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INTERPRETING LOCAL SEARCH QUERIES
BACKGROUND

Field of the Invention

Implementations described herein relate generally to information retrieval and, more
particularly, to returning results for local search queries.

Description of Related Art

The World Wide Web ("web") contains a vast amount of information. Locating a
desired portion of the information, however, can be challenging. This problem is compounded
because the information on the web is constantly changing.

Search engines attempt to return hyperlinks to web pages in which a user is
interested. Generally, search engines base their determination of the user's interest on search
terms (called a search query) entered by the user. The goal of the search engine is to provide
links to high quality, relevant results (e.g., web pages) to the user based on the search query.
Typically, the search engine accomplishes this by matching the terms in the search query to a
corpus of pre-stored web pages. Web pages that contain the user's search terms are "hits" and
are returned to the user as links.

Local search engines are search engines that attempt to return relevant web pages
and/or business listings within a specific geographic arca. For a local search, a user may enter a
search query associated with a geographic arca in which the user is interested. The local search
engine may return relevant results, such as relevant web pages pertaining to the geographic area
or listings of businesses in the geographic area, to the user.

In a local search, the user may specify the geographic area in which the user is
interested. Some local search engines provide separately labeled text entry fields in which the
user may enter their local search query and the geographic area of interest. For example, the
local search engine may present a “what” text input box and a “where” text input box to the user.
The user may enter the scarch query, such as, for example, “pizza,” in the “what” box and a
location, such as “Manhattan, NY,” in the “where” box. The local search engine may then
conduct a search for “pizza” in which relevant business listings and/or web pages that are
associated with the geographic location corresponding to “Manhattan, NY” are returned.

Some existing local search engings, instead of explicitly asking the user for separate
“what” and “where” terms may present a single input search box to the user. Such an approach
may be advantageous as it presents a simpler interface. The search engine may analyze the

entered search query to attempt to determine the intended “what” and “where” portions. It is
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desirable that the analysis to partition the search query into the what and where portions reflect
the user’s intentions as much as possible.
SUMMARY

One aspect 1s directed to a method that includes receiving a search query that
includes terms; splitting the terms of the search query into partitions; submitting cach of the
partitions, as a search query, to one of a number of repositories; and storing confidence scores
for each of the submitted partitions, the confidence scores being generated based on results
received from the repositories and each confidence score providing a measure of confidence
associated with the results.

Yet another aspect 1s directed to a search engine that includes search repositories
configured to perform different types of searches and a search component. The search
component receives a search query from a user; and generates additional search queries based on
the search query, the additional search queries each being associated with one of a number of the
search repositories. The search component additionally submits the additional search queries to
the search repositories; receive results returned from the search repositories for the additional
search queries; and transmits search results to the user based on the results returned from the
plurality of search repositories.

Yet another aspect is directed to a method including receiving a search query from a
uscr; generating a plurality of additional search querics based on the search query; submitting
the additional search queries to a plurality of search repositories; receiving search results from
the plurality of search repositories for the additional search queries; selecting, based on the
received search results, a plurality of the additional search queries as search queries that
correspond to an optimal interpretation of the search query from the user; and transmitting a web
page to the user that includes search results for the selected optimal interpretation of the search
query received from the user.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in and constitute a part of this
specification, illustrate an embodiment of the invention and, together with the description,
explain the invention. In the drawings,

Fig. 1 is a diagram conceptually illustrating an exemplary implementation consistent
with aspects of the invention;

Fig. 2 is a diagram of an exemplary network in which concepts described herein may

be implemented;
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Fig. 3 is an exemplary diagram of a device which may correspond to one or more of
the clients or the server shown in Fig. 2;

Fig. 4 is a diagram illustrating an exemplary implementation of a local search engine;

Fig. 5 1s a flow chart illustrating exemplary operations of a local search engine;

Fig. 6 is a diagram conceptually illustrating one exemplary implementation of the
generation and evaluation of search query interpretations;

Fig. 7 is a flow chart illustrating exemplary operations for evaluating a tree structure
that represents a search plan;

Fig. 8 is a diagram conceptually illustrating a portion of an exemplary multi-level
tree structure for the generation and evaluation of search query interpretations; and

Figs. 9-11 are exemplary diagrams of user interfaces that may be presented to a user.

DETAILED DESCRIPTION

The following detailed description of the invention refers to the accompanying
drawings. The same reference numbers in different drawings may identify the same or similar
elements. Also, the following detailed description does not limit the invention.

OVERVIEW

Techniques are described herein for intelligently interpreting a local search query that
1s entered by the user as a single phrase (i.e., in a single input search box). Multiple possible
interpretations may be generated for the search query. The quality of each of the possible
interpretations may be explored, potentially in parallel with one another, and the “best” one of
the multiple possible interpretations may be selected and used to return local search results to a
user.

Fig. 1 is a diagram conceptually illustrating an exemplary implementation. Assume
that a user would like to find directions to the restaurant “Jack In The Box.” The user may enter
a search query such as “jack in the box stanford ca” in a search box 105 and then initiate a local
search, such as by pressing a local search button 110. In this example, the search query
indicates that the user would like to locate restaurants called “Jack In The Box” that are in
Stanford, California, Although the “what” in this search (Jack In The Box) and the “where”
(Stanford, California) are clear to humans, automatically parsing the query to obtain this
interpretation can be difficult. For example, a naive automated parsing algorithm may interpret
this search query as a search for the business “Jack™ based on the location “The Box Stanford,
California.” The term “in” is likely to be interpretated as a separator term is removed.

Consistent with aspects described herein, a search engine may perform multiple

searches, each potentially based on a different interpretation of the search query. Two
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interpretations are shown in Fig. 1. In the first interpretation, *“jack in the box” is assumed to be
the “what” portion of the query and “Stanford CA” is assumed to be the “where” portion of the
query. In the second interpretation, “jack™ is assumed to be the “what” portion of the query and
“the box Stanford CA” is assumed to be the where portion of the query.

A scarch may be conducted using cach of the possible interpretations. The results of
the search may then be used to determine which of the interpretations is likely to be the
interpretation that was intended by the user (i.e., the “correct” interpretation). For instance, in
this example, the search results for interpretation 1 may be better than the search results for
interpretation 2. The search results for interpretation 1 may thus be assumed to be the correct
results and are returned to the user.

EXEMPLARY NETWORK CONFIGURATION

Fig. 2 is an exemplary diagram of a network 200 in which concepts described herein
may be implemented. Network 200 may include multiple clients 210 connected to a server 220
via a network 250. Two clients 210 and one server 220 have been illustrated as connected to
network 250 for simplicity. In practice, there may be more or fewer clients and servers. Also,
in some instances, a client may perform the functions of a server and a server may perform the
functions of a client.

Clients 210 may include a device such as a wireless telephone, a personal computer,
a personal digital assistant (PDA), a lap top, or another type of computation or communication
device, a thread or process running on one of these devices, and/or an object executable by one
of these devices. Server 220 may include hardware and/or software to gather, process, search,
and/or maintain information.

Server 220 may include a local search engine 225 usable by clients 210. The local
search engine may be designed to return relevant web pages, business listings, or maps for a
search relating to a geographic area. While server 220 is shown as a single entity in Fig. 2,
server 220 may be implemented as multiple, potentially distributed, computing devices.

Network 250 may include a local area network (LAN), a wide area network (WAN),
a telephone network, such as the Public Switched Telephone Network (PSTN), an intranet, the
Internet, a memory device, or a combination of networks. Clients 210 and server 220 may
connect to network 250 via wired, wireless, and/or optical connections.

EXEMPLARY CLIENT/SERVER ARCHITECTURE

Fig. 3 is an exemplary diagram of a device which may correspond to one or more of

clients 210 and/or server 220. The client/server entity may include a bus 310, a processor 320, a

main memory 330, a read only memory (ROM) 340, a storage device 350, an input device 360,
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an output device 370, and a communication interface 380. Bus 310 may include a path that
permits communication among the elements of the client/server entity.

Processor 320 may include a conventional processor, microprocessor, or processing
logic that interprets and executes instructions. Main memory 330 may include a random access
memory (RAM) or another type of dynamic storage device that may store information and
instructions for execution by processor 320. ROM 340 may include a conventional ROM device
or another type of static storage device that may store static information and instructions for use
by processor 320. Storage device 350 may include a magnetic and/or optical recording medium
and its corresponding drive.

Input device 360 may include a conventional mechanism that permits an operator to
input information to the client/server entity, such as a keyboard, a mouse, a pen, voice
recognition and/or biometric mechanisms, etc. Output device 370 may include a conventional
mechanism that outputs information to the operator, including a display, a printer, a speaker, etc.
Communication interface 380 may include any transceiver-like mechanism that enables the
client/server entity to communicate with other devices and/or systems. For example,
communication interface 380 may include mechanisms for communicating with another device
or system via a network, such as network 250.

Device 210/220 may perform certain operations, as will be described in detail below,
in response to processor 320 executing software instructions contained in a computer-readable
medium, such as memory 330. A computer-readable medium may be defined as a physical or
logical memory device.

The software instructions may be read into memory 330 from another computer-
readable medium, such as data storage device 350, or from another device via communication
interface 380. The software instructions contained in memory 330 may cause processor 320 to
perform processes that will be described later. Alternatively, hardwired circuitry may be used in
place of or in combination with software instructions to implement processes consistent with the
principles of the invention. Thus, implementations consistent with the principles of the
invention are not limited to any specific combination of hardware circuitry and software.

EXEMPLARY SEARCH SYSTEM

Fig. 4 is a diagram illustrating an exemplary implementation of local search engine
225. Local search engine may include a search component 410 and a set of search repositories
430. In general, search component 410 may submit search queries to one or more of search
repositories 430-1 through 430-N (collectively referred to as search repositories 430) and

receive search results back from search repositories 430.
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Search repositories 430 may each include an indexed set of data of a particular type
or category. For example, as shown in Fig. 4, scarch repository 430-1 may include local scarch
data. Local search data may include an index of businesses, web pages, reviews, or other
information that is associated with a geographic location. Search repository 430-2 may include
maps data. The maps data may include the names and locations of roads, neighborhoods, cities,
and countries. Maps data repository 430-2 may be searchable by geographic location, such as
that provided by keywords, such as an address (e.g., street address, zip code, etc.). Maps data
repository 430-2 may return map data, such as a graphical map or a set of coordinates, such as
latitude and longitude, that correspond to the search query input to search repository 430-2.

Search repositories 430 may also be associated with appropriate hardware/software
to perform a search of the data in the repository. For example, local search data repository 430-
1 may include one or more computing devices, such as server 220, that can receive a search
query from search component 410 and return search results, such as links to relevant documents,
in response to the search query. The search results may additionally include relevance or quality
scores associated with the search results. These scores may be used by search component 410 to
obtain a confidence score that measures how confident the search repository is in the search
results. A confidence score for a particular set of search results may be calculated, for example,
as the sum or average of the relevance scores of a certain number of the search results (e.g., as
an average relevance score of the five most relevant search results). As another example, the
confidence score for a particular set of search results may be calculated as the highest (i.e., most
relevant) normalized relevance score in the set of search results.

In some 1mplementations, repositories 430 may be implemented as a single
repository that contains multiple types of search data.

In operation, search component 410 may receive a search query from a user, such as
from a user of a client 210 over network 250. The search query may be a search query for a
local search and may be received as a single phrase. That is, the search query may have been
entered by the user in a single text box in which the user did not explicitly define which part of
the search query relates to what the user is searching for (the “what” portion of the search
query) and which part of the search query relates to the geographic location of interest to the
user (the “where” portion of the search query).

Fig. 5 is a flow chart illustrating exemplary operations of local search engine 225.
To begin, local search engine 225 may receive a local search query from a user (act 510). As
previously mentioned, the search query may be entered into a single text box in which the

“what” and “where” parts of the search query are not explicitly defined by the user.
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Search component 410 may generate a number of possible interpretations, also called
“splits” herein, of the search query (act 520). For example, the search query may be split into a
number of possible what and where portions. In some implementations, every possible split
may be considered for the query. In alternate implementations, rules or heuristics may be
applied to attempt to intelligently select a subset of the possible splits for the search query.
Further, it may be possible that either the what or where portion is empty or that a split may
include one or more terms that are in both the what and where portions.

Search component 410 may perform a search based on each generated interpretation
(act 530). The search may include transmitting the where portion of the search query to maps
data repository 430-2. In response, maps data repository 430-2 may generate geographic
coordinate information, such as latitude and longitude values or other coordinate information.
The geographic coordinate information may be sent with the what portion of the query to local
search data repository 430-1 to obtain search results that are both relevant to the what portion of
the query and the location defined by the coordinate information.

As previously mentioned, a set of search results returned from local search data
repository 430-1, and potentially also from maps data repository 430-2, may be associated with
query dependent relevance scores that define how relevant each result is to the search query.
Search component 410 may use these relevance scores to generate a value, called a confidence
score herein, that indicates a level of confidence of the set of search results for the query.

In one implementation, the searches based on each generated interpretation, (act
530), may generally be performed in parallel with one another. That is, search component 410
may simultaneously or asynchronously submit the search queries that define the different search
interpretations to search repositorics 430. The search queries may then be processed in parallel
by search repositories 430 and returned to search component 410 as they are completed.

Based on the confidence scores, search component 410 may select an optimal or
“best” one of the search query interpretations (act 540). For example, the search query
interpretation with the highest confidence score may be selected as the best search query
interpretation. In some implementations, the “best” interpretation may be a merged set of results
from multiple interpretations.

The search results corresponding to the best search query interpretation may be
returned to the user (act 550). For example, local search engine 225 may transmit a web page to
the user that includes links to the most relevant local search results. In some implementations,
descriptive information associated with the result, such as, for business listings, a telephone

number and address of the business listing, may be included in the web page. Additionally, a
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graphical map of the geographic location that was determined to correspond to a geographic
location associated with the “where” portion of the best interpretation may also be included in
the web page.

The generation of the search query interpretations and the evaluations of the search
query interpretations may be performed in a number of ways. Fig. 6 is a diagram conceptually
illustrating one exemplary implementation of the generation and evaluation of search query
interpretations (i.e., acts 520 and 530) in additional detail.

As shown 1n Fig. 6, a tree structure 600 is used to create a search plan by which
query interpretations are explored. Tree 600 may include: a root node 601 that corresponds to
the received scarch query; child nodes 610-612 of the root node, cach of which correspond to a
hypothesized split of the search query; and grandchild nodes 620-625, where each of the
grandchild nodes represent either the “what” or “where” portion of the hypothesized split of its
parent node.

In the example of tree structure 600, root node 601 corresponds to the search query
“pizza new york,” entered by the user Three possible interpretations of this search query, shown
in child nodes 610-612, are enumerated in tree 600. In child nodes 610-612, the split between
the what and the where portions of the query are indicated by a “/”. As shown, child node 610
corresponds to the interpretation in which “pizza” is the what portion of the query and “new
york” is the where portion. Child node 611 corresponds to the interpretation in which “pizza
new” is the what portion of the query and “york™ is the where portion. Child node 612
corresponds to the interpretation in which “pizza new york™ is the what portion of the query and
the where portion 1s empty. From each of child nodes 610-612, two grandchild nodes are
shown, in which one of the grandchild nodes of a pair represents the what portion of the query
and the other represents the where portion of the query. For child node 610, for instance,
grandchild node 620 (the what portion of the query) is associated with the search query “pizza”
and grandchild node 621 is associated with the search query “new york.” For child node 611,
grandchild node 622 (the what portion of the query) is associated with the search query “pizza
new” and grandchild node 623 (the where portion of the query) is associated with the search
query “york.” For child node 612, grandchild node 624 (the what portion of the query) is
associated with the search query “pizza new york™ and grandchild node 625 (the where portion
of the query) is empty (i.c., it is not associated with a search term).

Fig. 7 is a flow chart illustrating exemplary operations for evaluating a tree structure
that represents a search plan, such as tree structure 600. A leaf node in the tree may be

evaluated (act 710). Leaf nodes are shown as the “end” nodes in tree structure 600, i.c., nodes
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620-625. Evaluating a leaf node 620 may correspond to performing a search of the terms of the
leaf node with the search repository 430 that is specified by the leaf node. In tree structure 600,
for instance, leaf node 621, which corresponds to the search term “new york,” may be submitted
to maps data repository 430-2. The result of this search, such as the geographic location
corresponding to the search and a confidence score associated with the search, may be saved (act
720). Further, the returned confidence score may be associated with node 621 (act 730). Acts
710-730 may be repeated for each leaf node in tree structure 600 (act 740).

In some situations, the where portions of the search query, when evaluated by maps
data repository 430-2, may return an ambiguous result. For example, there are a number of
towns called Springfield, and accordingly, a search for “Springtield” in maps data repository
430-2 may yield a number of plausible geographic locations. In one implementation, search
component 410 may handle ambiguous where portions of a search query by expanding the
ambiguous where portion into multiple different non-ambiguous where portions and submitting
these non-ambiguous where portions, potentially in parallel, to local search data repository 430-
1. For the search query “Springfield,” for instance, search component may submit the search
queries “Springfield, MA”, “Springfiled, IL”, and “Springfield, VA.” In this manner, search
component 410 may disambiguate an ambiguous where portion of a search query split.

In some implementations, acts 710-740 may be performed in parallel or partially in
parallel with onc another. For instance, scarch component 410 may asynchronously submit the
search queries of leaf nodes 620-625 to search repositories 430. A search repository 430 may
itself be implemented by one or more computing devices, which may each independently
execute the received search query and return it to search component 410.

Confidence scores may next be assigned to each child node based on the confidence
scores of the children of the child node (i.e., leaf nodes 620-625 in this example) (act 750). For
example, the confidence score of child node 610 may be calculated as the sum of the confidence
scores of leaf nodes 620 and 621. In this manner, all of the children of root node 601 may be
explored and associated with a confidence score. The optimal split may be selected as the
interpretation corresponding to the child node with the highest confidence score (Fig. 5, act
540). For tree structure 600, the optimal interpretation will likely correspond to node 610
because both “pizza” and “new york™ are likely to return high confidence scores for searches of
local search data repository 430-1 and maps data repository 430-2, respectively.

Fig. 8 is a diagram conceptually illustrating a portion of an exemplary tree structure
800 for the generation and evaluation of search query interpretations in which the tree structure

includes multiple levels of child nodes. Tree structure 800 may be evaluated by search
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component 410 in a recursive manner. Assume that the initial query in this example is
“restaurants near hotels near lax”. At first level child node 810, the query is split so that
“restaurants” is the what portion of the query and “hotels near lax” is the where portion. At first
level child node 811, the query 1s split so that “restaurants near hotels” 1s the what portion of the
query and “lax” is the where portion. Tree structure 800 additionally includes two second level
child nodes 820 and 821. At second level child node 820, the where portion of the query from
node 810 is further split so that “hotels” is the what portion of the query and “lax” is the where
portion, as indicated by leaf nodes 831 and 832, respectively. At second level child node 821,
the what portion of the query from node 811 is interpreted so that “restaurants” is the what
portion of the query and “hotels” is the where portion, as indicated by leaf nodes 834 and 835,
respectively.

Leafs 830-835 may be evaluated against repositories 430 in the manner similar to
that described above with respect to tree structure 600. That is, in tree structure 800, the
confidence scores of leafs 831 and 832 may indicate that the query should be interpreted as
directed to hotels near the Los Angeles airport. The confidence score of leaf 830 may further
indicate that restaurants are desired near the hotels near the Los Angeles airport.

In the example search query interpretations shown in Figs. 6 and 8, the search queries
were split in a non-overlapping manner. In some implementations, however, the what and
where portions of search queries may overlap one another. Consider the search query “Newark
airport.” One interpretation of this query is to use “Newark™ as the where portion of the query
and “airport” as the what portion. A second possible interpretation, however, is to use “Newark
airport” as the what portion and “Newark”™ as the where portion. Because the term “Newark” is
relevant to both the location in which the user is interested and describes what the user is
interested in, this second query is likely to have a higher confidence score than the first query.
As another example, consider the query “bronx zoo.” The best interpretation for this query may
be to split the query so that “bronx zoo” is the what portion of the query and “bronx’ is the
where portion of the query.

As described above, by exploring multiple possible interpretations for a single search
query, the interpretation that is likely to be the best or optimal interpretation can be determined.
The individual search queries associated with the possible interpretations can be performed in
parallel, thus potentially allowing the search query exploration to be performed quickly.

A number of refinements can be made to the above-described techniques for
partitioning a search query. In one such refinement, user context information can be used to

supplement the what or where portions of the search query interpretation. If the user is currently
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viewing information related to a geographic location, such as a map of a particular area, search
component 410 may use the map area being currently viewed to influence the what portion of
the query interpretation. For example, if the user is viewing a map of New York City and
searches for “Hilton,” search component 410 may interpret the search query as a search for
“Hilton” in the location “New York City.” Other information can also be used as context
information that may supplement the what or where portions of a search query interpretation.
For example, the search query interpretation may be supplemented by: geographic location
information obtained from the user’s IP address, geographic location information or other
information obtained from a profile previously registered by the user with local search engine
225, mformation based on the search history of the user, information based on the viewing
history of the user, information based on the language of the search query, and/or information
based on the hostname through which the user accessed local search engine 225. In general, this
user context information can be used to more intelligently generate the search query
interpretations.

Two repositories, local search data repository 430-1 and maps data repository 430-2,
were specifically discussed above as search repositories to which search component 410 may
submit search queries. More generally, additional repositories may be used by search
component 410. The additional repositories can include, for example, without limitation,
repositories relating to local traffic information, events occurring in a particular arca, real-estate,
driving directions, or local coupons.

In operation, when using additional repositories, search component 410 may generate
possible interpretations of the search query in a manner similar to that described above, except
that instead of limiting the search query to a maximum of two partitions, an additional possible
partition may be used for each additional repository. In the context of tree structure 600, for
instance, each child node 610-612 may have three or more leaf nodes in which the search terms
corresponding to the leaf nodes may or may not overlap with one another.

As an example of a search using three repositories, consider the search query “pizza
new york™ and assume that in addition to local search data repository 430-1 and maps data
repository 430-2, a traffic data repository is used by search component 410. The traffic
repository may keep track of local road traffic information for particular geographic arcas. One
possible search query interpretation may be a partition in which “pizza” is sent to local search
data repository 430-1, “new york” is sent to maps data repository 430-2, and “new york™ is sent

to the traffic data repository. The result of the search query may then be returned to the user as a
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list of pizza restaurants in New York City and information describing traffic in the vicinity of
the restaurants.

In some implementations, local search engine 225 may also return driving directions.
For some search queries, the best interpretation for the query may be as a request for driving
directions. For example, the scarch query “‘sfo to sf”” may be interpreted as a request for driving
directions from the San Francisco Airport to downtown San Francisco. Local search engine 225
may include the possibility of returning driving directions by using one of search repositories
430 as a repository that returns driving directions. A high confidence score for a query
submitted to this repository may indicate that driving directions or a link to driving directions
should be returned to the user.

In some implementations, the possible query partitions to use, such as the possible
query partitions shown in nodes 610-612 of Fig. 6, may be generated by search component 410
using a statistical model that attempts to predict likely partitions. Instead of generating all
possible partitions of a search query, search component 410 may only consider query partitions
that the statistical model determines to be likely to be an optimal search query partition. By
reducing the number of possible search query partitions in this manner, the number of searches
submitted to search repositories 430 can be reduced relative to a brute force approach to
generating query partitions. Advantageously, this can reduce the processing load for local
scarch engine 225.

A particularly long search query can result in a large search plan, which may make
the search prohibitively expensive in terms of network bandwidth and processor usage. In one
implementation, in this situation, search component 410 may, instead of performing ecach of the
generated search interpretations in parallel using repositories 430, search component 410 may
perform some of the search interpretations in series. The statistical model may be used to order
the searches so that the most promising search interpretations are submitted before less
promising search interpretations. For example, the statistical model may assign a probability
estimate to each generated query interpretation. The probability estimates can be used to order
the searches that are sent to repositories 430. 1If a particular search interpretation has a high
enough confidence score, such as one above a predetermined threshold, the exploration of the
search query may be stopped relatively quickly by search component 410.

In some implementations, the number of query interpretations generated by search
component 410 may be limited to a maximum number. By limiting the number of possible
queries submitted to repositories 430 for a single search, the total load on repositories 430 can be

controlled. In one implementation, the maximum number may be adjusted based on factors such
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as total load of repositories 430. In this manner, search component 410 can strike a balance
between parsing effectiveness and system load.

In some situations, ambiguous queries may produce multiple different interpretations
that each have similar confidence scores. In one implementation, search component 410 may
apply an intelligent scoring scheme in order to compare and combine result sets. For example,
search component 410 may consider factors such as the likelihood of a query partition, the prior
probability of a query partition of a given type, the confidence scores of the returned results, and
the distance between the centroid of the returned results and the user’s current context. Still
further, information associated with the user may be used to determine the confidence in a
particular query partition. For example, information based on the user’s IP-determined
geolocation, a cookie corresponding to the user, or the domain from which the user accessed the
site may be used in determining the confidence in a particular query partition.

In another implementation, an ambiguous query received from a user may be handled
by prompting the user for additional information. For example, for the query “pizza near 3rd”,
search component 410 may prompt the user to select which of “pizza near 3rd street” or *“pizza
near 3rd avenue” is the more appropriate search query.

In some implementations, search component 410 may look for key words or phrases
in the query that tend to indicate the user’s intention. These key words or phrases may be stored
as a predetermined list of such words or phrases. The list may be manually compiled or
automatically generated by, for example, an analysis of query logs. As an example of one such
phrase, consider the phrase “getting to” in the context of the search query “getting to jfk.”
Search component 410 may recognize the phrase “getting to” as a phrase that is associated with
a request for driving directions. Accordingly, search component 410 may provide driving
directions to the location returned for the where portion of the search *“jfk” (i.e., JFK airport).
The driving directions may be provided from the current location being viewed by the user or
from another location

In some implementations, search component 410, when returning the results of a
scarch to the user, may occasionally request that the user specify the correct interpretation of the
user’s query or indicate whether the interpretation chosen by search component 410 is correct.
These user responses may be collected and be used to further train search component 410 for
future searches.

EXAMPLE LOCAL SEARCH
Figs. 9-11 are exemplary diagrams of user interfaces that may be presented to a user

in response to a local search submitted to local search engine 225. Assume that the user has
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accessed an interface associated with a search system, such as local search engine 225. As
shown in Fig. 9, the user may enter one or more scarch terms of a search query via a single data
entry field (e.g., a single search box) 910. In this case, the user has entered the search terms
"maternity dress springfield".

As described above, local search engine 225 may generate a number of possible
query interpretations for this query. Each interpretation may be split to include a what portion
and a where portion that is sent to a local search repository and a map repository, respectively.
In this case, local search engine 225 may determine that "springfield" corresponds to the where
portion of the query and “maternity dress” corresponds to the what portion of the query.

Fig. 10 is a diagram of an exemplary user interface in which local search results are
shown to a user. As shown in Fig. 10, the search system may present local search results 1000
in response to the search query. In this example, local search results 1000 may be provided in
an interface that includes, for each result document, address information for the business
associated with the document, a telephone number for the business, a snippet from the document
or another document associated with the business, a link to more information associated with the
business, a link to directions to the business, and/or a link to one or more documents that refer to
the business. The user interface may also provide a map of the area covered by the search. The
map may optionally include pointers to businesses or addresses associated with local search
results 1000 (or some set of local search results 1000). In situations in which the “what” portion
of the query is ambiguous as to whether the user is interested in addresses or businesses, the map
may include pointers to both addresses and businesses

Fig. 11 is a diagram of another exemplary user interface in which local search results
are shown to a user. Fig. 11 is similar to Fig. 10, except in Fig. 11, two different maps, maps
1110 and 1120, are shown. This may be desirable in situations in which the what portion of the
search query is determined to be ambiguous. In this example, there may be multiple cities
named “Springfield” that have businesses that sell maternity dresses.

CONCLUSION

Techniques described herein may interpret a single local scarch query to obtain
multiple portions of the search query, such as the what and where portions for a local search.
Multiple candidate interpretations may be explored in parallel to quickly obtain an optimal
interpretation.

The foregoing description of preferred embodiments of the present invention

provides illustration and description, but is not intended to be exhaustive or to limit the
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invention to the precise form disclosed. Modifications and variations are possible in light of the
above teachings or may be acquired from practice of the invention.

For example, while series of acts have been described with regard to Figs. 5 and 7,
the order of the acts may be modified in other implementations consistent with the principles of
the invention. Further, non-dependent acts may be performed in parallel.

Further, exemplary user interfaces have been described with respect to Figs. 9-11. In
other implementations consistent with the principles of the invention, the user interfaces may
include more, fewer, or different pieces of information.

It will be apparent to one of ordinary skill in the art that aspects of the invention, as
described above, may be implemented in many different forms of software, firmware, and
hardware in the implementations illustrated in the figures. The actual software code or
specialized control hardware used to implement aspects consistent with the principles of the
mvention 18 not limiting of the invention. Thus, the operation and behavior of the aspects were
described without reference to the specific software code--it being understood that one of
ordinary skill in the art would be able to design software and control hardware to implement the
aspects based on the description herein.

No element, act, or instruction used in the present application should be construed as
critical or essential to the invention unless explicitly described as such. Also, as used herein, the
article "a" is intended to include one or more items. Where only one item is intended, the term
"one" or similar language is used. Further, the phrase "based on" is intended to mean "based, at

least in part, on" unless explicitly stated otherwise.
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WHAT IS CLAIMED IS:

1. A method comprising:

receiving a search query that includes a plurality of terms;

splitting the terms of the search query into a plurality of partitions;

submitting each of the partitions, as a search query, to one of a plurality of repositories,
and

storing confidence scores for each of the submitted partitions, the confidence scores
being generated based on results received from the plurality of repositories and each confidence

score providing a measure of confidence associated with the results.

2. The method of claim 1, further comprising:

performing, a plurality of times, the splitting of the search query into a plurality of
partitions, each splitting of the search query into a plurality of partitions representing a possible
interpretation for the search query;

obtaining a combined confidence score for each possible interpretation for the search
query; and

selecting one of the possible interpretations for the search query based on the combined

confidence scores.

3. The method of ¢laim 2, further comprising:
returning search results to a user that submitted the search query based on a search

performed for the search query using the selected interpretation of the search query.

4. The method of claim 2, further comprising:
submitting the plurality of partitions for the possible interpretations in parallel to the

repositories.

5. The method of claim 2, further comprising:
generating local search results based on the selected interpretation; and

transmitting the local search results to a user.

6. The method of claim 2, further comprising:

limiting a maximum number of possible interpretations that are generated for the search

query.
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7. The method of claim 1, wherein the plurality of repositories include a maps data
repository and a local search data repository.
8. The method of claim 1, further comprising;:

providing a single input text box through which a user enters the search query.

0. The method of claim 1, wherein splitting the search query into a plurality of

partitions includes splitting the search query based on a tree structure.

10. The method of claim 9, wherein each leaf node of the tree structure is associated

with one of the plurality of partitions and with one of the plurality of repositories.

11.  The method of claim 1, wherein the plurality of repositories include a maps data
repository and wherein the method further comprises:

expanding an ambiguous partition for the maps data repository into multiple partitions, in
which the search query corresponding to each of the partitions includes additional

disambiguating search terms.

12.  The method of claim 1, wherein the plurality of partitions overlap one another.

13.  The method of claim 1, wherein the search query is submitted by a user, the
method further comprising:
supplementing the partitions to include additional terms based on context information

associated with the user.

14. The method of claim 13, wherein the context information includes information
derived from an IP address associated with the user, a profile of the user, search history of the
uscr, a language of the search query submitted by the user, or a hostname associated with the

user.

15.  The method of claim 1, wherein the plurality of repositories include two or more

of a maps repository, a local search repository, a repository storing traffic information, a
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repository storing events occurring in an area, a repository storing real-estate information, a

repository storing driving directions, or a repository storing coupon information.

16. The method of claim 1, wherein splitting the search query into a plurality of
partitions is performed based on a statistical model trained to predict likely partitions of the

search query.

17.  The method of claim 1, wherein the terms for a first of the plurality of partitions

are interpreted as a search query that defines a geographic area.

18.  The method of claim 17, wherein the terms for a second of the plurality of

partitions are interpreted as a search query relevant to web pages or business listings.

19. A computer-readable medium containing processing instructions exccutable by
one or more processors, the computer-readable medium comprising:

instructions for receiving a search query that includes a plurality of terms;

instructions for splitting the terms of the search query into a plurality of partitions;

instructions for submitting each of the partitions, as a search query, to one of a plurality
of repositories; and

instructions for storing confidence scores for each of the submitted partitions, the
confidence scores being generated based on results received from the plurality of repositories

and each confidence score providing a measure of confidence associated with the results.

20. The computer-readable medium of claim 19, further comprising;:

instructions for performing, a plurality of times, the splitting of the search query into a
plurality of partitions, each splitting of the search query into a plurality of partitions representing
a possible interpretation for the search query;

instructions for obtaining a combined confidence score for each possible interpretation
for the search query; and

instructions for selecting one of the possible interpretations for the search query based on

the combined confidence scores.

21. The computer-readable medium of claim 20, wherein the plurality of repositories

include a maps data repository and a local search data repository.
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22. The computer-readable medium of claim 20, wherein terms from the search
query for a first of the plurality of partitions are interpreted as a search query that defines a

geographic area.

23. The computer-readable medium of claim 22, wherein the terms from the scarch
query for a second of the plurality of partitions are interpreted as a search query relevant to web

pages or business listings.

24, A scarch engine comprising;:
a plurality of search repositories configured to perform different types of searches; and
a search component configured to:
receive a search query from a user,
generate a plurality of additional search queries based on the search query, cach
of the plurality of additional search queries being associated with one of a plurality of the search
repositories,
submit the additional search queries to the plurality of search repositories,
receive results returned from the plurality of search repositories for the additional
search queries, and

transmit search results to the user based on the results returned from the plurality

of search repositories.
25.  The search engine of claim 24, wherein the search engine is a local search engine.
26.  The search engine of claim 24, wherein the plurality of search repositories

include a local search repository and a maps repository.

27.  The search engine of claim 24, wherein the search component is further
configured to:

submit the additional search queries in parallel to the plurality of search repositories.

28.  The search engine of claim 24, wherein generating the plurality of additional

search queries is performed based on a tree structure.
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29. The search engine of claim 28, wherein each leaf node of the tree structure is
associated with one of the plurality of additional search queries and with one of the plurality of

search repositories.

30.  The search engine of claim 24, wherein the plurality of repositories include a
maps repository and wherein the search component is further configured to:
expand terms of an ambiguous additional search query for the maps repository to include

disambiguating search terms.

31.  The search engine of claim 24, wherein the additional search queries include

terms that overlap one another.

32.  The search engine of claim 24, wherein the search component is further
configured to:
supplement the additional search queries with terms based on context information

associated with the user.

33.  The search engine of claim 24, wherein the additional search queries are based on

a statistical model.

34.  The search engine of claim 24, wherein the additional search queries include

subsets of the search query received from the user.

35.  The search engine of claim 24, wherein a first of the additional search queries is

interpreted as a search query that defines a geographic area.

36.  The search engine of claim 35, wherein a second of the additional search queries

is interpreted as a search query for web pages or business listings.

37. A method comprising:
receiving a search query from a user;
generating a plurality of additional search queries based on the search query;

submitting the additional search queries to a plurality of search repositories;
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receiving search results from the plurality of search repositories for the additional search
queries;

selecting, based on the received search results, a plurality of the additional search queries
as search queries that correspond to an optimal interpretation of the search query from the user;
and

transmitting a web page to the user that includes scarch results for the selected optimal

interpretation of the search query received from the user.

38.  The method of claim 37, wherein the selecting the plurality of addition search
queries includes:
calculating, based on the search results, confidence scores for each of the additional

search queries.

39. The method of claim 38, wherein the confidence scores are calculated based on

query dependent relevance scores generated by the scarch repositories.

40.  The method of claim 37, wherein the search query from the user is entered by the

user in a single text input box.

41.  The method of claim 37, wherein the search query is a query requesting local

results.

42.  The method of claim 37, wherein a first of the additional search queries is

interpreted as a search query that defines a geographic area.

43.  The search engine of claim 42, wherein a second of the additional search queries

is interpreted as a search query for web pages or business listings.

44. A device comprising:

means for receiving a search query that includes a plurality of terms;

means for splitting the search query into a plurality of partitions;

means for submitting each of the partitions, as a search query, to one of a plurality of

repositories; and
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means for storing confidence scores for each of the submitted partitions, the confidence
scores being generated based on results received from the plurality of repositories and each

confidence score providing a measure of confidence associated with the results.

45.  The device of claim 44, wherein the terms for a first of the plurality of partitions

are interpreted as a search query that defines a where portion of a search.

46.  The method of claim 45, wherein the terms for a second of the plurality of

partitions are interpreted as a search query that defines a what portion of a search.



PCT/US2008/069388

WO 2009/009518

1711

HO4Vv3S

} "OId

Ad3N0 d3SN IHL 40 NOILVLIddH3LNI
1034409, SV | NOILV13ddd31NI
JSOOHD ‘HO¥YV3S NO a3svd

7 HOYVdS _/

NYO4d3d O WHO443d O

ﬂ

VO A4O4NVLS X049 IHL =3d3HM

ADVI = 1VHM

:¢ NOILY13ddd3LNI

oLl

A Iomdm_wv

S0l

q

VO JHO4NVLS =3d3HM

X04 IHL NI MOVl = 1VHM

“} NOILV13ddd31NI

B0 pJojue)s Xoq ayj ul yoel




PCT/US2008/069388

WO 2009/009518

2/11

ANIONS
HOYVY3S

czz 1vO01

d3Nd3S

0ce

¢ Old

IN3INTO

IN3INTO

)74

0Le



PCT/US2008/069388

WO 2009/009518

3/11

¢ 'Old

NOILVYOINNNINOD

8¢t

JOV4H3LNI

43
HOSSIN0Nd
0Le
sng .1//(
Y
H H |
s - 0ce
391A3a AMOWIW
JOVHOLS Wod NIVIA

0/

ap)

33IA3A 1NdLNO

9

(ap/

A0IA3A LNdNI

"~— ozz/0LZ



PCT/US2008/069388

WO 2009/009518

4/11

N-0E¥y

V1vQ
v1ivd HOYV3S
SdvN éooJ

¥ 'Old

¢ oey L-0E¥

S3IH0LISOd3d HOHVIS

S11NS3d HOYV3S

SL1NS3d
odv3s

Ad3NO ocy
HOAVY3S
1ININOdJINOD N0
HOdVdS _._Om_<m_w
\.\
oLy

Gce



PCT/US2008/069388

WO 2009/009518

5/11

G 'Old

‘aON3

‘NOILV1TddHILNI 1S349
NO d3Svd HOYVYHS d04 S11NS3H NdN13d

\, 7

i

'S3HOYVIS JHL
404 daNdN1L3d S340I0S FON3IAIINOD NO
| d3SV4 NOILV.LIHdHILNI TVINILJO LO3FT3S )

)

‘NOILVLIIddH3LNI A31VH3INTO
HOV3 Jd04 HOYVAS V WJdO44d3d

)

s ™)

‘Ad3INO
| HOEV3ES 40 SNOILV.13ddd3LNI 31VHIANTO |

A

"Ad3IND HOYV3S JAIFO3Y

%

—— 0GG

— 0vG

—— 0EG

—— 0¢S

—— 01G




PCT/US2008/069388

WO 2009/009518

6/11

9 'Old

¥29
§ €29 29 129 0¢9
Gz9 (LVHM) § S S )
§ WHOA (3Y3AHM) (LVHM) (I43HM) (LYHM)
Gmﬁ@ vZZ\d v_mog VZZId MHOA §<N_a
I MHOA M3AN VZZId~~2Z 19 MHOA / MIAN VZZId «~ | 19 MYOA MAN / VZZId~019

HHJOA M3AN VZ7ZId —— 109

A~ 009



PCT/US2008/069388

WO 2009/009518

711

‘N3

‘S3IAON A1HO S11 40 S3FH00S
JON3AIANOD NO d3Sv4 S3AON
d1IHO O1 S3400S 3ON3dIANOD NOISSY

¢S3AON

062

4v31 I40N
ANY

ov.

"AAON 4v31
JHL HLIM HOdV3S OL ONIANOdSIHd0OD
JH0OOS IONIAIANOD F1VIOOSSY

%

‘HOYVY3S 4O S11NS3Y AAVS

*

"AdOLISOd3d 31VIddOdddY
1SNIVOV JdON 4v31 ALVNTVAT

S3A

— 02

——0¢.

~—0l.

(UNio3g )

L "Old



PCT/US2008/069388

WO 2009/009518

8/11

Gea ¥£8
5 5
(I93HM) (LVHM)
S13LI0OH  SINVYINVYLSIY
//////\\\\\\ €eQ
S
S1310H (343IHM)
\mwz<m:<kwmm XV
128

118
- XV1/S1310H

dV3IN SINVHNV1LSTS

8 'Old

A% 1€8
— —~

(FHIHM)  (LvHM)

XVl S73.10H

N/

028 ~—XV1/ST13LOH

0c8
M (LVYHMW)
SINVYNY.1STIY

XV1dV3aN S13LO0H
/ SINVHNYL1S3Y ~— 018

XV1dV3aN S1310H
dV3IN SINVANV1S3d



PCT/US2008/069388

WO 2009/009518

9/11

6 Old

l2]

&

016

_ HOYV3S v

plelbulds ssaip Aluiarew

[LHoMHOIH | [Hodv3as] | | [a] 319009 ]

wo9o 9|boob mmmy/:dny

‘NOILVOO1

o4

L3

SG

Al SYIVINMOOd

T
N

4ap>

d73H MOANIM 09 M3IIA 11a3 314

=




PCT/US2008/069388

WO 2009/009518

10/11

0L "Old

2]

71 ‘preybunds

"+ 10 sabejs ||e 10} Sayjop0 ‘Jeam Aluaajep

8/9G-v¢2 (/12)

Amd uasuaiIq 'S £80¢ "0 ¥ wodusaeq' g

JIOWC << WO ANUISIEw * * * * sajeledag
Jaaie) " s9ssaI(] * S}I9SHOYS pue sjinsjued
" SW0J0Q WIug(] " SWOooqg [ense ) - SI9jeamg

1 ‘preybunds L9Sv-€21 (212)

1Sk S0092  Auigiepy pooyisyio v

VD01

(Hoyvas) pleubulids ssaip Alulerew
1HOIHOIH | [Hoavas] [ 11 [al 319009
woo 2|600b [eoo] mmm//:dpy] NOILYDOT Al SHEVINMOOG

o8 = &

o]
N

<>

d73H MOANIM 09 MIAIA 11a3 314

X Q[

0001

s

N ————




PCT/US2008/069388

1111

WO 2009/009518

L1 "Old

oY onbIl T rssauq Anuwisiey
llews ezig Aog abied ssaiq Aluisiey |jlews azis

% Aog abied ‘|lews << Jeapp ANuIBiB\ << SWOH ™
Ay VvIN ‘pleybuuds 8295-v€Z (EL)
1S ulopmog 9t} UEDYSPI g

TIOWG << WOTATUISIew © - - sajeledag
Joaie) " s9ssaI(] ~ S19SU0YS pue sjnsjued
" SWO0J0Q wWiuag - swopoqg [ense) " SI1geamg "
71 ‘preybundg 195v-€21 (212)
1S sl S0092  ANUTSTE POOUISUIOINY

ObLET ™

Ivo01

(Houvas) ploybuLids ssaip Ajuisiew

[CLaonHsiH ] [Hoyv3as] | [ [a 319009 ]

Wo9°9]boob jedo mmmy/.diy [ NOILYOOT SHIVIAMOOd

o|8ll= G 89>

gl

(E

d13H MOANIM 09 M3IIA La3 3714

o




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2008/069388

CLASSIFICATION OF SUBJECT MATTER

A,
INV. GO6F17/30

B. FIELDS SEARCHED

According lo international Patent Classification (IPC) or 1o both national classification and IPC

GO6F G06Q

Minimum documentation searched (classification syslem followed by classification symbols)

Documentation searched olher than minimum documentation 1o Ihe extent that such documenis are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulled during the inlernational search (name of data base and, where practical, search lerms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

paragraphs [0011] - [0024],
[0036]; figure 4

fo0z8] -

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relgvant to claim No.
X WO 2007/027608 A (GOOGLE INC [US]; LUK KUN 1-46

SHING [US]; ZHU HUICAN [US]; ZHU HONGJUN

[UST) 8 March 2007 (2007-03-08)

pages 2,3,5

pages 7-11

pages 13-15; figures
X EP 1 5565 625 A (MICROSOFT CORP [USI) 1-8,

20 July 2005 (2005-07-20) 13-23,

44-46

N

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documenis :

*A* document defining the general state of the arl which is not
considered to be of particular relevance

*E* earlier document but published on or after the international
filing date

'L* document which may throw doubts on priorily claim(s) or
which is cited to establish the publication date of another
citation or other special reason {as specified)

*O* document referring to an oral disclosure, use, exhibition or,
other means

*P* document published prior to the international fiting date but
later than the priority date claimed

*T* later document published after the international fifing dale
or priority date and not in confiict with the application bul
cited to understand the principle or theory underlying the
invention

'X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered 1o
involve an inventive step when the document is taken alone

'Y* document of particular relevance; the claimed invention
cannot be considered lo involve an inventive step when the
document is combined with one or more other such docu-
melz)r;ls, such combination being obvious to a person skilled
in the art,

*&" document member of the same patent family

Date of the actual completion of the iniernational search

23 September 2008

Dale of mailing of the international search repont

27/10/2008

Name and mailing address of the 1ISA/

European Patent Office, P.B. 5818 Patenllaan 2
NL — 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Herry, Tzvetanka

Form PCT/ISA/210 (second shest) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

. PCT/US2008/069388

C(Continuation), DOCUMENTS CONSIDERED TO BE RELEVANT

paragraphs [0004] - [0006]1, [0020] -

—————

Category* | Citalion of document, with indication, where appropriale, of the relevant passages Relavant to claim No.
X WO 2006/108069 A (GOOGLE INC [US]; HALEVY 1-8,
ALON Y [US]; MADHAVAN JAYANT [US]; KO 15-27,
DAVID H) 12 October 2006 (2006-10-12) 34-46
paragraphs [0015], [0016], [0021], :
[0022], [0036], [0037], [0064] -
[00771, [0095] - [0098], [0103]; figure
2
X WO 2006/083939 A (4INFO INC [UST; 1,9,10,
STACHOWIAK MIKE [US]; THET ZAW [US]; 13,14,
NORDVIK MARKUS [U) 19,24,
10 August 2006 (2006-08-10) - 28,29,
32,33,
37-40,44

Form PCT/ISA/210 (continualion of secand sheet) (April 2008)




INTERNATIONAL SEARCH REPORT

Information on patent family members

“International application No

PCT/US2008/069388
Patent document Publication Patent family Publication
Cited in search report date member(s) date
WO .2007027608 A 08-03-2007 CA 2620770 Al 08-03-2007
EP 1934829 A2 25-06-2008
KR 20080040044 A 07-05-2008
EP 1555625 A 20-07-2005  BR 0405683 A 30-08-2005
CA 2490202 Al 16-06-2005
CN 1629845 A 22-06-2005
JP 2005182817 A 07-07-2005
KR 20050061369 A - 22-06-2005
MX  PA04012757 A 20-06-2005
US 2005131872 Al 16-06-2005
WO 2006108069 A 12-10-2006  NONE
WO 2006083939 A 10-08-2006 WO 2006083973 A2 10-08-2006
WO 2006083974 A2 10-08-2006

s st P e il it P Py o s S S B

omm PCT/ISA/210 (patent family annex) (dpril 2008




