A geotag is a piece of metadata, ie it describes the 
data in the document. A geotagging system can also provide 
additional information about the metadata itself, i.e., meta 
metadata (“MMD”). We have discovered that tWo particular 
pieces of MMD are particularly useful for utilizing geotags. 
These forms of meta-metadata describe relationships 
betWeen locations that are co-referenced in a document and 
relationships betWeen locations and other concepts identi?ed 
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in a document. “Co-reference” simply means that a document 
mentions both concepts. For example, a document might 
explicitly mention both the Sears ToWer and the City of Chi 
cago. By explicitly naming both places, the document co 
references them. The spatial relationship betWeen these tWo 
places can be easily determined using mapping algorithms or 
other data structures. Our system identi?es that the City of 
Chicago spatially contains the Sears ToWer, and provides this 
additional information as metadata about the document’s 
metadata. Spatial relationships betWeen co-referenced loca 
tions is the ?rst of the tWo pieces of meta-metadata that We 
describe. 
[0031] Some documents communicate about particular 
concepts Without naming them explicitly. For example, a 
document might refer to the state government organization 
that runs Illinois using a metonymic reference such as 
“Spring?eld,” Which is the capital city of Illinois. While the 
document might not explicitly describe the state government 
organization, it communicates about the concept. By using a 
location name in place of a longer description, the author of 
the document uses “metonomy,” Which is a form of metaphor 
that refers to a concept by naming one of its attributes. This is 
an example of a semantic type that can be attributed to a 
particular location reference in a particular document. 
[0032] Semantic types include using a location name as a 
metaphor for an organization or event, using a location name 
to identify the location of the author, using a location name to 
identify the location of a past or anticipated future event. Like 
spatial relationships betWeen co-referenced locations, the 
semantic category of a location reference can only be deter 
mined in the context of a particular document. 
[0033] Thus, both spatial relationships betWeen co-refer 
enced locations and the semantic typing of location refer 
ences are meta-metadata attributes of the relationship 
betWeen a document and one or more locations. 

[0034] FIG. 1 illustrates examples of metadata based on 
co-referenced locations and on semantic categories. Docu 
ment 102 refers to locations in map 101. The locations in map 
101 are highlighted by visual indicators numbers 104, 105, 
106, and 107, and are referred to by portions of document 102 
numbered 108, 109, 110, and 111 respectively. Location ref 
erence 108 also connotes concept 103 that is not literally a 
location, but is an organization, such as the US Government, 
Which is often referred to in a metonymic fashion With names 
like “Washington” or “the US.” Locations 106 and 107 are 
relating by containment, i.e., 107 contains 106. Locations 105 
and 107 are related by adjacency. In this case, 105 is posi 
tioned at smaller X-coordinates than coordinates describing 
107, and they share a border. 
[0035] While semantic typing is knoWn in the art of natural 
language processing, and spatial relationships are familiar to 
everyone, We propose a neW set of uses for these ideas in the 
context of using meta-metadata to improve the performance 
of information retrieval and document display. 
[0036] Our system includes three sub-systems that utilize 
meta-metadata: 

[0037] 1. In visually displaying content from a docu 
ment, meta-metadata is used to change the visual repre 
sentation of different locations in the document. 

[0038] 2. In searching for documents matching various 
geographic and non-geographic query criteria, meta 
metadata is used to further re?ne the criteria and 
improve the utility of the result set generated in response 
to the query. 
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[0039] 3. To support the visual display of content from 
documents and the searching of collections of docu 
ments, the system provides an application programmer 
interface (API) to a geotagger, the AP1 including meta 
metadata so that doWn-stream applications need not 
attempt to reproduce it. 

[0040] As described, for example, in US. Patent Applica 
tion 60/876,759, Which focuses on mapping the content of 
articles, the output of a geotagger system can be used to 
enhance the visual display of a document to a human user. 
Such visual displays often include one or more map images, 
and textual effects that highlight certain strings of text that are 
associated With places in the map images. For example, such 
a visual display might highlight geographic references by 
underlining them, and When a user selects a visual indicator of 
a location in a map image, the display might change the font 
color of the strings that refer to that location. This type of user 
interface helps users understand the geographic meanings of 
a document of interest. Without these visual aides, a user must 
manually cut-and-paste text from the document into a system 
that alloWs for the lookup of locations by name. The article 
mapper concept alloWs people to rapidly understand Which 
locations the author meant Without leaving the document 
vieW. Meta-metadata can be used to visually differentiate 
betWeen various locations and references to them in a docu 
ment. When visually indicating that a document is associated 
With a location, a user interface can also visually indicate 
other attributes of the location. For example, a user interface 
might use different markers for locations that have different 
siZes of human population. The siZe of the human population 
in these locations is an attribute of the location, and it can be 
visually indicated in a user interface. A user interface can also 
visually indicate attributes of a location that are meta-meta 
data, i.e., de?ned in relation to a particular document. For 
example, a user interface might visually indicate that a loca 
tion is used as a byline location, or is a container location, or 
is not a container location in a particular document. (A con 
tainer location is a location that is co-referenced document 
With another location that is contained Within it). Such a user 
interface Will typically also identify the document or shoW 
content from the document. 

[0041] As described in previous ?lings about geographic 
search, including US. Pat. No. 7,117,199, the geographic 
metadata from a geotagger can be used to enable search 
engines that use geographic attributes as additional search 
constraint and for displaying search results With geographical 
enhancements. If a query to such a system includes a “domain 
identi?er,” such as the name of a location or a map bounding 
box, then it responds by providing a list of documents that 
refer to locations Within the speci?ed domain. By indicating 
the locations referenced in the documents, the system radi 
cally accelerates the user’s ability to ?gure out Which infor 
mation is relevant to their interests. Thus, meta-metadata can 
be used to visually differentiate search results, and also 
enables the results to be ?ltered further. For example, a search 
engine might alloW users to exclude locations that have the 
semantic type place-of-author, because the byline is less 
interesting that place-of-subject locations. Similarly, it might 
alloW users to exclude container locations from search 
results, because the mo st interesting locations tend to be those 
that are the smallest locations referenced in a given document. 

[0042] The tWo applications of geotagger output described 
above, and many others, are typically constructed using com 
puter systems that have multiple separate subsystems execut 
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ing simultaneously. FIG. 3 illustrates the basic connections 
betWeen subsystems. Geotagger 302 generates geotags and 
meta-metadata for documents from a collection of documents 
stored in document repository 304. The geotags and meta 
metadata can in?uence document display 306. They can also 
be used as search criteria or search ?lters by search engine 
308, Which searches and retrieves documents from the docu 
ment repository, and then displays the results on search result 
display 310. The described subsystems communicate With 
each other via programmatic interfaces called “application 
programmer interfaces” or “AP1s.” These AP1s provide struc 
tured output in formats that can be passed betWeen sub 
systems. A geotagger system can be a subsystem in such a 
larger system. The AP1 provided by the geotagger subsystem 
accepts documents or document identi?ers as input and 
responds With structured metadata indicating the positions of 
geographic references Within the documents contents (e.g., 
using character range offsets or page numbers and paragraph 
numbers) and also geographic coordinates for the locations 
referenced in the text. Our geotagger AP1 also provides an 
indication of the semantic type of some location references in 
the document and an indication of spatial relationships 
betWeen some of the locations referenced in the text. 

[0043] FIG. 4 is a more detailed rendition of the informa 
tion in FIG. 3. The various natural language processing mod 
els are stored in model storage 72, and used by geotagger 
process 70. Geotagger process 70 offers AP1 73 to commu 
nicate With other processes, and also communicates With 
storage 22 and data presentation 60. The document collection 
represented by data collection 30 is stored in storage system 
22 along With geotags created by geotagger process 70. 
Search module 50 indexes information from storage system 
22, including meta-metadata that describes the locations 
associated With documents in data collection 30. Data pre 
sentation 60 and search module 50 both communicate With 
user interface U1 80 running in clients 64 via networking 
components 24. Data presentation module 60 alloWs U1 80 to 
display information about documents including map images 
and visual indicators of locations With various meta-metadata 
attributes. Search module 50 also poWers functionality in U1 
80 by providing search results in response to search criteria 
that may include ?lters based on meta-metadata. 

[0044] FIG. 5 illustrates user interface 80, Which includes 
prompts or controls for alloWing users to ?lter the search 
results using meta-metadata attributes (851, 852). These 
input mechanisms alloW users to include or exclude docu 
ments or locations matching particular constraints based on 
meta-metadata attributes. For example, the prompt might be a 
checkbox that alloWs users to include or exclude document 
location tuples Where the location is referenced only in the 
byline of the document. The other controls in FIG. 5 are 
common in implementations ofU.S. Pat. No. 7,1 17,199. Key 
Word entry controls 801 alloW users to input a free-text query 
as part of their query. 1f the user does not submit a free-text 
query then any document that references a location Within the 
domain identi?ed by the domain identi?er and that also 
matches any other query criteria is a candidate for inclusion in 
result list 812. Speci?c keyboard entry controls include key 
Word prompt 802, data entry control 803, and submission 
control 804. Spatial criteria entry controls (806) alloW users 
to input a domain identi?er as part of their query. These 
controls can affect map vieW 805. Speci?c spatial criteria 
entry controls include spatial criteria prompt 807, data entry 
control 808, and submission control 809. The bounding box 
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of map vieW 805 can also be used as the domain identi?er for 
the user’s query. If the user does not specify a domain iden 
ti?er, then the query may run using the entire World (or entire 
metric vector space) as the domain. The result list is a listing 
of visual representations of a set of documents that match the 
query constraints. These visual representations often include 
text excerpted from the documents and hyperlinks that alloW 
users to load the documents into a vieWer. Often, there is a 
visual association betWeen items in the list and visual indica 
tors in the map image, e. g. numbered icons displayed on the 
map and next to the result list items, or motion that highlights 
a visual indicator in the map When the user selects an item in 
the list or that highlights a listen item When the user indicates 
interest in a portion of the map or a visual indicator indicating 
a location in the map, such as, for example, star icons 81 0. The 
region displayed Within map bounding box 805 can be con 
trolled by the user by means of controls 891. 

Semantic Type of Location References in a Document 

[0045] Semantic typing is knoWn in the art of natural lan 
guage processing. Based on the semantic context of any 
phrase in natural language text, one can determine Whether it 
is being used literally or metaphorically, and What relation 
ships it might have to other concepts in the document. 
[0046] Any context-dependent property of a location refer 
ence could be used as a semantic type. We speci?cally iden 
tify the context-dependent properties described beloW. 
[0047] Place-of-author: When a neWs article or other docu 
ment contains a so-called “byline” or author identi?cation 
section it often includes a location name for the city Where the 
author is Writing. Often, this city is unrelated or only tangen 
tially related to the subject of the article. A neWs article might 
begin With this text “By AndreW Taylor Associated Press 
Writer/Dec. 19, 2007 WASHINGTONiCongress approved 
. . . ” In this text, the phrase “WASHINGTON” is an indication 

of the author’s location. We refer to this as ‘place-of-author.’ 
[0048] Place-of-subj ect: geographic references in the body 
of the text are qualitatively different from references in the 
byline location. Semantic geotyping distinguishes these tWo 
types of geographic references by introducing more informa 
tion: the automatic geoparsing engine tags the byline location 
as having a semantic type ‘literal-author-location’ and tags 
the body location references as having other semantic types. 
When a document discusses a topic, We say that that topic is 
a “subject.” A document might have many subjects. Some 
subjects may have one or more locations associated With 
them. We call these locations ‘place-of-subj ect.’ Often a 
reader is most interested in the locations that are places of a 
subject, rather than other locations like the author’s location. 
Sometimes, the location of the author is the same as a location 
of a subject. In this case, such a location is both a place-of 
subject and also a place-of-author. 
[0049] For example, in the text mentioned above With a 
byline that includes “WASHINGTON,” the subject matter 
involves the US Congress, Which is an organiZation that holds 
meetings in Washington. The subject matter might not actu 
ally refer to the city of Washington; it might only refer to 
actions or decisions made by Congress. For example, it might 
state that “Congress approved a spending bill that Will create 
neW jobs in Detroit.” In this case, Detroit is a place of a subject 
(creating neW jobs) and it is also a “literal location.” 
[0050] For example, a georeference central to the subject of 
the article might be a ‘literal-location’ meaning that the string 
of characters refers to a speci?c place as the location of an 
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event or action. Other semantic types that might occur in the 
substantive part of a document are ‘place-for-people-govem 
ment’ or ‘place-for-people-population’, Which are examples 
of metonymy. An example of place-for-people-population is 
“France feels heartbroken over its loss in the Euro Cup.” The 
literal location knoWn as France is not an entity capable of 
locations, hoWever its people are. Thus, in this example, the 
Word “France” is being used to refer to the population of that 
country. This is an example of place-for-people-population. 
Similarly, in the sentence “Italy moves to block treaty,” the 
Word “Italy” is being used to refer to the government of that 
country. This is an example of place-for-people-govemment. 
[0051] As these examples illustrate, semantic typing 
involves judgment calls that even Well-trained, reasonable 
people might debate. That is part of the nature of semantic 
typing. For our purposes, the utility of semantic typing is in 
the additional detail that a human user can gather by seeing 
highlighted semantic differences on a map. 
[0052] The described attributes of location references in a 
document can be indicated in an output format, such as XML 
or JSON, generated by a geotagger API in response to a 
request from another system or human. For example, a geotag 
might be described by a set of XML elements that indicate 
coordinates for the location and a character range in the 
document that referred to the location. A text string naming 
the semantic type might be put into an XML attribute of the 
XML element describing the character range in the docu 
ment. 

[0053] To automatically determine the semantic type of any 
phrase in a natural language document, one typically builds a 
set of rules or a statistical model that identify Which substring 
of a document is likely to be of a particular type. For example, 
to detect that a particular string is in the byline of a neWs 
article, a system might use the rule that it comes Within the 
?rst 100 characters after the title text of a document. As 
another example, to detect that a string is being used to refer 
to a state actor instead of a literal location, a statistical model 
might take into account Whether the Word immediately fol 
loWing the string is a Word that can be used as action verb. 

[0054] As is standard in the art of statistical machine leam 
ing, one can create a statistical model for determining the 
probable semantic type or types that an author intended in 
using a particular phrase in a particular context. To create 
such a model, one creates a training set of example documents 
With markup metadata indicating Which phrases in the 
example texts are being used to refer to places in different 
semantic types. That is, an example document might be the 
neWs article mentioned above. The manually approved meta 
data for this document Would indicate that the reference to 
WASHINGTON is a byline and the later reference to Detroit 
is a ‘literal-location’ and a ‘place-of-subject.’ Such a model 
consists of a set of predicates, Which are TRUE-FALSE tests, 
such as “is the phrase surrounded by punctuation that implies 
that it is at the beginning of a sentence.” Each of these tests 
gives a true-false value for each character or each Word token 
in the document. 

[0055] Using a large number of such training documents, 
one can then “train” a model by simply counting hoW fre 
quently each of the predicates gives an output of TRUE or 
gives an output of FALSE When operated on the substrings of 
the text that are identi?ed as locations With a given semantic 
type. These frequencies of TRUE-FALSE detections around 
substrings that are knoWn to be of a particular semantic type 
provide a mechanism for predicting When a string in a neW 
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document is of that same semantic type. Given a suf?ciently 
diverse set of predicates and a suf?ciently rich set of training 
data, a model can be trained to recognize location references 
With particular semantic types. The number of false positives 
and false negatives in the output of such a model can be 
improved by creating more predicates and training them on 
larger sets of training example texts. 
[0056] The output of such a model is usually a set of pre 
dictions about Which phrases in a text are of a particular type 
that the model has been trained to recogniZe. With each such 
prediction, the model can usually generate a probability that 
its prediction is correct. By choosing only those predictions 
With probabilities above a selected threshold, a doWnstream 
system can select for the amount of noise (false positives) or 
amount of misses (false negatives) that it receives. 
[0057] Many of the automatic techniques for identifying 
the semantic type of a location cannot make a judgment With 
guaranteed certainty, so they produce probabilistic con? 
dence scores as part of the output. These scores describe the 
likelihood that the system has identi?ed the meaning intended 
by the author. For example, When generating a determination 
that a location reference is being used to refer to a state actor 
instead of a literal location, a system might also indicate that 
the probability that the author Would agree is 0.678. 

Geometric Relationships BetWeen Locations Referenced in a 
Document 

[0058] The second type of metadata that We add to the 
geotagger output are geometric relationships betWeen geo 
graphic locations referenced in the same document. For 
example, if a document refers to both a country and also to 
several cities inside that country, the geometric relationship 
betWeen these entities is “containment,” i.e. the cities are 
contained inside the country. By containment We simply 
mean the standard notion of geometric containment, such as 
When a tWo-dimensional polygon fully encloses another tWo 
dimensional polygon. In three-dimensions, a polyhedron can 
enclose another shape. Enclosure or containment means that 
the entire volume or area of the contained shape is a subset of 
the volume or area of the containing shape. While the concept 
of containment is Well knoWn in the art of geographic infor 
mation systems, by providing containment and other geomet 
ric relationship information in the geotagger output, We alloW 
doWnstream systems to make decisions using these relation 
ships Without needing to perform any analysis of the geomet 
ric objects themselves. 
[0059] Other types of geometric relationships include: par 
tial containment or “overlap” in Which only a subset of a 
shape’s area or volume is a subset of the other shape’s area or 
volume; containment With shared boundary, Which means 
that a shape is contained Within another and part of the shared 
volume is on the boundary of both shapes; and proximity less 
than a number X, Which means that the distance betWeen a 
representative point in one shape and a representative point in 
another is less than the number X. This distance requires the 
use of a metric on the vector space in Which the shapes are 
de?ned. In addition to geographic containment, bordering 
relationships are also useful, such as “adjacent to the West.” 
[0060] Detecting geometric containment or neighboring 
relationships betWeen locations can be computationally 
expensive or even impossible if su?icient data is not avail 
able, so by including geometric relationships in the output of 
the geotagger system, We enable totally neW applications, 
described beloW. 
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[0061] In analyZing a document to ?nd location references, 
a geotagger system often encounters place names that are 
ambiguous, i.e., that might be used to refer to different places 
depending on the context. Often, a geotagger Will distinguish 
betWeen alternate location meanings by detecting a spatially 
related location that is co-referenced, such as a containing 
region. This helps to disambiguate the author’s meaning. 
Instead of tagging such spatially related locations as just 
being other locations referenced in the text, the system iden 
ti?es these locations as being “containers” or “disambigua 
tors.”A container is a region that geometrically contains other 
regions mentioned in the same document. A disambiguator is 
a container that is also useful for understanding the author’s 
intended meaning, because it communicates some context 
about Which part of the metric vector space the author is 
describing. For example, When the metric vector space is the 
planet Earth, an author might mention “Austria” and “LinZ.” 
Austria sets country-level context and LinZ is a city inAustria. 
In this case, Austria is a disambiguator, because it helps 
communicate context. 

[0062] An example of a document that has a container 
location as Well as other non-container locations is this short 
document: 

“John Kerry traveled through Massachusetts yesterday mak 
ing visits in WatertoWn, Needham, and Waltham. Next Week, 
he Will travel to Texas and Florida.” 

[0063] This is a one-sentence document. It refers to six 
locations, one of Which is a container for three others. Mas 
sachusetts is a container location for WatertoWn, Needham, 
and Waltham. Texas and Florida are other locations that are 
not contained Within Massachusetts. FIG. 7 illustrates hoW 
the system uses a geometric relationship betWeen co-refer 
enced locations to display content from document 911 on 
visual display 900. The system displays map image 905 fea 
turing visual indicators indicating locations Within a metric 
vector space. The locations are associated With the document. 
In this case, the association results from content in the docu 
ment referring to the locations by name. The locations 
Waltham, Needham, and Water‘toWn are represented by visual 
indicators in the map image (901, 902, 903) and referenced in 
the text (906, 907, 908, and 909). The document is also 
associated With the location Massachusetts because it refers 
to it in the text of the document (910). It is therefore also 
represented by a visual indicator in the map (904); hoWever 
this visual indicator is different from the others (901, 902, 
903) because Massachusetts is a containing location for other 
locations associated With the document. 

[0064] An alternative version of the short document 
referred to above reads as folloWs: 

“John Kerry traveled through Massachusetts yesterday mak 
ing visits in WatertoWn, Needham, and Waltham. Next Week, 
he Will travel to Texas and Florida, Which are other parts of the 
United States.” 

[0065] This version of the document refers to seven loca 
tions, one of Which contains all of the other six. That is, the 
United States contains Texas, Florida, and Massachusetts, as 
Well as the toWns in Massachusetts. In this document, the 
location Massachusetts has the meta-metadata attributes 
“contained by other location referenced in document” and 
“contains other locations referenced in document.” Several 
different queries might retrieve this document using geomet 
ric relationships as ?lters, as shoWn in Table l. 
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TABLE 1 

Candidate Document 
Location Tuples Include the 
Document and These 

Query Criteria Locations 

Query 1 All results must have a Needham, Waltham, 
location that is not a Watertown, Texas, Florida 
container 

Query 2 All results must have a Needham, Waltham, 
location that is not a Watertown, Texas, Florida, 
container or is contained by Massachusetts 
a container that contains 
other locations that are not 
containers 

[0066] In Table 1, Query 1 identi?es ?ve locations that do 
not contain any other locations. Query 2 adds Massachusetts 
to the list, because while Massachusetts is a container in this 
document, its parent container (the United States) contains to 
other co-referenced locations that are not containers (Florida 
and Texas). The meta-metadata constraints in the user inter 
face allow these types of queries to be selected and adjusted 
by the user. 
[0067] For a geotagger system to communicate information 
about geometric relationships, the system generates J SON or 
XML with attributes describing location references in the 
text. 

[0068] The geotagger also indicates that a particular refer 
ence could be interpreted in multiple ways. Since these dif 
ferent meanings have different spatial relationships with each 
other, it is easiest to indicate spatial relationships by provid 
ing a so-called “path hierarchy” for each location that might 
be referenced by the document. For example, the path hier 
archy for the City of Cambridge in Massachusettes is: “Earth, 
United States, Massachusetts, Cambridge.” And the path hier 
archy for the Town Hall of Cambridge is “Earth, United 
States, Massachusetts, Cambridge, Town Hall.” The contain 
ment relationship is deterministically indicated by the over 
lap of parent nodes in the path hierarchy. If two locations have 
some parents in common, then they are at least contained 
within a common container, although they may not be adja 
cent. 

[0069] The various path hierarchies in a document can be 
organized into a directed acyclic graph structure, as illus 
trated in the output in Appendix 1. This allows an application 
that receives the information from the API to traverse the 
location hierarchy and immediately know that any interior 
node of the graph is a containing region and any leaf node has 
no contained regions referenced in the text. This graph struc 
ture also allows applications to immediately ?nd co-refer 
enced regions that share a containing region: given any leaf 
node, simply traverse up to a parent node, and then consider 
that parent node’s other children. 

Visual Displays 

[0070] One way of utilizing the meta-metadata provided by 
our geotaggerAPI is in displaying more nuanced information 
to users viewing content from a document. We have described 
article mapper displays in previous ?lings, such as US. patent 
application Ser. No. 1 1/834,538, entitled “Geographical Text 
Search Enhancements,” and in US. Patent Application No. 
60/876,759, ?led Dec. 21, 2006, entitled “Article Mapper 
with Geographic Search Enhancements.” These displays aug 
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ment the understanding of a human examining a document by 
visually highlighting location references in the displayed text 
and by depicting the referenced locations in a map image of 
the domain. 
[0071] In some embodiments, the meta-metadata is used to 
visually differentiate between locations and location refer 
ences. For example, locations that contain co-referenced 
locations might be highlighted in a less visually intense man 
ner, because contained locations (i.e. those at the leaf nodes in 
the hierarchy) are often considered more interesting to the 
detailed meaning of a document. In anther example, the loca 
tion of the author, which might have the meta-metadata “lit 
eral-author-location,” is often considered less important than 
literal locations mentioned in the body of the article. Such 
locations might simply not be highlight in the visual display, 
or they may be given less prominent visual emphasis. 
[0072] FIGS. 2A, 2B, and 2C illustrate the way that co 
referenced location and semantic location metadata can be 
used to enhance the utility of a display. They show the infor 
mation from FIG. 1 inside user interface 80. Map 101 is 
displayed within the visual display of document 102. In FIG. 
2A, all the relationships between document 102 and map 101 
are shown, including textual reference 108, which is a met 
onymic reference to a non-location entity. This corresponds 
to what most geotagging systems would do because such 
systems do not distinguish between literal locations and met 
onymic references since it is dif?cult to detect whether a 
location reference is metonymic. FIG. 2B illustrates using 
meta-metadata to suppress highlighting on map 101 locations 
that are only referenced in a non-literal fashion, such as loca 
tion indicator 104. In FIG. 2C, the system uses the contain 
ment relationship between location indicators 106 and 107 to 
decide not to visually promote the importance of location 
indicator 107. Map 101 may still indicate the name of these 
various locations, but the highlighting of these non-literal, 
non leaf-node locations have been removed. 

Search 

[0073] Another way of utilizing the meta-metadata pro 
vided by our geotagger API is in searching for documents. 
Typically, geographic document searching, as described, for 
example, in US. Pat. No. 7,117,199, allows users to identify 
a domain of interest within a metric vector space. Documents 
that reference locations within the domain are candidates for 
inclusion in the result set. 
[0074] We re?ne this approach to geographic document 
searching by allowing user interfaces that utilize our search 
engine to also specify query criteria based on meta-metadata 
that may exist for some of the documents indexed in the 
search engine. For example, a new type of query criterion can 
be “only include documents that reference locations within 
this domain if the reference does not contain any other co 
referenced locations.” This reduces clutter in the map display 
and allows the user to see smaller locations, which are often 
more interesting. 
[0075] Another example is “only include documents that 
reference locations within this domain if the reference is a 
literal-location reference.” This allows the user to focus on 

those search results (document-location pairs) that refer to 
locations intended to be locations and not locations intended 
to be state actors. For example, a document might contain the 
sentence “France is debating whether to maintain its embassy 
in Port Harcourt.” Even if the domain identi?er submitted in 
the query covered both the country of France and the city of 
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Port Harcourt in Nigeria, if the query also included a con 
straint to only use literal-locations, then the location reference 
to France Would not be included in the search results, because 
it is being used as a metonymic reference to a state actor. 

[0076] A query ansWered by a geographic search engine 
might include only a single criterion involving only geomet 
ric constraints or only semantic category constraints. For 
example, a query might say, “retum only document-location 
tuples in Which the location is not a container location, i.e., 
does not contain any other locations referenced in the docu 
ment.” Such a query might not have any other constraints, i.e., 
no spatial identi?er and no free-text query and no other ?lters. 

[0077] A query ansWered by a geographic search engine 
might include a geometric constraint or a semantic category 
constraint along With a free-text query constraint. For 
example, a query might say, “retum only document-location 
tuples in Which the location is not a container location and the 
document is responsive to the keyWord ‘sailing.’” Such a 
query might get a response containing documents that refer to 
“sailing” or “sail boats” and also refer to location Without 
mention locations Within them. 
[0078] Another type of geometric constraint that might be 
used in a query or in displaying information about a document 
is “this location contains locations that are themselves con 
tainers of locations that are not containers.” This is equivalent 
to saying that the locations are at a particular level above the 
leaf-node level in the hierarchy of locations. 
[0079] A query might combine semantic typing and geo 
metric constraints by saying “retum only document-location 
tuples in Which the location is referenced by the document 
and is not a container and is not a byline.” For another 
example of combining the constraints, a query might say 
“retum only document-location tuples in Which the location 
is referenced by the document and is not a container and is a 
literal location and is a place-of-subject With a place-of-sub 
ject-con?dence over 0.45.” The last clause regarding the 
place-of-subject-con?dence means that the results are 
restricted to only include those document-location tuples in 
Which the location is believed to be a place-of-subj ect With a 
probability of correctness of more than 45%. 
[0080] To make these queries possible, the search engine 
must have additional ?elds of information indexed With each 
document. For example, the index of document-location 
tuples must alloW a query to quickly select out only those 
locations that have a particular semantic type or that contain 
or do not contain co-referenced locations. A document-loca 
tion tuple is a conceptual pairing of a document and a location 
associated With the document. Often, the particular imple 
mentation of a document-location tuple in a particular system 
Will be a document identi?er and a location identi?er. For 
example, a document identi?er might be a URL or an ID 
number, and a location identi?er might be a list of containing 
regions or a set of latitude-longitude coordinates. By listing 
tWo such identi?ers together, one has a document location 
tuple. Geographic search results typically consist of a set of 
document-location tuples visually represented to a user as a 
listing of clickable hyperlinks and locations named in text 
and/ or indicated on a map image. 

[0081] One Way of accessing this neW information in the 
index is to pass a set of query constraints along With a query 
string. For example, if the programmatic API to the search 
engine is an HTTP request, then the query string might be 
passed as the value to a CGI ?eld named “q” and a constraint 
indicating that only locations of a particular semantic type 
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might be passed by setting the value of a CGI ?eld named 
‘semantic_type’ to the desired value, e.g., ‘literal-location.’ 
[0082] Another Way of alloWing search requesters to utiliZe 
the containment information and other meta-metadata is to 
extend the query string language. That is, to add neW opera 
tors to the list of special strings that may be included in the 
query string. Common query string operators include “site:” 
and “inurlz”, Which restrict the results to only containing 
documents hosted by a particular site or that have a particular 
string in their URL. Typically, operators have a colon symbol 
folloWing a special string, like “site” or “inur ” and the char 
acters entered after the colon are used as the input to the 
operator. For example, “site:cars.com” Will limit results to 
only include documents served from the servers in the cars. 
com lntemet domain name. To include White space in the 
string folloWing the operator’s colon, one must enclose the 
string in quotation marks. 
[0083] Our search engine alloWs users or applications that 
send queries to the search engine to include special operators 
in the query string specifying constraints on the meta-meta 
data. These query operators are part of the query language for 
the search engine. For example, the operator “semantic_ 
typez” alloWs the user to specify that only locations With a 
particular semantic type should be included in the list of 
document-location tuples returned in response to the query. 
For example, including the string “semantic_type:literal-lo 
cation” in the query string Will limit results to only those 
location references that are considered literal-locations and 
not place-for-govemment or other semantic types. 
[0084] FIG. 6 illustrates the process of performing a search 
that involves the semantic type of a location reference. The 
process starts With accepting search criteria from a user, the 
search criteria including a semantic type identi?er and a spa 
tial identi?er that identi?es a location in a metric vector space 
(301). In response to accepting the search criteria from the 
user, the system obtains a set of document-location identi? 
ers, each document-location identi?er identifying a location 
Within the domain and identifying a document that is associ 
ated With the location, said association having the semantic 
type identi?ed by the semantic type identi?er (302); display 
ing on the display device a visual representation of the 
domain identi?ed by the domain identi?er (303); and display 
ing a plurality of visual indicators representing the document 
location tuples (304). 
[0085] A number of embodiments of the invention have 
been described. Nevertheless, it Will be understood that vari 
ous modi?cations may be made Without departing from the 
spirit and scope of the invention. Accordingly, other embodi 
ments are Within the scope of the folloWing claims. 

1. A computer-implemented method involving a corpus of 
documents, said method comprising: 

accepting search criteria from a user, said search criteria 
including a domain identi?er identifying a domain and 
including a ?lter condition specifying a geometric rela 
tionship betWeen co-referenced locations; 

in response to accepting said search criteria from the user, 
searching among the corpus of documents to identify a 
set of documents, Wherein each document among the set 
of documents contains anyWhere Within the document 
location-related information that refers to a location 
Within the domain and satis?es the ?lter condition, and 
Wherein the set of documents only includes documents 
that satisfy the ?lter condition; and 
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identifying to the user the documents in the set of docu 
ments. 

2. The computer-implemented method of claim 1, Wherein 
the geometric relationship is one of being a container of 
another location. 

3. The computer-implemented method of claim 1, Wherein 
the geometric relationship is one of being contained in 
another location. 

4. The computer-implemented method of claim 1, Wherein 
the geometric relationship is one of being overlapping With 
another location. 

5. The computer-implemented method of claim 1, Wherein 
the geometric relationship is one of being a neighbor of 
another location. 

6. A computer-implemented method involving a corpus of 
documents, said method comprising: 

accepting search criteria from a user, said search criteria 
including a domain identi?er identifying a domain and a 
?lter specifying a semantic category for referenced loca 
tions; 

in response to accepting said search criteria from the user, 
searching among the corpus of documents to identify a 
set of documents, Wherein each document among the set 
of documents contains anyWhere Within the document 
location-related information that refers to a location 
Within the domain and that satis?es the ?lter condition; 
and 

identifying to the user the documents in the set of docu 
ments. 

7. The computer-implemented method of claim 6, Wherein 
the semantic category is a context-dependent property of the 
spatial indicator. 

8. The computer-implemented method of claim 6, Wherein 
the semantic category is place-of-author. 

9. The computer-implemented method of claim 6, Wherein 
the semantic category is place-of-subject. 

10. The computer-implemented method of claim 6, 
Wherein the semantic category is literal location. 

11. A computer-implemented method of displaying infor 
mation about a document that includes a plurality of spatial 
identi?ers each of Which identi?es a corresponding location 
Within a metric space and at least tWo of Which have a geo 
metric relationship to each other, said method comprising: 

displaying a visual representation of content from the 
document; 

displaying a map image of a portion of the metric space; 
displaying a visual indicator at a position on the map image 

representing the location that corresponds to one of said 
plurality of spatial identi?ers; and 

visually indicating that the location corresponding to the 
visual indicator has associated data that characterizes 
the geometric relationship betWeen that location and the 
location of another spatial identi?er in the document. 

12. The computer-implemented method of claim 11, 
Wherein the geometric relationship is one of being a container 
of another location. 

13. The computer-implemented method of claim 11, 
Wherein the geometric relationship is one of being contained 
in another location. 

14. The computer-implemented method of claim 11, 
Wherein the geometric relationship is one of being overlap 
ping With another location. 
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15. The computer-implemented method of claim 11, 
Wherein the geometric relationship is one of being a neighbor 
of another location. 

16. A computer-implemented method of displaying infor 
mation about a document that includes a spatial identi?er that 
identi?es a corresponding location Within a metric space and 
Wherein that spatial identi?er is characterized by a semantic 
type that is determined by its use Within the document, said 
method comprising: 

displaying a visual representation of content from the 
document; 

visually identifying the spatial identi?er Within the dis 
played visual representation of the content from the 
document; and 

visually indicating the semantic type of the spatial identi 

17. The computer-implemented method of claim 16, fur 
ther comprising: 

along With the displayed visual representation of content, 
also displaying a map image of a portion of the metric 
space; and 

displaying a visual indicator at a position on the map image 
representing the location that corresponds to the spatial 
identi?er; 

18. The computer-implemented method of claim 16, 
Wherein the semantic category is a context-dependent prop 
erty of the spatial indicator. 

19. The computer-implemented method of claim 16, 
Wherein the semantic category is place-of-author. 

20. The computer-implemented method of claim 16, 
Wherein the semantic category is place-of-subject. 

21. The computer-implemented method of claim 16, 
Wherein the semantic category is literal location. 

22. The computer-implemented method of claim 16, 
Wherein visually indicating involves highlighting. 

23. A computer-implemented method of displaying infor 
mation about a document that includes a spatial identi?er that 
identi?es a corresponding location Within a metric space and 
Wherein that spatial identi?er is a semantic type, said method 
comprising: 

displaying a visual representation of content from the 
document; 

displaying a map image of a portion of the metric space; 
displaying a visual indicator at a position on the map image 

representing the location that corresponds to the spatial 
identi?er; and 

visually indicating the semantic type of the spatial identi 

24. A computer readable medium storing code Which When 
executed on a computer system causes the computer system 
to: 

accept search criteria from a user, said search criteria 
including a domain identi?er identifying a domain and 
including a ?lter condition specifying a geometric rela 
tionship betWeen co-referenced locations; 

in response to accepting said search criteria from the user, 
search among the corpus of documents to identify a set 
of documents, Wherein each document of the set of 
documents contains anyWhere Within the document 
location-related information that refers to a location 
Within the domain and satis?es the ?lter condition, and 
Wherein the set of documents only includes documents 
that satisfy the ?lter condition; and 

identify to the user the documents in the set of documents. 
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25. A computer readable medium storing code Which When 
executed on a computer system causes the computer system 
to: 

accept search criteria from a user, said search criteria 
including a domain identi?er identifying a domain and a 
?lter specifying a semantic category for referenced loca 
tions; 

in response to accepting said search criteria from the user, 
search among the corpus of documents to identify a set 
of documents, Wherein each document among the set of 
documents contains anyWhere Within the document 
location-related information that refers to a location 
Within the domain and that satis?es the ?lter condition; 
and 

identify to the user the documents in the set of documents. 
26. A computer readable medium storing code for use With 

a document that includes a plurality of spatial identi?ers each 
of Which identi?es a corresponding location Within a metric 
space and at least tWo of Which have a geometric relationship 
to each other, Wherein said code When executed on a computer 
system causes the computer system to: 

display a visual representation of content from the docu 
ment; 

display a map image of a portion of the metric space; 
display a visual indicator at a position on the map image 

representing the location that corresponds to one of said 
plurality of spatial identi?ers; and 

visually indicate that the location corresponding to the 
visual indicator has associated data that characterizes 
the geometric relationship betWeen that location and the 
location of another spatial identi?er in the document. 

27. A computer readable medium storing code for use With 
a document that includes a spatial identi?er that identi?es a 
corresponding location Within a metric space and Wherein 
that spatial identi?er is characterized by a semantic type that 
is determined by its use Within the document, Wherein said 
code When executed on a computer system causes the com 
puter system to: 

display a visual representation of content from the docu 
ment; 

visually identify the spatial identi?er Within the displayed 
visual representation of the content from the document; 
and 

visually indicate the semantic type of the spatial identi?er. 
28. A method of searching a corpus of documents, the 

method comprising: 
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accepting search criteria from a user, the search criteria 
including a geometric attribute; 

in response to accepting the search criteria, searching the 
corpus of documents to identify portions of the docu 
ments that reference locations in a metric vector space; 

analyZing the portions of the documents to identify the 
locations that satisfy the geometric attribute; and 

compiling a set documents and their corresponding loca 
tion references that are responsive to the search criteria. 

29. A method of displaying information contained Within a 
document, the method comprising: 

receiving information that identi?es a ?rst portion of the 
document containing a ?rst identi?er that references a 
?rst location in a metric vector space; 

receiving information that identi?es a second portion of the 
document containing a second identi?er that references 
a second location in a metric vector space; 

receiving information describing a geometric relationship 
betWeen the ?rst location and the second location; 

displaying a map of a portion of the metric vector space, the 
domain encompassing at least a part of one of the ?rst 
and second locations; and 

displaying at least one of the ?rst location and the second 
location on the map, Wherein a mode of displaying the at 
least one of the ?rst location and the second location is 
determined by the geometric relationship betWeen the 
?rst and second locations. 

30. A method of displaying information contained Within a 
document, the method comprising: 

identifying a portion of the document that contains an 
identi?er that references a location in a metric vector 
space; 

analyZing the portion of the document to obtain a semantic 
category of the identi?er, the semantic category identi 
fying a sense in Which an author of the document 
intended to use the identi?er in the portion of the docu 
ment; 

displaying a map of the domain of the metric vector space, 
the domain encompassing at least a part of the location 
referenced by the identi?er; and 

displaying on the map of the domain the location refer 
enced by the identi?er, Wherein a mode of displaying the 
location referenced by the identi?er is determined by the 
semantic category of the identi?er. 

* * * * * 


