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Under one aspect, an interface program stored on a com 
puter-readable medium causes a computer system with a 
display device to perform the functions of accepting search 
criteria from a user, the search criteria including a free-text 
query and a domain identifier, the domain identifier identi 
fying a physical location; in response to accepting said 
search criteria from the user, receiving a set of document 
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(21) Appl. No.: 11/818,066 location tuples from a corpus of documents, each document 
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organizing the document-location tuples into a hierarchical 
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hierarchical spatial relationships between the physical loca 
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Obtain a Corpus of documents, Such as a Corpus - 1501 
defined by a user's query 

1502 Break the documents into snippets using 
sentence boundaries or other linguistic and 

syntactic techniques. 

ldentify location references in the documents. 1503 

1504 
Compute the relevance of at least those snippets 
containing location references; possibly do so for 

all Snippets. 

1505 
Generate a set of textual annotations for the 
locations using higher relevance Snippets in 
preference to lower relevance snippets. 

1506 
Display the textual annotations on a map image. 

FIG. 9 
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ldentify location references in the documents. 

Obtain a Corpus of documents, such as a Corpus 
defined by a user's query 

Compute a value score for each location 
referenced in the Corpus, using a technique like 

the likelihood ratio of frequencies 

Display visual indications indicating which 
locations are higher value, so a user's attention 
can be drawn to more interesting or valuable 

information. 
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Obtain a document 1701 

Obtain textual positions of location 1702 
references in the document 

Obtain interpretations of the location 1703 
references 

1704 Order the interpretations based on 
information available in the document 

Present the Ordered location 1705 
interpretations to the user 

Allow the user to select the most 1706 
Correct interpretation, adjust the 

textual position boundaries, identify 
location references that had not been 

found previously, and/or remove 
incorrectly identified location references. 

FIG. 12 
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find water, he put his trust in Mohammed 
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Terrorist Abu Musab al-Zarqawi died in 'safe house' rubble in Baghdad 

neighborhood of Aza. al-Zarqawi was betrayed from inside the al 
0.834A A 

Qaeda group that he led in the insurgency against Coalition troops in 

Iraq. "Tips and intelligence from Iraqi senior leaders from his network 0.679A 
led U.S. forces to al-Zarqawi, "U.S. Army Maj. Gen. Bill Caldwell said A EY 
from his Commend in the Green Zone. Officials say a tape made by 

0.679A A 
Abu Musab al-Zarqawi may have led to his undoing. 
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SYSTEMIS AND METHODS FOR HERARCHICAL 
ORGANIZATION AND PRESENTATION OF 

GEOGRAPHC SEARCH RESULTS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001) This application claims the benefit of U.S. Provi 
sional Application No. 60/812,865, filed Jun. 12, 2006 and 
entitled “Answer Engine for Presenting Geo-Text Search 
Results, the entire contents of which are incorporated 
herein by reference. 
0002 This application is related to U.S. Pat. No. 7,117, 
199, issued Oct. 2, 2006 and entitled “Spatially Coding and 
Displaying Information, the entire contents of which are 
incorporated herein by reference. 
0003. This application is related to the following appli 
cations filed concurrently herewith, the entire contents of 
which are incorporated herein by reference: 
0004 U.S. patent application Ser. No. (TBA), entitled 
“Systems and Methods for Providing Statistically Interest 
ing Geographic Information Based on Queries to a Geo 
graphic Search Engine;” and 
0005 U.S. patent application Ser. No. (TBA), entitled 
“Systems and Methods for Generating and Correcting Loca 
tion References Extracted from Text.” 

TECHNICAL FIELD 

0006. This invention relates to computer systems, and 
more particularly to spatial databases, document databases, 
search engines, and data visualization. 

BACKGROUND 

0007. There are many tools available for organizing and 
accessing documents through different interfaces that help 
users find information. Some of these tools allow users to 
search for documents matching specific criteria, such as 
containing specified keywords. Some of these tools present 
information about geographic regions or spatial domains, 
Such as driving directions presented on a map. 
0008. These tools are available on private computer sys 
tems and are sometimes made available over public net 
works, such as the Internet. Users can use these tools to 
gather information. 

SUMMARY OF THE INVENTION 

0009. The invention provides systems and methods for 
hierarchical organization and presentation of geographic 
search results. 

0010. The invention also provides systems and methods 
for providing statistically interesting geographical informa 
tion based on queries to a geographical search engine. 
0011. The invention also provides systems and methods 
of generating and correcting location references extracted 
from text. 

0012 Under one aspect, an interface program stored on a 
computer-readable medium causes a computer system with 
a display device to perform the functions of accepting 
search criteria from a user, the search criteria including a 
free-text query and a domain identifier, the domain identifier 
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identifying a physical location; in response to accepting said 
search criteria from the user, receiving a set of document 
location tuples from a corpus of documents, each document 
location tuple satisfying the search criteria from the user; 
organizing the document-location tuples into a hierarchical 
graph structure, the hierarchical graph structure representing 
hierarchical spatial relationships between the physical loca 
tions; and displaying a visual representation of the hierar 
chical graph structure on the display device. 
0013 Under another aspect, a method of displaying 
information about documents includes: accepting search 
criteria from a user, the search criteria including a free-text 
query and a domain identifier, the domain identifier identi 
fying a physical location; in response to accepting said 
search criteria from the user, receiving a set of document 
location tuples from a corpus of documents, each document 
location tuple satisfying the search criteria from the user; 
organizing the document-location tuples into a hierarchical 
graph structure, the hierarchical graph structure representing 
hierarchical spatial relationships between the physical loca 
tions; and displaying a visual representation of the hierar 
chical graph structure on a display device. 
0014. One or more embodiments include one or more of 
the following features. The visual representation of the 
hierarchical graph structure includes at least one of a map 
and a set of nested folders. At least some of the folders of the 
set of nested folders include references to at least some of 
the documents. Further organizing the document-location 
tuples into a hierarchical graph structure based on a refer 
ence graph structure. The reference graph structure includes 
a plurality of geographical locations arranged into hierar 
chical nodes, wherein at least Some nodes representing 
larger-area geographical features are at a higher level than 
nodes representing Smaller-area geographical features that 
are encompassed within the larger-area geographical fea 
tures. The reference graph structure includes one of a tree 
graph and a directed acyclic graph. Further performing the 
functions of organizing the document document-location 
tuples into a hierarchical graph structure, said organizing 
including initializing an empty graph-based result set, and 
for each location in the document-location tuples: (a) finding 
a node in a reference graph corresponding to the location; (b) 
attaching the node and any parents of the node to the 
graph-based result set; and (c) attaching all document 
location tuples having the location to the node. The parents 
of the node include at least one physical domain having a 
larger spatial area than the node corresponding to the loca 
tion. The physical domain includes a planetary body. The 
physical domain includes a geographical region. Further 
displaying a map image and displaying visual indicators 
representing at least a Subset of the locations in the map 
image. At least one document references multiple locations, 
and the visual indicators include lines connecting at least 
some of the multiple locations. Each of the visual indicators 
has an opacity proportional to a relevance score of at least 
one document-location tuple it represents. The spatial rela 
tionships between the locations include at least one of 
containment, partial containment, and proximity. 
0015 Under another aspect, an interface program stored 
on a computer-readable medium causes a computer system 
with a display device to perform the functions of accepting 
search criteria from a user, the search criteria including a 
free text entry query and a domain identifier identifying the 
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domain; in response to accepting said search criteria from 
the user, receiving a first set of documents from a corpus of 
documents that: (a) contains anywhere within the document 
location-related information that refers to a specific location 
within the domain identified by the domain identifier; and 
(b) contains anywhere within the document text that is 
responsive to the free text entry query, wherein said iden 
tified documents are identified by a plurality of document 
identifiers; displaying a representation of said domain on the 
display device, wherein the domain is a geographical region 
and said representation is multi-dimensional map of the 
geographical region; displaying on the display device a 
plurality of visual indicators as representations of the first set 
of documents identified by said plurality of document iden 
tifiers, the corresponding visual indicator for each document 
identifier of said plurality of document identifiers being 
positioned within the representation of the domain at a 
coordinate within the domain that corresponds to the loca 
tion-related information for the corresponding document; 
receiving an inspection request from the user, the inspection 
request including a Subdomain identifier identifying the 
Subdomain, the Subdomain within the domain; in response to 
the inspection request from the user, receiving a second set 
of documents from the corpus of documents that: (a) con 
tains anywhere within the document location-related infor 
mation that refers to a specific location within the subdo 
main identified by the subdomain identifier; and (b) contains 
anywhere within the document text that is responsive to the 
free text entry query, wherein said identified documents are 
identified by a plurality of document identifiers; and dis 
playing information about the second set of documents on 
the display device. 
0016 Under another aspect, a method of displaying 
information about documents includes: accepting search 
criteria from a user, the search criteria including a free text 
entry query and a domain identifier identifying the domain; 
in response to accepting said search criteria from the user, 
receiving a first set of documents from a corpus of docu 
ments that: (a) contains anywhere within the document 
location-related information that refers to a specific location 
within the domain identified by the domain identifier; and 
(b) contains anywhere within the document text that is 
responsive to the free text entry query, wherein said iden 
tified documents are identified by a plurality of document 
identifiers; displaying a representation of said domain on a 
display device, wherein the domain is a geographical region 
and said representation is multi-dimensional map of the 
geographical region; displaying on the display device a 
plurality of visual indicators as representations of the first set 
of documents identified by said plurality of document iden 
tifiers, the corresponding visual indicator for each document 
identifier of said plurality of document identifiers being 
positioned within the representation of the domain at a 
coordinate within the domain that corresponds to the loca 
tion-related information for the corresponding document; 
receiving an inspection request from the user, the inspection 
request including a Subdomain identifier identifying the 
Subdomain, the Subdomain within the domain; in response to 
the inspection request from the user, receiving a second set 
of documents from the corpus of documents that: (a) con 
tains anywhere within the document location-related infor 
mation that refers to a specific location within the subdo 
main identified by the subdomain identifier; and (b) contains 
anywhere within the document text that is responsive to the 
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free text entry query, wherein said identified documents are 
identified by a plurality of document identifiers; and dis 
playing information about the second set of documents on 
the display device. 

0017. One or more embodiments include one or more of 
the following features. The inspection request includes a 
movable Subdomain indicator displayed on the representa 
tion of said domain. Displaying information about the sec 
ond set of documents on the display device includes dis 
playing a plurality of visual indicators as representations of 
the second set of documents, the corresponding visual 
indicator for each document being positioned within the 
representation of the domain at a coordinate within the 
domain that corresponds to the location-related information 
for the corresponding document. Displaying information 
about the second set of documents on the display device 
includes displaying a plurality of Snippets of text from the 
second set of documents. The first and second sets of 
documents are hierarchically organized based on a reference 
graph. 

0018 Under another aspect, an interface program stored 
on a computer-readable medium causes a computer system 
with a display device to perform the functions of accepting 
search criteria from a user, the search criteria including a 
domain identifier identifying a domain and a free text query 
entry; in response to accepting said search criteria from the 
user, receiving a set of document-location tuples from a 
corpus of documents, wherein each document of the set of 
documents: (a) contains anywhere within the document 
information that is responsive to the free text query entry; 
and (b) contains anywhere within the document location 
related information that refers to a location within the 
domain; requesting and receiving a result from an additional 
query based at least in part on the domain identifier, the 
result not being a document-location tuple; and displaying a 
visual representation of at least a Subset of the document 
location tuples and a visual representation of the result of the 
additional query on the display device. 

0019. Under another aspect, a method of displaying 
information about documents includes: accepting search 
criteria from a user, the search criteria including a domain 
identifier identifying a domain and a free text query entry; in 
response to accepting said search criteria from the user, 
receiving a set of document-location tuples from a corpus of 
documents, wherein each document of the set of documents: 
(a) contains anywhere within the document information that 
is responsive to the free text query entry; and (b) contains 
anywhere within the document location-related information 
that refers to a location within the domain; requesting and 
receiving a result from an additional query based at least in 
part on the domain identifier, the result not being a docu 
ment-location tuple; and displaying a visual representation 
of at least a Subset of the document-location tuples and a 
visual representation of the result of the additional query on 
a display device. 

0020. One or more embodiments include one or more of 
the following features. The visual representation of the at 
least a Subset of the document-location tuples includes a 
plurality of visual indicators on a map image. The visual 
representation of the result of the additional query includes 
a visual indicator on the map image. The additional query 
includes a query to a database. The additional query includes 



US 2008/0010273 A1 

statistically analyzing phrases within the set of documents, 
and identifying a plurality of statistically interesting phrases 
based on the statistical analysis, the statistically interesting 
phrases having a statistical property that distinguishes them 
from other phrases in the documents. Identifying the plu 
rality of statistically interesting phrases includes one of 
selecting phrases having a frequency of occurrence that 
exceeds a predetermined threshold, and selecting a pre 
determined number of phrases having a frequency of occur 
rence higher than a frequency of occurrence of other phrases 
in the documents. The visual representation of the result of 
the additional query includes a visual representation of the 
plurality of Statistically interesting phrases. The visual rep 
resentation of the plurality of statistically interesting phrases 
includes a plurality of annotations on a map. The visual 
representation of the plurality of statistically interesting 
phrases includes a list of the statistically interesting phrases. 
A plurality of the statistically interesting phrases are asso 
ciated with a subdomain within the domain, and wherein the 
visual representation of the plurality statistically interesting 
phrases includes a bounding box indicating the Subdomain 
On a map. 

0021. Under another aspect, an interface program stored 
on a computer-readable medium causes a computer system 
with a display device to perform the functions of identifying 
a plurality of statistically interesting phrases occurring 
within a plurality of documents of a corpus of documents, 
the statistically interesting phrases having a statistical prop 
erty that distinguishes them from other phrases in the 
documents; identifying locations referenced within the iden 
tified Statistically interesting phrases; displaying a visual 
representation of a domain, the domain encompassing at 
least a Subset of the identified locations; displaying a visual 
representation of at least a subset of the identified locations: 
and displaying at least a Subset of the identified statistically 
interesting phrases, each of the displayed phrases visually 
associated with a corresponding visual representation of the 
at least a subset of the identified locations. 

0022. Under another aspect, a method of displaying 
information about documents includes: identifying a plural 
ity of statistically interesting phrases occurring within a 
plurality of documents of a corpus of documents, the sta 
tistically interesting phrases having a statistical property that 
distinguishes them from other phrases in the documents; 
identifying locations referenced within the identified statis 
tically interesting phrases; displaying a visual representation 
of a domain, the domain encompassing at least a Subset of 
the identified locations; displaying a visual representation of 
at least a Subset of the identified locations; and displaying at 
least a subset of the identified statistically interesting 
phrases, each of the displayed phrases visually associated 
with a corresponding visual representation of the at least a 
subset of the identified locations. 

0023. One or more embodiments include one or more of 
the following features. Further computing a relevance score 
for each of the identified Statistically interesting phrases, and 
displaying only phrases having a relevance score exceeding 
a predetermined threshold. The statistical property of the 
statistically interesting phrases is related to a users free text 
query. 

0024 Under another aspect, an interface program stored 
on a computer-readable medium causes a computer system 
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with a display device to perform the functions of identifying 
a plurality of locations referenced within a plurality of 
documents of a corpus of documents; for each location of the 
plurality of locations, computing a value score based on a 
frequency of occurrences of references to the location in the 
corpus of documents; displaying a visual representation of a 
domain, the domain encompassing the locations; and dis 
playing a visual indicator on the visual representation of the 
domain, the visual indicator representing locations of the 
plurality of locations having a value score exceeding a 
predetermined value score. 
0025 Under another aspect, a method of displaying 
information about documents includes: identifying a plural 
ity of locations referenced within a plurality of documents of 
a corpus of documents; for each location of the plurality of 
locations, computing a value score based on a frequency of 
occurrences of references to the location in the corpus of 
documents; displaying a visual representation of a domain, 
the domain encompassing the locations; and displaying a 
visual indicator on the visual representation of the domain, 
the visual indicator representing locations of the plurality of 
locations having a value score exceeding a predetermined 
value score. 

0026. In some embodiments, the visual indicator includes 
a bounding box representing an area encompassing a plu 
rality of proximate locations each having a value score 
exceeding the predetermined value score. 
0027. Under another aspect, an interface program stored 
on a computer-readable medium causes a computer system 
with a display to perform the functions of accepting search 
criteria from a user, the search criteria including a domain 
identifier identifying a domain and a free text query entry; in 
response to accepting said search criteria from the user, 
receiving a set of document-location tuples from a corpus of 
documents, wherein each document of the set of documents: 
(a) contains anywhere within the document information that 
is responsive to the free text query entry; and (b) contains 
anywhere within the document location-related information 
that refers to a location within the domain; identifying a 
subset of documents that refer to locations that are more 
spatially proximate to each other than to other locations 
referred to by other documents in the corpus of documents: 
and displaying a visual representation of at the Subset of 
documents on the display device. 
0028 Under another aspect, a method of displaying 
information about documents includes: accepting search 
criteria from a user, the search criteria including a domain 
identifier identifying a domain and a free text query entry; in 
response to accepting said search criteria from the user, 
receiving a set of document-location tuples from a corpus of 
documents, wherein each document of the set of documents: 
(a) contains anywhere within the document information that 
is responsive to the free text query entry; and (b) contains 
anywhere within the document location-related information 
that refers to a location within the domain; identifying a 
subset of documents that refer to locations that are more 
spatially proximate to each other than to other locations 
referred to by other documents in the corpus of documents: 
and displaying a visual representation of at the Subset of 
documents on the display device. 
0029. In some embodiments, the visual representation of 
the Subset of documents includes at least one of a hotspot 
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box and a plurality of annotations representing statistically 
interesting phrases within the Subset of documents. 
0030 Under another aspect, an interface program stored 
on a computer-readable medium causes a computer system 
with a display device to perform the functions of displaying 
a document on the display device; displaying a selectable 
button for requesting location-related information pertaining 
to the document; accepting a user selection of the button as 
a request to view the location-related information pertaining 
to the document; in response to the request, requesting and 
receiving metadata identifying candidate location references 
within the document; displaying on the display device a map 
with visual indicators representing at least a Subset of the 
plurality of location references within the document; and 
displaying on the display device the document with visual 
indicators representing at least a Subset of the plurality of 
location references within the document. 

0031 Under another aspect, a method of displaying 
information about a document includes displaying a docu 
ment on the display device; displaying a selectable button 
for requesting location-related information pertaining to the 
document; accepting a user selection of the button as a 
request to view the location-related information pertaining 
to the document; in response to the request, requesting and 
receiving metadata identifying candidate location references 
within the document; displaying on the display device a map 
with visual indicators representing at least a Subset of the 
plurality of location references within the document; and 
displaying on the display device the document with visual 
indicators representing at least a Subset of the plurality of 
location references within the document. 

0032. One or more embodiments include one or more of 
the following features. The selection of the button includes 
a single mouse click. Requesting and receiving the plurality 
of location references within the document includes trans 
mitting the document to an external server. Further display 
ing an interface allowing the user to edit the metadata. The 
interface allows at least one of associating the metadata with 
a previously unidentified location reference within the docu 
ment, removing metadata that inappropriately identifies a 
location reference within the document, modifying coordi 
nates associated with a location reference within the docu 
ment, and modifying a confidence score associated with a 
location reference within the document. 

0033 Under another aspect, an interface program stored 
on a computer-readable medium causes a computer system 
with a display to perform the functions of displaying a 
document on the display; displaying metadata associated 
with the document on the display, the displayed metadata 
including a confidence score indicating the likelihood that 
the author intended for the document to refer to a candidate 
location; and providing an interface through which a user 
can alter the confidence score in the metadata. 

0034 Under another aspect, a method for displaying and 
altering information about a document includes: displaying 
a document on a display; displaying metadata associated 
with the document on the display, the displayed metadata 
including a confidence score indicating the likelihood that 
the author intended for the document to refer to a candidate 
location; and providing an interface through which a user 
can alter the confidence score in the metadata. 

0035. The details of one or more embodiments of the 
invention are set forth in the accompanying drawings and 
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the description below. Other features, objects, and advan 
tages of the invention will be apparent from the description 
and drawings, and from the claims. 

Definitions 

0036. For clarity, we define several terms of art: 
0037) “Data' is any media object that can be represented 
by numbers. Such as numbers in base two, which are called 
“binary numbers.” 
0038. “Information' is data that a human or machine or 
a machine can interpret as having meaning. 
0039) “Metadata' is information about other information. 
For example, a document is a media object containing 
information and possibly also metadata about the informa 
tion. For example, if a document contains text by an author 
named "Dave, then the document may also contain meta 
data identifying Dave as the author. Metadata often performs 
the function of “identifying part of a media object. The 
metadata usually identifies part of a media object in order to 
provide additional information about that part of the media 
object. The mechanism for identifying part of a media object 
usually depends on the format and specific composition of a 
given media object. For text documents, character ranges are 
often used to identify substrings of the text. These substrings 
are media objects. 
0040. A “media object' is any physical or electronic 
object that can be interpreted as containing information, 
thoughts, or emotions. Thus, a media object is a broad class 
of things, including such diverse objects as living organisms, 
paper documents, rocks, videos, email messages, web pages, 
slide show presentations, spreadsheets, renderings of equa 
tions, and music. 
0041. A “digital media object' is a media object con 
structed from binary electronic signals or similar computing 
machine oriented signals. Frequently, media objects can be 
stored in digital form, and this digital form can be replicated 
and transmitted to different computer systems many separate 
times. 

0042. A "document” is a media object containing infor 
mation composed by humans for the purpose of transmission 
or archiving for other humans. Documents are typically the 
targets of the queries issued by users to search systems. 
Examples of documents include text-based computer files, 
as well as files that are partially text-based, files containing 
spatial information, and computer entities that can be 
accessed via a document-like interface. Documents can 
contain other documents and may have other interfaces 
besides their document-like interfaces. Every document has 
an address. In the case of world-wide web documents, this 
address is commonly a URL. The documents exist on 
computer systems arrayed across a computer network, Such 
as a private network or the Internet. The documents may be 
hyperlinked, that is, may contain references (hyperlinks) to 
an address of another document. Copies of the documents 
may be stored in a repository. 
0043. A “digital document' is a document that is a digital 
media object, such as a file stored in a file system or web 
server or digital document repository. 
0044) A “text document” is a document containing char 
acter symbols that humans can interpret as signifying mean 
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ing. A “digital text document is a text document that is also 
a digital document. Typically, digital text documents contain 
character symbols in standardized character sets that many 
computer systems can interpret and render visually to users. 
Digital text documents may also contain other pieces of 
information besides text, such as images, graphs, numbers, 
binary data, and other signals. Some digital documents 
contain images of text, and a digital representation of the 
text may be separated from the digital document containing 
the images of text. 

0045. A "corpus of documents’ is a collection of one or 
more documents. Typically, a corpus of documents is 
grouped together by a process or some human-chosen con 
vention, such as a web crawler gathering documents from a 
set of web sites and grouping them together into a set of 
documents; such a set is a corpus. The plural of corpus is 
corpora. 

0046. A “subcorpus is a corpus that is fully contained 
within a larger corpus of documents. A Subcorpus is simply 
another name for a Subset of a corpus. 
0047 A “summary' is a media object that contains infor 
mation about Some other media object. By definition, a 
summary does not contain all of the information of the other 
media object, and it can contain additional information that 
is not obviously present in the other media object. 
0.048. An “integrated summary' is a set of summaries 
about the same media object. For example, a web site about 
a book typically has several Summaries organized in differ 
ent ways and in different mediums, although they are all 
about the same book. An integrated Summary can include 
both sub-media objects excerpted from the media object 
Summarized by the integrated Summary, and also Summary 
media objects. 

0049. To “summarize' is to provide information in the 
form of a media object that is a selection of less than all of 
the information in a second media object possibly with the 
addition of information not contained in the second media 
object. A Summary may simply be one or more excerpts of 
a subset of the media object itself. For example, a text search 
engine often generates textual Summaries by combining a set 
of excerpted text from a document. A Summary may be one 
or more sub-strings of a text document connected together 
into a human-readable string with ellipses and visual high 
lighting added to assist users reading the Summary. For 
example, a query for “cars’ might cause the search engine 
to provide a search result listing containing a list item with 
the textual Summary “ . . . highway accidents often involve 
<b>cars</b> that... dangerous pileups involving more than 
20<b>cars</b> . . . . In this example, the original media 
object contained the strings "highway accidents often 
involve cars that and "dangerous pileups involving more 
than 20 cars, and the Summary creation process added the 
strings “ . . . . and “-b>'' and “-/b>'' to make it easier for 
users to read the concatenated Strings. These Substrings from 
a document and represented to a user are an example of a 
“fragment of a media object. 
0050. A “statistically interesting phrase” or “SIP” is a 
substring of a text that is identified as interesting. Often, the 
method of determining which phrases are interesting is an 
automated or semi-automated process that relies on statis 
tical information gathered from corpora of documents. For 
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example, one way of identifying SIPs is to statistically 
assess which phrases are relatively common in a given text 
but relatively uncommon in a reference corpus. This deter 
mines interestingness of phrases in the text relative to the 
statistical background of the reference corpus. For example, 
the phrase “tree farm' may occur twice in a document 
containing a hundred pairs of words. That means it has a 
relative frequency of about 1%. Meanwhile, the phrase “tree 
farm' might only occur ten times in a reference corpus 
containing ten million pairs of words, i.e. one in a million 
chance of randomly choosing that pair of words out of all the 
pairs. Since one-in-one-hundred is much larger than one-in 
one-million, the phrase “tree farm’ stands out against the 
statistical backdrop of the reference corpus. By computing 
the ratio of these two frequencies, one obtains a likelihood 
ratio. By comparing the likelihood ratios of all the phrases 
in a document, a system can find statistically interesting 
phrases. One notices that simply because of finite size 
effects, that the Smallest possible frequency of occurrence 
for a phrase in a short text is certain to be much larger than 
the frequencies of many phrases in a large reference corpus. 
This observation underscores the importance of comparing 
likelihood ratios, rather than treating each such score as 
containing much independent meaning of its own. Nonethe 
less, likelihood ratio comparisons are one effective way of 
identifying SIPs. 

0051. A “sub-media object' is a media object that is part 
of a second media object. For example, a chapter in a book 
is a Sub-media object of the book, and a paragraph in that 
chapter is a Sub-media object of the chapter. A pixel in a 
digital image is a sub-media object of the digital image. A 
Sub-media object is any fragment of a larger media object. 
For example, a fragment of a document might be an image 
of a portion of the document, such is commonly done with 
digital scans of paper documents. A fragment of a text 
document might be a string of symbols contained in the text 
document and represented to a user. Since digital media 
objects can be replicated ad infinitum, a Sub-media object of 
a digital media object can accurately reproduce any portion 
of the original media object without necessarily becoming a 
Sub-Summary. 

0052 A “sub-summary” is summary of a sub-media 
object. A Summary may simply be a set of one or more 
Sub-media objects excerpted from the original media object. 
The word “sub-summary is defined here for clarity: a 
Summary of a Sub-media object is just as much a Summary 
as other types of Summaries, however in relation to a 
“containing Summary about a larger fragment of the origi 
nal work, a Sub-Summary describes a smaller part than the 
containing Summary that Summarizes the larger fragment. 

0053 A “metric space' is a mathematical conceptual 
entity defined as follows: a metric space is a set of elements 
possibly infinite in number and a function that maps any two 
elements to the real numbers with the following properties. 
A metric on a set X is a function (called the distance function 
or simply distance) 

0054 (where R is the set of real numbers). For all x, y, z 
in X, this function is required to satisfy the following 
conditions: 
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0.055 1. d(x, y)20 (non-negativity) 
0056 2. d(x, y)=0 if and only if x=y (identity of indis 
cernibles) 
0057 3. d(x, y)=d(y,x) (symmetry) 
0.058 4. d(x, Z)s d(x, y)+d(y, z) (subadditivity/triangle 
inequality). 
0059 A “vector space' is a mathematical conceptual 
entity with the following properties: Let F be a field (such as 
the real numbers or complex numbers), whose elements will 
be called scalars. A vector space over the field F is a set V 
together with two binary operations: 

0060 vector addition: VXV->V denoted v+w, where v. 
weV, and 
0061 scalar multiplication: FxV->V denoted a V, where 
aeEF and veV. 
0062 satisfying the axioms below. Four require vector 
addition to be an Abelian group, and two are distributive 
laws. 

0063 1. Vector addition is associative: For all u, v, w E 
V, we have u+(V+w)=(u--v)+w. 
0064. 2. Vector addition is commutative: For all V, weV. 
we have v+w=w--V. 

0065 3. Vector addition has an identity element: There 
exists an element OeV, called the Zero vector, such that 
v+0=v for all veV. 

0.066 4. Vector addition has an inverse element: For all 
veV, there exists an element weV, called the additive inverse 
of V, such that V+w=0. 
0067 5. Distributivity holds for scalar multiplication 
over vector addition: For all aeF and V, weV, we have a 
(V+w)=a V+a w. 
0068 6. Distributivity holds for scalar multiplication 
over field addition: For all a, beF and veV, we have (a+b) 
v=a v+b V. 

0069. 7. Scalar multiplication is compatible with multi 
plication in the field of scalars: For all a, beF and VeV, we 
have a (b v)=(ab) V. 
0070) 8. Scalar multiplication has an identity element: 
For all veV, we have 1 v=v, where 1 denotes the multipli 
cative identity in F. 
0071 Formally, these are the axioms for a module, so a 
vector space may be concisely described as a module over 
a field. 

0072 A “metric vector space' is a mathematical concep 
tual entity with the properties of both a vector space and a 
metric space. 
0073. The “dimension of a vector space is the number of 
vectors in the equivalence class of basis vectors that mini 
mally span the vector space. 
0074. A “line segment' is a geometric entity in a metric 
space defined by two entities in the metric space. These two 
entities are referred to as the “ends of the line segment. The 
line segment is the two ends plus the concept of a shortest 
path connecting them, where the path length is determined 
by the metric on the metric space. 
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0075 A“domain is an arbitrary subset of a metric space. 
Examples of domains include a line segment in a metric 
space, a polygon in a metric vector space, and a non 
connected set of points and polygons in a metric vector 
Space. 

0076 A “domain identifier is any mechanism for speci 
fying a domain. For example, a list of points forming a 
bounding box or a polygon is a type of domain identifier. A 
map image is another type of domain identifier. In principle, 
a name for a place can constitute a domain identifier, but this 
is a less common type of domain identifier, because it lacks 
the explicit representation of dimensionality that a map 
image has. 

0077. A “sub-domain is a domain which is a subset of 
another domain. For example, if one is considering a domain 
that is a polygon, then an example of a sub-domain of that 
domain is a line segment or Subset of line segments selected 
from the set of line segments that make up the polygon. 
0078 A“polyline' is an ordered set of entities in a metric 
space. Each adjacent pair of entities in the list is said to be 
“connected by a line segment. 
0079 A “polygon' is a polyline with the additional 
property that it implicitly includes a line segment between 
the last element in the list and first element in the list. 

0080 A "polyhedron’ is a set of polygons with some of 
the line segments inherent in the underlying polylines are 
associated with line segments from other polygons in the set. 
A “closed polyhedron is a polyhedron in a metric vector 
space and every line segment is associated with a Sufficient 
number of other line segments in the set that one can identify 
an interior domain and an exterior domain Such that any line 
segment connecting an element of the interior domain to an 
element of the exterior domain is guaranteed to intersect a 
polygon in the set. 
0081. A “bounding box’ is a right-angled polyhedron that 
contains a particular region of space. Its “box” nature is 
based on the polyhedron's square corners. It is a “bounding 
nature is based on its being the minimum Such shape that 
contains the region of interest. A bounding box is a common 
way of specifying a domain of interest, because it is tech 
nically easy to implement systems that display, transmit, and 
allow navigation of right-angled display elements—espe 
cially in two dimensions. 
0082. A “spatial domain is a domain in a metric vector 
Space. 

0083. A “coordinate system” is any means of referring to 
locations within a spatial domain. For example, a so-called 
Cartesian coordinate system on a real-valued metric vector 
space is a tuple of real numbers measuring distances along 
a chosen set of basis vectors that span the space. Many 
examples of coordinate systems exist. "Unprojected lati 
tude-longitude coordinates on a planet, like Earth, are an 
example of two-dimensional spherical coordinates on a 
sphere embedded in three-dimensional space. A "datum' is 
a set of reference points from which distances are measured 
in a specified coordinate system. For example, the World 
Grid System 1984 (WGS84) is commonly used because the 
Global Position System (GPS) uses WGS84 as the defining 
datum for the coordinates that it provides. For coordinate 
systems used to describe geographic domains, one often 
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speaks of “projected coordinate systems, which are coor 
dinates that can be related to unprojected latitude-longitude 
via mathematical functions and procedures called “projec 
tion functions.” Other types of coordinate systems use grids 
to divide a particular domain into Subdomains, e.g. the 
Military Grid Reference System (MGRS) divides the Earth 
into subdomains labeled with letters and numbers. Natural 
language references to places are a coordinate system in the 
general sense that people often recognize a phrase like 
“Cambridge' as meaning a place, but there may be many 
Such places. Such ambiguity is typically not tolerated in the 
design of coordinate systems, so an important part of con 
structing location-related content is coping with Such ambi 
guity, either by removing it or describing it or simply stating 
that it exists. 

0084. A "physical domain is a spatial domain that has a 
one-to-one and onto association with locations in the physi 
cal world in which people could exist. For example, a 
physical domain could be a Subset of points within a vector 
space that describes the positions of objects in a building. An 
example of a spatial domain that is not a physical domain is 
a subset of points within a vector space that describes the 
positions of genes along a strand of DNA that is frequently 
observed in a particular species. Such an abstract spatial 
domain can be described by a map image using a distance 
metric that counts the DNA base pairs between the genes. An 
abstract space, humans could not exist in this space, so it is 
not a physical domain. 

0085. A “geographic domain is a physical domain asso 
ciated with the planet Earth. For example, a map image of 
the London Subway system depicts a geographic domain, 
and a CAD diagram of wall outlets in a building on Earth is 
a geographic domain. Traditional geographic map images, 
Such as those drawn by Magellan depict geographic 
domains. 

0.086 A “location' is a spatial domain. Spatial domains 
can contain other spatial domains. A spatial domain that 
contains a second spatial domain can be said to encompass 
the second spatial domain. Since Some spatial domains are 
large or not precisely defined, any degree of overlap between 
the encompassing spatial domain and the encompassed 
location is considered “encompassing.” Since a spatial 
domain is a set of elements from a metric vector space, the 
word “encompassing” means that the logical intersection of 
the sets of elements represented by the two spatial domains 
in question is itself a non-empty set of elements. Often, 
"encompassing means that all of the elements in the second 
spatial domain are also elements in the encompassing 
domain. For example, a polygon describing the city of 
Cambridge is a location in the spatial domain typically used 
to represent the state of Massachusetts. Similarly, a three 
dimensional polyhedron describing a building in Cambridge 
is a location in the spatial domain defined by the polygon of 
Cambridge. The word “location' is a common parlance 
synonym for a “spatial domain.” 

0087) “Proximate locations” are locations that are closer 
together than other locations. Closeness is a broad concept. 
The general notion of closeness is captured by requiring that 
proximate locations be contained within a circle with a 
radius less the distance between other locations not consid 
ered proximate. Any distance metric can be used to deter 
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mine the proximity of two results. A plurality of proximate 
locations is a set of locations that have the spatial relation 
ship of being close together. 

0088. The “volume of a domain is a measure of the 
quantity of space contained inside the domain. The Volume 
is measured by the metric along each of the dimensions of 
the space, so the units of volume of the units of the metric 
raised to the dimension of the space, i.e. Ld. For one 
dimensional spaces, domains have Volume measured simply 
by length. For two-dimensional spaces, domains have Vol 
ume measured by area, that is, length squared. 

0089. A domain can be viewed as a list of points the 
space. A domain is said to “contain a point if the point is 
in the list. The list may be infinite or even innumerable. A 
domain is said to “contain' another domain if 100% of the 
other domains's points are contained in the domain. A 
domain is said to “partially contain’ another domain if more 
than 0% but less than 100% '% of the other domain's points 
are contained in the domain. 

0090. A “location reference' is a sub-media object of a 
document that a human can interpret as referring to a 
location. For example, a sub-string of a document may be 
“Cambridge, Mass...” which a human can interpret as refer 
ring to an entity with representative coordinates longitude 
latitude coordinates (-71. 1061, 42.375). As another 
example, a location reference may be the name of an 
organization, Such as “the Administration,” which in some 
contexts means the US Presidential Administration and its 
main offices at the White House in Washington, D.C. 

0091. Two locations are said to be “co-referenced” if a 
single document contains location references to both loca 
tions. 

0092. A “candidate location reference' is a submedia 
object identified in a media object, where the submedia 
object may refer to a location. Typically, a candidate location 
reference is identified by a set of metadata that also includes 
a confidence score indicating the likelihood that the identi 
fied submedia object actually refers to the location. 

0093. A "multi-dimensional map' is a map representing 
a domain with more than one dimension. 

0094. A “statistical property” is a piece of metadata about 
a piece of information generated by analyzing the informa 
tion using statistical techniques, such as averaging or com 
paring the information to averages gathered from reference 
information. For example, a document has information in it 
that can be statistically analyzed by comparing the fre 
quency of occurrence of consecutive pairs of words in the 
document to the frequency of occurrence of those pairs in a 
reference corpus of documents. The resulting statistical 
property is a ratio of frequencies. Other statistical properties 
exist. Statistical properties are often used to distinguish a 
subset of information from a larger set of information. For 
example, given a set of documents, one might analyze them 
to compute a statistical property that differentiates a Subset 
of those documents as being more relevant to a user's query. 
As another example, a system may analyze information in a 
media object to decide how likely it is that it refers to a 
particular location. The result confidence score is a statistical 
property of the document-location tuple, and it can be used 
to distinguish it relative to other document-location tuples. 
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0.095 A "document-location tuple' is a two-item set of 
information containing a reference to a document (also 
known as an “address' for the document) and a domain 
identifier that identifies a location. 

0096. A "geospatial reference” is a location reference to 
a location within a geographic domain. 
0097 “Location-related content” is information that can 
be interpreted as identifying or referring to a location within 
a spatial domain. Location-related content can be associated 
with a media object in many ways. For example, location 
related content may be contained inside the media object 
itself as location references, such as names of places, 
explicit latitude-longitude coordinates, identification num 
bers of objects or facilities or buildings. For another 
example, location-related content may be associated with a 
media object by a system that associates a reference to a 
media object with location-related content that is separate 
from the media object itself. Such a system might be a 
database containing a table with a URL field and a latitude 
longitude field in a table. To obtain location-related content 
associated with a media object, a person or computer pro 
gram might pass the media object to a geoparsing engine to 
extract location-related content contained inside the media 
object, or it might utilize a system that maintains associa 
tions between references to media objects and location 
related content. The fact that a creator of a media object once 
lived in a particular place is a piece of location-related 
content associated with the media object. Other examples of 
Such auxiliary location-related content are the locations of 
physical copies of the media object and locations of people 
interested in the media object. 
0098. A “sub-media object that is not a location-related 
content” is a sub-media object that is not a location refer 
ence. For example, a fragment of a text document that says 
"Eat great pizza in is not location-related content even 
though the Subsequent string may be a location reference. 
0099. A “spatial relationship' is information that can be 
interpreted as identifying or referring to a geometric 
arrangement, ordering, or other pattern associated with a set 
of locations. For example, “the aliens traveled from Qid 
more Downs to Estheral Hill.” describes a spatial relation 
ship that organizes the location references "Qidmore 
Downs' and “Estheral Hill into an ordering. Another name 
for a spatial relationship is a geometric relationship. 

0100. A “reference to a media object' is a means of 
identifying a media object without necessarily providing the 
media object itself. For example, a URL is a reference to a 
media object. For another example, media object title, 
author, and other bibliographic information that permits 
unique identification of the media object is a reference to 
that media object. 
0101. A 'graph' is a set of items (often called “nodes’) 
with a set of associations (often called “links) between the 
items. A “weighted graph' is a graph in which the associa 
tions carry a numerical value, which might indicate the 
distance between the items in the set when embedded in a 
particular space. A "direct graph is a graph in which the 
associations have a defined direction from one item to the 
other item. 

0102) A “cycle' is a subset of links in a graph that form 
a closed loop. A cycle in a directed graph must have all the 
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links pointing in one direction around the loop, so that it can 
be traversed without going against the direction of the 
associations. An “acycle graph' is a graph that contains no 
cycles. 

0103) A "directed acyclic graph' is a graph with directed 
links and no cycles. A “hierarchy' is a name for a directed 
acyclic graph. “DAG” is another name for a direct acyclic 
graph. One type of DAG relevant to our work here is a DAG 
constructed from partial containment of geometric entities in 
a space. Since a geometric entity can overlap multiple other 
areas, the graph of relationships between them is usually not 
a tree. In principle, a network of partial containment rela 
tionships is not even a DAG because cycles can emerge from 
sets of multiply overlapping locations. Nonetheless, one can 
usually remove these cycles by making judgment calls about 
which locations ought to be considered parent nodes for a 
particular purpose. For example, a DAG could be con 
structed from the states of New England, the region known 
as New England, and the region known as the “New England 
seaboard.” If a data curator decides that New England is the 
parent node for all the states and all the states are parent 
nodes to the New England seaboard, then a three level DAG 
has been constructed. The curator could have made another 
organization of the relationships. 

0104. A “tree' is a directed acyclic graph in which every 
node has only one parent. 

0105. A "general graph' is just a graph without any 
special properties identified. 

0106 An "image' is a media object composed of a 
two-dimensional or three-dimensional array of pixels that a 
human can visually observe. An image is a multi-dimen 
sional representation of information. The information could 
come from a great variety of Sources and may describe a 
wide range of phenomena. Pixels may be black/white, 
various shades of gray, or colored. Often a three-dimen 
sional pixel is called a “voxel. An image may be animated, 
which effectively introduces a fourth dimension. An ani 
mated image can be presented to a human as a sequence of 
two- or three-dimensional images. A three-dimensional 
image can be presented to a human using a variety of 
techniques, such as a projection from three-dimensions into 
two-dimensions or a hologram or a physical sculpture. 
Typically, computers present two-dimensional images on 
computer monitors, however, some human-computer inter 
faces present three-dimensional images. Since an image is a 
multi-dimensional representation of information, it implies 
the existence of a metric on the information. Even if the 
original information appears to not have a metric, by rep 
resenting the information in an image, the process of creat 
ing the image gives the information a metric. The metric can 
be deduced by counting the number of pixels separating any 
two pixels in the image. If the image is animated, then the 
distance between pixels in two separate time slices includes 
a component from the duration of time that elapses between 
showing the two time slices to the human. Typically, a 
Euclidean metric is used to measure the distance between 
pixels in an image, however other metrics may be used. 
Since images can be interpreted as having a metric for 
measuring the distance between pixels, they are representa 
tions of domains. Typically, images are representations of 
spatial domains. An image of a spatial domain that is 
associated with the planet Earth is typically called a "geo 
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graphic map.” An image of another spatial domain may also 
be called a “map.” but it is a map of a different type of space. 
For example, an image showing the fictional location known 
as “Middle Earth” described in the novels by Tolkien is a 
type of map, however the locations and domains displayed 
in Such a map are not locations on planet Earth. Similarly, 
one may view images showing locations on the planet Mars, 
or locations in stores in the city of Paris, or locations of 
network hubs in the metric space defined by the distances 
between router connections on the Internet, or locations of 
organs in the anatomy of the fish known as a Large-Mouth 
Bass. An image depicting a spatial domain allows a person 
to observe the spatial relationships between locations. Such 
as which locations are contained within others and which are 
adjacent to each other. A Subset of pixels inside of an image 
is also an image. Call such a Subset of pixels a 'sub-image'. 
In addition to simply depicting the relationships between 
locations, an image may also show conceptual relationships 
between entities in the metric space and other entities that 
are not part of that metric space. For example, an image 
might indicate which people own which buildings by show 
ing the locations of buildings arranged in their relative 
positions within a domain of a geographic metric space and 
also showing Sub-images that depict faces of people who 
own those buildings. Other sub-images may be textual labels 
or iconography that evokes recognition in the human viewer. 

0107 A“map image' is an image in which one or more 
Sub-images depict locations from a spatial domain. A "geo 
graphic map image' is a map image in which the spatial 
domain is a geographic space. 

0108 “Scale' is the ratio constructed from dividing the 
physical distance in a map image by the metric distance that 
it represents in the actual domain. A "high scale' image is 
one in which the depiction in the map image is closer to the 
actual size than a “low scale” image. The act of "Zooming 
in’ is a request for a map image of higher scale; the act of 
“Zooming out is a request for a map image of lower scale. 

0109) A “search engine' is a computer program that 
accepts a request from a human or from another computer 
program and responding with a list of references to media 
objects that the search engine deems relevant to the request. 
Another name for a request to search engine is “search 
query' or simply a "query. Common examples of search 
engines include: free-text search engines that display lists of 
text fragments from media objects known as “web pages: 
image search engines that accept free-text or other types of 
queries from users and present sets of Summaries of images, 
also known as "image thumbnails; commerce sites that 
allow users to navigate amongst a selection of product 
categories and attributes to retrieve listings of products; and 
online book stores that allow users to input search criteria in 
order to find books that match their interests. Frequently, a 
result set from a book search engine will contain just one 
result with several different types of summaries about the 
one book presented in the result list of length one. Related 
books are often described on pages that are accessible via a 
hyperlink; clicking Such a hyperlink constructs a new query 
to the book search engine, which responds by generating a 
new page describing the new set of results requested by the 
USC. 

0110. A “search result listing is the list of references 
provided by a search engine. 
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0111. A 'search user is a person using a search engine. 
0112 A “text search engine' is a search engine that 
accepts character symbols as input and responds with a 
search result listing of references to text documents. 

0113. A “string is a list of characters chosen from some 
set symbols (an alphabet) or other means of encoding 
information. A “free text string is a string generated by a 
human by typing, speaking, or some other means of inter 
acting with a digital device. Typically, the string is intended 
to represent words that might be found in a dictionary or in 
other media objects. However, the point of the “free” 
designator is that the user can enter whatever characters they 
like without necessarily knowing that they have been com 
bined that way ever before. That is, by entering a free text 
String, a user is creating a new string. 

0114. A “free text query' is a search engine query based 
on a free text string input by a user. 

0.115. A "geographic search engine' or “geographic text 
search engine' or “location-related search engine' or "GTS' 
is a search engine that implements U.S. Pat. No. 7,117,199. 
A GTS provides location-based search user interfaces and 
tools for finding information about places using free-text 
query and domain identifiers as input. A GTS generally 
produces a list of document-location tuples as output. 

0116. A “user interface' is a visual presentation to a 
person. A 'search user interface' is a user interface pre 
sented to a search user by a search engine. 

0117. A "display area' is a visual portion of a user 
interface. For example, in an HTML web page, a DIV 
element with CSS attributes is often used to specify the 
position and size of an element that consumes part of the 
visual space in the user interface. 

0118. A “text area is a display area containing text and 
possibly other types of visual media. 

0119) A "map area' is a display area containing a map 
image and possibly other types of visual media. 

0.120. A 'graph area is a display area containing a visual 
representation of a graph and possibly other types of visual 
media. 

0.121. A “variable display element' is a class of display 
areas that encode a numerical value. Such as a relevance 
score, in a visual attribute. Any instance of a given class of 
variable display elements can be easily visually compared 
with other instances of the class. For example, map visual 
indicators or markers with color varying from faint yellow 
to blazing hot orange-red can be easily compared. Each step 
along the color gradient is associated with an underlying 
numerical value. As another example, a map marker might 
have variable opacity, Such that one end of the spectrum of 
values is completely transparent and the other extreme of the 
spectrum is totally opaque. As another example, background 
colors can be used to highlight text and can be a class of 
variable display elements using a gradient of colors, such as 
yellow-to-red. 

0.122 A “human-computer interface device' is a hard 
ware device that allows a person to experience digital media 
objects using their biological senses. 
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0123. A “visual display” is a media object presented on a 
human-computer interface device that allows a person to see 
shapes and symbols arranged by the computer. A visual 
display is an image presented by a computer. 

0124 Computer systems often handle “requests’ from 
users. There are many ways that a computer system can 
“receive a request' from a user. A mouse action or keystroke 
may constitute a request sent to the computer system. An 
automatic process may trigger a request to a computer 
system. When a user loads a page in a web browser, it causes 
the browser to send a request to one or more web servers, 
which receive the request and respond by sending content to 
the browser. 

0125. A “visual indicator” is a sub-image inside of a 
visual display that evokes recognition of a location or spatial 
relationship represented by the visual display. 

0126 A“marker symbol is a visual indicator comprised 
of a Sub-image positioned on top of the location that it 
indicates within the spatial domain represented by the visual 
display. 

0127. An “arrow’ is a visual indicator comprised of an 
image that looks like a line segment with one end of the line 
segment closer to the location indicated by the visual 
indicator and the other end farther away, where closer and 
farther away are determined by a metric that describes the 
visual display. 

0128. The word “approximate” is often used to describe 
properties of a visual display. Since a visual display typically 
cannot depict every single detailed fact or attribute of 
entities in a space, it typically leaves out information. This 
neglect of information leads to the usage of the term 
approximate and often impacts the visual appearance of 
information in a visual display. For example, a visual 
indicator that indicates the location “Cambridge, Mass.” in 
a geographic map image of the United States might simply 
be a visual indicator or marker symbol positioned on top of 
some of the pixels that partially cover the location defined by 
the polygon that defines the boundaries between Cambridge 
and neighboring towns. The marker symbol might overlap 
other pixels that are not contained within Cambridge. While 
this might seem like an error, it is part of the approximate 
nature of depicting spatial domains. 

0129. A “spatial thumbnail’ is a visual display of a 
Summary of a media object that presents to a user location 
related content or spatial relationships contained in the 
media object Summarized by the spatial thumbnail. 

0130. A “digital spatial thumbnail’ is a spatial thumbnail 
comprised of a digital media object that Summarizes a 
second media object, which might be either digital media 
object or other form of media object. 
0131) A "companion map' is a visual display that 
includes one or more spatial thumbnails and the entire media 
object Summarized by the spatial thumbnail. If a companion 
map is a Sub-Summary, then may include only the Sub-media 
object and not the entirety of the larger media object from 
which the sub-media object is excerpted. 
0132) An “article mapper application' is a computer 
program that provides companion maps for a digital media 
object. 
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0.133 To “resolve a location reference is to associate a 
Sub-media object with an entity in a metric space. Such as a 
point in a vector space. For example, to say that the string 
“Cambridge, Mass.’ means a place with coordinates 
(-71. 1061, 42.375) is to resolve the meaning of that string. 
0.134. A "geoparsing engine' is a computer program that 
accepts digital media objects as input and responds with 
location-related content extracted from the media object and 
resolved to entities in a metric space. While the name 
"geoparsing engine' includes the Substring "geo’, in prin 
ciple a geoparsing engine might extract location-related 
content about locations in non-geographic spatial domains, 
Such as locations within the anatomy of an animal or 
locations with a metric space describing DNA interactions or 
protein interactions. Such a system might simply be called 
a "parsing engine.” 
0.135 A “text geoparsing engine' is a geoparsing engine 
that accepts digital text documents as input and responds 
with location-related content extracted from the document 
and resolved to entities in a metric space. 
0.136 An “automatic spatial thumbnail’ is a spatial 
thumbnail generated by a geoparsing engine without a 
human manually extracting and resolving all of the location 
references of the media object summarized by the spatial 
thumbnail. An automatic spatial thumbnail might be semi 
automatic in the sense that a human might edit portions of 
the spatial thumbnail after the geoparsing engine generates 
an initial version. The geoparsing engine may operate by 
generating so-called "geotags,' which are one type of loca 
tion-related content that uses SGML, XML, or another type 
of compute-readable format to describe locations and spatial 
relationships in a spatial domain, Such as a geographic 
domain. For further details on geotags, see, e.g., U.S. 
Provisional Patent Application No. 60/835,690, filed Aug. 4. 
2006 and entitled “Geographic Text Search Enhancements.” 
the entire contents of which are incorporated herein by 
reference. 

0.137 An “automatic spatial thumbnail of a text docu 
ment' is an automatic spatial thumbnail generated by a text 
geoparsing engine in response to a digital text document. 
0.138 An “integrated spatial thumbnail’ is an integrated 
Summary that includes as one or more spatial thumbnails. An 
integrated spatial thumbnail may include Sub-media objects 
excerpted from the media object being Summarized, which 
illustrate location references that relate to the location 
related content summarized by the spatial thumbnail. For 
example, an integrated spatial thumbnail that Summarizes a 
PDF file might show text excerpted from the PDF file and a 
spatial thumbnail with a geographic map image showing 
visual indicators on locations described in the PDF's text. 
For another example, an integrated spatial thumbnail that 
Summarizes a movie might show a text transcript of words 
spoken by actors in the movie and a spatial thumbnail 
showing the animated path of two of the movie's protago 
nists through a labyrinth described in the film. 
0.139. An “automatic integrated spatial thumbnail’ is an 
integrated spatial thumbnail in which one or more of the 
spatial thumbnails is an automatic spatial thumbnail. 
0140. A “representation of location-related content” is a 
visual display of associated location-related content. Since 
location-related content describes domains and spatial rela 
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tionships in a metric space, a representation of that content 
uses the metric on the metric space to position visual 
indicators in the visual display, Such that a human viewing 
the visual display can understand the relative positions, 
distances, and spatial relationships described by the loca 
tion-related content. 

0141. A “web site' is a media object that presents visual 
displays to people by sending signals over a network like the 
Internet. Typically, a web site allows users to navigate 
between various visual displays presented by the web site. 
To facilitate this process of navigating, web sites provide a 
variety of “navigation guides' or listings of linkages 
between pages. 
0142. A “web site front page' is a type of navigation 
guide presented by a web site. 

0143 A “numerical score” is a number generated by a 
computer program based on analysis of a media object. 
Generally scores are used to compare different media 
objects. For example, a computer program that analysis 
images for people's faces might generate a score indicating 
how likely it is that a given contains an image of a person’s 
face. Given a set of photos with these scores, those with the 
highest score are more likely to contain faces. Scores are 
Sometimes normalized to range between Zero and one, 
which makes them look like probabilities. Probabilistic 
scores are useful, because it is often more straightforward to 
combine multiple probabilistic scores than it is to combine 
unnormalized scores. Unnormalized scores range over a 
field of numbers, such as the real numbers, integers, com 
plex numbers, or other numbers. 

0144. A “relevance score' is a numerical score that is 
usually intended to indicate the likelihood that a user will be 
interested in a particular media object. Often, a relevance 
score is used to rank documents. For example, a search 
engine often computes relevance scores for documents or for 
phrases that are responsive to a user's query. Media objects 
with higher relevance scores are more likely to be of interest 
to a user who entered that query. 
0145 A “confidence score' is a numerical score that is 
usually intended to indicate the likelihood that a media 
object has particular property. For example, a confidence 
score associated with a candidate location reference identi 
fied in a document is a numerical score indicating the 
likelihood that the author of the document intended the 
document to have the property that it refers to the candidate 
location. Confidence scores can be used for many similar 
purposes; for example, a system that identifies possible 
threats to a war ship might associate confidence scores with 
various events identified by metadata coming from sensor 
arrays, and these confidence scores indicate the likelihood 
that a given event is in fact a physical threat to the ship. 

0146 A “spatial cluster' is a set of locations that have 
been identified as proximate locations. For example, given a 
set of locations associated with a set of document-location 
tuples, one can identify one or more Subsets of the locations 
that are closer to each other than to other locations in the set. 
Algorithms for detecting spatial clusters come in many 
flavors. Two popular varieties are k-means and partitioning. 
The k-means approach attempts to fit a specified number of 
peaked functions, such as Gaussian bumps, to a set of 
locations. By adjusting the parameters of the functions using 
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linear regression or another fitting algorithm, one obtains the 
specified number of clusters. The fitting algorithm generally 
gives a numerical score indicating the quality of the fit. By 
adjusting the number of specified locations until a locally 
maximal fit quality is found, one obtains a set of spatially 
clustered locations. The partitioning approach divides the 
space into approximately regions with approximately equal 
numbers of locations from the set, and then subdivides those 
regions again. By repeating this process, one eventually 
defines regions surrounding each location individually. For 
each region with more than one location, one can compute 
a minimal bounding box or convex hull for the locations 
within it, and can then compute the density of locations 
within that bounding box or convex hull. The density is the 
number of locations divided by the volume (or area) of the 
convex hull or bounding box. These densities are numerical 
scores that can be used to differentiate each subset of 
locations identified by the partitioning. Subsets with high 
density scores are spatial clusters. There are many other 
means of generating spatial clusters. They all capture the 
idea of finding a Subset of locations that are closer to each 
other than other locations. 

0147 A phrase in a text document is said to be “respon 
sive to a free text query’ if the words or portions of words 
in the text are recognizably related to the free text query. For 
example, a document that mentions “bibliography” is 
responsive to a query for the string “bib' because “bib' is a 
commonly used abbreviation for “bibliography”. Similarly, 
a document that mentions “car is responsive to a query 
containing the string “cars. 
0.148. An “annotation' is a piece of descriptive informa 
tion associated with a media object. For example, a hand 
written note in the margin of a book is an annotation. When 
referring to maps, an annotation is a label that identifies a 
region or object and describes it with text or other forms of 
media, Such as an image or Sound. Map annotation is 
important to location-related searching, because the search 
results can be used as annotation on a map. 
0149. A “physical domain is a region of space in the 
known universe or a class of regions in the known universe. 
For example, the disk-shaped region between the Earth's 
orbit and the Sun is a region of space in the known universe 
that changes in time as our Solar system moves with the 
Milky Way Galaxy. For another example, space inside of a 
particular model of car are a class of region; any copy of the 
car has an instance of that class of physical domain. 
0150. A “planetary body' is a physical domain of rea 
sonably solid character following a trajectory through the 
known universe, such as the planet Earth, the planet Mars, 
the Earth's Moon, the moons of other planets, and also 
asteroids, comets, stars, and condensing clouds of dust. 

DESCRIPTION OF DRAWINGS 

0151 FIG. 1 schematically shows an overall arrangement 
of a computer system according to an embodiment of the 
invention; 
0152 FIG. 2 schematically represents an arrangement of 
controls on a map interface according to an embodiment of 
the invention; 
0.153 FIG. 3A is a schematic of steps in a method of 
hierarchically organizing search results according to an 
embodiment of the invention; 
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0154 FIG. 3B is a schematic of steps is a method of 
hierarchically organizing a reference graph according to an 
embodiment of the invention; 

0155 FIG. 4A schematically represents elements of a 
map interface for presenting hierarchically organized search 
results according to an embodiment of the invention; 
0156 FIG. 4B schematically represents elements of a 
map interface for presenting hierarchically organized search 
results according to an embodiment of the invention; 
0157 FIG. 4C schematically represents elements of a 
map interface for presenting hierarchically organized search 
results according to an embodiment of the invention; 
0158 FIG. 4D schematically represents elements of a 
map interface for presenting hierarchically organized search 
results according to an embodiment of the invention; 
0159 FIG. 4E schematically represents elements of a 
map interface for presenting hierarchically organized search 
results according to an embodiment of the invention; 

0160 FIG. 5A is a schematic of steps in a method for 
allowing a user to inspect search results according to an 
embodiment of the invention; 

0161 FIG. 5B schematically represents elements of a 
map interface for allowing a user to inspect search results 
according to an embodiment of the invention; 
0162 FIG. 6 schematically represents elements of a map 
interface for presenting search results according to an 
embodiment of the invention; 

0163 FIG. 7A is a schematic of steps in a method for 
constructing additional queries in response to a user query 
according to an embodiment of the invention; 

0164 FIG. 7B is a schematic of steps in a method for 
identifying and presenting statistically interesting phrases in 
documents according to an embodiment of the invention; 

0165 FIG. 7C is a schematic of steps in a method for 
identifying and presenting clusters of documents having 
statistically interesting phrases according to an embodiment 
of the invention; 

0166 FIG. 8A schematically represents elements of a 
map interface for presenting clusters of documents having 
statistically interesting phrases according to an embodiment 
of the invention; 

0167 FIG. 8B schematically represents elements of a 
map interface for presenting clusters of documents accord 
ing to an embodiment of the invention; 

0168 FIG. 9 is a schematic of steps in a method for 
annotating a map interface with statistically interesting 
phrases that reference locations according to an embodiment 
of the invention; 

0169 FIG. 10 is a schematic of steps in a method for 
presenting high value locations referenced in a corpus of 
documents according to an embodiment of the invention; 

0170 FIG. 11 is a schematic of steps in a method for 
requesting location-related information about a document 
according to an embodiment of the invention; 
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0171 FIG. 12 is a schematic of steps in a method for 
allowing a user to correct location references extracted from 
text according to an embodiment of the invention; 
0172 FIG. 13A schematically represents elements of an 
interface allowing a user to correct location references 
extracted from text according to an embodiment of the 
invention; 
0173 FIG. 13B schematically represents elements of an 
interface allowing a user to correct location references 
extracted from text according to an embodiment of the 
invention; 
0.174 FIG. 13C schematically represents elements of an 
interface allowing a user to correct location references 
extracted from text according to an embodiment of the 
invention; and 
0.175 FIG. 13D schematically represents elements of an 
interface allowing a user to correct location references 
extracted from text according to an embodiment of the 
invention. 

DETAILED DESCRIPTION 

Overview 

0176) The systems and methods described herein provide 
enhanced ways of presenting information to users. The 
systems and methods can be used in concert with a geo 
graphic text search (GTS) engine, such as that described in 
U.S. Pat. No. 7,117,199. However, in general the systems 
and methods are not limited to use with GTS systems, or 
even to use with search engines. 
0177. Under one aspect, the systems and methods orga 
nize a corpus of documents, e.g., the results of a GTS search, 
in a way intended to be more meaningful to a user than a 
conventional “flat list in which the documents or portions 
of documents are merely ranked by a relevance score. More 
specifically, the corpus of documents is organized hierarchi 
cally, based on spatial relationships between locations ref 
erenced within the documents. A relatively large spatial area, 
Such as a country, can be treated as a "parent node' in a 
hierarchy. A relatively small spatial area that is at least 
partially contained within the larger area, such as a state 
within that country, can be treated as a “child node' of the 
parent. Child nodes may themselves have children, e.g., 
cities within a state, neighborhoods within the cities, 
addresses within the neighborhoods. The nodes are arranged 
hierarchically in a graph structure that represents the spatial 
relationships between the location entities, e.g., the child 
node is assigned a different level than its parent. The corpus 
of documents is then presented to the user, based on this 
graph structure. Such that the user can view representations 
of locations at a selected node level, and can determine 
which documents or portions of documents are of particular 
interest based on the locations referenced within the docu 
ments. For example, and as described in greater detail below, 
the user can first be presented representations of locations at 
the highest node, e.g., can be presented with a list of 
different countries that different documents reference. If the 
user finds one of these countries interesting, and therefore 
selects it, then the user can be presented with that node's 
children at the next lowest level, e.g., can be presented with 
a list of states within that country, and so forth. This 
hierarchical organization can be represented in many ways, 
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for example in a graph structure presented in a GUI, on a 
map, and/or within the list of documents itself. The graph 
structure represents relationships between the locations, and 
these relationships humans can curate these relationships to 
reflect the interests of particular groups of users. 
0178 Under another aspect, the systems and methods 
allow the user to inspect the results of a GTS search. GTS 
searches can generate a significant number of results, in the 
form of document-location tuples, which can be presented to 
the user as a plurality of selectable visual indicators. Such as 
icons, on a map representing a domain of interest to the user. 
Conventionally, the user can select a visual indicator on the 
map in order to view the associated document. However, in 
Some circumstances, the visual indicators may be highly 
clustered in a given area, which can make it difficult for the 
user to understand and/or to select results in that area, thus 
increasing the likelihood that the user will miss a highly 
relevant result. Allowing the user to inspect results within a 
particular subdomain, Such as a highly clustered area, can 
allow the user to better appreciate the results within that 
Subdomain. In some embodiments, this is accomplished by 
providing a “magnifying glass' in the interface that the user 
can “move” over the map in order to more closely view 
results within a particular Subdomain represented on the 
map, without changing the scale of the original map. As the 
user moves the magnifying glass, the interface obtains and 
presents additional information about documents referenc 
ing that Subdomain. For example, the interface can be 
configured to present 'snippets of text from at least some 
of the documents within the subdomain, where the snippets 
reference locations within the subdomain. Based on the 
Snippets, the user can more easily determine which docu 
ments or portions of documents interest them. 
0179 Under another aspect, the systems and methods 
provide additional information, besides document-location 
tuples, in response to a user query to a GTS engine. Such a 
query typically includes a domain identifier, which identifies 
a domain (Such as a city or bounding box) of interest to the 
user, and a free-text string. In some embodiments, the 
systems and methods recognize that additional information 
might be useful to the user, and construct an additional 
query. For example, the user's query might include the string 
“shoes” and the domain identifier “Cambridge, Mass.’ This 
query is sent as usual to the GTS engine, which finds and 
presents documents that satisfy the string as well as the 
domain identifier. The systems and methods recognize that 
it could also be helpful to the user to present a map of shoe 
stores in Cambridge, Mass., in combination with the normal 
GTS results, and so executes a separate query (for example, 
to a separate database of structured information Such as a 
gazetteer) to determine this information. In some embodi 
ments, the systems and methods instead perform a statistical 
analysis of phrases in the search results returned by the GTS 
engine, and present information to the user based on this 
analysis. For example, the systems and methods may deter 
mine that a particular phrase such as 'gangs' is highly 
statistically correlated with a particular subdomain of the 
domain searched by the user, and present this information to 
the user, e.g., by annotating the map with text Snippets 
including the phrase and/or by indicating the region on the 
map. 

0180 Under another aspect, the systems and methods can 
perform various statistical analyses on a corpus of docu 
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ments, e.g., on a set of GTS search results, in order to 
determine additional information about the documents that 
the user might not have otherwise appreciated. For example, 
the systems and methods can recognize that the documents 
include statistically interesting phrases, that is, phrases that 
are statistically rare and therefore possibly represent inter 
esting information (as compared to the word “the which is 
extremely common). The phrases may also reference loca 
tions, in which case the presentation of the association 
between these phrases and the locations may be useful to the 
user, for example, the user may not have recognized such an 
association. An annotated map can be presented to the user, 
where the annotations are "snippets' of text from the docu 
ments that include the statistically interesting phrase as well 
as the location reference therein. Or, for example, the 
systems and methods can recognize that among locations 
referenced within the documents, some locations may occur 
relatively more or less frequently than others, and that the 
user may appreciate this fact. A map can be presented to the 
user that uses visual indicators to represent that certain sets 
of proximate locations are "hotspots,” that is, that a rela 
tively large number of documents reference those locations, 
and therefore may include particularly interesting informa 
tion. In order to present this information more usefully to the 
user, the hotspot can be represented by a special indicator 
that shows how many documents reference a particular 
region, and possibly includes one or more Snippets of text 
that reference the region. 
0181 Under another aspect, the systems and methods 
allow users to manually correct “GeoTags' associated with 
documents, and thus improve the information displayed to 
other users who wish to view location-related content of 
those documents. A GeoTag is a kind of metadata, associated 
with a document, that contains information about the loca 
tions that the document Supposedly refers to, e.g., the name 
of the location, the coordinates of the location, and what 
substrings within the document refer to that location. 
GeoTags are usefully automatically generated for a docu 
ment, e.g., by a GeoParser that parses the document, iden 
tifies what appears to be location references, and associates 
those references with known locations, as described in 
greater detail below and in U.S. Pat. No. 7,117,199. How 
ever, because it is an automated system, the GeoParser does 
not always obtain correct location references with perfect 
accuracy. A human can review and correct the results of the 
automated GeoParser, for example by adding GeoTags that 
the GeoParser missed, deleting a GeoTag that did not 
actually refer to a place, and/or by changing the location to 
which the GeoTag refers. This corrected set of GeoTags for 
the document can then be fed back to the GeoParser in order 
to train it to better identify location references. 
0182 Under another aspect, the systems and methods can 
allow the user to request location-related information about 
a document. For example, the user may obtain a document 
of interest, and wish to obtain a better understanding of the 
locations that the document refers to. A button can be 
provided in the user's document viewing interface that 
allows the user to view location-related content about the 
document. To obtain this location related content, the sys 
tems and methods communicate with a Subsystem (which 
can be local or remote) that provides the location related 
content. That content can be presented to the user in a map 
interface and/or by displaying the text with location refer 
ences highlighted. 
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0183 First, a brief overview of an exemplary GTS sys 
tem, and a GUI running thereon, will be described. Then, the 
different subsystems and methods will be described in 
greater detail, in separate sections following the overview. 
Not all embodiments will include all of the subsystems or 
methods. 

0184 Many of the embodiments described herein assume 
that a geographic text search (GTS) engine has generated a 
list of search results in response to a user query. For 
example, U.S. Pat. No. 7,117,199 describes exemplary sys 
tems and methods that enable the user, among other things, 
to pose a query to a geographic text search (GTS) engine via 
a map interface and/or a free-text query. The query results 
returned by the geographic text search engine are repre 
sented on a map interface as icons. The map and the icons 
are responsive to further user actions, including changes to 
the scope of the map, changes to the terms of the query, or 
closer examination of a Subset of results. 

0185. In general, with reference to FIG. 1, the computer 
system 20 includes a storage 22 system which contains 
information in the form of documents, along with location 
related information about the documents. The computer 
system 20 also includes subsystems for data collection 30, 
automatic data analysis 40, manual data analysis 24, Search 
50, data presentation 60, and results analysis engine 66. The 
computer system 20 further includes networking compo 
nents 24 that allow a user interface 80 to be presented to a 
user through a client 64 (there can be many of these, so that 
many users can access the system), which allows the user to 
execute searches of documents in storage 22, and represents 
the query results arranged on a map, in addition to other 
information provided by one or more other Subsystems, as 
described in greater detail below. The system can also 
include other subsystems not shown in FIG. 1. 
0186 The data collection 30 subsystem gathers new 
documents, as described in U.S. Pat. No. 7,117,199. The 
data collection 30 subsystem includes a crawler, a page 
queue, and a metasearcher. Briefly, the crawler loads a 
document over a network, saves it to storage 22, and scans 
it for hyperlinks. By repeatedly following these hyperlinks, 
much of a networked system of documents can be discov 
ered and saved to storage 22. The page queue stores docu 
ment addresses in a database table. The metasearcher per 
forms additional crawling functions. Not all embodiments 
need include all aspects of data collection subsystem 30. For 
example, if the corpus of documents to be the target of user 
queries is saved locally or remotely in storage 22, then data 
collection subsystem need not include the crawler since the 
documents need not be discovered but are rather simply 
provided to the system. 

0187. The data analysis 40 subsystem extracts informa 
tion and meta-information from documents. As described in 
U.S. Pat. No. 7,117,199, the data analysis 40 subsystem 
includes, among other things, a spatial recognizer and a 
spatial coder. As new documents are saved into storage 22, 
the spatial recognizer opens each document and scans the 
content, searching for patterns that resemble parts of spatial 
identifiers, i.e., that appear to include information about 
locations. One exemplary pattern is a street address. The 
spatial recognizer then parses the text of the candidate 
spatial data, compares it to known spatial data, and assigns 
relevance score to the document. Some documents can have 
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multiple spatial references, in which case reference is treated 
separately. The spatial coder then associates domain loca 
tions with various identifiers in the document content. The 
spatial coder can also deduce a spatial relevance for terms 
(words and phrases) that correspond to geographic locations 
but are not recorded by any existing geocoding services, 
e.g., infer that the “big apple' frequently refers to New York 
City. The identified location-related content associated with 
a document may in some circumstances be referred to as a 
“GeoTag.” Documents and location-related information 
identified within the documents are saved in Storage 22 as 
“document-location tuples,” which are two-item sets of 
information containing a reference to a document (also 
known as an “address' for the document) and a metadata 
that includes a domain identifier identifying a location, as 
well as other associated metadata such as coordinates of the 
location. 

0188 The search 50 subsystem responds to queries with 
a set of documents ranked by relevance. The set of docu 
ments satisfy both the free-text query and the spatial criteria 
submitted by the user (more below). 
0189 The data presentation 60 subsystem manages the 
presentation of information to the user as the user issues 
queries or uses other tools on UI 80. For example, given the 
potentially vast amount of information, document ranking is 
very important. Results relevant to the user's query must not 
be overwhelmed by irrelevant results, or the system will be 
useless. As described in greater detail below, the data 
presentation 60 Subsystem can organize search results hier 
archically, e.g., according to geographical location, in order 
to allow the user to more readily find results of particular 
interest than if the results were instead simply presented in 
a “flat list as is conventionally done. This functionality can 
also be provided by logic within the user interface, or by 
other logic. 
0190. The auto data analysis engine 40 performs statis 

tical analyses of the text of the documents and/or location 
references in the documents as described in greater detail 
below. 

0191 The results analysis engine 66 performs additional 
queries, e.g. to structured databases such as a gazetteer, 
represented as “External DB23, as is described in greater 
detail below. 

0.192 Manual data analysis 24 presents an interface 81 
running in client 65 that allows a user to manually correct 
geotags or other metadata associated with documents saved 
in storage 22. The geotags may have been automatically 
generated, e.g., by auto data analysis 40. Manual geotag 
correction is described in greater detail below. 
0193 With reference to FIG. 2, the user interface (UI) 80 
is presented to the user on a computing device having an 
appropriate output device. The UI 80 includes multiple 
regions for presenting different kinds of information to the 
user, and accepting different kinds of input from the user. 
Among other things, the UI 80 includes a keyword entry 
control area 801, a spatial criteria entry control area 806, a 
GeoTag correction control area 811, a graph area 860, a map 
area 805, and a document area 812. 

0194 As is common in the art, the UI 80 includes a 
pointer symbol responsive to the user's manipulation and 
"clicking of a pointing device Such as a mouse, and is 
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superimposed on the UI 80 contents. In combination with 
the keyboard, the user can interact with different features of 
the UI in order to, for example, execute searches, inspect 
results, or correct results, as described in greater detail 
below. 

0.195 Map 805 represents a spatial domain, but need not 
be a physical domain as noted above in the “Definitions' 
section. The map 805 uses a scale in representing the 
domain. The scale indicates what subset of the domain will 
be displayed in the map 805. The user can adjust the view 
displayed by the map 805 in several ways, for example by 
clicking on the view bar 891 to adjust the scale or pan the 
view of the map. 
0196) As described in U.S. Pat. No. 7,117,199, keyword 
entry control area 801 and spatial criteria control area 806 
allow the user to execute queries based on free text strings 
as well as spatial domain identifiers (e.g., geographical 
domains of particular interest to the user). Keyword entry 
control area 801 includes area prompting the user for 
keyword entry 802, data entry control 803, and submission 
control 804. Spatial criteria entry control area 806 includes 
area prompting the user for keyword entry 802, data entry 
control 803, and submission control 804. The user can also 
use map 805 as a way of entering spatial criteria by Zooming 
and/or panning to a domain of particular interest. 
0.197 Examples of keywords include any word of interest 
to the user, or simply a string pattern. This “free text entry 
query' allows much more versatile searching than searching 
by predetermined categories. The computer system 20 
attempts to match the query text against text found in all 
documents in the corpus, and to match the spatial criteria 
against locations associated with those documents. 
0198 After the user has submitted a query, the map 
interface 80 may use icons 810 to represent documents in 
storage 22 that satisfy the query criteria to a degree deter 
mined by the search 50 process. The display placement of an 
icon 810 represents a correlation between its documents and 
the corresponding domain location. Specifically, for a given 
icon 810 having a domain location, and for each document 
associated with the icon 810, the subsystem for data analysis 
20 must have determined that the document relates to the 
domain location. The Subsystem for data analysis 20 might 
determine such a relation from a users inputting that 
location for the document. Note that a document can relate 
to more than one domain location, and thus would be 
represented by more than one icon 810. 
0199 The user can optionally use geotext correction 
controls 811 in order to modify metadata associated with 
documents, as described in greater detail below. 
0200. The graph area 860 can be used to present results 
to the user in a hierarchically organized manner, as described 
in greater detail below. The document area 812 displays 
documents to the user, which are optionally also organized 
hierarchically. 

Hierarchical Organization and Presentation of Geographic 
Search Results 

0201 When presenting geographic search results gener 
ated from a query applied to a document corpus, there are 
generally many locations to display to the user. Individual 
documents often refer to multiple locations of different 
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types, and any query that retrieves multiple document 
location tuples is likely to have multiple locations to present 
to the user. One document might refer to a landmark like the 
Statue of Liberty, New York Harbor, the country of France, 
the country of the United States, and also a town in Wis 
consin. Displaying all of these locations, or 'georeferences.” 
associated with the documents can be complicated. 
0202 For example, a single document might include the 
following pieces of text from the wikipedia: 

0203 “Liberty Enlightening the World, known more 
commonly as the Statue of Liberty, is a statue given to 
the United States by France in the late 19th century, 
standing at Liberty Island in the mouth of the Hudson 
River in New York Harbor as a welcome to all returning 
Americans, visitors, and immigrants . . . The copper 
statue, dedicated on Oct. 28, 1886, commemorates the 
centennial of the United States and is a gesture of 
friendship between the two nations. The sculptor was 
Frederic Auguste Bartholdi; Gustave Eiffel, the 
designer of the Eiffel Tower, engineered the internal 
supporting structure. The Statue of Liberty is one of the 
most recognizable icons of the U.S. worldwide; in a 
more general sense, the statue represents liberty and 
escape from oppression. It is also a favored symbol of 
libertarians. “ 

0204 “February 1979: Statue of Liberty apparently 
submerged, Lake Mendota (Madison, Wisc.)” 

0205 When presenting geographic search results, for 
example as generated using the systems and methods 
described in U.S. Pat. No. 7,117,199 and related applica 
tions, it can be useful to represent one or more of the results 
as point locations in a map, even for references to locations 
that cover many pixels in the display. Any document 
location tuple can be reduced to a document-point tuple by 
choosing some representative point to indicate the extended 
region. This allows the document-location tuples to be 
displayed simply as point objects on the map. The example 
document described above might be represented by point 
like markers positioned in the center of the United States, the 
center of France, the center of the Statue of Liberty, the 
center of the Eiffel Tower, the center of Lake Mendota, the 
center of Madison, and the center of Wisconsin, the center 
of the Hudson river, and the center of New York Harbor. 
0206 However, search results being represented by 
points are typically extended areas, such as a town (e.g., 
Madison) being represented by its center coordinates alone. 
However, this can result in the user obtaining less informa 
tion about the search result than is actually available. For 
example, a point representing the United States might be 
represented as a point placed at the geographic center of the 
United States on a map, e.g., in Kansas. A user viewing this 
point representation could misinterpret the point as repre 
senting a search result relevant only to Kansas, and thus 
inadvertently disregard what may actually be a useful search 
result. 

0207 Some conventional systems use scaling techniques 
to improve the presentation of point locations on a map. The 
scale of a map is the ratio of distance on the display to actual 
distance on the ground of the depicted place. Some software 
tools for making digital maps or sets of hardcopy maps allow 
the cartographer to set attributes on geographic features that 
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determine the range of scales over which the feature will be 
displayed. The range of scales over which the feature is 
displayed are typically chosen to make the feature appear 
when the user is viewing a map that would dedicate a 
reasonable number of pixels to the feature, and make it 
disappear when the number of pixels would be small. The 
number of pixels will be small when viewing a relatively 
low scale map. When Zoomed out far enough, the feature 
will be contained in less than a pixel. On the other hand, 
when Zoomed in far enough the feature will cover the entire 
display and may not have any distinguishing differences 
from pixel to pixel. To cope with this, mapping tools allow 
cartographers to choose display parameters such as “mini 
mum scale” and "maximum scale.' or minscale and maxS 
cale for short. If a geometric objects minscale attribute is 
1:50,000 and maxscale attribute is 1:1,000, then the object 
will not be displayed unless the map has been Zoomed into 
a scale larger than 1:50,000 but less than 1:1,000. 
0208. When displaying GTS results generated from a 
query applied to a document corpus, as described in U.S. 
Pat. No. 7,117,199, the various geometric features refer 
enced by the text can be given display attributes such as 
minscale and maxScale. These attributes can determine 
whether a result is presented to a user, when the user is 
viewing a map Zoomed to a particular scale. For example, if 
the location component of one of the document-location 
tuples in a search result listing from a GTS is a location with 
a maxScale attribute of 1:100,000, then when the user Zooms 
into a map with a larger scale (e.g. 1:50,000) then this 
document-location tuple would be removed from the list and 
not represented in the map by a visual indicator. The 
minscale/maxScale parameters of each location are set by the 
GTS geographic data set. It is possible for cartographers to 
update the parameters for the data set inside the GTS and for 
data that they add to the GTS for recognizing new location 
references. 

0209. Using the example document provided above, it 
can be seen that a point is not a an accurate representation 
of the Eiffel Tower, and the user must Zoom-in in order to 
view a high-scale rendering of the structure. Conversely, a 
point may not be a particularly useful representation of 
France or the United States on a low-scale map of the entire 
world, because these are much larger regions. 
0210 While geographic information systems (GIS) can 
display polygons that more accurately depict the extended 
nature of real physical entities and regions, this requires 
more Sophisticated display techniques and can visually 
clutter the display. Thus, for many applications, a point 
marker can be a computationally simple way of representing 
an extended area. 

0211 Here we disclose systems and methods that orga 
nize GTS results hierarchically in order to present the results 
more meaningfully to the user, and to give the user more 
control over what is presented in the map. Point-like visual 
indicators, polygons, or any other Suitable markers are used 
to represent the hierarchically organized search results. 
However, instead of representing search results based solely 
on Scaling, the search results are hierarchically organized in 
an acyclic graph structure according to geographical rela 
tionships between locations referenced by those search 
results. For example, among some of the geographical 
entities referenced in the example document above, Lake 
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Mendota is contained within Wisconsin, and Wisconsin is 
contained within the United States. Using a user interface 
Such as that described below, a user can select a particular 
level of the acyclic graph structure to view information 
about search results at high levels of the hierarchy (e.g., 
continents or countries), or at low levels of the hierarchy 
(e.g., states, cities, or particular geographical features), as 
desired. Thus, the user can potentially find search results of 
particular interest more readily than if all the search results 
simply satisfying a particular scaling criteria were presented 
to the user, as is conventionally done. 
0212 FIG. 3A is a flow chart of a method for hierarchi 
cally ordering search results and presenting the results in a 
visual display representative of the hierarchy. The method is 
described from the point of view of the interface program 
that presents results to the user. To provide graph-based 
search results, the system receives a query 901 from a user 
and responds with document-location tuples that have been 
organized into a hierarchical result set 904. The user's query 
can include a free-text string, such as might be submitted 
through a FORM field in an HTML page, or it can include 
a domain identifier, such as the bounding box for a map view 
displayed to a user, or can include both. If absent, the 
free-text string is treated as the empty string. If absent, the 
domain identifier is treated as the whole space, such as the 
entire planet Earth. The user's query is sent to a search 
engine, which generates a list of relevance-Sorted document 
location tuples and associated metadata 902. Each docu 
ment-location tuple is implemented as a docID and a locID 
number that refer to a master database of documents and 
locations known to the system. The locID numbers are 
associated with nodes in the reference graph 907, which 
allows the system to determine the locIDs of parent loca 
tions in the reference graph903. To construct a result set, the 
system initializes an empty graph 905. The subtrees of the 
reference graph that contain one or more locations 906 in the 
set of document-location tuples are gathered together into a 
result set graph 908, which is a copy of a subset of the 
reference graph. The information associated with the docu 
ment-location tuples are attached to the result set graph909. 
This result set graph is the hierarchically organized result set 
that is sent to the user's client for display 904. The client 
application provides a visual representation of the result set 
graph, so that the user can benefit from the greater under 
standing and clarity that the graph structure provides. 
0213 FIG. 3B shows steps in a method of constructing a 
reference graph. To construct a reference graph, one can take 
a flat list of possibly many geometric entities and load them 
into a regular SQL database 1001. Then, an initial tree graph 
can be constructed by computing the area of every location 
1002(1), point locations have Zero area and contain no other 
locations, and defining the Smallest area that overlaps a 
location to be that location’s parent 1002(2). By repeating 
this 1002(3), a tree structure containing all the locations is 
obtained. Humans 1005 can then curate the graph 1003 by 
browsing through the tree 1005 and for each node 1006 
evaluating whether it has any links that the curators deem to 
be inappropriate or is missing any links to other entities that 
it should have. The resulting graph 1008 might have mul 
tiple parents for some nodes (a DAG) or even may have 
cycles. This curated graph can be published to other systems 
at various times 1004. Note that while at least some nodes 
representing larger-area geographical features will be par 
ents of (at a higher level than) nodes representing Smaller 
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area geographical features that are encompassed within the 
larger-area geographical areas, in Some circumstances a 
Smaller-area geographical feature can be a parent to a 
larger-area geographical feature. For example, the "Eastern 
Seaboard’ can be a parent to the states that make up the 
Eastern Seaboard, even the states together occupy a larger 
geographical area than does the Eastern Seaboard. 

0214) The resulting organization of search results into a 
graph, with or without the use of a reference graph to do so, 
represents relationships amongst geometric entities in a 
vector space of interest. The relationships may be contain 
ment, or partial containment, or proximity or abstract rela 
tionships such as who owns particular pieces of property. 
Such abstract relationships might be devoid of geometric 
meaning yet still provide associations amongst the geomet 
ric entities in the space. Documents that refer to these 
locations may refer to multiple locations. An entire corpus of 
documents that refers to locations in the vector space may be 
indexed for geographic search. The graph structure of geo 
metric relationships can greatly assist the search user in 
searching and exploring these documents and the informa 
tion contained within them. A user interface that utilizes 
Such a graph structure can include three display areas: a text 
area, a map area, and a graph area. All three areas need not 
be included in a particular UI 80. In some circumstances a 
single area can serve a dual role, as described in greater 
detail below. FIGS. 4A-4E show exemplary map and graph 
areas that a user can view for a search result returning the 
document discussed above. As described above, the map 
area 805 displays a map image and visual indicators asso 
ciated with documents that refer to those locations. Although 
it is not shown in FIGS. 4A-4E, the text area displays 
Submedia objects, Summaries, and metadata about the docu 
ment-location tuples in the search result set retrieved by the 
user's query. The graph area 860 displays a visual repre 
sentation of the graph of relationships amongst the locations 
referenced in the search result set. 

0215. The graph area 860 allows the user to see the 
relationships amongst the locations and to navigate amongst 
the locations within the graph structure. By selecting a 
location in the graph area, the user can cause the map area 
to change the selected domain, thus updating the user's 
query. Although the described embodiment assumes that a 
directed acyclic graph (DAG) is used to organize the loca 
tions, other graph types can be used. Such as tree graphs. 

0216. It is possible to combine the graph area with the 
text area. For example, rather than a flat list, the text area can 
present the document-location tuples in a hierarchical struc 
ture representing a directed acyclic graph that could be 
constructed from spatial relationships amongst the locations. 

0217. It is also possible to combine the graph area with 
the map area. For example, if the locations in the space are 
associated via partial containment, then it is often straight 
forward to assign minscale/maxScale attributes to the loca 
tions so that all the locations at a particular level in the 
directed acyclic graph appear within the same scale range. 
With this structure in place, when presenting visual indica 
tors in the map, the system will present only locations at one 
level in the DAG. By Zooming in, the user can select a lower 
level in the DAG. By Zooming out to a lower scale, the user 
can select a higher level in the DAG. This puts the graph 
navigation ability into the map itself. 
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0218. As illustrated by these two examples, the graph 
structure can be represented in both the map area and the text 
area simultaneously. It is also possible to put the graph area 
separately as an independent visual display area. Such an 
independent graph area might show a network of nodes with 
lines between them or a hierarchical list of folder-like 
images indicating that locations are contained inside of other 
locations. FIG. 4A-4E illustrate the latter, although it should 
be understood that it is a non-limiting representation of the 
graph structure. 
0219. We define the term “geohierarchy' to mean a graph 
structure, such as a directed acyclic graph data structure, 
containing a geographic entity at every node. All of the 
geographic entities contained within or overlapping with an 
entity are linked as child elements of that node. When only 
fully containing relationships are included, this is a tree 
graph, i.e. every node has only one immediate parent. When 
geographically overlapping regions are included, then a 
node can have multiple parents. Either type of graph is a 
useful type of geohierarchy. 

0220 Any set of geographic search results can be used to 
populate nodes in a geohierarchy. Each document-location 

tuple in the search results is associated with a list of 
documents attached to each location node in the geohierar 
chy. For example, the above example document from wiki 
pedia would get associated with the nodes for Lake Men 
dota, Wisconsin, the United States, France, etc. 

0221) Different geohierarchies might organize different 
entities in different ways. For example, the Hudson River 
could be treated as a child of the United States node or it 
could be treated the child of any of several levels of 
Subregion, or it might not be included as a distinct node at 
all. 

0222. As shown in FIG. 4A, the geohierarchy is pre 
sented to the user as a visual display element in the graphical 
user interface that presents the search results. The geohier 
archy is a list of node names with control elements that allow 
the user to navigate through the hierarchy by “expanding 
any node to display its children nodes. This visual effect is 
familiar from file system GUIs and other foldering displays. 
0223) Each node in the geohierarchy identifies a subgraph 
that includes all of the children descending from that node. 
When our system presents a geographic Search result set, it 
populates a geohierarchy and counts the number of docu 
ment-location tuples in each of the Subgraphs whose root 
node is currently visible to the user. As the user navigates the 
geohierarchy by closing and opening various nodes, the 
system presents the number of document-location tuples 
contained below the nodes that the user is looking at. 
0224 FIGS. 4A-4E shows a graph 860 and a map 805 for 
a search result set containing only the example document 
described above. In this search result, ten nodes in a typical 
geohierarchy are activated—one node for each of the geo 
graphic entities referenced. When the user interface first 
presents the results, as shown in FIG. 4A, it has the 
geohierarchy fully collapsed to show only two nodes, one 
relating to non-geographic documents (of which there are 
none), and one relating to documents referring to Earth (of 
which there is one, with 10 location references). The cor 
responding map 805 represents the lowest level node shown 
in the graph, in this case Earth. Because many documents 
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refer only to locations on Earth, in Some circumstances the 
graph 860 and map 805 of FIG. 4A need not be displayed to 
the user, and the graph and map of FIG. 4B, providing a high 
level overview of which locations on Earth the documents 
refer, shown instead. However in circumstances where 
documents refer to locations outside of Earth, e.g., if the user 
is seeking information about different planetary bodies, then 
the graph and/or map of FIG. 4A could reflect other parent 
nodes corresponding to the other planetary bodies. 
0225. As shown in FIG. 4B, if the user opens the second 
node (relating to documents referring to Earth) then graph 
860 expands that node to show the second node's two child 
nodes at the next lowest level, one relating to documents 
referring to France (of which there is one, with one location 
reference), and one relating to documents referring to United 
States (of which there is one, with seven location refer 
ences). The total location count appears to have gone down, 
because 1+7=8, which is two less than ten. This is because 
the United States and France were included in the ten 
locations on Earth, and now they are represented by the two 
populated nodes in the expanded visual representation of the 
geohierarchy. The map can display polygons for France and 
the United States and points within this polygons for the 
other locations, or it might not show anything for the US and 
France and show two or more separate maps Zoomed in on 
the clusters of locations. Representations of these nodes are 
also indicated on the corresponding map 805, as point 
markers (such as a “star,” as illustrated) or as a polygon 
representing an area on the map (not shown). 
0226. As shown in FIG. 4C, if the user opens the France 
node, then graph 860 expands to show that node's child, 
relating to documents referring to the Eiffel Tower. The user 
can open the France node either by selecting it within the 
graph structure (e.g., by clicking on it), or by clicking on the 
“star” or other representation of the node on the map 805. 
The “7” symbol shown in the left most graph 860 in FIG. 4C 
indicates that Paris is one of the containing regions for the 
Eiffel Tower. Alternatively, since there is only one location 
inside of France, the system could present graph 860', in 
which the fact that Paris contains the Eiffel Tower, and that 
France contains Paris, are represented by the use of the “7” 
symbol instead of requiring the user to continue to expand 
nodes to find that the Eiffel Tower is contained within Paris, 
and that Paris is contained within France. When the user 
selects the France node, the map 805 Zooms to show greater 
detail of France. FIG. 4C shows the map as automatically 
Zooming to the Paris street level and marking the Eiffel 
Tower with a “star, although this level of Zoom is intended 
to be merely illustrative. As described in greater detail 
below, the UI can also represent the particular "snippet' of 
text from the searched document that refers to the selected 
node, e.g., “ . . . Gustave Eiffel, the designer of the Eifel 
Tower, engineered the internal Supporting structure. The 
Statue of Liberty is . . . .” by annotating the map 805 with 
the Snippet, by displaying the Snippet associated with the 
corresponding node in the graph region 860, and/or by 
displaying the Snippet in the text region (not shown). As 
shown in FIG. 4D, if the user instead unfolded the United 
States node, either by selecting the node on the graph 860 or 
by selecting the representation of the United States in map 
805, the graph 860 would present the next-lowest children 
nodes belonging to the United States node, here New York 
(five locations) and Wisconsin (one location). The map 805 
Zooms to show a more detailed representation of the United 
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States, and represents the New York and Wisconsin children 
nodes on the map. As shown in FIG. 4E, further expansion 
of the Wisconsin node provides greater detail in graph 
region 860 regarding the locations within Wisconsin to 
which the document refers, and also Zooms in to show an 
appropriate level of detail in the map 805. Each node 
presented in graph 805 might have result extract text listed 
underneath it. The extract text can include, e.g., URLs, 
document titles, and other document or location information. 
0227 Various map behaviors can be tied to the geohier 
archy. As the user navigates the geohierarchy, the system 
chooses which visual indicators to display in the map based 
on which node was most recently opened. For example, if 
the user opens the Wisconsin node, the map Zooms into 
show Wisconsin and only the sublocations are plotted in the 
map. Similarly, if the user selects the United States node, it 
presents the Sublocations but not a point-like marker at the 
center of the United States. Other representations of the 
locations within the selected node, and other levels of detail 
in the map, are possible. 
0228. This geohierarchy is particularly useful when navi 
gating large result sets with millions of documents. One 
mode of behavior is to present map markers (visual indica 
tors) for only the leaf nodes in the tree. As the user Zooms 
in toward a particular area, the map markers might convert 
to polygons. 
0229. Another mode of behavior is to present map mark 
ers (visual indicators) for all nodes of the same level in the 
geohierarchy. The level of any node is simply the number of 
links between it and the geohierarchy's root node. By 
carefully organizing a particular geohierarchy, all regions of 
a similar type can be grouped together into the same level. 
For example, all continents might be level two, all countries 
level three, all administrative regions level four, all cities 
and all landmarks level five. 

0230 Nodes often have more than one parent. For 
example a landmark inside a city might have multiple 
parents: e.g. a neighborhood and a Zipcode not fully con 
tained in that neighborhood. For a particular implementation 
of the geohierarchical navigation GUI. Such non-tree like 
graphs can be handled in different ways. For example, the 
visual indicator can appear in both. 
0231 Nodes can also have geofeature type information 
attached to them. For example, while cities and landmarks 
might both be at level five in the hierarchy, they are clearly 
different kinds of objects. They might be represented by 
different types of markers (visual indicators) in the map. 
0232 A user who is expert in a particular area may want 
to change the geohiearchy by rearranging parent-child links 
or by adding new nodes. For example, an expert in the 
neighborhoods of Boston might want to create several new 
neighborhoods by uploading or drawing polygons that cover 
the neighborhoods. By defining these new nodes, the user 
improves the navigation and organization of the results. 

0233. It will be understood that while the discussion with 
reference to FIGS. 3 and 4 assumes that the UI performs the 
hierarchical ordering of search results, the hierarchical 
ordering of search results can also be done remotely from the 
interface program, for example at data presentation Sub 
system 60. The functionality can also be distributed among 
different Subsystems as appropriate. 
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0234 Under another aspect, tools can be provided that 
allow users to better understand individual results within 
clusters of documents, such as providing a magnifying 
window showing detailed information. For example, users 
often ask the system to display a large amount of informa 
tion that could clutter the map and detrimentally affect the 
user's ability to understand the results. While marker clus 
tering, ghosting, hierarchies, and other techniques can help 
reduce the clutter, it can instead be useful to let the user 
know where the clutter really is, since the clutter actually 
contains information. Mounds of markers (visual indicators) 
indicate where more things are happening, and can help a 
user decide where to Zoom in for more exploration. To 
facilitate this, a variety of tools can be used to help a user 
inspect groups of results. These tools give the user quanti 
tative and visual diagnostics of mounds of results. 
0235 For example, a “magnifying tool can be used to 
cause a section of the map display to expand into a larger 
number of pixels, so that the user can visually resolve more 
details. This type of movable magnifying glass is a common 
technique in mapping displays. Our System has an enhanced 
version of this tool that displays additional information 
derived from the documents associated with locations in the 
area being magnified. This information helps the user under 
stand the information in that area without Zooming the entire 
map into that area. The information can include the number 
of results within the magnifying window; a geohierarchy 
result display for just the results within the magnifying 
window; and relevant text annotations or "snippets” for 
multiple markers within the magnifying window (more 
below). 
0236 FIG. 5A shows one method for allowing a user to 
inspect search results. First a user issues a first GTS query 
1101 that can include a free-text string, such as might be 
submitted through a FORM field in an HTML page, and/or 
a domain identifier, such as the bounding box for a map view 
displayed to a user. If absent from the query, the free-text 
string is treated as the empty string. If absent from query, the 
domain identifier is treated as the whole space, such as the 
entire planet Earth. The user's query is sent to an index 
engine, which returns a list of relevance-sorted document 
location tuples and associated metadata responsive to the 
domain identifier and free-text query, which are displayed 
1102 to the user, e.g., on a map, as described above. 
Optionally, the results are hierarchically organized, as 
described above. Next, a user request for result inspection is 
accepted 1103. In the inspection request, the user identifies 
a Subdomain of particular interest within the domain iden 
tified in the first query, so the larger domain identifier need 
not be changed. The inspection request is treated as a second 
query, and responsive to the second query the system 
receives a set of document-location tuples 1104 for the 
subdomain 1106 and displays them alongside the results of 
the first query 1105 while continuing to display the larger 
domain of the first domain identifier. The additional results 
may be presented in a totally different way, such as callout 
or popup boxes with text about the various documents and 
locations in the document-location tuples retrieved for the 
Subdomain. The inspection results are optionally organized 
hierarchically 1107. 

0237 FIG. 5B shows an exemplary map interface that 
allows the user to inspect search results using a movable 
"magnifying window' or bounding box that encompasses a 
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Subdomain of specified area. The interface includes a map 
505 that represents the domain of the first query. A plurality 
of visual indicators 510 representing the results of the first 
query are displayed on the map. The movable magnifying 
window 500 is of fixed size and thus encompasses a sub 
domain of specified area at a given map scale. Magnifying 
window 500 can also be made to have an adjustable size. As 
the user moves the magnifying window around the map 505, 
the interface uses Subdomains encompassed by the magni 
fying window as inputs to inspection queries. In response to 
the inspection queries, the interface obtains a set of results 
based on the Subdomain and displays information about 
those results to the user. For example, as shown in FIG. 5B, 
the top 4 results are shown annotated with Snippets of 
relevant text, with lines connecting the text to the visual 
indicators. The number of annotated results can be set as 
desired. Methods of annotating results are discusses in 
greater detail below. 
0238. Desirably, the map markers (visual indicators) dis 
played in a geographic Search UIS represent as much infor 
mation as possible within just a few pixels. It can be useful 
to make the transparency of the marker proportional to the 
relevance of the information represented by the marker. It 
can also, or alternately, be useful to draw lines between 
markers representing location references within the same 
document. 

0239 FIG. 6 illustrates an exemplary map interface using 
both the transparency of visual indicators and lines between 
indicators to provide additional information about the search 
results the indicators represent. For example, connecting 
lines 610 and 611, which connect three indicators, represent 
that those three indicators’ locations are all referenced in the 
same document. The single line 612 fading as it goes north 
indicates that that indicator's location is referenced in a 
document that also references another location that is off the 
map in the direction of the line. 
0240 Some indicators also have different transparency 
than one another, because they represent results with differ 
ent levels of relevance. For example, indicator 620 is less 
transparent than indicator 630 because the document that 
indicator 620 represents has a higher relevance score than 
the document that indicator 630 represents. 

0241. In one embodiment, when the user clicks any of the 
three indicators connected by lines, a special popup appears 
that shows all three georeferences in the document. The 
other indicators generate popups with just the Snippet for 
their individual georef. 
Providing Statistically Interesting Geographic Information 
Based on Queries to a Geographic Search Engine 
0242. When entering free text entry queries to a GTS, it 

is sometimes desirable to receive additional information 
other than document-location tuples. While geographic 
search is typically focused on extracting Snippets of text 
from documents that refer to geographic locations, there are 
other pieces of information that are geographically refer 
enced and are useful to users of geographic search systems. 
As is described in patent U.S. Pat. No. 7,117,199 a geo 
graphic search system responds to queries containing free 
text entry and a domain identifier by finding documents that 
both refer to geographic locations within the displayed map 
area and also are responsive to the free text query. The 
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geographic search system then displays visual indicators in 
the map that represent these documents. 

0243 Here we disclose additional information that can be 
obtained based on the user's query. In one embodiment, a 
Subsystem analyzes the free text query and domain identifier 
input by the user in order to identify questions related to the 
users input, that can be answered using geographic infor 
mation available to the system. Once the Subsystem has 
identified a question or possibly a set of questions relevant 
to the users input, then it attempts to answer using a variety 
of data sources—some of which may be corpora of docu 
ments and some of which may be other databases with 
different or additional structure. 

0244. This goes beyond simply finding text in documents 
responsive to the keywords, because it can construct 
answers in the form of statements of fact. Previous embodi 
ments simply show text extracted from documents. The 
current system rearranges that text and can incorporate data 
from multiple sources to construct statements that are either 
known to be factual or can be presented as possibly factual. 
We call these factual or possibly factual structured state 
ments “answers.' Answers are sometimes more useful than 
search results. While not all free text queries entered by 
users can be answered directly by a computer system using 
heuristics and artificial intelligence algorithms, if the ques 
tion is simple enough to get an answer, then this answer is 
often more appreciated by the user than a set of search 
results that require the user to process and understand 
documents in order to find the answer. 

0245 Non-geographic examples of this type of question 
answering are well known on the public Web, where it is 
common to see a search engine provide an factual answer to 
a user query. For example, a query for the word “pi' into 
Yahoo’s or Google's or MSN's search engine generates a list 
of documents containing the word and also a 'short cut” or 
“instant answer” presented at the top of the page showing the 
number “Answer: pi=3.14159265.” 

0246. It is also common to see answers that suggest a user 
look at a map. For example, if a user issues a query to a text 
search engine for the string “london then it is common for 
a text search engine to respond with documents containing 
the string and also a suggestion that the user view a map of 
"London, England. If a user is looking at a map, and the 
system recognizes that the user's query string is a geo 
graphic location, it may limit the Suggested locations to 
those within the present map view. 

0247. Here, we disclose a method of producing answers 
when the answer is based at least in part on a domain 
identifier. The answer can additionally be responsive on a 
free-text query that does not itself reference a geographic 
domain. This is considerably more difficult than simply 
providing the number Pi, because geography introduces 
additional degrees of freedom in both interpreting the user's 
question and presenting the answer. 

0248 FIG. 7A is a flow chart of a method for generating 
one or more answers based on a user's query. First, the user 
interface accepts a query from a user 1201. The user's query 
1201 can include a free-text string, Such as might be 
submitted through a FORM field in an HTML page, or it can 
include a domain identifier, such as the bounding box for a 
map view displayed to a user, or can include both. If absent 
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from the query, the free-text string is treated as the empty 
string. If absent from query, the domain identifier is treated 
as the whole space, such as the entire planet Earth. The 
interface then receives a set of GTS results 1202 and display 
them to the user 1203. The interface, or an appropriate 
Subsystem in communication with the interface, also 
attempts to construct one or more additional queries based at 
least in part on the domain identifier part of the user's query 
1206 and attempts to use those queries to generate answers 
1205 that it can display alongside the GTS results 1204. The 
interface or Subsystem may use several means of attempting 
to construct additional queries, including sending Substrings 
of the user's query string to topical databases to find Subject 
matter that may be plotted on maps, such as population 
densities, types of locations, and locations of events. 
0249. As a simple example, the method of FIG. 7A can be 
used analyze the user's query to find words or phrases that 
could refer to data sets that are contained in structured 
databases, e.g. a search containing the word “population' 
might indicate that the user is interested in seeing the 
number of people living in the areas displayed in the domain 
identifier. While a regular geographic search system as 
previously described would search for documents respon 
sive to the String "population,” this new type of Subsystem 
could respond by plotting population density directly from a 
database containing population numbers for various places. 
This population data is the answer. The Subsystem can 
present this population information in several ways, for 
example: 

0250) Numbers can be plotted on the map. 
0251 Contour lines can be plotted on the map. 
0252) Density can be represented by splotches of color on 
the map. 

0253) Numbers can be listed in a hierarchical tree. 
0254 These various ways of presenting information 
could be used for many types of answers. The answer 
information can be presented along side regular GTS results, 
e.g., in the same user interface as the representations of 
document-location tuples. 

0255 There are many single words or short phrases that 
can be interpreted as questions with structured geographic 
answers. Examples include: 

0256 Words indicating numeric measurements and quan 
tities, such as population and physical or geologic facts. 
Examples of this type of question include, “how deep is the 
harbor.”“how tall are the mountains,”“how much gold is in 
this area?”“population.”“number of dairy cows.”“volume of 
water flowing in these pipes.” Answers to these types of 
questions often involve plotting numbers or contours in the 
map. 

0257 Words indicating points of interest or landmarks or 
types of physical entities or structures, such as the words 
“park.”“buildings.”“airports.'stations,”“harbor,” and other 
types of entities that are typically listed in a gazetteer. The 
answer to Such a query can simply be highlighting these 
entities in the map and labeling them. Since this answer 
involves querying a database for entities within the map 
extent, it is a more Sophisticated type of answer than 
Pi=3.14. 
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0258 Words indicating types of events or issues that 
might occur in a particular area, Such as “event.'"kidnap 
ping.”"car crash,”“road block,”“landmine,”“conference, 
'meeting.”"speech,” and other activities that might be 
listed in a history of occurrences. The answer to such a query 
can be highlighting locations in the map and labeling them 
with text descriptions from a database of events. Such a 
database typically has a temporal attribute that allows the 
system to display a timeline of the sequence of events. Such 
a database of events might be automatically constructed by 
extracting events from a corpus of documents. Human 
auditing of Such a database might enhance the accuracy of 
the event descriptions. Since this type of answer involves 
querying a database for records within the map extent 
chosen by the user and possibly also time range information 
chosen by the user, it is a more Sophisticated type of answer 
than Pi—3.14. 

0259 Words indicating interest in a movable object or 
transient presence, Such as the location of a person or a 
weather event. Examples of Such queries include, “storms, 
“tornados, “where is Osama Bin Laden?,”“where will the 
levy break first,”“what is the extent of the epidemic now?' 
Answers to these types of questions often involve animated 
graphics moving across the map with an indication of when 
the phenomenon was present at each location. For example, 
to answer the question about tornadoes, several different 
data sets might be presented simultaneously, including the 
historic density of tornado paths and the path of a tornado 
happening right now. 
0260. As is evident from these examples, many types of 
geographic questions require Sophisticated analysis of the 
user's question. Our System uses a combination of hand 
crafted patterns and statistical rules for deciding what the 
user's question is. Using this analysis, our system constructs 
queries to multiple databases of different kinds. 

0261) If the query matches a handcrafted pattern such as 
“Where is then our system creates queries for the word 
in the ' ' to a gazetteer database and also a database 
containing information extracted from corpora of natural 
language documents. If the gazetteer database responds with 
an exact match for the words in the ' ' then this is more 
likely to be what the user wanted, so it is presented at the top 
of the results list. On the other hand, if there is no good 
match in the gazetteer database, then the first few results 
from the document database are more likely. The system can 
further enhance the answer from the document database by 
presenting the information in the form of statements of fact. 
For example, if the documents’ authors have been identified, 
then the system can present answers in the form: 

0262 Author states that “... was first observed in A 
and is now at B . . . ' 

0263. The A and B locations can be plotted in the 
map. A link to the document containing this statement can be 
provided, so the user can read more. 
0264. Under another aspect, “Blind relevance feedback 
(BRF) can be used to perform a statistical analysis of 
documents, e.g., received in response to a user query. BRF 
is a well-known technique in information retrieval (IR). To 
perform BRF, an IR system does an additional set of analysis 
on the results returned for a regular user query. The IR 
systems looks through the results to find patterns that are 
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both uncommon in the entire corpus of documents and 
common in this particular result set. 
0265 FIG. 7B is a flow chart of steps in a method for 
statistically analyzing search results. First, the user interface 
accepts a query, e.g., a free text string and domain identifier, 
from a user 1301. A set of document-location tuples based 
on that query is received 1302, and displayed to the user 
1303. The system then queries within the result set to find 
statistically interesting phrases 1305. “Statistically interest 
ing' means that the phrases have a statistical property that 
distinguishes them from other phrases in the documents. For 
example, the phrases may have a statistical occurrence 
below a pre-determined threshold, or the top N phrases (e.g., 
as ranked by statistical occurrence) can be selected. If this 
generates sufficiently interesting phrases 1306, then they are 
displayed to the user 1304 as either additional summary text 
in the documents or as additional textual labels in the map. 
For example, if a user's query for “asbestos’ generates a set 
of document-location tuples with extract texts containing the 
uncommon phrases “toll stop' and “break pads” then these 
additional phrases may be used to label the locations refer 
enced in those documents that contain these statistically 
interesting phrases. In some embodiments, the statistical 
property that distinguishes the phrases is related to the user's 
query. For example, the statistically interesting phrases that 
are the most statistically similar to phrases within the user's 
free text query can be ranked higher than other phrases that 
are statistically interesting, but may not have as apparent a 
relationship to the users query. 
0266. In one example, a query for the word “crips' might 
retrieve documents with a disproportionate number of ref 
erences to Los Angeles, because “crips' is the name of a 
gang in that city. BRF allows the system to gather more 
information for the user. A typical use of this additional 
information is simply to present these statistically unusual 
phrases to the user as possible additional queries. In one 
embodiment, this additional BRF-derived information is 
presented on the map. For example, as illustrated in FIG. 8A, 
if a user entered a query for "crips the method of FIG. 7B 
can be used to generate a user interface highlighting Los 
Angeles on the map 1920 with indicator 1900, and a textbox 
1910 stating the fact that “67% of documents referencing 
crips also reference this region.” Even if the specific geo 
graphic reference is not Los Angeles itself, the system 
detects the geographic proximity to Los Angeles and 
includes this information in the statistics reported to the user. 
0267 As described in U.S. Pat. No. 7,117,199, a geo 
graphic search system presents a plurality of visual indica 
tors in a domain identifier representing documents respon 
sive to the free text query and containing references to 
locations within the domain identifier. Often, a single visual 
indicator represents a plurality of documents referring to the 
same location or nearby locations or locations that are 
visually indistinguishable at a particular map scale. When 
many documents refer to locations covered by a small visual 
area, for example a Small number of Screen pixels, then we 
call this visual area a “hotspot.” The intensity of a hotspot is 
measured relative to the average spatial density of location 
references in the result set. A useful type of display tech 
nique for representing Such a hotspot is one that visually 
indicates various facts about the hotspot, Such as: the visual 
extent of the hotspot; the number of documents within the 
hotspot; the distribution of relevance scores for snippets of 
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text that reference locations within the hotspot; the number 
of other searches recently occurring within that hotspot; and 
statistically interesting phrases extracted from the docu 
ments within that hotspot. 
0268 FIG. 7C is a flow chart in steps in a method of 
visually indicating clusters of documents, and information 
about those clusters. First, a user interface accepts a query 
from a user 1401, e.g., a free text string and a domain 
identifier. The interface then receives a set of document 
location tuples for that query 1402, and displays it to the user 
1403. The interface, or an appropriate subsystem in com 
munication with the interface, then queries within the result 
set to find clusters of locations 1405. Cluster detection can 
be achieved through k-means fitting of the locations cen 
troids or Some other spatial clustering algorithm. For each 
spatial cluster, a query is performed within the Subcorpus of 
documents that reference locations within that cluster in 
order to find statistically interesting phrases that describe 
that cluster 1406. Then, the interface displays visual indi 
cators to indicate the locations of the clusters and annotate 
these locations with the SIPs 1404. For example, if a user's 
query for “asbestos’ generates a set of document-location 
tuples with locations clustered at a couple spots along major 
highways and the documents within these clusters contain 
the uncommon phrases “toll stop' and “break pads” then 
these additional phrases are used to annotate these locations. 
0269 FIG. 8B shows two different geographic maps with 
geographic search results plotted on them. In the upper map 
2020 without hotspot markers, the document markers indi 
cate relevance to the users query by fading the intensity of 
the red color in the rectangular marker. Region 2000 has a 
large number of visual indicators “piled on top of one 
another, making it hard to determine information about 
documents referring to that region. In the lower map 2021 
with hotspot markers, hotspot markers, which are semi 
transparent indicators covering regions of varying size and 
shape, have been added. The numbers presented in these 
new markers indicate the approximate number of documents 
responsive to the user's query within those regions. In the 
lower map 2021, region 2000 is covered by a hotspot marker 
2010 which provides a cleaner representation of the large 
number of documents referring to that region. 
0270. When a user indicates interest in a hotspot, e.g., 
hotspot marker 2010, by mousing over or clicking it, the user 
interface displays additional information, such as those 
listed above. 

0271 To generate a set of statistically interesting phrases 
for a hotspot, the interface issues a query to the GTS system 
for the keywords entered by the user and for the bounding 
box indicated by the hotspot. This is the same type of query 
as was issued for the user to generate the larger display that 
includes the hotspot, but now the bounding box of the 
domain has been replaced with the bounding box for the 
subdomain of the hotspot. The GTS responds with extract 
texts for the document-location tuples matching this new 
query, and the system analysis these extract texts to find 
SIPS. 

0272 For example, if the user's query is for “crips' over 
a map of the entire united States, and a large fraction of the 
top 100 most relevant documents is near Los Angeles, then 
the system issues a second query over this region of the map. 
The system considers all the extracts together and looks for 
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phrases that are common in the extracts but uncommon in 
general. The notion of “uncommon in general can be 
defined by a set of one-gram and two-gram phrase frequen 
cies extracted from a large corpus of text. In this example, 
the phrase “crips street gang may occur frequently in the 
hotspot. The system would then display this SIP to the user 
when they mouseover the hotspot. 
0273 Under another aspect, the system has a notion of 
“geographic relevance,” which allows the GTS to present 
those special Substrings of a document that are both about a 
particular georeference and also statistically more likely to 
be interesting to a user. 
0274. A well-known practice in natural language process 
ing and information retrieval is document Summarization. 
Document Summarization attempts to represent the gist and 
key statements of a document with a small subset of the 
strings in the document. One way to do this is to break the 
document in to sentences and rank the sentences on their 
statistical probability of their occurrence in a larger corpus. 
0275 Natural language processing experts have devel 
oped a variety of algorithms and heuristics for calculating 
the statistical probability of a sentence. A basic approach 
starts with a large corpus that is chosen to represent the 
writing style and topics of interest. Breaking the document 
into words and counting how many times each word occurs 
and dividing by the total number of tokens in the corpus 
yields the “unigram corpus frequencies. Breaking the cor 
pus into strings of two tokens allows one to compute the 
bigram or 2-gram frequencies. 
0276. The unigram estimate of the probability of a given 
sentence occurring is the product of the corpus frequencies 
of all the words in the sentence. Computing the frequency of 
sentences of various lengths, and multiplying the estimate 
by the probability of a sentence of that length occurring in 
the corpus, can improve this estimate. 
0277. Many further enhancements to the sentence prob 
ability estimate are possible and well known. The most 
improbable sentences or phrases are considered to be the 
most interesting and therefore the most indicative or infor 
mative. 

0278 From such a process, one can break a document or 
a collection of documents into a ranked set of phrases. The 
highest ranked sentences are the most informative. This can 
be done before any user Submits a query with particular 
words that could also be used to rank the phrases and 
Sentences. 

0279 Given a ranking of the phrases in a document or 
corpus, particular attention is paid to those phrases or 
sentences containing georeferences. For any given location, 
there are typically many phrases containing a reference to 
that location. The best "labels' for a location are those 
phrases that contain the reference and are also most infor 
mative. These labels are used to describe the location in 
Summaries of the location, and are plotted on the map as 
textual annotation. These Summaries and annotations give 
information about the location that would otherwise require 
the user to explore a huge number of documents. Each 
Snippet of text has a hyperlink back to the document from 
which it was extracted. 

0280 When a user does a geographic search with key 
words and a particular area of interest selected with the map. 
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the corpus is filtered into a smaller set of phrases and 
documents. Some of the best labels for a location might be 
eliminated because they do not match the keyword search. 
Nonetheless, these labels are informative, so we provide 
them in a separate listing and separate map annotation layer. 
Those Snippets that are most statistically similar to phrases 
selected by the user's keyword query are ranked higher. 
Statistical similarity can be measured simply by number of 
infrequent words in common. 
0281 FIG. 9 is a flow chart of an illustrative method of 
annotating a map image with useful textual labels. First, the 
system obtains a corpus of documents by Some means, such 
as through the action of a user's query to a search engine 
identifying a set of documents 1501, and generates labels 
from these documents. To generate the labels, the system 
breaks the documents into substrings of text 1502 using 
statistical parsing and other types of parsing techniques to 
generate a list of meaningful Substrings, such as sentences. 
Then, the system identifies locations referenced in the docu 
ments 1503, for example, by using a geoparser engine. Then 
the system computes relevance scores or some other kind of 
ranking score for at least those Snippets containing location 
references 1504. In some cases, it is useful to calculate 
scores for all the Substrings, because then they can all be 
compared even if some do not have location references. By 
sorting the Snippets with location references by their scores 
1505, the higher scoring snippets can be used as textual 
annotations displayed to a user on a map that shows the 
referenced locations 1506. 

0282 Under another aspect, rare or unfamiliar georefer 
ences (also called "georefs.”geotags,' and “location refer 
ences extracted from text) are often valuable for an auto 
mated system to extract and attempt to resolve, because a 
human searching for information will typically not think of 
looking for information about unfamiliar locations. Natu 
rally, Smaller locations that are less commonly known are 
more likely to be unfamiliar to any given user. Thus, 
locations that are infrequently referenced in a corpus are 
more likely to be valuable. 
0283) Given this understanding, special emphasis is 
placed on georefs that have been identified with high con 
fidence and are also statistically rare. The rarer the location, 
the higher the “value score.” When a user appreciates a 
particular georef, even ones with a low-value score, the 
system allows them to click a “high-value georef button 
that increases the value score for other users in the future. 

0284. It is straightforward to compute a value score. One 
exemplary way to compute a value score is to analyze a large 
reference corpus for references to locations. The total num 
ber of references to a given location divided by the total 
number of all references to any location is a measure of the 
rareness. This ratio is called the reference frequency lower 
ratios are more rare. When a geoparsing engine recognizes 
a particular reference to a location, it generates a confidence 
score indicating how likely it is that the author intended to 
refer to that location. To obtain a value score for this 
particular location reference, one can multiple this refer 
ences confidence score by the inverse of that locations 
reference frequency. This number will be larger for more 
certain references to locations that are less commonly ref 
erenced. 

0285 FIG. 10 illustrates steps in a method of identifying 
and displaying high value location references, or 'georefs.” 
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First, a Subsystem obtains a corpus of documents by some 
means. Such as through the action of a user's query to a 
search engine identifying a set of documents 1601. The 
Subsystem then assesses the value of each location refer 
enced in the text. The subsystem does this by first identifying 
locations referenced in the documents using either an auto 
matic geoparser or by getting them from an store of already 
identified location references 1602. Then, for each location 
referenced in the corpus, the Subsystem computes a value 
score 1603. One way to compute a value score is to compare 
the frequency of occurrence of references to this location in 
this corpus to the frequency in a large “reference corpus' or 
“baseline corpus.” Locations that are not commonly refer 
enced in the baseline corpus but are commonly referenced in 
this corpus are more rare. Naturally, if a geoparser engine 
provides confidence scores indicating the probability that the 
author really intended a particular location interpretation of 
a Substring in the author's document, then that confidence 
score should impact the value score such that less confidence 
location references are lower value. Higher value locations 
are then highlighted in the visual display 1604, either with 
different visual indicators in map images or in text high 
lighting or both. 

0286 Additional enhancements to the value score can 
come from incorporating aspects of statistically interesting 
phrase analysis. For example, a document that refers to a 
rare location many times puts greater emphasis on that rare 
location than a document that only mentions it once. Such 
greater focus might be rolled into the value score or repre 
sented as an independent score, like word relevance. 
0287. Similarly, the value score could incorporate geo 
graphic proximity or containment to recognize when a 
document refers to several rare locations that are close 
together or related. 
0288 Given value scores computed by some mechanism 
like the above, a user interface displaying location-related 
information from a corpus of documents can highlight 
locations of possibly greater interest in a number of ways. 
0289 One approach to using value scores is to choose a 
threshold and for all location references with value score 
above the threshold put special highlighting, such as bold 
face text or yellow background coloring, on text Substrings 
that reference location. 

0290 Another approach to using value scores is to 
present a variable intensity display element Such as variable 
opacity or color hotness associated with the references or 
visual indicators of locations. By changing the visual inten 
sity in proportion with the value score, the users attention 
is drawn to possibly more interesting locations. 
0291 For clarity, by “less frequently referenced loca 
tions' we mean locations with a high value score, where the 
value score is computed by Some means similar to the above 
descriptions. 
Generating and Correcting GeoTags 

0292 Under another aspect, a user reviewing a document 
can request location-related information about that docu 
ment through a user interface, e.g. a "button” in a browser 
toolbar. The document need not have been received as a 
result of a GTS search, but instead can be any document that 
the user is interested in. When the user clicks the button or 
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otherwise requests location-related information about the 
document, the text of the document is sent to a GeoParser 
server. The server responds with XML or javascript data that 
the user interface then uses to display a map and to highlight 
Snippets of text that correspond to markers in the map. The 
document itself is not changed, and the floating map is 
Superimposed on top of the page. This allows users to 
quickly and easily learn about the geography described in 
any document. The map can be hidden or made larger. 

0293 FIG. 11 illustrates steps in a method of helping a 
user understand the text that they read in a document by 
allowing users to request automatically generated location 
based information. When the user requests this information 
1801, the interface requests and receives a plurality of 
location references within the document 1802 from an 
appropriate Subsystem in communication with the interface. 
To obtain the location references for the document, the 
interface typically either transmits address information 
(such as a URL) to the Subsystem, or transmits the document 
directly to the Subsystem, or the Subsystem has a copy of the 
to which the client refers. The subsystem then passes this 
document through an automatic geoparser engine or 
retrieves the location-related information from a database 
keyed on docID. system sends information about the loca 
tion references to the user's client, which is typically a web 
browser 1802. The location reference information is suffi 
cient to highlight 1803 the substrings of the document that 
reference locations and also to indicate these locations on a 
map 1805. These highlights and visual indications are 
coupled by the software running in the client, which allows 
the user to point at either the highlighted text or the 
highlighted map area in order to see the corresponding other 
highlight change. In some embodiments the interface pro 
gram itself performs the analysis thus obviating the need to 
transmit the document to an external server or Subsystem. 

0294 The user interface can also include a button in the 
toolbar that, when selected, opens a comment window that 
allows the user to enter a message to the humans maintaining 
the GeoParser server. After the user enters a message 
describing what they like or do not like about the geotags in 
the article (for example, if they found an error in a location 
reference), they can click a submit button and the text is sent 
to the server for human attention. Typically, this is used to 
file trouble tickets about various types of georefs that are 
either incorrectly tagged or not recognized by the GeoParser 
SeVe. 

0295) Manual tagging is a common activity in the field of 
natural language processing. Manual tagging is the process 
of having humans annotate text documents by marking 
words and phrases as being particular types of references. 
For geographic natural language processing, it is common to 
have manual taggers mark Strings of text that refer to 
geographic locations. For example, in the document from 
wikipedia above, a manual tagger would be expected to put 
tags around the geographic references like this: 
0296) “-GeoTag-Liberty Enlightening the World-/ 
GeoTag>, known more commonly as the CGeoTagdStatue of 
Liberty.<GeoTags, is a statue given to the <GeoTag-United 
States.</GeoTag> by <GeoTag>France-/GeoTags in the late 
19th century, standing at <GeoTag> Liberty Island-/ 
GeoTags in the mouth of the <GeoTag>Hudson River-/ 
GeoTags in <GeoTag>New York Harborz/GeoTags as a 
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welcome to all returning Americans, visitors, and immi 
grants. The copper statue, dedicated on Oct. 28, 1886, 
commemorates the centennial of the <GeoTag-United 
States.</GeoTags and is a gesture of friendship between the 
two nations. The sculptor was Frederic Auguste Bartholdi; 
Gustave Eiffel, the designer of the <GeoTag>Eiffel Tower-/ 
GeoTag>, engineered the internal Supporting structure. The 
<GeoTag>Statue of Liberty.<GeoTag> is one of the most 
recognizable icons of the <GeoTag>U.S. </GeoTag> world 
wide; in a more general sense, the statue represents liberty 
and escape from oppression. It is also a favored symbol of 
libertarians . . . . 

0297 February 1979: <GeoTag-Statue of Liberty.</ 
GeoTag> apparently Submerged, <GeoTag>Lake Mendota 
(Madison, Wisc.)</GeoTag> 
0298. Such manually tagged text can then be used to train 
a machine learning system to automatically identify georef 
erences in other text or it can be used to evaluate the output 
of Such an automatic tagger. 
0299 Under one aspect, the manual tagging system dis 
closed herein introduces two important enhancements. First, 
it uses an automatic tagger to pre-process each document 
before presenting it to the manual tagging human, so that the 
human can simply correct the tags instead of having to create 
all the tags from Scratch. The tags generated by the auto 
matic system have, amongst possible others, these four 
properties: 

0300 Each tag identifies a string of text. 
0301 Each tag identifies a list of geographic entities that 
the author might have intended. Each geo entity can be 
displayed in a map. 
0302 Each geo entity listed has a confidence score indi 
cating the probability that the author of the text intended to 
refer to this geographic entity. 
0303 Each tag identifies a section or sections of text in 
the document that are highly relevant to this geographic 
reference. These sections of text could range in size from a 
fragment of a sentence to the entire document. 
0304. The system presents this information to the manual 
tagger so that they can correct the tags. All four attributes 
can be adjusted. The manual tagger can remove a tag entirely 
or create totally new tags or merge multiple tags into one. 
For example, an automatic tagger might identify Lake 
Mendota and Madison and Wisc. as three different georefs, 
and the manual tagger might merge these three into one 
georefjust to Lake Mendota. 
0305 The system displays the highest confidence geo 
graphic locations in a map, so that the manual tagger can see 
where they are easily. This is easier than having the manual 
tagger read coordinate numbers. 
0306 The manual tagger is expected to eliminate all but 
one geographic location interpretation for each georefer 
ence. This selected interpretation is then labeled with a 
100% confidence score. 

0307 When the manual tagger highlights a piece of text 
using their pointer, the system automatically queries a 
gazetteer database for possible interpretations of the String. 
These possible interpretations are presented to the manual 
tagger in a list and on the map, so that they can choose the 
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most correct interpretation. If the manual tagger does not see 
the interpretation that they believe is correct, the system 
allows them to click in the map to create a new geoentity. 
The map can be Zoomed into a high-scale view to allow the 
manual tagger to choose the point location or polygon 
vertices that best represent the geoentity they are defining. 
The map shows high resolution satellite imagery of the real 
location, to aide in their creation of the point, line, or 
polygon entity. 

0308 This newly created geoentity is then saved into the 
system's gazetteer for future use by manual taggers. 
0309 This same map-clicking procedure can be used to 
improve the accuracy of the geoentities in the gazetteer. If 
the user finds a geoentity that is poorly represented, for 
example by a point instead of a polygon, they can improve 
that data by clicking in the map to create a polygon. 
0310. The ranges of text to which a particular georefer 
ence is relevant are called “georelevant text ranges.” These 
text ranges often overlap. To handle this, the system steps 
through the automatically geotags one at a time, allowing the 
manual tagger human to see text ranges for each georefer 
ence one at a time. The extremes of the georelevant text 
ranges are marked with arrows that can be moved to reduce 
or expand the georelevant text. 
0311. After the manual tagger has corrected the tags, they 
click the “save' button to have the manually tagged docu 
ment sent back to the server and saved for future use. 

0312 One type of future use is displaying the manually 
tagged document to users interested in the information in the 
document. In this situation, it useful to indicate to the user 
that this document has been manually tagged and has 100% 
confidence scores. 

0313 Most of the systems described herein utilize a 
GeoParsing engine to automatically identify strings of char 
acters that refer to geographic locations. When a human 
reads a document, they use their understanding of natural 
language and the Subject matter of the text to recognize the 
meaning of words and phrases in the text. This human 
understanding process copes with ambiguity and makes 
decisions about the meaning. Typically, people can figure 
out the authors intended meaning with high certainty. For 
example, a human reader can understand the difference 
between these references to places called “Paris: 
0314 For example, consider this piece of text: 
0315 “President Bush visited families in the little town 
of Paris on his way to a rally in Galveston. Next week he will 
attend a birthday celebration for the president of France at 
his home on the outskirts of Paris.” 

0316. When the GeoParser marks a piece of text as 
referring to a geographic location, the Software is often not 
certain that the author really intended to refer to that 
particular location or even that the author intended to refer 
to a location at all. To cope with this, the GeoParser engine 
also provides a confidence score with each georeference that 
it postulates. These confidence scores are numbers that can 
be compared. Typically, they are probabilities that can be 
interpreted as the likelihood that the author really did intend 
this. These confidence scores allow automated systems to 
present users with the most likely information first and less 
confident information second. 
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0317. Typically, a GeoParsing engine performs two steps: 
extraction and resolution. In the extraction step, the system 
decides which pieces of text refer to geographic locations. In 
the resolution step, the system decides which location the 
author meant by that String. The resolution step can produce 
multiple candidate answers with different confidence scores. 
Often, the highest confidence alternative is correct, but not 
always. 

0318 Probabilistic confidence scores range between Zero 
and one. Most text is ambiguous and >90% confidence 
georeferencing is often not possible, even for state of the art 
systems. 

0319 All probabilities tend to occur frequently. That is, 
a GeoParser will often assign probabilities of 0.1, 0.2, 0.3, 
. . . 0.9, and all numbers in between. 

0320 Typically, when a user encounters an automatically 
generated georeference, the human can reach a higher 
degree of confidence than the automated system did. In fact, 
humans can resolve many georefs with essentially perfect 
certainty with little or no access to additional reference 
material. Such as a gazetteer or map. Under one embodi 
ment, a “Tag Corrector GUI helps users feed their under 
standing back into the GeoParsing engine, so that it can 
produce better information in the future. 
0321. It is called the “tag” corrector because GeoParsers 
typically generate XML or other types of syntactic markings 
to indicate which strings are georefs and to which locations 
it thinks they refer. These XML marks are called “tags,' and 
the Tag Corrector allows the user to fix errors by adjusting 
the tags or other marking indicators. 

0322 There are several contexts in which a Tag Corrector 
GUI is useful. The basic process of these various GUIs is 
similar: 

0323. An information system presents a user with pieces 
of information, some of which was generated by an auto 
matic GeoParser. Examples include a geographic Search 
GUI or an Article Mapper GUI. 
0324. The user recognizes that a particular georeference 

is not correct or has marked with lower confidence than the 
user's own confidence of the meaning. Using the example 
above, an automatic GeoParsing engine might mark the first 
reference to Paris as probably meaning Paris, France, which 
is wrong, and might mark the second reference as meaning 
Paris, France but with less than a probability of 1.0. 
0325 The Tag Corrector GUI makes it easy for the user 
to change the tags. Possible changes include 
0326 Deleting a tag 
0327 Extending or reducing the range of characters 
included in the tag 

0328 
0329 
0330) 
0331. These pieces of information are sent back to the 
GeoParser engine, so that it can make use of them. This is 
often implemented with an HTTP POST across a network to 
a server hosting the GeoParser. 

Changing the confidence score of the tag 

Changing the location to which the tag refers 
Improving the precision of the location definition. 
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0332 FIG. 12 illustrates steps in a method of allowing 
humans to rapidly generate manually “truthed' documents 
by manually correcting location reference tags generated by 
an automatic process. First, the Tag Correcter GUI obtains 
a document 1701 through some means, such as a user 
uploading or selecting a document. The GUI then obtains the 
textual positions of location references in the document from 
a database or from an automatic geoparser engine 1702. The 
GUI also obtains interpretations of the substrings at these 
various textual positions 1703. These interpretations are 
ordered by likelihood that the interpretation is correct (i.e., 
corresponds to the writer's meaning), so that the most likely 
meanings are higher in the list 1703. By presenting this 
ordered list to the user 1705 and allowing the user to select 
1706 from an ordered list, the system accelerates the per 
son’s progress. The system also allows the user to adjust the 
extent of the Substring by adjusting the textual positions. The 
system also allows the user to identify location references 
that the automatic geoparser missed, and to adjust, change, 
or delete incorrectly identified location references. 

0333. This human-checked information can be useful in 
several ways. If another user is to be presented with the same 
information, e.g. because they requested the same document, 
the GeoParser can send the human-checked form of the 
information instead of regenerating the same wrong 
answers. If humans disagree with results previously checked 
by other humans, the GeoParser can indicate how many 
humans agree with a particular interpretation. 

0334 The GeoParser engine can also “learn' from the 
human-checked information in order to perform better on 
other documents that have not yet been manually checked. 
As is common in the art of machine learning, algorithms 
Such as hidden Markov models and neural networks can 
utilize statistics gathered from manually checked documents 
to automatically analyze other documents. Such procedures 
are typically called “training.” By incorporating more manu 
ally tagged information into the training process, the 
machine learning system typically performs better. 
0335) It is possible to automatically dump manually 
checked documents directly into a GeoParser for automatic 
training without human guidance. Often, a human engineer 
can adjust the machine learning system to take better advan 
tage of manually tagged documents. It is often necessary to 
have a second layer of human auditing, i.e. people checking 
the information sent back to the system through the Tag 
Correcting GUIs. These people help ensure the quality of the 
corrected tags. 
0336 Tag Corrector GUIs gather information that can be 
used in all of these processes. 

0337. One useful feature of a Tag Corrector GUI is that 
it is easy for the user to change some aspect of the automatic 
information, and to send this information back to the server. 
Various embodiments of Tag Corrector GUIs can include the 
following specific types: 

0338 A listing of results to a search query often contains 
Snippets of text extracted from documents that match the 
query. If the Snippet of text contains a string of characters 
entered by the user, it is common in the art to highlight these 
substrings with a different color text or bold face. Geo 
graphic search introduces a new facet, because the user 
typically specifies their geographic region of interest by 
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selecting a map view. While the search engine can be 100% 
certain that a document does or does not contain a string of 
characters entered by the user, the search engine must accept 
the less then perfect certainty of the GeoParsing when 
associating documents with the map. These associations 
only have the probabilistic confidence assigned by the 
GeoParser. Thus, it is useful to do more than just highlight 
the purportedly geographic strings in the extract text. One 
Tag Corrector GUI for search results puts little thumbs-up 
and thumbs-down icons in the search results, as illustrated in 
FIG. 13 A. For example, this extract text might appear in a 
list of search results for the words “travels' and “water with 
a map that covered the Middle East. 
0339) This type of GUI can be easily implemented with 
javascript running in the users web browser. If a user clicks 
a thumbs-up icon, the javascript listening for clicks on that 
icon changes that location tags confidence to 100% and 
immediately sends that information to the GeoParser server. 
If a user clicks a thumbs-down icon, the javascript listening 
for clicks on that icon removes the corresponding location 
tag by setting its confidence to 0. In the example above, a 
user would naturally click the thumbs-up on Oman and the 
thumbs-down on the Mohammedtag, because it is obviously 
a reference to the prophet himself and not to one of the small 
towns named after the prophet. 
0340. These icons gather feedback with a single click 
from the user. 

0341. A more sophisticated Tag Correcting GUI gives the 
user more control over the changes. For example, the Tag 
Correcting GUI illustrated in FIGS. 13B-13D allows the 
user to click on arrows and drag them in order to widen or 
narrow the string of text that has been tagged. By grabbing 
an arrow and dragging it all the way to the other arrow for 
the same tag, the user can close a tag. Also, clicking on an 
arrow and hitting the delete key deletes the tag. The little 
boxes indicate the confidence of the tag. The user can put the 
cursor in a box and type a different number, such as 1.0 or 
any other confidence they feel is appropriate. 
0342 FIG. 13B illustrates an exemplary section of text 
generated by an automatic geotagger and opened in a Tag 
Correcting GUI. FIG. 13C illustrates what the text might 
look like while being manually corrected in the Tag Cor 
recting GUI. 
0343. The Tag Correcting GUIs discussed above and 
illustrated in FIGS. 13 A-13C focus on the text. It can also be 
useful to let the user change the geographic meaning of the 
tag. Thumbnail images (defined above) can be helpful with 
this. For example, if the user disagrees with the location 
shown in the thumbnail near the highlighted text, they can 
click on the image to launch a tool for moving the location 
marker or expanding it into a polygon or line that better 
represents the real location. Such a user interface is illus 
trated in FIG. 13D. 

0344 Any changes the user makes are sent back to the 
server, so they can be incorporated into the gazetteer infor 
mation used by the GeoParser. 
0345) A number of embodiments of the invention have 
been described. Nevertheless, it will be understood that 
various modifications may be made without departing from 
the spirit and scope of the invention. Accordingly, other 
embodiments are within the scope of the following claims. 
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What is claimed is: 
1. An interface program stored on a computer-readable 

medium for causing a computer system with a display 
device to perform the functions of: 

accepting search criteria from a user, the search criteria 
including a free-text query and a domain identifier, the 
domain identifier identifying a physical location; 

in response to accepting said search criteria from the user, 
receiving a set of document-location tuples from a 
corpus of documents, each document-location tuple 
satisfying the search criteria from the user; 

organizing the document-location tuples into a hierarchi 
cal graph structure, the hierarchical graph structure 
representing hierarchical spatial relationships between 
the physical locations; and 

displaying a visual representation of the hierarchical 
graph structure on the display device. 

2. The interface program of claim 1, wherein the visual 
representation of the hierarchical graph structure comprises 
at least one of a map and a set of nested folders. 

3. The interface program of claim 2, wherein at least some 
of the folders of the set of nested folders include references 
to at least some of the documents. 

4. The interface program of claim 1 for causing the 
computer system to further perform the functions of orga 
nizing the document-location tuples into a hierarchical graph 
structure based on a reference graph structure. 

5. The interface program of claim 4, wherein the reference 
graph structure comprises a plurality of geographical loca 
tions arranged into hierarchical nodes, wherein at least some 
nodes representing larger-area geographical features are at a 
higher level than nodes representing Smaller-area geographi 
cal features that are encompassed within the larger-area 
geographical features. 

6. The interface program of claim 4, wherein the reference 
graph structure comprises one of a tree graph and a directed 
acyclic graph. 

7. The interface program of claim 1 for causing the 
computer system to further perform the functions of orga 
nizing the document document-location tuples into a hier 
archical graph structure, said organizing comprising initial 
izing an empty graph-based result set, and for each location 
in the document-location tuples: 

(a) finding a node in a reference graph corresponding to 
the location; 

(b) attaching the node and any parents of the node to the 
graph-based result set; and 

(c) attaching all document-location tuples having the 
location to the node. 

8. The interface program of claim 7, wherein the parents 
of the node comprise at least one physical domain having a 
larger spatial area than the node corresponding to the loca 
tion. 

9. The interface program of claim 1, wherein the physical 
domain comprises a planetary body. 

10. The interface program of claim 1, wherein the physi 
cal domain comprises a geographical region. 

11. The interface program of claim 1 for causing the 
computer system to further perform the functions of dis 
playing a map image and displaying visual indicators rep 
resenting at least a Subset of the locations in the map image. 
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12. The interface program of claim 11, wherein at least 
one document references multiple locations, and wherein the 
visual indicators include lines connecting at least some of 
the multiple locations. 

13. The interface program of claim 11, wherein each of 
the visual indicators has an opacity proportional to a rel 
evance score of at least one document-location tuple it 
represents. 

14. The interface program of claim 1, wherein the spatial 
relationships between the locations comprise at least one of 
containment, partial containment, and proximity. 

15. A method of displaying information about documents, 
the method comprising: 

accepting search criteria from a user, the search criteria 
including a free-text query and a domain identifier, the 
domain identifier identifying a physical location; 

in response to accepting said search criteria from the user, 
receiving a set of document-location tuples from a 
corpus of documents, each document-location tuple 
satisfying the search criteria from the user; 

organizing the document-location tuples into a hierarchi 
cal graph structure, the hierarchical graph structure 
representing hierarchical spatial relationships between 
the physical locations; and 

displaying a visual representation of the hierarchical 
graph structure on a display device. 

16. The method of claim 15, wherein the visual represen 
tation of the hierarchical graph structure comprises at least 
one of a map and a set of nested folders. 

17. The method of claim 16, wherein at least some of the 
folders of the set of nested folders include references to at 
least some of the documents. 

18. The method of claim 15, comprising organizing the 
document-location tuples into a hierarchical graph structure 
based on a reference graph structure. 

19. The method of claim 18, wherein the reference graph 
structure comprises a plurality of geographical locations 
arranged into hierarchical nodes, wherein at least some 
nodes representing larger-area geographical features are at a 
higher level than nodes representing Smaller-area geographi 
cal features that are encompassed within the larger-area 
geographical features. 

20. The method of claim 18, wherein the reference graph 
structure comprises one of a tree graph and a directed acyclic 
graph. 

21. The method of claim 15, wherein organizing the 
document-location tuples into a hierarchical graph structure 
comprises initializing an empty graph-based result set, and 
for each location in the document-location tuples: 

(a) finding a node in a reference graph corresponding to 
the location; 

(b) attaching the node and any parents of the node to the 
graph-based result set; and 

(c) attaching all document-location tuples having the 
location to the node. 

22. The method of claim 21, wherein the parents of the 
node comprise at least one physical domain having a larger 
spatial area than the node corresponding to the location. 

23. The method of claim 15, wherein the physical domain 
comprises a planetary body. 
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24. The method of claim 15, wherein the physical domain 
comprises a geographical region. 

25. The method of claim 15, further comprising display 
ing a map image, and displaying visual indicators represent 
ing at least a Subset of the locations in the map image. 

26. The method of claim 25, wherein at least one docu 
ment references multiple locations, and wherein the visual 
indicators include lines connecting at least Some of the 
multiple locations. 

27. The method of claim 25, wherein each of the visual 
indicators has an opacity proportional to a relevance score of 
at least one document-location tuple it represents. 

28. The method of claim 15, wherein the spatial relation 
ships between the locations comprise at least one of con 
tainment, partial containment, and proximity. 

29. An interface program stored on a computer-readable 
medium for causing a computer system with a display 
device to perform the functions of: 

accepting search criteria from a user, the search criteria 
including a free text entry query and a domain identifier 
identifying the domain; 

in response to accepting said search criteria from the user, 
receiving a first set of documents from a corpus of 
documents that: (a) contains anywhere within the docu 
ment location-related information that refers to a spe 
cific location within the domain identified by the 
domain identifier; and (b) contains anywhere within the 
document text that is responsive to the free text entry 
query, wherein said identified documents are identified 
by a plurality of document identifiers; 

displaying a representation of said domain on the display 
device, wherein the domain is a geographical region 
and said representation is multi-dimensional map of the 
geographical region; 

displaying on the display device a plurality of visual 
indicators as representations of the first set of docu 
ments identified by said plurality of document identi 
fiers, the corresponding visual indicator for each docu 
ment identifier of said plurality of document identifiers 
being positioned within the representation of the 
domain at a coordinate within the domain that corre 
sponds to the location-related information for the cor 
responding document; 

receiving an inspection request from the user, the inspec 
tion request comprising a subdomain identifier identi 
fying the subdomain, the subdomain within the 
domain; 

in response to the inspection request from the user, 
receiving a second set of documents from the corpus of 
documents that: (a) contains anywhere within the docu 
ment location-related information that refers to a spe 
cific location within the subdomain identified by the 
subdomain identifier; and (b) contains anywhere within 
the document text that is responsive to the free text 
entry query, wherein said identified documents are 
identified by a plurality of document identifiers; and 

displaying information about the second set of documents 
on the display device. 

30. The interface program of claim 29, wherein the 
inspection request comprises a movable Subdomain indica 
tor displayed on the representation of said domain. 
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31. The interface program of claim 29, wherein displaying 
information about the second set of documents on the 
display device comprises displaying a plurality of visual 
indicators as representations of the second set of documents, 
the corresponding visual indicator for each document being 
positioned within the representation of the domain at a 
coordinate within the domain that corresponds to the loca 
tion-related information for the corresponding document. 

32. The interface program of claim 29, wherein displaying 
information about the second set of documents on the 
display device comprises displaying a plurality of Snippets 
of text from the second set of documents. 

33. The interface program of claim 29, wherein the first 
and second sets of documents are hierarchically organized 
based on a reference graph. 

34. A method of displaying information about documents, 
the method comprising: 

accepting search criteria from a user, the search criteria 
including a free text entry query and a domain identifier 
identifying the domain; 

in response to accepting said search criteria from the user, 
receiving a first set of documents from a corpus of 
documents that: (a) contains anywhere within the docu 
ment location-related information that refers to a spe 
cific location within the domain identified by the 
domain identifier; and (b) contains anywhere within the 
document text that is responsive to the free text entry 
query, wherein said identified documents are identified 
by a plurality of document identifiers; 

displaying a representation of said domain on a display 
device, wherein the domain is a geographical region 
and said representation is multi-dimensional map of the 
geographical region; 

displaying on the display device a plurality of visual 
indicators as representations of the first set of docu 
ments identified by said plurality of document identi 
fiers, the corresponding visual indicator for each docu 
ment identifier of said plurality of document identifiers 
being positioned within the representation of the 
domain at a coordinate within the domain that corre 
sponds to the location-related information for the cor 
responding document; receiving an inspection request 
from the user, the inspection request comprising a 
subdomain identifier identifying the subdomain, the 
Subdomain within the domain; 

in response to the inspection request from the user, 
receiving a second set of documents from the corpus of 
documents that: (a) contains anywhere within the docu 
ment location-related information that refers to a spe 
cific location within the subdomain identified by the 
subdomain identifier; and (b) contains anywhere within 
the document text that is responsive to the free text 
entry query, wherein said identified documents are 
identified by a plurality of document identifiers; and 

displaying information about the second set of documents 
on the display device. 

35. The method of claim 34, wherein the inspection 
request comprises a movable Subdomain indicator displayed 
on the representation of said domain. 
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36. The method of claim 34, wherein displaying infor 
mation about the second set of documents on the display 
device comprises displaying a plurality of visual indicators 
as representations of the second set of documents, the 
corresponding visual indicator for each document being 
positioned within the representation of the domain at a 
coordinate within the domain that corresponds to the loca 
tion-related information for the corresponding document. 
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37. The method of claim 34, wherein displaying infor 
mation about the second set of documents on the display 
device comprises displaying a plurality of Snippets of text 
from the second set of documents. 

38. The method of claim 34, wherein the first and second 
sets of documents are hierarchically organized based on a 
reference graph. 


