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SYSTEMS AND METHODS FOR
PERFORMING SEMANTIC ANALYSIS OF
INFORMATION OVER TIME AND SPACE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit under 35 U.S.C.
§119(e) of U.S. Provisional Patent Application No. 60/892,
162, filed Feb. 28,2007, and entitled “System and Method for
Performing Semantic Analysis of Text Streams Over Time
and Space,” which is incorporated herein by reference in its
entirety.

FIELD OF THE INVENTION

[0002] Embodiments of the present invention relate gener-
ally to providing for the collection, analysis, indexing,
accessing, and displaying of data obtained from one or more
sources. More particularly, embodiments of the present
invention relate to methods and systems for ingesting, record-
ing, tokenizing and indexing a plurality of information files
and streams over time, aggregating and storing indexed infor-
mation based on temporal, relational, and spatial proximity,
and providing efficient, continuous query access and related
outputs based on elements and groups of elements contained
in the information files and streams.

BACKGROUND OF THE INVENTION

[0003] Today, with resources such as the Internet, 24-hour
television news feeds, and increased globalization of news
and event reporting, thoughts and ideas are spread around the
globe with a contagion effect. In addition to news and infor-
mation being communicated via television, it is widely dis-
tributed over the Internet using sources such as Really Simple
Syndication (RSS) and Web Logs (blogs). The impact of news
stories such as an Avian influenza pandemic, SEC investiga-
tions of companies, and terrorist attacks cause people who
view or hear such stories to react emotionally, often overre-
acting or, alternatively, failing to react at all. Symbols and
words such as “pandemic”, “tornado warning”, “consumer
recall”, “fraud”, and “child abduction” can cause powerful
changes in emotions affecting feelings of security, stability
and confidence. These emotional feelings often influence
investment decisions, the overall public persona of compa-
nies or people, and civil actions or initiatives. Accordingly,
the ability to effectively measure the sentiment, velocity,
magnitude, momentum, and acceleration of cultural informa-
tion and memes can be a powerful tool in highly analytic
domains such as financial markets, national security, and
intelligence.

[0004] Currently, analysts and researchers in these domains
employ some combination of search tools and labor intensive
analytic processes to examine and synthesize information.
These tools and methods, however, lack the ability to easily
assemble temporal (time series) or spatial views of subject
matter covering many diverse sources of information in real
time. While Internet search engines can serve up a daily
snapshot or snippets of news and information, as time passes
the historical context of the subject matter fades along with
the ability to measure current memes against historical pat-
terns and trends. This inability to quickly and effectively put
current news in a historical context to better assess the mag-
nitude, momentum and size of a meme creates gaps in the
analytic process causing huge swings in related financial
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market activity or costing lives where emergency responders
or security experts react to inaccurate information.

[0005] Further, particularly in the financial market arena,
quick assimilation of breaking news stories can greatly affect
successful financial trading. For instance, a breaking story
about a pharmaceutical company pulling a highly profitable
drug from the market because of FDA violations may cause
that company’s stock to drop drastically. However, if a trader
or investor had access to that information virtually instanta-
neously as the story was released, that trader or investor may
be able to trade the company’s stock before the drop in value
was realized. Moreover, if the magnitude or influence of that
story could be valued against a history of previous, similar
stories, the investor would be even more informed as to
expected movement of the stock, and could act accordingly.
[0006] Therefore, a long-felt but unresolved need in the art
is a technology and services platform that translates the
world’s unstructured news and information sources into data
outputs and streams that represent quantitative measures of
subject matter over time and space. Further, there is a need in
the art to bring order to the mass of chaotic chatter swirling
around the world thus enabling users and automated systems
to easily analyze and reason over historical patterns and
trends in communications.

BRIEF SUMMARY OF THE INVENTION

[0007] Briefly described, and according to one embodi-
ment, the present invention is directed towards a system for
performing semantic analysis on data. The system includes a
plurality of collectors for collecting observations emitted
from a plurality of sources. Once collected, the observations
are processed by a plurality of data ingest components that
transform the observation attributes from source-specific for-
mats into a general system format, and then store the format-
ted observations in a database or message bus. The system
further includes an index component that retrieves observa-
tions from a database or message bus, organizes the observa-
tions according to temporal attributes, spatial attributes,
metadata attributes or other similar attributes, tokenizes the
text of the observations to allow for faster and more efficient
storage and querying, and finally stores the organized, token-
ized observations in an index. A query service component
then accesses an index or plurality of indexes to enable execu-
tion of queries related to search terms in observations based
upon certain query parameters. A client service component
assimilates query results and generates query responses in the
form of dynamic data feeds, interactive charts and graphs,
lists, and other display media.

[0008] According to one aspect, an index component nor-
malizes and associates the spatial, temporal, and metadata
attributes of the observation into predefined time slots, spatial
parameters, and metadata identifiers. The index component
tokenizes any text contained within the observation, and asso-
ciates the tokenized text with the normalized observation
features within an index. In one aspect, each index is a
memory-based index maintained in RAM. According to
another aspect, each index is a persistence index maintained
in a separate database.

[0009] According to an additional aspect, a query service
component receives a particular query request from a user.
The query service component parses the query request to
identify particular search expressions and query attributes
contained within the request. The query service component
then executes the query request against any normalized and
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organized observations maintained within an index, and
tracks occurrences of search terms or expressions, whether or
not related to TOPIC TICKER™ symbols, and then reports
occurrences of the search terms and expressions. In one
aspect, the query attributes include start and end timestamp
criteria for the particular query, an aggregation interval, one
or more sources upon which to query, or any other query-
related information.

[0010] Inanother aspect, a TOPIC TICKER™ symbol rep-
resents a particular query expression or group of query
expressions associated with a specific subject matter or topic.
In one aspect, the TOPIC TICKER™ symbol expressions
include boolean commands and nested TOPIC TICKER™
symbol(s).

[0011] According to yet another aspect, the client service
component analyzes the results of any search terms identified
by the query service component and delivers an output con-
taining statistical analyses of occurrences of the search terms
as a function of user-defined parameters.

[0012] According to another embodiment, the present
invention is directed towards a method for performing seman-
tic analysis on observation data. The method includes the step
of collecting observations emitted from a plurality of sources.
Once collected, the method also includes the steps of process-
ing the observations to transform the observation attributes
from source-specific formats into a general system format,
and then storing the formatted observations in a database or
message bus. The method further includes the steps of retriev-
ing observations from a database or message bus, organizing
the observations according to temporal attributes, spatial
attributes, metadata attributes or other similar attributes,
tokenizing the text of the observations to allow for faster and
more efficient storage and querying, and finally indexing the
organized, tokenized observations. Next, the organized,
tokenized observations are accessed to enable execution of
queries related to search terms in observations based upon
certain query parameters. The method also includes the steps
of assimilating query results and generating query responses
in the form of dynamic data feeds, interactive charts and
graphs, lists, and other display media.

[0013] According to one aspect, the indexing step further
includes normalizing and associating the spatial, temporal,
and metadata attributes of the observation into predefined
time slots, spatial parameters, and metadata identifiers. Addi-
tionally, the indexing step includes tokenizing any text con-
tained within the observation and associating the tokenized
text with the normalized observation features.

[0014] According to an additional aspect, the method fur-
ther includes the step of receiving a particular query request
from a user. The query service request is parsed to identify
particular search expressions and query attributes contained
within the request. The method further includes the steps of
executing the query request against any normalized, indexed
observations, and tracking occurrences of search terms or
expressions, whether or not related to TOPIC TICKER™
symbols, and then reporting occurrences of the search terms
and expressions. In one aspect, the query attributes include
start and end timestamp criteria for the particular query, an
aggregation interval, one or more sources upon which to
query, or any other query-related information.

[0015] According to another aspect, the method also
includes the step of analyzing the results of any search terms
identified in the normalized, indexed observations and deliv-
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ering an output containing statistical analyses of occurrences
of the search terms as a function of user-defined parameters.
[0016] These and other embodiments and aspects of the
present invention will become apparent from the following
description of the preferred embodiment taken in conjunction
with the following drawings, although variations and modi-
fications therein may be affected without departing from the
spirit and scope of the novel concepts of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The accompanying drawings illustrate one or more
embodiments of the invention and, together with the written
description, serve to explain the principles of the invention.
Wherever possible, the same reference numbers are used
throughout the drawings to refer to the same or like elements
of an embodiment, and wherein:

[0018] FIG.1isahigh-level overview of an embodiment of
the present invention.

[0019] FIG. 2 is a chart illustrating occurrences of sample
search expressions across a plurality of sources according to
an embodiment of the present invention.

[0020] FIG. 3 is a flow chart illustrating the logical system
architecture according to an embodiment of the present
invention.

[0021] FIG. 4A is a flow chart depicting the operations of a
data ingest component specific to an observation file accord-
ing to an embodiment of the present invention.

[0022] FIG. 4B is a flow chart depicting the operations of a
data ingest component specific to an observation stream
according to an embodiment of the present invention.

[0023] FIG. 5 is a flow chart illustrating the functions of an
index component in an embodiment of the present invention.
[0024] FIG. 6 is a flow chart demonstrating the operations
of'a query service component according to an embodiment of
the present invention.

[0025] FIG. 7 is a flow chart showing the functions of a
client service component for delivering a data feed to auser in
an embodiment of the present invention.

[0026] FIG. 8 is screen shot of a sample data structure
containing various TOPIC TICKER™ symbols and related
search expressions according to an embodiment of the
present invention.

[0027] FIG. 9 is a screen shot of a sample data feed output
in an embodiment of the present invention.

[0028] FIG. 10 is a screen shot of a spreadsheet output to a
user based on a data feed according to an embodiment of the
present invention.

[0029] FIG. 11A s ascreenshotofa sample query interface
in an embodiment of the present invention.

[0030] FIG. 11B is a screen shot of an interface demonstrat-
ing occurrences of search expressions on a per source basis
corresponding to outputs shown in FIG. 11A according to an
embodiment of the present invention.

[0031] FIG. 11Cis a screen shot of individual observations
corresponding to the sources displayed in FIG. 11B.

[0032] FIG. 12A is a screen shot of a sample geospatial
view output according to an embodiment of the present inven-
tion.
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[0033] FIG. 12B is a screen shot of a sample heat map
output in an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0034] The present invention is more particularly described
in the following examples that are intended as illustrative only
since numerous modifications and variations therein will be
apparent to those skilled in the art. Various embodiments of
the invention are now described in detail. Referring to the
drawings, like numbers indicate like components throughout
the views. As used in the description herein and throughout
the claims that follow, the meaning of “a”, “an”, and “the”
includes plural reference unless the context clearly dictates
otherwise. Also, as used in the description herein and
throughout the claims that follow, the meaning of “in”
includes “in” and “on” unless the context clearly dictates
otherwise.

[0035] The terms used in this specification generally have
their ordinary meanings in the art, within the context of the
invention, and in the specific context where each term is used.
[0036] Certain terms that are used to describe the invention
are discussed below, or elsewhere in the specification, to
provide additional guidance to the practitioner in describing
the apparatuses, systems, and methods of the invention and
how to make and use them. For convenience, certain terms
may be highlighted, for example using italics and/or quota-
tion marks. The use of highlighting has no influence on the
scope and meaning of a term; the scope and meaning of a term
is the same, in the same context, whether or not it is high-
lighted. It will be appreciated that the same thing can be said
in more than one way. Consequently, alternative language and
synonyms may be used for any one or more of the terms
discussed herein, nor is any special significance to be placed
upon whether or not a term is elaborated or discussed herein.
Synonyms for certain terms are provided. A recital of one or
more synonyms does not exclude the use of other synonyms.
The use of examples anywhere in this specification, including
examples of any terms discussed herein, is illustrative only,
and in no way limits the scope and meaning of the invention
or of any exemplified term. Likewise, the invention is not
limited to various embodiments given in this specification.
Furthermore, subtitles may be used to help a reader of the
specification to read through the specification, which the
usage of subtitles, however, has no influence on the scope of
the invention.

[0037] In general, embodiments of the present invention
provide novel systems and methods for collecting, process-
ing, analyzing, and indexing large amounts of data in such a
manner that queries can be formulated and exercised against
the data in an expedient manner. Embodiments of the present
invention also provide for static or dynamic presentation of
the indexed data based upon the queries. The data organiza-
tion and access techniques applied in embodiments of the
present invention are structured in a way that allows for a
large variety of queries to be performed on the data without
having to reorganize the data. Additionally, indexes and pre-
sentations of the data are continually updated and modified in
virtually real-time.

[0038] Referring now to the drawings, FIG. 1 illustrates a
high-level overview of a system 100 according to one
embodiment of the present invention. In the embodiment
shown, a plurality of sources 110 emit data into the system
100, and specifically into the logical system architecture 300.
Thelogical system architecture 300 processes and indexes the
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data based on temporal, spatial, and other parameters, and
responds to queries based upon the data. The data is trans-
formed and analyzed within the logical system architecture
300, and is finally transmitted to a client 150 in a presentable
orusable format, such as a graph, list, chart or data feed, such
as shown by outputs 140.

[0039] Preferably, the data emitted by the sources 110 and
collected by the system architecture 300 is referred to as
“observations.” Such observations typically include docu-
ments, streaming conversations, threaded discussions, online
postings, and many other information delivery mechanisms.
For example, a document may include a press release regard-
ing a company merger or an article describing a CEO’s
fraudulent behaviors. A streaming discussion might be a
breaking story delivered by a television news anchor or an
online webcast about recent oil prices. A threaded discussion
could comprise internet message board postings or a blog
discussion about a presidential campaign. In one embodi-
ment, the observations are text-based (for instance, a docu-
ment). If the observations are not text-based upon initiation
(forinstance, a streaming news story), then they are converted
to text via closed captioning, speech-to-text technology, or
another similar methodology.

[0040] When an observation is received by the logical sys-
tem architecture 300, it is assigned one or more attributes to
enable the system 100 to track and identify the observation.
These attributes may include, but are not limited to, the com-
ponent within the system architecture 300 that observed the
observation, where the information was observed from (the
source 110), when it was observed (the moment in time or
within a particular normalized, associated time period), and
what was observed (the content). These attributes, and any
others, may be assigned to any observation. In one embodi-
ment, an attribute consists of an attribute name and value pair.
Each source 110 may have a unique set of attributes, and these
source-specific attributes are mapped to a set of reference
attributes, for normalization purposes (discussed in greater
detail below).

[0041] Embodiments of the present invention operate with
a large variety of sources 110, and although some of the
particular configurations that are provided in this description
may be considered as aspects of the invention, or even inven-
tive in and of themselves, the present invention, unless oth-
erwise indicated in the claims, is not limited to any particular
sources 110 or types of sources 110. Non-limiting examples
of'source types that may be employed in or utilized by various
embodiments of the invention include closed caption feeds,
Really Simple Syndication (RSS) feeds, blog(s), Associated
Press® feeds, Reuters® feeds, and other press feeds, etc.
[0042] More specifically, closed caption feeds may include
national based feeds such as financial information from
CNBC and Bloomberg, news from FOX NEWS, MSNBC,
CNN, and CNN HEADLINE NEWS, documentaries from
C-SPAN, C-SPAN?2, and the HISTORY CHANNEL, weather
reports from THE WEATHER CHANNEL, and other similar
feeds. The closed caption feeds may also include local and
regional feeds such as ABC, CBS, NBC and PBS from vari-
ous cities or regions.

[0043] The RSS feeds may be of any variety of RSS chan-
nels and may include public, well known feeds such as
GOOGLE NEWS and MOREOVER, as well as other more
specific, smaller and focused feeds. Similarly, the blogs may
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include content from blog search engines such as GOOGLE
and TECHNORATI, as well as other more specific, smaller
and focused feeds.

[0044] Sources 110 may be organized in a hierarchical
taxonomy around communities of interests or themes. In
essence, any device or system that provides information con-
tent that can be digitized or converted into textual content or
streams can serve as a source 110. For instance, lectures, radio
or broadcast content, telephone conversations, etc. can all be
converted into text and serve as sources 110. In addition,
sources 110 can provide any observations that are already in
atextual form, such as web sites, emails, ticker tapes, teletype
feeds, etc. Likewise, other content that can be converted to
text through optical character recognition (OCR) can also be
included as a source. Thus, it will be appreciated that embodi-
ments of the present invention can work with virtually an
unlimited list of sources 110 to ingest a virtually unlimited
number of observations.

[0045] Invarious embodiments ofthe present invention, the
sources 110 may be selected based on the particular applica-
tion for the system 100. For instance, if the system 100 is
being used by financial market traders to predict or track stock
trends, the sources 110 may include financial and business
related feeds. If the system 100 is being used to predict
violence in American high schools, the sources 110 may
include web sites and blog(s) that are frequented by high
school students, as well as other sources typically viewed by
high school students. Similarly, sources 110 can be config-
ured to focus on specific areas such as hot political topics, up
and coming politicians, sports, financial trends, national
defense issues, etc.

[0046] Additionally, the sources 110 for a particular
embodiment of the system 100 may be event driven. For
instance, if a particular trend is detected, the pool of sources
may be dynamically changed in response to the trend or event.
As an example, assume an embodiment of the system 100 is
configured to watch world events. Such a system would most
typically utilize a variety of sources 110 from a variety of
countries in an effort to obtain the widest spectrum of views
and biases. Ifa nuclear test is performed in India, for example,
the sources for such a system may then be augmented with
sources that are connected with India and its neighboring
countries. Likewise, if a pandemic breaks out, the sources
may be augmented to focus on areas of the outbreak as well as
related feeds and news sources.

[0047] Furthermore, according to some embodiments,
sources 110 may be weighted or prioritized for individual
users or communities of users. As an example, one user may
consider CNN to be the most important source 110 as it
pertains to his or her interests, whereas another user may feel
that CNN is less relevant. Accordingly, each user can custom-
ize the importance of each source 110 within an embodiment
of'the system 100 by assigning weighted point values to each
source. Thus, when a subsequent output 140 is received by a
client 150 or user, that output data will reflect associated
source weightings and relevance levels.

[0048] Once an observation is received from a source 110
by the logical system architecture 300, the observation is
ingested, processed, and indexed according to given param-
eters (as described in detail below). The processed and
indexed observations are stored within the logical system
architecture 300, and occurrences of certain elements con-
tained within the observations, as well as calculations derived
data, statistics, and any other data relating to the elements and
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observations, are available for manipulation and delivery to a
client 150 through various outputs 140 (also described in
detail below). The client 150 may be an investment banker or
stock trader, a government agency, a corporation, an indi-
vidual, an organization, or virtually anyone that would be
interested in accumulating or analyzing source data over
time, or in a highly-efficient, virtually real-time manner.

[0049] In one embodiment, elements from an observation
are extracted and assimilated to aid in prediction of market
trends. For example, if an interested client 150 is a stock
market trader or financial analyst, the client 150 may be
interested in monitoring what news stories or items of discus-
sion are happening across various sources 110 in the world in
real-time. For instance, based on historical data, assume that
acertain stock or commodity, say oil, generally rises and falls
correspondingly as it is discussed in higher or lower volume
across the media. For example, assume when crude oil or
issues relating to crude oil are discussed in the news or across
various sources 110 in higher than usual volume, the value of
oil commodities rises. Alternatively, when oil is discussed
with less frequency, the value falls. Thus, the client 150 may
find it invaluable to know when there are peaks and/or valleys
in discussions about oil across a plurality of pertinent sources
110. If the client 150 can be alerted to a spike in discussions
about oil across varying sources 110 as the spike occurs in
real-time, the client 150 may be able to buy or sell the com-
modity or stock accordingly to take advantage of an antici-
pated rise or fall in the price of the commodity or stock before
the news trickles down to other investors or traders.

[0050] FIG. 2 is a chart showing the occurrence of five
sample search terms for four sources 110 across a sample
period of time according to another embodiment of the
present invention. The chart represents occurrences of search
terms defined by a particular client 150 across a given time
period. In the embodiment, assume that an investor or trader
client 150 is interested in buying or selling an oil commodity,
and thus wants to know when terms related to oil are dis-
cussed by media outlets throughout the world. Accordingly,
the client 150 has incorporated four sources 110 he or she
believes are pertinent to or likely to discuss oil related issues.
The client 150 has also defined five search terms lie or she
believes will be stated or written if oil or oil commodities are
being discussed. These search terms may or may not be
related to a TOPIC TICKER™ symbol used for querying
(discussed in greater detail below). The search terms specifi-
cally used in the example shown in FIG. 2 are “oil prices”,
“crude 0il”, “price per barrel”, “alternative fuel”, and “middle
east”. Further, while only four sources 110 and a limited
number of search terms are shown in FIG. 2, it should be
apparent to one having ordinary skill in the art that many
additional sources 110 and search terms are possible within
embodiments of the present invention. Further, as will be
described below, embodiments of the present invention allow
for the dynamic generation or suggestion of semantically
related concepts, search terms, or clusters of terms.

[0051] Asanobservation from a source 110 is ingested into
the system 100, analyzed, and indexed, the system responds
to a query from a client 150 and reports any occurrences of
predefined search terms associated with that observation and
source 110 according to any predefined parameters. The
occurrence of a search term may be reported to the client 150
by simply alerting the client of the occurrence, or assimilating
it in a chart with other occurrences, terms, and sources, or by
further analyzing the occurrence and generating outputs 140
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such as graphs, maps, lists, etc. For purposes of this disclo-
sure, an occurrence of or reference to a search term, whether
or not associated with a TOPIC TICKER™ query, is refer-
enced as a “tick”. FIG. 2 shows the ticks associated with the
sample search terms described above with geometric sym-
bols. When a particular term is contained within a particular
source 110 as time progresses, the system 100 reports the tick.
Thus, for example, if source 3 is a streaming news telecast, it
appears that the term “alternative fuel” was referenced during
the telecast at the beginning of the time period being mea-
sured in this example. Additionally, time (plotted on the hori-
zontal axis) may be normalized and associated into time slots
(as shown in FIG. 2) to allow for faster and more efficient
indexing and querying (discussed in greater detail below).

[0052] FIG. 3 represents an overview of the logical system
architecture 300 according to one embodiment of the present
invention. In general, the illustrated embodiment includes
collectors 302, data ingest components 400, a real-time ingest
database 410qa and an archive ingest database 4105, a migra-
tion component 411, index components 500, query service
components 600, a query service federator 608, a resulting
data feed 708, and web service API 726. It should be appre-
ciated by one of skill in the art that the delineation described
for the components in FIG. 3 is conceptual, and although the
particular breakdown and configuration may in and of itself
be considered novel, the present invention is not limited to
these conceptual categories. In fact, in some embodiments,
aspects described in one component or function may be per-
formed within another component or may be eliminated alto-
gether and the functions performed in that component redis-
tributed to other components.

[0053] The collectors 302 contain components and func-
tions associated with gathering observations from sources
110. It will be appreciated that the present invention can be
embodied in an environment that includes only one collector
orany number of collectors. Collectors 302 employ interfaces
native to a source 110 to collect observations and content in a
virtually real-time fashion. To accomplish this, collectors 302
encapsulate source-specific logic and Application Program-
ming Interface (API) calls. Accordingly, each collector 302
represents an instance of a particular collector type, which is
a function of the characteristics of the source 110 feeding a
particular collector 302. For example, different types of
sources 110 may require different types of collection pro-
cesses to be performed on each type of source. Thus, different
collectors 302 are typically used for different sources 110.
However, it should be appreciated that in some embodiments,
a single collector can handle one or more sources and that
multiple collectors may be used on a single source.

[0054] Within one embodiment, the collectors 302 may
include software components, such as Blog Crawlers, Mes-
sage Board Crawlers, Caption Decoders, etc., and/or hard-
ware components, such as television Caption Recovery
Decoders, servers, and other hardware systems. Additionally,
some sources 110 may provide information and observations
directly to the collectors 302, in which case File Transfer
Protocol (FTP) servers, Network News Transfer Protocol
(NNTP) servers, Secure Copy Protocol (SCP), and other con-
ventional and proprietary transfer protocols may be used to
collect the observations and transfer them to the data ingest
component 400. In some embodiments, collectors 302 are
distributed geographically and broadcast information back to
proxy components deployed in a central location within the
logical system architecture 300, such as a data center.
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[0055] Once a collector 302 has collected an observation, it
feeds the observation to the data ingest component 400. The
data ingest component 400 contains functions and compo-
nents associated with processing and organizing source-spe-
cific observations and information and then storing them in a
database 410a, 4105 for further processing. For some sources
110, the collector and data ingest component are merged into
a single, streamlined component flow, such as in the case ofa
specifically configured blog Crawler or Message Board
Crawler. Other sources require the performance of discrete
collector functions before the observation is transferred to the
data ingest component. In one embodiment, in addition to
being stored in a database after initial processing, the obser-
vations are transmitted to end users via a message bus. It will
be appreciated that the data ingest component 400 can take on
a variety of features and operations and that embodiments of
the present invention are not limited to any particular subset
of'such features. Additionally, it will also be appreciated that
embodiments of the system 100 may include one data ingest
component 400 or many data ingest components 400.

[0056] Insomeembodiments of the present invention, after
initial processing in the data ingest component 400, observa-
tions are transferred to a database, such as the real-time ingest
database 410q or the archive ingest database 4105, shown in
FIG. 3. In the preferred embodiment, observations are ini-
tially transferred to the real-time ingest database 410a for
more immediate processing. It will be appreciated to one
having ordinary skill in the art that while only two databases
are shown in FIG. 3, many more databases are possible within
embodiments of the present invention. When multiple data-
bases are used, the databases can be distributed or co-located.
The databases can be organized in a variety of manners, and
although one or more of the manners presented herein may be
considered novel, embodiments of the present invention are
not necessarily limited to any particular database schema.

[0057] In one embodiment, the real-time ingest database
410aq receives the observations after they are processed by the
data ingest components 400. This database 410a generally
has the characteristics of an Online Transaction Processing
(OLTP) database, which allows for multiple, concurrent read
and write operations. This database 410a acts as a temporary
repository for processed observations before the observations
are accessed by the index component 500 or the data feed 708.
Over time, the observations are moved from the real-time
ingest database 410a via the migration component 411 to the
archive ingest database 4105. Accordingly, the real-time
ingest database 410q tends to contain fewer observations as
compared to the archive ingest database 4105 as a result of
migration.

[0058] The real-time ingest database 4104 is configured, in
one embodiment, to take advantage of clustering and other
high availability features of an underlying database manage-
ment system. This database requires fast response times
because of the overall speed and efficiency involved in
embodiments of the present invention. For example, in one
embodiment, the data feed 708 and the index components 500
poll the real-time ingest database 410a every 100 millisec-
onds for new observations. As will be understood, the real-
time ingest database 410a may be polled at any interval the
user or system operator desires. This rapid polling function
enables embodiments of the present invention to produce
outputs relating to new observations in a virtually real-time
manner.
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[0059] As mentioned, observations are moved from the
real-time ingest database 410a to the archive ingest database
4105 as a function of how long the particular observation or
record has been in the real-time ingest database. For instance,
a system operator could program the migration component
411 to transfer observations from the real-time database 410a
to the archive database 41056 every five minutes, or twenty
minutes, or once a day, or once a week, or any other time
period. In some embodiments, the archive ingest database
4105 is configured like a data warehouse, such that the data-
base 4105 receives primarily read-only queries, and com-
pletes few or no writes. Configuring the database this way
allows for fast and efficient retrieval of data without slowing
down the operational systems of embodiments of the system
100. Generally, most archives or backups are created from the
archive ingest database 4105, and on a recurring basis. As will
beunderstood by one having skill in the art, while dividing the
databases into real-time and archive databases increases effi-
ciency and querying and decreases processing times, multiple
databases are not required in embodiments of the present
invention. For instance, the system 100 could use only one,
large database to provide all of the needed read, write, and
storage functions. Alternatively, as will also be understood,
while only two databases are shown in FIG. 3, embodiments
of the present invention may incorporate a plurality of data-
bases or database schemas.

[0060] Still referring to FIG. 3, the index components 500
include data structures and algorithms used to execute query
operations. For example, such query operations may include,
but are not limited to, proximity, conjunction, disjunction,
and negation queries. Generally, the index component 500
retrieves observations from a database (either the real-time
ingest database 410aq, the archive ingest database 4105, or
another database), organizes and normalizes the observations
according to temporal attributes, spatial attributes, metadata
attributes, or other similar attributes, tokenizes the observa-
tions to allow for easier, faster and more efficient storage and
querying, and finally stores the normalized, tokenized obser-
vations in an index. According to embodiments of the inven-
tion, the index may be a memory-based index that is main-
tained in Random Access Memory (RAM), a persistence
index that is stored in a database, or some other similar type of
index. In one embodiment, index components 500 may be
plugged into or removed from the existing logical system
architecture 300 to allow for customized operations or the
introduction of additional or newer high-performance algo-
rithms over time. Index components 500 may be allocated
across a grid of query service components 600 to allow for the
dynamic loading of index components 500 for updated func-
tionality and for efficient distribution of workloads. Addition-
ally, although only two index components 500 are illustrated
in FIG. 3, it should be apparent to one having ordinary skill in
the art that embodiments of the present invention may use
only one index component, or, alternatively, may incorporate
avirtually unlimited number of index components depending
on the overall system 100 size.

[0061] Generally, the query service components 600 access
the index components 500 to enable execution of queries
related to search terms in observations based upon client-
defined query parameters. In one embodiment, each query
service component 600 corresponds to a particular source
110. In another embodiment, each query service component
600 may represent multiple sources 110, or, alternatively, one
source may require many query service components. In an
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embodiment where one query service component 600 repre-
sents only one source 110, the query service component may
operate in static mode, delivering a given snapshot of obser-
vations and query results for the particular source. The query
service component may operate in dynamic mode, thus deliv-
ering up-to-date and dynamically changing content and
observations beginning from a particular start date in the
particular source 110.

[0062] Inone embodiment, each query service component
600 is responsible for executing a query service request
against a specific index within an index component 500.
Thus, each query service component 600 has a one-to-one
relationship with an index within an index component 500. In
another embodiment, each query service component 600 may
execute service requests against a plurality of indexes. In an
embodiment where the query service component has a one-
to-one relationship with an index within an index component
600, the query service component utilizes an index builder
factory so that the query service component may declara-
tively (i.e. at run-time) instantiate a specific index.

[0063] Still referring to FIG. 3, the query service federator
608 maintains a pool of connections to one or more of the
query service components 600. As will be understood by one
of ordinary skill, although FIG. 3 shows only one query
service federator 608, embodiments of the present invention
may use a plurality of query service federators 608. The
federator 608 is responsible for accepting query requests
initiated from the client 150 and distributing or routing those
requests or sub-sets of the requests to the appropriate query
service components 600. The federator ensures execution by
all appropriate query service components, fuses results from
the query service components, and, when necessary or appro-
priate, performs operations that span the results of two or
more query service components. As will be understood by
one having ordinary skill in the art, embodiments of the
present invention may be utilized without the query service
federator 608, especially if only one query service component
600 is used. However, use of the federator 608 generally
provides faster processing times and more efficient querying
when a plurality of clients 150 and query service components
are utilized because it centrally organizes and distributes
query requests.

[0064] In one embodiment, the web service API 726 takes
service requests from the client 150 and makes calls to the
federator 608, and the data feed 708 requests data from the
federator 608 for ultimate display to an end user or client 150.
The data feed 708 and web service API 726 allow the client
150 to submit queries against a plurality of observations or
sources 110 over varying time periods or in virtually real-
time, view and analyze query responses, manipulate statistics
and plot results in easily understandable formats, and com-
plete many other tasks involving static or on-the-fly analysis
and organization of observation content.

[0065] Referring now to FIGS. 4A and 4B, a flow chart
depicting the operations of a data ingest component 400 is
shown according to an embodiment of the present invention.
As mentioned, once a collector 302 has collected an obser-
vation, it feeds the observation to a respective data ingest
component 400, which contains functions and components
associated with processing and organizing source-specific
observations and information and then storing them in a data-
base 410 or message bus 412 for further processing. In the
embodiment shown, the database 410 refers to either the
real-time ingest database 410q or the archive ingest database
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4105. Generally, however, ingested observations will be sent
to the real-time ingest database 410qa to allow for frequent
writes to the index component 500.

[0066] In the embodiment shown in FIG. 4A, once a col-
lector 302 collects an observation, it feeds the observation to
the file system 402 of a particular data ingest component 400.
In this disclosure, a “file” refers to an observation with a
discrete beginning and end. For instance, an article released
by the Associate Press is released at a specific moment in
time, and the article has a definite beginning and end. A file
differs from a “stream”, which, for purposes of this disclo-
sure, refers to an observation with no distinct beginning and
end, such as a continuous closed caption television feed. If the
observation is a file, it is fed to the file system 402, whichis a
shared system where files are stored and made available for
the elements of the data ingest component 400 to read and
process. Files may be saved to the file system 402 by various
methods, including, but not limited to, FTP, NNTP, SCP, and
other standard or proprietary transfer protocols. Generally,
these files are received as a “push” form a content provider
(such as the Associated Press), and are fed to the file system
402 via a collector 302.

[0067] The file reader component 404 loads one or more
files from the file system 402 and makes the content (i.e. the
text of the file and the file’s attributes, such as when it was
released) available for processing by other ingest compo-
nents. In one embodiment, the file reader component 404 may
operate in active or passive mode. In active mode, the file
reader 404 polls the file system 402 on a regular interval, and
loads files as they are persisted to the file system. In passive
mode, the file reader 404 is run on demand or notified by an
external control mechanism when it is time to read a file.
Generally, file readers 404 are customized based on various
file format standards of which a file may be formatted or
encoded. For example, a file may be formatted via RSS,
NEWSML (News Markup Language—an XMI -based for-
mat designed to provide a media-independent, structural
framework for multi-media news), or News Industry Text
Format (NITF). The overarching purpose of the data ingest
component 400 is to transform the file from a source-specific
format into a source-neutral format suitable for indexing and
further processing.

[0068] In the embodiment shown, the file reader compo-
nent 404 uniquely identifies each file content with a specific
content identifier. This content identifier is used by other parts
of the data ingest component 400 to associate information
with the original file. In one embodiment, the content identi-
fier will include a unique key and database pointer. The com-
bination of the unique key and database pointer will comprise
the content identifier used to identify the file. For example,
assume in an embodiment with a plurality of databases 410
that the file is ultimately stored in database “008”, and is given
a unique key “93839”. Thus, the content identifier used to
identify that particular file would be “database008:93839”.
As will be understood by one of ordinary skill in the art,
however, other identification mechanisms and/or pointers
may be used to identify and reference particular file observa-
tions and content.

[0069] Referring to FIG. 4B, if the observation is a stream,
the collector 302 delivers the observation to the stream reader
component 408. Streams are generally defined by a specified
protocol and byte/record format based upon the particular
source 110 from which they were emitted, and thus the stream
reader 408 reads the particular stream of bytes. For example,
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a source 110 may deliver an asynchronous stream of “pack-
ets,” such as for closed caption television, and the stream
reader 408 will timestamp the individual packets such that the
packets may be later assembled in an index component 500
data structure according to normalized time slots or frames.
These timestamped stream packets are given unique content
identifiers in a similar manner as file observations.

[0070] Referring now to both FIGS. 4A and 4B, after a file
or stream has been assigned a unique content identifier, the
file or stream is processed by the various parts of the data
ingest component 400. The text extraction component 414
extracts text from a buffer of characters or bytes. The buffer
represents the stream or file, and the text is the portion that is
processed and indexed. A “buffer” refers to a region of
memory used to temporarily hold data while it is being moved
from one place to another. Thus, the text of the file or stream
will generally be contained within a buffer when it is trans-
ferred from the sources 110 to the collectors 302. The extrac-
tion of text from the buffer is specific to the layout of the byte
buffer (i.e. the file or stream format). In some embodiments,
the text of the file or stream is formatted and is subsequently
processed by the text formatter component 416 to remove
presentation tags or elements. Accordingly, the text extraction
component 414 requires knowledge of the specific character
encoding of the file or stream to extract the text. For instance,
the characters or bytes of a particular file or stream from a
particular source 110 may be encoded in UTF-8 (8-bit UCS/
Unicode Transformation Format) or some other character
encoding format, and thus the text extraction component 414
requires knowledge of this format to extract the text from the
buffer.

[0071] In one embodiment, the text formatter 416 converts
the file or stream text from its original, formatted version into
aversion suitable for presentation, and into a raw text version
suitable for indexing and further processing. For example, a
source 110 may format the text of an observation with HTML
(Hyper Text Markup Language) or store it in XML (Exten-
sible Markup Language). In these cases, the text formatter
416 is necessary to convert the text from the source-specific
formatted language into versions suitable for indexing and/or
presentation and visualization. Additionally, in many cases,
an HTML version of the text is available and provides for-
matting and “stylesheet” related tags. For indexing purposes,
the HTML tags are removed, resulting in a raw form of the
text, which is used for indexing and querying. In other cases,
multiple parts are combined to form the text, for example,
combining an observation’s headline with its content body.
[0072] Once the stream or file has been formatted by the
text formatter 416, the text is written by the text writer 418 to
an output, such as a database 410 or message bus 412, and
associated with the unique content identifier generated by the
file reader 404 or stream reader 408. Generally, the text is
stored in both its original form with presentation and format-
ting information (if available) and in a raw text form that is
more suitable for indexing. As shown in FIG. 3, some
embodiments stream formatted text to the data feed 708 with-
out indexing or organizing the related file or stream.

[0073] Referring to FIGS. 4A and 4B, in one embodiment,
the stream or file is also processed by a metadata extraction
component 420 after the stream or file has been processed by
the file reader 404 or stream reader 408 to extract any meta-
data from the buffer of characters or bytes. Metadata gener-
ally refers to structured, encoded data that describe charac-
teristics of information-bearing entities to aid in the
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identification, discovery, assessment, and management of the
described entities. Essentially, metadata contains information
about data. Similarly to the text extraction component 414,
the metadata extraction component 420 removes metadata
from the buffer of the file or stream to transform the file or
stream into a more suitable format for indexing. With regards
to metadata attributes for a specific stream or file, these
attributes may include the headline or title of the file or
stream, the subject, the category, the author, the publish date,
or any number of other attributes. Essentially, metadata
includes any name-value pair that adds additional meaning to
the content or observation.

[0074] One embodiment of the present invention includes
multiple variations of the metadata extraction component
420, each of which is tailored for a specific format, structure,
or source 110. For example, NEWSML has a rigorous speci-
fication that outlines required and optional attributes that are
to be associated with a valid NEWSML document. Thus, a
NEWSML-specific metadata extraction component 420 can
be used when a NEWSML byte buffer is detected, and spe-
cific attributes and their associated values may be success-
fully extracted from the buffer. Another source 110 may tag
the underlying data with an XBRL (Extensible Business
Reporting Language) taxonomy, and thus a specific metadata
extraction component 420 should be formatted for XBRL
buffers. Other sources 110, such as RSS feeds, NITF feeds,
and many others, all require source-specific metadata extrac-
tors 420. Additionally, it will be understood to one having
ordinary skill in the art that some sources 110 may not encode
the streams or files with metadata, and thus the metadata
extraction component 420 will not be required for those
sources 110.

[0075] After metadata has been extracted from the file or
stream, the metadata formatter 422 maps source-specific
attribute names to a consistent map. Often, even when for-
matting standards are used by a particular source 110 or
content provider, there exists ambiguity in a format specifi-
cation, or the source or content provider deviates from its
declared standards, thus leading to inconsistencies in meta-
data. Additionally, when proprietary content is provided,
there may be no associated formatting standards available.
Further, certain values may comprise different forms, as is
often the case when representing “timestamps” (i.e. when the
specific file or stream was released by the source 110). For
example, one source 110 may define the “headline” attribute
to be 20 characters in length, whereas another source or
content provider may define this attribute to be 50 characters
in length. The metadata formatter 422 maps these source-
specific attributes to a consistent map, thus normalizing the
attributes for more efficient later processing and indexing.
[0076] The metadata writer 424 associates the metadata
attribute names and values with the unique content identifier
generated by the file reader 404 or stream reader 408, and
writes those associated attribute names and values to a data-
base 410 or message bus 412. As an example, assume that the
file discussed above with the unique content identifier of
“database008:93839” was written by John Q. Publisher.
Accordingly, a sample record for that file created by the
metadata writer 424 could be: content
identifier=database008:93839; metadata attribute
name=author; metadata attribute value=John Q. Publisher.
[0077] Additionally, in some embodiments of the present
invention, a temporal extraction component 426 is utilized to
extract temporal attributes from the buffer of characters or
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bytes. An example of a temporal attribute could be the times-
tamp of when the observation was published or released from
the source 110. Within the particular stream or file, the tem-
poral attributes may be either explicitly defined as metadata,
or may be implied by a timestamp in the text, or may be
assumed based on when the buffer became available (for
example, when the file was written to the file system 402). In
one embodiment, temporal attributes are extracted along with
other metadata via the metadata extraction component 420. In
other embodiments, however, temporal attributes are treated
separately from other metadata attributes to enable the con-
tent of the file or stream to be normalized according to time.
As will be described in greater detail below, normalization
and association with a particular “time slot” in some embodi-
ments of the invention allows for unique indexing and que-
rying of the content of the files and streams.

[0078] Once the temporal attributes have been extracted
from the buffer of the particular file or stream, the temporal
formatter 428 normalizes the source-specific time zone and
format information to a consistent time zone and date/time
format. For example, an embodiment of the present invention
may ingest observations from sources 110 located in many
different time zones across the world. Thus, in order to nor-
malize the timestamp of the particular stream or file and
compare it to other streams or files released across varying
time zones, the specific timestamp is converted to a standard
time zone (for instance, the eastern time zone in the U.S.).
Additionally, different sources 110 may use different time
formats to represent observation release times. For instance,
to represent the time 9:08:07 PM on the date Feb. 27, 2008,
one source 110 may use a format 0f02/27/2008 09:08:07 PM
EST, while another source 110 may use a format of 2008/02/
27 21:08:07 EST. Thus, these times and dates are converted to
a standard, normalized format (for example, the eastern U.S.
time zone with format mm/dd/yyyy hh:mm:ss 7). As will be
understood, any format or time zone may be used to normal-
ize the temporal attributes of the observations as long as it is
consistent across all observations. By using a consistent, nor-
malized time zone and data format, querying of the temporal
attributes will not require any assumptions to be made about
the attributes themselves. Thus, a consistent time zone and
date format enables concurrent processing of observation
content across a plurality of time zones from a plurality of
sources 110.

[0079] The temporal writer 430, much like the metadata
writer 424, associates the temporal attributes and values with
the unique content identifier for the particular stream or file,
and writes those associated attribute names and values to a
database 410 or message bus 412. A sample record generated
by the temporal writer 430 may be, for example: content
identifier=database008:93839; temporal attribute
name=publish timestamp; temporal attribute value=02/27/
2008 21:08:07 EST.

[0080] Still referring to FIGS. 4A and 4B, in some embodi-
ments of the present invention, a spatial extraction component
432 may be utilized to parse explicit attributes from observa-
tion metadata, or to extract from the text of the file or stream
specific features such as places, locations, addresses, geospa-
tial coordinates, cities, states, provinces, countries, etc. These
spatial attributes or features may be extracted from the text of
the stream or file itselfto analyze specific locations discussed
within the observation, or from metadata to determine the
location from which the particular observation was emitted
(e.g. the story was written and published in Paris, France). In
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some embodiments, “gazetteers” or regular expression pars-
ers may be utilized within the spatial extraction component
432 to identify and extract particular locations.

[0081] After spatial information has been extracted from
the file or stream, the spatial formatter 434 formats that infor-
mation into a consistent model or form. The overall purpose
of the spatial formatter 434 is similar to that of the other
formatters within the data ingest component 400, namely, to
normalize the information and convert it into a standard for-
mat suitable for indexing and further processing. As an
example, one source 110 may publish observations with
geospatial coordinates in a “degrees, minutes, seconds” for-
mat, while another source 110 may publish observations in
decimal degrees format. These varying observations are nor-
malized by the spatial formatter 434 into one, consistent
format (decimal degree coordinates, for example) to allow
consistent indexing of a plurality of observations across the
spatial dimension. Ultimately, identification of spatial infor-
mation enables embodiments of the present invention to ana-
lyze the information and present “heat maps”, geospatial
views, and other presentation views demonstrating areas of
the world that may discuss certain topics or terms in higher
frequency than other areas across given time periods.

[0082] Oncethe spatial information has been formatted, the
spatial writer 436, much like the temporal writer 430 and
metadata writer 424, associates the spatial attributes and val-
ues with the unique content identifier for the particular stream
or file, and writes those associated attribute names and values
to a database 410 or message bus 412. A sample record
generated by the spatial writer 430 may be, for example:
content identifier=database008:93839; spatial attribute
name=referenced country; spatial attribute value=Iraq.
[0083] As discussed, in one embodiment of the present
invention, the formatted stream or file is written from the data
ingest component 400 to a database 410. The database 410
could be either a real-time ingest database 410q, or an archive
ingest database 4105, or some other type of database. Gener-
ally, the database 410 is a shared persistence with source-
specific schemas capable of storing all aspects of the col-
lected and ingested observations and content, including, but
not limited to, the raw text, formatted text, and attributes such
as the headline or title of the file or stream, the publish
timestamp and other temporal data, spatial information, and
other metadata attributes. As discussed, each content record
generated by the data ingest component 400 may be retrieved
via a unique content identifier assigned to each observation
and associated record. In one embodiment, all attributes are
indexed within the database 410 in such a way that content
may be retrieved with specific search criteria.

[0084] In another embodiment of the present invention,
ingested and formatted files or streams may be written to a
message bus 412 for further delivery to additional software
components or elements of the overall system 100 rather than
being directly written to a database 410. The message bus 412
is essentially a channel to push the observations to listening or
interested software components. For example, a database
writer could be implemented as a listener on the message bus
412, which would write observations to the database 410. Or,
a real-time notification capability could be implemented that
notifies users or clients 150 when content with particular text
or metadata attributes that match a given search criteria is
collected and ingested. As will be appreciated by one of
ordinary skill in the art, many workflows or software compo-
nents may be implemented as “listeners” to the message bus
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412. Additionally, the message bus 412 may be based on a
publish-subscribe (pub-sub) model, queue model, or other
similar model. Within embodiments of the present invention,
a message bus 412 may be based on a standard specification
such as a Java Message Service (JMS), which is an API for
sending messages between two or more components, or some
other commercial product such as TIBCO RENDEZVOUS.

[0085] FIG. 5 is a flow chart illustrating an index compo-
nent 500 according to an embodiment of the present inven-
tion. Generally, an index component 500 receives ingested
files or streams from a database 410 or message bus 412,
normalizes and organizes those files or streams according to
various parameters, and executes query operations against
those observations via algorithms and data structures. As
shown in FIG. 5, the elements of an index component 500
correspond to the elements of a data ingest component 400
(i.e. spatial, temporal, metadata, and text). However, as will
be understood by one having ordinary skill in the art, other
configurations and elements are possible within embodi-
ments of the present invention.

[0086] One of the elements of the embodiment of the index
component 500 shown in FIG. 5 is the spatial reader 508. The
spatial reader 508 reads spatial attributes of a file or stream
from a database 410 or message bus 412 and transfers those
attributes and corresponding files or streams to the spatial
normalizer 510. The spatial normalizer 510 further normal-
izes the spatial attributes and values into predefined spatial
parameters depending on the level of desired granularity. For
example, one embodiment may require the ability to query
and aggregate spatial information at /4 mile scale. Support for
this level of granularity would require collapsing ticks asso-
ciated with certain observations into % mile grids. Accord-
ingly, this level of granularity would support search results
within V4 mile, but with Y4 mile precision. Further, different
spatial models, such as a geographic coordinate system or
decimal degree coordinates, may be used within embodi-
ments of the present invention to normalize and associate
spatial attributes.

[0087] Another element of the index component 500 shown
in FIG. 5 is the temporal reader 512, which reads temporal
attributes of a file or stream from a database 410 or message
bus 412 and transfers those attributes and corresponding files
or streams to the temporal normalizer 514. The temporal
normalizer 514 creates “time slots” in which to group data or
information. A time slot is a conceptual organizing principle
(i.e. a virtual “bucket”) that supports grouping of information
around a normalized instant in time (i.e. within a predefined
time frame). The time slots allow tokenized text (discussed
below) and other metadata to be grouped around certain time
periods. Thus, each timestamp for each file or part of a stream
is normalized and associated by the temporal normalizer 514
into a particular time slot. Additionally, multiple normalized
time slots (i.e. dimensions) may be created to improve the
overall performance (i.e. the time needed to aggregate) of
information around these common time frames. These time
slots or frames may be organized in any increments the user or
system operator desires, such as 10 seconds, 1 minute, 1 hour,
1 day, 1 week, 1 year, etc. It should be appreciated, however,
that more or fewer time periods could be utilized depending
on the particular applications of the embodiment of the inven-
tion. Thus, time slots with smaller granularities, such as 1
second or fractions of a second, as well as larger granularities,
such as 5 years, 10 years, etc. may also be used.
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[0088] As anexample, assume the temporal normalizer 514
is configured to normalize and associate tokens of informa-
tion and other metadata into 10-second time slots. Also
assume a particular file contains a timestamp of 01/01/2008
10:01:52.393. In this example, this timestamp may be nor-
malized and associated into a time slot that begins at 01/01/
2008 10:01:50.000, and ends at 01/01/2008 10:01:59.999.
Additionally, all other tokens and information from files or
streams observed during this time period are normalized and
associated within this same time slot or frame. In this way,
content and metadata from a plurality of sources 110 across a
plurality of time zones with a plurality of different attributes
may be normalized and categorized into particular time slots
according to one temporal organizational schema.

[0089] Furthermore, normalization and association accord-
ing to time slots enhances query performance and allows for
more efficient searching. For example, the temporal normal-
izer 514 may be configured to arrange data into 10-second or
1-hour time slots as a function of the storage availability and
desired performance of the particular embodiment. The ben-
efits of temporal organization are fully realized when a user or
client 150 wishes to search for particular search terms across
many sources 110 over an extended period of time. Say, for
example, a client 150 wishes to query for the word
“MICROSOFT” and “Bill Gates” within 10-second intervals
in a packet or stream or within the same document across a
variety of sources 110 over the past 5 years. Also, assume the
client 150 wishes to organize the results in hourly buckets.
This temporal slotting allows for easy and efficient temporal
proximity queries across large time spans and quick organi-
zation of the aggregated results.

[0090] In addition to the temporal and spatial components
of the index component 500, a text component is also con-
tained within the embodiment shown in FIG. 5. The text
component is where tokenization of text from observation
files or streams occurs. The text reader 516 reads text bytes
from a database 410 or message bus 412. Depending on the
particular embodiment, the text reader 516 may need to detect
character encoding (such as UTF-8), particular languages
(e.g. English-US, English-UK, French, Spanish, etc.), and
any other text attributes that make it possible to perform other
text-related functions, such as tokenization. “Lexical analy-
sis” is the process of converting a sequence of characters into
a sequence of tokens. A token is a categorized block of text.
The block of text corresponding to the token is often referred
to as a “lexeme.” A lexical analyzer processes lexemes to
categorize them according to function, giving them meaning.
This assignment of meaning is known as “tokenization.”
Overall, tokenizing the text of the observations allows for
more efficient storage and faster querying of the content asso-
ciated with the tokens. This tokenization process occurs over
the course of the components shown in the embodiment of
FIG. 5, namely, the text reader 516, text tokenizer 518, token
filter 520, and token expansion component 522.

[0091] More particularly, in one embodiment the text
tokenizer 518 receives a file or stream buffer from the text
reader 516, and splits the buffer using white-space delimiters
(e.g. spaces, punctuation, etc.). In one embodiment, this
tokenization feature is customizable for each individual lan-
guage where delimiters can change. For example, German
sources 110 may publish observations with different types of
delimiters as compared to French sources 110 and observa-
tions. The output of the text tokenizer 518 is a set of individual
tokens, such as words, letters, numbers, etc. These individual
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tokens are passed to the token filter 520, which removes
certain letters or numbers from the set of tokens. These fil-
tered words or numbers are referred to as “stop” words. Stop
words are words or numbers that are of no interest or do not
convey relevant, significant, or desired information. It should
be appreciated that the stop words may vary depending on the
particular application or embodiment. For instance, in an
application focusing on the collection and analysis of politi-
cal or athletic information, the words “the” and “and” may be
filtered out as a stop words. However, in an application ana-
lyzing the stock market, these words would not be filtered out
as they may represent ticker symbols for companies traded on
the New York Stock Exchange (NYSE).

[0092] Similar to having different sets of stop words for
various applications, embodiments of the present invention
may also use different stop words selected on a source 110 by
source 110 basis. For instance, content coming from a blog
may have a different set of stop words than RSS content.
Likewise, content received from CNN may have a different
set of stop words than an AP article. Within some embodi-
ments, stop words may also be selected on a user by user
basis.

[0093] Afterthe tokens have been filtered by the token filter
520 to remove stop words, the tokens are modified by the
token expansion component 522 to expand upon the particu-
lar token. For example, a given word may include synonyms
to which the token may be expanded. In one embodiment, the
token expansion component 522 includes a stemming func-
tion to map a particular word to its root form for better
organization and querying. After the text has been tokenized,
it is transferred to the index 528 for available processing and
querying. The tokenized text is associated in the index 528
with its time slot and spatial attributes generated by the tem-
poral normalizer 514 and spatial normalizer 510, respec-
tively.

[0094] Another element within the index component 500 is
the metadata reader 524, which reads metadata attributes
(name-value pairs) from a database 410 or message bus 412
and passes the attributes to the metadata normalizer 526 for
further normalization. This normalization provides for con-
sistency amongst metadata attribute names and values. For
example, one source 110 may call a “headline” a “subject,”
whereas another source 110 may call the “subject” a “head-
line.” In this example, “headline” could be the normalized
name and both metadata attributes are mapped to the canoni-
cal name “headline.” In another example, sources 110 may
create subject or category codes that have direct overlap or are
very similar to each other, but without a reference taxonomy
it is difficult to query against these sources 110 efficiently.
Thus, within embodiments of the present invention the meta-
data normalizer 526 can be configured with source-to-refer-
ence taxonomies for metadata attribute names and values.
[0095] Once normalized and associated, all file or stream
text and attributes are associated and stored within an index
528 for further analysis and querying. In one embodiment, the
index 528 is a memory-based index, wherein the index 528 is
maintained in RAM (Random Access Memory). The use of
this memory-based index allows for extremely fast process-
ing times and efficient querying. In another embodiment, the
index 528 is a persisted index, wherein the index 528 is
maintained in a database. The persisted index is generally
slower in terms of read and write operations, but it typically
has a larger capacity as compared to a memory-based index.
As an example, if a stock trader is utilizing an embodiment of
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the present invention to analyze the occurrence of specific
terms across a plurality of sources 110 in virtually real-time,
then the stock trader would likely use an embodiment con-
taining memory-based indexes to allow for faster querying
operations and virtually real-time results. On the other hand,
if a company was interested in analyzing stock trends as
compared to occurrences of certain terms in the media over a
period of years, and not necessarily in terms of what is hap-
pening at that very moment, then a persisted index may be
beneficial. Additionally, although only one index 528 is illus-
trated in FIG. 5, it should be understood by one having skill in
the art that a plurality of indexes 528 may be implemented
within embodiments of the present invention.

[0096] Further, it should be understood that indexing data
according to the embodiments described above enables fast,
efficient searching for search terms, groups of search terms,
nested search terms, and TOPIC TICKER™ symbols (de-
scribed below), within observations and content without hav-
ing to re-index the content when new searches or search
expressions are created. Because all incoming data and obser-
vations are normalized and stored in indexes 528, rather than
defined and stored in databases, new search expressions or
queries may be implemented against the normalized data
without re-indexing all data. In this way, embodiments of the
present invention separate knowledge or semantics (search
expressions) from the raw, indexed data.

[0097] FIG. 6 is a flow chart illustrating a query service
component 600 according to one embodiment of the present
invention. Generally, each query service component 600 con-
tains functions and components associated with retrieving
content, such as text, metadata attributes, temporal attributes,
spatial attributes, time series data sets, spatial data sets, sta-
tistics, and other information from an index component 500.
Within the query service component 600 shown, the query
service client API 602 is the delegate or component in the
process space of a calling application or system. This com-
ponent allows for connecting, disconnecting, and executing
query requests. In one embodiment, the query service client
API 602 is also responsible for establishing the connection to
a web service and transmitting or serializing information
between the web service and the client 150. In one embodi-
ment, communications protocols such as TCP/IP (Transmis-
sion Control Protocol/Internet Protocol), UDP (User Data-
gram Protocol), or other similar protocols may be used as
socket interfaces for the connection. By design, the query
service client API 602 supports connecting to either a query
service federator 608 or directly to a query service 614. Pref-
erably, the query service client API 602 connects to the query
service federator 608 because it supports access to a plurality
of query services 614.

[0098] In one embodiment, the query service federator
request 604 is a query initiated by a client 150. In one embodi-
ment, the query service federator request 604 includes the
request type (e.g. a time series summary, spatial detail, etc.),
a query expression, start timestamp criteria, end timestamp
criteria, and the aggregation interval (e.g. hourly, daily,
weekly, etc.). Additionally, the request 604 may also include
a list of inclusive sources 110 against which to query, as well
as spatial and metadata attribute criteria. As will be under-
stood by one having skill in the art, the query service federator
request 604 may include virtually any information the user
desires related to a particular query. As will also be under-
stood, the query service federator request 604 may corre-
spond to a discrete query initiated by a client 150, or a series
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of queries relating to a continuous delivery of information to
a data feed or stream (discussed below). The query service
federator 608 receives the query service federator request 604
and distributes the request to the appropriate query service
614. As mentioned previously, the query service federator
608 maintains a pool of connections to one or more query
services 614, and ensures that all query service 614 opera-
tions are conducted appropriately.

[0099] The query service request 610 operates in the same
way and has the same functions as the query service federator
request 604, except that the query service request 610 is
channeled from the query service federator rather than the
query service client API 602. The query service 614 receives
the query service request 610 (either from the federator 608 or
directly from the client API 602), and executes that query
request against a specific index 528 contained within an index
component 500. In one embodiment, each query service 614
has a one-to-one relationship with an index 528. Additionally,
as shownin FIG. 6, one embodiment may only have one query
service 614, while other embodiments will have n query
services 614 depending upon the number of indexes 528
contained within the embodiment.

[0100] Still referring to FIG. 6, the query service request
610 is furthered from the particular query service 614 to the
parse request element 616 of the query service component
600. The parse request element 616 parses and interprets the
request’s attributes. If a request 610 is invalid for any reason,
an exception to the request is chained back to the calling
application (i.e. the query service client API 602). One
embodiment of the present invention will support query
requests 610 with simple or nested search expressions with
keywords, phrases, lists of keywords and/or phrases (Boolean
OR), proximity (Boolean AND), exclusion (Boolean NOT),
and TOPIC TICKER™ symbols.

[0101] Once the request 610 has been parsed, if the request
is based upon a TOPIC TICKER™ symbol, then that TOPIC
TICKER™ symbol is processed 618. In one embodiment,
each specific TOPIC TICKER™ symbol relates to a query
expression associated with a specific subject matter or term.
The TOPIC TICKER™ expressions provide a unique tech-
nique for searching, extracting and/or monitoring informa-
tion contained within embodiments of the system 100. FIG. 8
lists several examples of TOPIC TICKER™ symbols and
their associated search terminology. For instance, if a client
150 is interested in querying with respect to the public com-
pany “SOUTHWEST AIRLINES”, the client could simply
query using the TOPIC TICKER™ symbol LUV, which cor-
responds to SOUTHWEST AIRLINES, as shown in FIG. 8.
The LUV TOPIC TICKER™ expression will search for the
term “Southwest” within the same file document or normal-
ized time slot as “airline” or “airlines”. Thus, the “+” sign
used within the search logic represents a query asking that at
least one of the search terms on either side of the “+” sign be
contained within the same file or normalized time slot or
frame. Further, the use of the parentheses “( )”” symbols dic-
tates a requirement that at least one of the terms contained
within the symbol must be present in the observation to return
a hit or tick associated with the particular TOPIC TICKER™
symbol. As will be understood, this method of searching is
advantageous because it increases the chances that a given
term will in fact be associated with the desired subject matter.
For example, the term “southwest” may be referenced in an
observation having nothing to do with SOUTHWEST AIR-
LINES, which would produce a false occurrence or tick of the
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term and would skew the results of the query. However, if the
term “southwest” is coupled within the same time slot or file
as “airline” or “airlines,” the chances are greatly increased
that the particular observation is in fact referencing SOUTH-
WEST AIRLINES, thus producing a far more accurate out-
put.

[0102] As illustrated in FIG. 8, the TOPIC TICKER™
symbols pool together a set of key words and/or strings of key
words. As should be understood by one having ordinary skill
in the art, the TOPIC TICKER™ symbols may be set by a
system operator, or be customizable by the client 150 or user,
or may even dynamically update based upon a recognition of
particular couplings associated with given search terms. In an
embodiment in which the TOPIC TICKER™ expressions are
dynamically generated, when the system 100 detects the
repetitive occurrence of two or more search terms or patterns
of terms in a large number of common observations, then a
TOPIC TICKER™ expression is created for these two or
more terms or patterns. Thus, embodiments of the system 100
can change in response to the way terms or expressions are
referenced in the world.

[0103] Additionally, the TOPIC TICKER™ expressions
may include any number of search terms or commands in
addition to the “+” and “( ) signs discussed above, including,
but not limited to, “~” signs denoting that a certain term
should not be contained within the same document or time
slot as another term, “,” signs denoting an OR command, and
even nested TOPIC TICKER™ expressions. In one embodi-
ment, a special character is used to identify a TOPIC
TICKER™ symbol that has been entered. For instance, a
dollar sign “$” may be used to identify a TOPIC TICKER™
symbol. Accordingly, embodiments of the system 100 will
recognize a TOPIC TICKER™ symbol over a regular search
expression when the “$” is used.

[0104] Overall, the use of TOPIC TICKER™ symbols
within queries in embodiments of the present invention
allows for more efficient, dynamic, and accurate searching.
As will be understood, because of the way the TOPIC
TICKER™ symbols are constructed, false occurrences or
ticks will be minimized because relational words are taken
into account. In this way, TOPIC TICKER™ expressions are
designed to think in the way that humans think—not in a
robotic manner, but in a manner that takes into account words,
expressions, and the overall context of an observation, and
records occurrences of search terms in relation to the sur-
rounding context and phrases.

[0105] Returning now to FIG. 6, if a query service request
610 includes a TOPIC TICKER™ symbol, then that symbol
will be processed 618 to dereference the TOPIC TICKER™
symbol, including any nested TOPIC TICKER™ symbols.
This dereferencing allows the system 100 to execute the par-
ticular query terms contained within the TOPIC TICKER™
symbol against the particular index 528. Additionally, deref-
erencing the TOPIC TICKER™ expression at this point in the
query service component 600 allows for dynamic changing of
the TOPIC TICKER™ symbols and related query expres-
sions with an immediate realization of the change. After they
have been dereferenced, the query expressions are parsed 620
to format executable queries. As previously mentioned, one
embodiment of the present invention contains query expres-
sion language that supports conjunction (AND) using tempo-
ral and relative proximity, disjunction (OR) via lists, negation
(NOT), grouping, and other search expressions.
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[0106] Next, the query expression language is compiled
into executable queries that are subsequently executed 622
against the index 528 associated with a specific query service
614. The queries are planned and segmented based on depen-
dencies, which is the degree to which each program module
relies on each other program module. Some queries may
execute in parallel and have no dependencies. Alternatively,
other queries require the output from another query to com-
plete, and these queries are chained together and executed
serially by the execute queries step 622. Regardless of
whether they are chained together or not, all queries must
execute before a response is returned to the caller (i.e. the
query service client API 602 and, ultimately, the client 150).
Accordingly, the queries are executed against the relevant
observations, time slots, attributes, etc. for the particular
index 528 based upon the request type in the query service
request 610. The results of the query request 610 are grouped,
ordered, and in some cases weighted according to request
type. This grouping, ordering, and weighting comprises the
process results step 626 of the query service component 600.
Once processed 626, the query results are formatted and then
serialized based upon the specific request type to build the
query response 628. In one embodiment, some request types
generate a large data set and network bandwidth, and thus the
overall execution times are improved by compressing and
transmitting the data at the build response step 628. Once
built, the query service response 612 (which is identical to the
query service federator response 606) includes the request/
response type, an identifier for the request, and the resulting
data.

[0107] As mentioned previously, a purpose of one embodi-
ment of the present invention is to track the occurrence of
search terms over a plurality of sources 110 either in virtually
real-time or over a specified time period. The occurrence of a
reference to one or more parts of a search expression, gener-
ally in the form of a TOPIC TICKER™ symbol, within a
source 110 is referred to as a “tick.” In one embodiment, these
ticks are what results from the execution of queries 622
against the index 528, and what is subsequently returned in
the query service response 612, 606 to the query service client
API 602 and further analyzed by other processes of embodi-
ments of the invention. Additionally, a client 150 may wish to
weight some sources 110 higher or lower than others, thus
assigning more importance to one source over another.
Accordingly, a response including ticks from a weighted
source 110 may have a value higher or lower than “1”, and
thus the running average and total number of ticks returned
will be different from what is actually observed. For example,
assume a client 150 wishes to track references to APPLE
COMPUTERS. In this embodiment, assume APPLE is rep-
resented by the TOPIC TICKER™ symbol “AAPL” (corre-
sponding to APPLE’s NYSE symbol), and the related query
expression:

(apple,aapl)+(shares,stock,computer,computers,elec-

tronic,electronics),ipod,imac,itunes.
Thus, if the word “apple” is referenced anywhere in the same
document or time slot as “computer” or “electronic”, etc.,
then a tick will result. In this example, assume the source 110
in which the tick was registered was a CNBC television feed.
In one embodiment, a tick is given a value of “1”. However, if
a client 150 or system operator desires, they can weight
sources 110 with different values. Thus, ifthe particular client
150 considers CNBC TV to be a less important source 110
than others, the client may assign CNBC TV a weighted value
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of 0.75. Accordingly, any ticks detected and reported from
CNBC TV will only register a total value of 0.75 (tick value
multiplied by weighted value), and thus will have less impact
on overall averages and total reported tick values.

[0108] FIG. 7 is a flow chart illustrating operations associ-
ated with the client service component 700 according to an
embodiment of the present invention. The client service com-
ponent 700 shown in FIG. 7 contains functions and elements
that provide clients 150 or outside users access to data or
services within the system 100. The services and data are
exposed to the client 150 in any number of ways, including
via industry standards such as TCP/IP, HTTP, or SSL (Secure
Socket Layer). Additionally, the data and services may be
exposed or realized via client APIs, spreadsheet plug-ins, list
or table generators, and any other mechanism capable of
transmitting and presenting data.

[0109] Within the embodiment shown in FIG. 7, the data
feed client API 702 is a client-side code that is installed on a
client 150 computer or integrated into a larger client system.
However, as will be understood by one of ordinary skill in the
art, the data feed client API 702 may include any API or
system that allows connection to and interaction with the
overall system 100. In one embodiment, the data feed client
API1702 encapsulates the data feed component 708, performs
authentication with the system 100, starts sessions, begins
information feeds, provides call backs when new data has
arrived, and many other related functions. In one embodi-
ment, the data feed client API 702 allows system operators
and software engineers to develop data feed specific or client-
specific applications. In this way, embodiments of the inven-
tion may be tailored to fit each client’s needs. Additionally,
one embodiment includes a default API if a client 150 desires
a basic, non-customized API.

[0110] The data feed subscription component 704 defines
the particular subscription to the services provided by
embodiments of the system 100 for a particular client 150.
More specifically, the data feed subscription 704 indicates the
desire to receive one or all of a specific type of feed and
related information. The subscription 704 is associated with a
registered and authenticated client 150 or user, whether it is
an individual, company, government agency, or any other
potential user or group of users. The subscription 704 indi-
cates, among other things, the particular feed identifier or
identifiers, data points desired (e.g. ticks, statistics, indica-
tors, alerts, etc.), and particular output formats (e.g. XML, tab
delimited, etc.). A “feed identifier” indicates a particular out-
put feed related to a particular subject matter. A particular
feed associated with a feed identifier may include certain
TOPIC TICKER™ symbols, or certain sources 110, particu-
lar search expressions, etc. For instance, a client 150 may only
be interested in references to FORTUNE 500 companies, and
thus the client 150 or system operator may create a feed
identifier related only to search expressions and sources asso-
ciated with FORTUNE 500 companies. As an example, the
FORTUNE 500 feed identifier may only include sources 110
relating to financial or business discussions, and may only
incorporate search expressions and TOPIC TICKER™ sym-
bols containing the name of the companies. As will be under-
stood by one of skill in the art, a feed identifier may be created
within embodiments of the present invention for virtually any
topic or subject, such as political candidates, publicly traded
companies, war, sports, or anything else.
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[0111] Additionally, different feeds may correspond to dif-
ferent subscription costs for the end user or client 150, and
thus a particular client can customize a feed based solely on
his or her needs.

[0112] Still referring to the embodiment shown in FIG. 7,
the data feed component 708 recognizes which data feed
subscription 704 the particular client 150 has, and retrieves
information relating to that subscription 704. The data feed
708 also acts as a “push” interface for providing real-time
information once the client service component 700 has
located and retrieved the desired information. Generally, data
feeds 708 allow client applications or systems to subscribe to
a specific data feed (corresponding to a feed identifier dis-
cussed above), and, as TOPIC TICKER™ symbols or other
search expressions are mentioned or discussed within obser-
vations, corresponding data regarding the mentions or discus-
sions are returned to the client 150. Non-limiting examples of
such data include the source 110 in which the TOPIC
TICKER™ symbol or search term was observed, how many
references have been made to the search expression in the past
minute, or hour, etc., a current moving average of occurrences
over a specified time period, a current moving standard devia-
tion corresponding to the moving average, indicators, alerts,
lists, and other similar data. Also, as shown in FIG. 7, embodi-
ments of the present invention may include one data feed 708
or n data feeds depending on the number of subscribing
clients, sources 110, etc.

[0113] Once the client service component 700 has detected
the particular subscription 704 at issue, the client service
component 700 loads the TOPIC TICKER™ symbols,
expressions, and all related attributes corresponding to that
subscription. Again, in embodiments ofthe present invention,
the subscriptions 704 are completely customizable, so the
related TOPIC TICKER™ symbols and nested TOPIC
TICKER™ symbols, and all other search expressions, must
be loaded 710 and processed 712 for the particular data feed
subscription 704. The TOPIC TICKER™ symbols must be
processed 712 by dereferencing the symbols and all nested
symbols and replacing the TOPIC TICKER™ symbols with
unraveled query expressions. This TOPIC TICKER™ sym-
bol processing component 712 functions in the same manner
as the process component 618 contained in the query service
component 600, and allows for dynamic changing of TOPIC
TICKER™ symbols and immediate realizations of the
change.

[0114] According to one embodiment, once the TOPIC
TICKER™ symbols have been processed and dereferenced
712, potential match heuristics are loaded 714 based upon the
dereferenced TOPIC TICKER™ expressions. In one embodi-
ment within the match heuristics component 714, vectors are
created for each TOPIC TICKER™ symbol, wherein the
vector includes all the tokens in the expressions or sub-ex-
pressions within each TOPIC TICKER™ symbol. This vec-
tor is used when an index 528, preferably a real-time index,
merges new observation content into the system 100. Once
this merging occurs, a “hit” vector is maintained and com-
pared to the “potential match” vector to determine when a
potential match is detected. A “potential match” refers to the
possible occurrence of a search term within an observation.
[0115] After the respective vectors have been created and
maintained, real-time indexes are initialized 716. In one
embodiment, the real-time indexes and hit vectors are con-
stantly changing in response to new observations, whereas
the potential match vectors only change in response to an
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updated TOPIC TICKER™ symbol, new TOPIC TICKER™
symbol, or new search expression. The real-time indexes are
based on the same indexes 528 used by the query service
component 600. By reusing the core structures and algo-
rithms of the indexes 528, it is possible within embodiments
of the present invention to execute query expressions (asso-
ciated with their respective TOPIC TICKER™ symbols)
against a smaller set of data. This smaller set of data may
correspond to observations collected in the past minute, or 5
minutes, or 10 minutes, etc. As will be understood, virtually
any timeframe is possible for these real-time indexes. Also,
the real-time indexes contain additional data structures, such
as the “hit” and “potential match” vectors described above.
These real-time indexes are “flushed” (i.e. memory is deallo-
cated) on a regular basis (for example, every minute, or every
5 minutes, etc.), and when a potential match of a search term
is confirmed to be an actual match, that tick, as well as prior
tick data, is held in memory for a period of time. For example,
one embodiment may maintain a running total and average of
the past 7 days of one-minute tick data, assuming the real-
time index is flushed every minute. Thus, the real-time
indexes associated with the embodiment will contain a con-
stantly-updating memory of the past 7 days of ticks. As will
be understood, the flush periods, as well as the running totals
and averages, may be varied by the client 150 or system
operator. Additionally, in one embodiment, one or more real-
time indexes are loaded locally in the data feed’s 708 process
space, and this list of indexes is declaratively controlled.

[0116] In one embodiment, once all the tokens associated
with one or more expressions or sub-expressions associated
with a TOPIC TICKER™ symbol have been observed during
the initialization and merging of the real-time indexes 716
and query service component indexes 528, the respective
TOPIC TICKER™ symbol is added to a list of potential
TOPIC TICKER™ symbol matches. This set of TOPIC
TICKER™ gsymbols is further executed against the “local”
(i.e. in process) real-time indexes to detect potential matches
of TOPIC TICKER™ symbol expressions 718. In one
embodiment, this list of potential TOPIC TICKER™ sym-
bols is executed against the local real-time indexes because
the potential match heuristics do not take into account any
included operators (e.g. negation, conjunction, disjunction).
According to one embodiment, this process of executing
potential TOPIC TICKER™ symbol expressions 720 is sim-
plistic and fast, and merely looks for matches of one or more
expressions or related sub-expressions.

[0117] As shown in the embodiment of FIG. 7, after the
potential matches of TOPIC TICKER™ symbol expressions
have been confirmed as actual matches against the real-time
indexes, the query service federator 608 is called with the
matched TOPIC TICKER™ symbols to retrieve correspond-
ing data sets 722. In one embodiment, this corresponding data
retrieved via the query service federator 608 is historical data
related to a particular TOPIC TICKER™ symbol, group of
TOPIC TICKER™ symbols, or other search expressions. In
one embodiment, the retrieved data sets are used to build
statistics, indicators, and alerts for delivery to the client 150.
However, as will be understood by one of skill in the art, the
retrieved data may be used by and/or displayed to the client
150 or user in any number of ways.

[0118] Additionally, in one embodiment, the data feed 708
space maintains a running total and/or average of retrieved
data. This running total and/or average may be data corre-
sponding to virtually any time period. For example, the data
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feed 708 may maintain 7 days worth of one-minute data for
each TOPIC TICKER™ symbol or search expression thathas
been matched (an actual match). Using a one-minute time slot
in this way supports the running total without having to return
to the query service component 600 after the initial data call.
Additionally, maintaining the running total of tick data in the
data feed 708 allows any related statistics to be recalculated
“on the fly” when an actual match event occurs. This recal-
culation is highly advantageous when monitoring rises and
falls in TOPIC TICKER™ symbols or other search expres-
sions across a plurality of sources 110 in virtually real-time.

[0119] Once all points have been retrieved by the query
service federator 608, the client service component 700
builds outputs from actual matches and broadcasts those out-
puts to listening clients 724. In one embodiment, the outputs
are formatted and created oil a per-user or per-connection
basis relative to the corresponding data feed subscription 704.
For example, one client 150 may want his or her data stream
706 displayed in XML format, whereas another may desire a
tab-delimited format. After the data has been formatted, it is
placed in a thread queue and broadcast to listening clients 150
via the data feed 708 and data stream 706. The data stream
706 transfers data from the data feed 708 to the data feed
client AP1 702. The particular data transferred is a function of
the data feed subscription 704 of the particular client 150, but
typically includes ticks, a plurality of statistics, indicators of
rises and falls in tick averages or standard deviations, alerts,
and many other kinds of data. In one embodiment, the data
stream 706 includes connection protocols such as TCP/IP,
UDP, and other similar protocols.

[0120] FIGS. 9-12B illustrate sample outputs 140 from the
logical system architecture 300 and system 100 as a whole
according to various embodiments of the present invention.
Referring first to FIG. 9, a screen shot of a sample data feed
708 is shown at a particular moment in time. This data feed
represents the raw data as output by an embodiment of the
overall system 100. According to one embodiment, this data
feed output constantly updates as new ticks corresponding to
aparticular subscription 704 are detected. This raw data feed
708 is typically converted into a more easily readable format,
such as the spreadsheet plug-in shown in FIG. 10. The raw
data feed 708 includes and outputs any desired data related to
ticks associated with TOPIC TICKER™ symbols or other
search expressions for a particular subscription 704, and may
be customized to only present limited data items (such as
averages of tick counts), or, alternatively, to present a wide
array of data and related statistics.

[0121] FIG. 10 is a screen shot of a sample output 1000 to
a client 150 based on a raw data feed 708, like the feed shown
in FIG. 9. The output shown in FIG. 10 interprets and displays
the data from FIG. 9 in a more user-friendly fashion. In the
example shown in FIG. 10, the statistics represented are run-
ning hourly statistics for the past 7 days of tick data associated
with a selected set of TOPIC TICKER™ symbols, and all
related statistics and items are continually updated in virtu-
ally real-time. Column 1005 represents the particular TOPIC
TICKER™ symbols being tracked by embodiments of the
output 1000. In some embodiments, the list of TOPIC
TICKER™ symbols shown in column 1005 may be any
TOPIC TICKER™ symbols within the client’s 150 subscrip-
tion 704 that have experienced a tick since the spreadsheet
was opened. As discussed previously, the user or client 150
may define which TOPIC TICKER™ symbols or query
expressions he or she wishes to monitor, and thus any TOPIC
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TICKER™ symbol or search terms may be tracked by an
output similar to output 1000. The time column 1010 shows
the last time a tick was registered for an associated TOPIC
TICKER™ symbol. In the embodiment shown, the times in
column 1010 are continually updating in virtually real-time
as ticks from given observations are reported. Column 1015
represents the number of times atick related to a given TOPIC
TICKER™ symbol was emitted from any of the selected
sources 110 over the past hour. The time frame in column
1015 (the past hour, in the example shown) may be set by the
user, and thus can be virtually any time frame the user desires
(such as past 10 minutes, past day, etc.). Column 1020 dis-
plays the last source 110 from which a tick was detected. In
this way, the client 150 can easily track the sources 110
discussing the ticks as the ticks are registered to determine if
the topic or subject matter is being discussed at a particular
volume in one source 110, or across many sources.

[0122] Still referring to the embodiment shown in FIG. 10,
column 1025 shows the hourly mean or average number of
ticks for each TOPIC TICKER™ symbol over the past 7 days
(7-day hourly average). As mentioned, the one-hour and/or
7-day time frames are merely representative time frames, and
virtually any other time, frames may be used for calculating
data. Column 1030 represents the hourly average of standard
deviations of'ticks as related to the mean for the past 7 days in
the embodiment shown. The standard deviation can be an
important value for clients 150 because the client is able to
view when tick occurrences are rising high above or falling
far below the corresponding average. Along those lines,
embodiments of the present invention may incorporate vola-
tility alerts, displayed in columns 1035, 1040, and 1045 in the
embodiment in FIG. 10. For instance, a yellow volatility alert
(column 1035) may indicate when a particular TOPIC
TICKER™ symbol has experienced related ticks at least one
standard deviation above or below the mean for that TOPIC
TICKER™ symbol. The particular volatility alert may flash
when a particular standard deviation is breached, or it may
show the time of the last tick that caused the alert, or it may
alert the client 150 in any number of ways that the ticks for
that TOPIC TICKER™ expression are experiencing a vol-
ume one standard deviation either above or below the mean.
Similarly, in the embodiment shown, column 1040 represents
avolatility alert when a TOPIC TICKER™ symbol has expe-
rienced ticks at least two standard deviations above or below
the mean. Column 1045 represents a volatility alert when a
TOPIC TICKER™ symbol has experienced ticks at least
three standard deviations above or below the mean. As will be
understood, the volatility alerts could be based on any number
of standard deviations, or something else entirely. For
example, in one embodiment an alert is set when the number
of ticks recorded for a particular time frame doubles the
average. Another embodiment signals an alert when the mean
is tripled. Essentially, an output 1000 may be used to track
ticks and running data with virtually any statistical measure.

[0123] Further, the trigger level shown in column 1050 in
FIG. 10 is a running display of the current standard deviations
from the mean for each TOPIC TICKER™ symbol. This
column 1050 prominently displays to the user or client 150
exactly how far the current tick count 1015 is above or below
the mean (in terms of standard deviation). Additionally, as
will be understood to one having ordinary skill in the art, the
client 150 can link certain triggers to the output 1000 that
initiate actions outside the system 1000. For instance, a stock
trader may want to buy or sell a certain stock when that stock
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is discussed at certain levels in the media (across varying
sources 110). Assume, for example, the trader is interested in
tracking the TOPIC TICKER™ symbol for APPLE COM-
PUTERS. The trader may have an embodiment of the present
invention linked to his or her own personal trading system,
such that when the trigger level 1050 for APPLE COMPUT-
ERS reaches a certain value, the trader’s own trading system
will buy or sell a certain number of shares of APPLE stock.
For instance, the trader may have a command set to buy 500
shares of APPLE if the TOPIC TICKER™ symbol for
APPLE experiences tick counts outside 3 standard deviations
from the mean. In this way, the trader will be trading on the
volatility of discussions in the market about APPLE, and
assuming the actual APPLE stock will rise or fall accordingly.
Furthermore, because the trigger level 1050 is set to buy or
sell automatically, the trader will buy or sell the given stock
virtually instantaneously as the particular stock is discussed
in high or low volumes across the world.

[0124] Moreover, some embodiments of the invention
include output control components 1055 that enable the client
150 to quickly and easily update or change the output settings.
[0125] As shown in the embodiment, the user can change
the particular feed 1060, the time period 1065 being moni-
tored (i.e. how far back the averages are calculated), and the
interval 1070 (i.e. number upon which mean, standard devia-
tion, etc. is based). As will be understood, the output control
component 1055 may include a plurality of sources and fea-
tures, and is not limited to the elements shown in the embodi-
ment. Further, in one embodiment, regardless of the particular
feed selected, the user or client 150 may be alerted to “hot
topics,” which are TOPIC TICKER™ symbols experiencing
the highest current tick counts system-wide. For instance, a
user may not receive the TOPIC TICKER™ symbol for
APPLE COMPUTERS within his or her subscription 704, but
the user may still be alerted if the TOPIC TICKER™ symbol
for APPLE COMPUTERS is experiencing ticks or hits at an
uncharacteristically high volume. As will be understood,
these hot topics may be set by the system operator corre-
sponding to, for instance, the 10 most active TOPIC
TICKER™ symbols (receiving most ticks) throughout the
system 100, or any TOPIC TICKER™ symbol experiencing
tick counts more than 5 standard deviations outside of the
mean, or any other delimiter for alerting users of certain
highly-active TOPIC TICKER™ symbols.

[0126] Importantly, the output 1000 shown in FIG. 10 is not
limited by the statistics shown. As will be understood by one
having ordinary skill in the art, virtually any statistics may be
calculated using the tick data. Additionally, the results and
statistics may be presented in a variety of outputs, including,
but not limited to, a constantly-updating graph or chart, a
scatter plot, or may even be represented by varying sounds,
colors, or any other presentation methods.

[0127] FIG. 11A is a sample screen shot of a display for a
static query for a particular time period. The display includes
a tick count plot 1105, stock price chart 1110, and total stock
volume traded chart 1115 for a particular TOPIC TICKER™
symbol over a particular time period according to an embodi-
ment of the present invention. The embodiment shown in
FIG. 11A is especially useful for analyzing stock trends and
anticipating future movement of stocks based upon relevant
tick counts, and thus the embodiment would be extremely
beneficial to stock traders, investment bankers, and financial
analysts, to name a few. The embodiment includes search
input fields for the user or client 150 to input a particular stock
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symbol 1120, or a user-defined search topic type 1125, atopic
1130 (which can be a query expression or TOPIC TICKER™
symbol), a particular source 110 or grouping of sources 1135,
the time period 1140 over which to plot the data, and the
interval 1145 for plotting discrete data points. Once a user has
input the desired search and plot criteria, the charts 1105,
1110, and 1115 are generated by the system 100 by executing
queries in the logical system architecture 300 as described in
detail above.

[0128] As shown in the embodiment of FIG. 11A, the user
has input the term “$GOOG” into the topic field 1130, denot-
ing the user wishes to search the TOPIC TICKER™ symbol
related to GOOGLE (as indicated by the “$”). However, if a
user or client 150 does not wish to use a specific TOPIC
TICKER™ symbol, or does not know if a specific TOPIC
TICKER™ symbol exists for the client’s 150 desired search
criteria, the client can enter a different search term of the
client’s choosing into the topic field 1130. In one embodi-
ment, the user can dynamically build topics and search terms
by entering a stock symbol into the symbol field 1120 and a
related topic type 1125. For example, a user may want to
display ticks related to IBM’s competitors, but there may be
no related TOPIC TICKER™ symbol for that subject matter.
Thus, the user could input “IBM” (stock symbol for IBM)
into the symbol filed 1120 and “competitors” into the topic
type field 1125, and the resulting topic and displays would
return references to IBM’s competitors.

[0129] Along those lines, embodiments of the system 100
can cluster or suggest semantically related concepts with little
input. For example, a user could input 4 or 5 related terms into
the topic field 1130 shown in FIG. 1 1A, and the system 100
can suggest, based on relational indexed data, highly corre-
lated terms and phrases to enable the user to better search for
a particular topic or subject. Or, the system 100 may suggest
a particular TOPIC TICKER™ symbol on point to the user’s
search terms, or even may constructanew TOPIC TICKER™
symbol related to the expressions entered by the user. In this
way, embodiments of the invention are dynamically generat-
ing new TOPIC. TICKER™ symbols or search expressions as
needed by clients 150.

[0130] The tick count chart 1105 shown in FIG. 1 IA
according to an embodiment of the invention plots tick data
according to a particular time interval over a defined time
period for a given TOPIC TICKER™ symbol or search
expression. As shown, references to the particular TOPIC
TICKER™ symbol or search expression within the selected
sources 1135 may rise and fall over the selected time period
1140. Also, the average volatility 1106 and projected tick
occurrences 1107 are plotted on the tick count chart 1105 in
the embodiment shown. These volatility measures 1106 and
projected tick counts 1107 are calculated by an algorithm
based upon the returned data. The stock price 1110 and total
volume of stock traded 1115 are plotted for the same time
period 1140 as the tick count chart 1105, and the three charts
may be compared visually, or via some additional analysis
tool. Additionally, as will be understood, the stock chart 1110
and tick count chart 1105 do not have to be plotted over the
same time period, for instance, if a user or client 150 wants to
analyze long term effects on a stock price after particular tick
count peaks and valleys.

[0131] Moreover, in the embodiment shown in FIG.11A, a
user or client 150 may scroll over (via a mouse, touch-screen,
or other interactive user display) and select a particular point
1108 on the tick count chart 1105 to see a breakout of sources
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110 and respective ticks for each source for a certain date or
time period. For instance, FIG. 11B is a screen shot of an
example window showing sources 110 and related ticks. The
sources 110 may be color-coded and referenced to a key or
legend to create an easy-to-view visual breakdown of sources
110 according to one embodiment. Also, the client 150 may
scroll over each particular source 110 to view a pop-up win-
dow 1160 illustrating the source name, the exact number of
ticks for that source 110 for the time period, the particular date
of the last occurrence of a tick for that source, or any other
information related to the source 110. The graph shown in
FIG. 11B is a bar graph of sources and associated ticks for a
particular day corresponding to a day plotted in the tick count
chart 1105 in FIG. 11A. However, as will be understood to
one having ordinary skill in the art, any time period, type of
display, or display characteristics are possible for showing
data related to particular sources and/or ticks, such as a pie
chart, list, line graph, or any other delivery mechanism.

[0132] Furthermore, if a user wishes to drill down even
further into the output tick data, then the user can click on a
particular source 110 shown in FIG. 11B, and a listing of the
actual observations recorded for that source 110 may be dis-
played, as shown in FIG. 11C, according to embodiments of
the present invention. In the embodiment shown, each obser-
vation for that source 110 for the selected time period (hour,
day, week, etc.) is listed according to the title of the observa-
tion, the time it was recorded, and many other features. Addi-
tionally, in one embodiment, a user can click on the observa-
tion to expand the observation 1165 such that the user can
immediately view exactly what was said about the TOPIC
TICKER™ symbol or search expression that gave rise to the
tick. In this way, the user or client 150 can view whether or not
certain observations are discussing the TOPIC TICKER™
symbol or search expression in a positive or negative manner,
which may influence the user or client’s decision on whether
to buy or sell stock, take certain actions, etc.

[0133] In further embodiments of the present invention,
heat maps and geospatial views of the data and tick output
from the system 100 may be created, as shown in FIGS. 12A
and 12B from recorded geospatial data indexed by the system
100. Referring first to FIG. 12A, a screen shot of a sample
geospatial view is shown according to one embodiment of the
present invention. In the embodiment shown, a central map
window 1205 is displayed for a particular region of the user or
client’s 150 choice. As will be understood, this displayed
region may be an entire country, or state, or city, or town, or
even a neighborhood. Virtually any area including sources
110 may be viewed by the map window 1205. In the embodi-
ment, as a particular tick related to the client’s data feed
subscription 704, or to a TOPIC TICKER™ symbol or search
expression, is detected by the system 100, a corresponding
icon or symbol flashes on the screen within the map window
1205. A user or client 150 may scroll over the icon or symbol
to see a pop-up window 1210 that displays information about
the particular tick, such as the date and time of the tick, the
source 110, the TOPIC TICKER™ symbol or search expres-
sions detected, the exact location of the tick (latitude and
longitude coordinates, address, city, state, etc.), a link to the
particular observation referencing the TOPIC TICKER™
symbol or search expressions, and any other data related to
the tick or associated statistics the user desires.

[0134] Further, in the embodiment shown in FIG. 12A, an
observation window 1215 displays the specific observation
for the tick reference selected, and highlights the terms within
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the observation that caused the tick. A user or client 150 may
view the entire observation, or only a portion of the observa-
tion, depending on the user’s preferences. Also, the observa-
tion window 1215 may include information related to the
observation, such as the source 110, timestamp when the
observation began, patterns within the observation, number
of references or ticks stemming from an observation, or any
other information related to the observation. In addition, a
tick watch window 1220 is implemented in some embodi-
ments for displaying ticks associated with the particular
region in a list form. In this way, the user may easily view the
ticks as they occur, or during a specified time period, and click
on the ticks to view where on the map the tick emanated from,
and see details related to the tick.

[0135] FIG. 12B illustrates a heat map according to an
embodiment of the present invention. A heat map can be used
to show which regions of a given area are discussing TOPIC
TICKER™ symbols and related query expressions more than
others, and thus producing more ticks as compared to other
regions. For example, in the map shown, the United States has
a larger dot 1230 than South Africa 1235, which, in this
embodiment, symbolizes that more ticks for the particular
TOPIC TICKER™ symbol or search expression are originat-
ing in the United States. As will be understood to one of skill
in the art, any number of indicators may be used to signal a
higher or lower volume of ticks within a given area, such as a
change in color or pattern, a flashing signal, etc. As will
additionally be understood, while the embodiment shown in
FIG. 12B illustrates a map of the entire world, virtually any
region may incorporate a heat map display, such as a particu-
lar country, city, town, etc. The heat map is beneficial, for
instance, if a user or client 150 was primarily interested in
discussion of a certain topic centered around one region or
principality. In this way, the client 150 can quickly and easily
view which parts of the given region are discussing the search
expression in more or less volume, based on the source 110
from which the observations and related ticks stem.

[0136] As previously mentioned, although the observations
observed within embodiments of the system 100 do not nec-
essarily start off as text, the source information is converted to
text. However, it will be appreciated that embodiments of the
present invention are not limited to working with text-based
observations only. The various aspects and operations of
embodiments of the invention described above may easily be
applied to graphic elements, audio files, video files or any
other file type, protocol, media, etc. that can be analyzed in
such a manner so as to consistently identify its presence in an
observation. Thus, although the files and streams are
described in reference to an embodiment as including words
separated by spaces, it should be appreciated that the present
invention would equally apply to any of a variety of content
with any type of delimiter or simply using patterns to delimit
the various elements of the observation.

[0137] Moreover, in some embodiments, sentiment analy-
sis may be performed on an output of the system 100. Senti-
ment analysis refers to constructing lists of words and/or
phrases that connote positive and negative sentiment around
TOPIC TICKER™ symbols or other search expressions.
Embodiments of the system may record and store positive and
negative words surrounding the TOPIC TICKER™ symbols
or search expression, such as “good”, “bad”, “rise”, “fall”,
“bull”, “bear”, etc. Accordingly, the associated “sentiment”
may be reported with a tick or grouping of ticks in a separate
output or incorporated into any of the outputs described in
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FIGS. 9-12B. This sentiment analysis enables a user of the
system 100 to more appropriately act on given query results
and outputs of information.

[0138] The foregoing description of the exemplary
embodiments of the invention has been presented only for the
purposes of illustration and description and is not intended to
be exhaustive or to limit the invention to the precise forms
disclosed. Many modifications and variations are possible in
light of the above teaching.

[0139] The embodiments were chosen and described in
order to explain the principles of the invention and their
practical application so as to enable others skilled in the art to
utilize the invention and various embodiments and with vari-
ous modifications as are suited to the particular use contem-
plated. Alternative embodiments will become apparent to
those skilled in the art to which the present invention pertains
without departing from its spirit and scope. Accordingly, the
scope of the present invention is defined by the appended
claims rather than the foregoing description and the exem-
plary embodiments described therein.

What is claimed is:

1. A method for organizing information to support query-
ing of the information within a computer system, comprising
the steps of:

receiving data within the computer system, wherein the

data includes a text portion and at least one temporal
attribute;

tokenizing the text portion of the data to identify a plurality

of tokens within the text portion;

defining a plurality of discrete time slots, each having a

time period;

associating the at least one temporal attribute of the data

with one of the defined time slots; and

indexing the tokenized text portion of the data with the

associated time slot to enable searching and retrieval of
the tokenized text portion as a function of the time slot.

2. The method of claim 1, wherein the data is an electronic
text file having a beginning and an end.

3. The method of claim 2, wherein the electronic text file
has one temporal attribute associated therewith.

4. The method of claim 1, wherein the data is one or more
packets of a stream of packets.

5. The method of claim 4, wherein a beginning and an end
of the stream of packets is defined by the time slot.

6. The method of claim 1, wherein the at least one temporal
attribute includes a timestamp indicating the origination date
and origination time of the data.

7. The method of claim 1, wherein the tokenized text por-
tion of the data and the associated time slot are indexed in
random access memory (RAM).

8. The method of claim 1, wherein the tokenized text por-
tion of the data and the associated time slot are indexed in a
database.

9. The method of claim 1, wherein the data is obtained from
a data source.

10. The method of claim 9, wherein the data source
includes one or more of an electronic transmission, electronic
broadcast, Internet posting, Internet message board, elec-
tronic news feed, blog, closed caption feed, and electronic
document feed.

11. The method of claim 1, wherein the step of tokenizing
further includes separating the text portion of the data into one
or more categorized blocks of text and assigning meaning to
the one or more categorized blocks of text.
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12. The method of claim 1, wherein the data includes a
spatial attribute, and further comprising the steps of:

associating the spatial attribute of the data with one of a

predefined spatial parameters; and

indexing the tokenized text portion of the data with the

associated one of the predefined spatial parameters to
enable searching of the tokenized text as a function of
the predefined spatial parameters.

13. The method of claim 12, wherein the spatial attribute
includes latitude and longitude coordinates corresponding to
a physical location from which the data emanated.

14. The method of claim 12, wherein the spatial attribute
includes an address, town, city, state, country, zip code, or any
combination or portion thereof, corresponding to the physical
location from which the data emanated.

15. The method of claim 12, wherein the tokenized text
portion ofthe data, the associated time slot, and the associated
spatial parameter are indexed in random access memory
(RAM).

16. The method of claim 12, wherein the tokenized text
portion of the data, the associated one of the plurality of
discrete time slots, and the associated one of the predefined
spatial parameters are indexed in a database.

17. The method of claim 1, wherein the data further
includes metadata attributes, including one or more of a title,
headline, subject, author, publisher, category, publish date
and publish location.
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18. The method of claim 1, further comprising the steps of:

receiving a query request within the computer system,
wherein the query request includes specific search cri-
teria;

searching the plurality of discrete time slots according to

the specific search criteria; and

returning an output in response to the search.

19. The method of claim 18, wherein the specific search
criteria includes one or more of search expressions, start time,
end time, an aggregation interval, data source, and any com-
bination thereof.

20. The method of claim 19, wherein the aggregation inter-
val comprises a predefined time period against which to
search.

21. The method of claim 19, wherein the search expres-
sions comprise at least one of a keyword, phrase, term, num-
ber, boolean command, and any combination thereof.

22. The method of claim 18, wherein the output comprises
any tokenized text portions of the data identified while
searching the plurality of discrete time slots.

23. The method of claim 18, wherein the output comprises
a graph or chart.

24. The method of claim 18, wherein the output comprises
a data feed.

25. The method of claim 18, wherein the output comprises
statistical analyses of occurrences of the tokenized text por-
tion of the data within the plurality of discrete time slots to the
specific search criteria.
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