
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date WO 2013/083370 Al
13 June 2013 (13.06.2013) W P O P C T

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
G06F 17/30 (2006.01) kind of national protection available): AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

PCT/EP2012/072547 DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,

14 November 2012 (14.1 1.2012) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NL

(25) Filing Language: English NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,

(26) Publication Language: English RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,

(30) Priority Data: ZM, ZW.
13/3 14,412 8 December 201 1 (08. 12.201 1) US

(84) Designated States (unless otherwise indicated, for every
(71) Applicant: NAVTEQ B.V. [NL/NL]; De Run 1115, NL- kind of regional protection available): ARIPO (BW, GH,

5503 LB Veldhoven (NL). GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,(72) Inventor: PFEIFLE, Martin; Glashauserstrasse 26, 72297
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,Seewald (DE).
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

(74) Agent: JAATINEN, Jussi; Nokia Corporation, Keila- MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
lahdentie 4, FI-02150 Espoo (FI). TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,

ML, MR, NE, SN, TD, TG).

[Continued on nextpage]

(54) Title: OPTIMALLY RANKED NEAREST NEIGHBOR FUZZY FULL TEXT SEARCH

(57) Abstract: A method and system for fuzzy full text search is disclosed.
The system includes an inverted index where tokens are organized in a Next
Valid Character (NVC) tree. Each path through the tree defines a token. The

V SINGLE J
SEARCH TERM

document sets for the tokens are stored at leaf nodes. After receiving search
tokens, the system traverses the NVC tree in a lazy manner by exploring
paths through nodes associated with the smallest edit distance. The system

A E TY provides a result set per edit distance. For example, the system provides a
result set of document identifiers associated with documents having the least
amount of error first, followed by result sets of document identifiers associ
ated with documents that have progressively more error.



w o 2013/083370 Al 111 111 II I I I Hill 1 III III II I I II III II I II

Published:



OPTIMALLY RANKED NEAREST NEIGHBOR FUZZY FULL TEXT SEARCH

FIELD

The present invention relates generally to full text search, and more particularly, relates

to fuzzy full text search that provides results in an iterative manner.

BACKGROUND

Full text search (FTS) systems search for relevant documents based on key words entered

by a system user. The user enters a set of terms, referred to as tokens, and the FTS system finds

documents containing all of the terms in the set. In order to support queries efficiently, the FTS

system typically uses inverted indexes. For example, Lucene (described at

http://lucene.apache.org/) and SQLite's FTS module (described at

http://www.sqlite.org/cvstrac/wiki?p=FtsUsage) are both FTS systems that use inverted indexes.

An inverted index assigns a set of document identifiers to each token. The document

identifiers are associated with documents that include the token at least once. Upon receiving a

search request, the FTS system selects the set of document identifiers for each token in the

request and then compares the document sets to each other. If a document identifier is contained

in all document sets, the FTS system provides the document identifier in a result set of all

identifiers contained in all document sets.

From a logical point of view, the inverted index can be regarded as a relation

InvertedIndex(Term, DocID) with a combined index on Term and Docld. If a user of the FTS

system enters the token "Neuschwanstein," the inverted index allows the FTS system to

efficiently execute queries such as the following query.

SELECT DocID FROM Invertedlndex WHERE Term= 'Neuschwanstein '

However, if the user misspells "Neuschwanstein," SQLite's FTS system will not find any

relevant documents. That is because SQLite's FTS system does not support fault-tolerant (or

fuzzy) searching.

Lucene's FTS system does support fuzzy search. However, Lucene performs a fuzzy

search in two steps. First, Lucene searches for tokens stored in the database that are similar to

the query tokens. To determine if tokens are similar, Lucene computes an edit distance (also

referred to as a Levenshtein Distance) from the query tokens to the tokens stored in the database.

Second, Lucene uses the similar tokens it finds as new query tokens to retrieve relevant

documents.

SUMMARY

A method and system for performing a fuzzy full text search that provides results in an

iterative manner is described. The system uses an inverted token Next Valid Character (NVC)

tree to identify documents relevant to entered search tokens. Each path through the tree defines a

token. Document sets for the tokens are stored in leaf nodes.



A user provides the system with search tokens. The system initially provides document

identifiers for documents that include terms with the same spelling as the search tokens (if any).

Then the system provides document identifiers for documents that include terms that are within

an edit distance of one from the search terms (if any). Then the system provides document

identifiers for documents that include terms that are within an edit distance of two from the

search terms (if any), and so on. As a result, the user receives the most relevant documents first.

These as well as other aspects and advantages will become apparent to those of ordinary

skill in the art by reading the following detailed description, with reference where appropriate to

the accompanying drawings. Further, it is understood that this summary is merely an example

and is not intended to limit the scope of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

Presently preferred embodiments are described below in conjunction with the appended

drawing figures, wherein like reference numerals refer to like elements in the various figures,

and wherein:

Figure 1 is a block diagram of a computing platform having a fuzzy full text search

system, according to an example;

Figure 2 is a document list, according to an example;

Figure 3 is an inverted index where tokens are organized in a Next Valid Character

(NVC) tree, according to an example;

Figure 4 is a flow diagram of a method of performing a fuzzy full text search with one

search token using the fuzzy full text search system depicted in Figure 1, according to an

example; and

Figure 5 is a flow diagram of a method of performing a fuzzy full text search with

multiple search tokens using the fuzzy full text search system depicted in Figure 1, according to

an example.

DETAILED DESCRIPTION

Figure 1 depicts a block diagram of a computing platform 100. The computing platform

100 may be a mobile telephone, a navigation system, a tablet computer, a personal computer, or

any other computer. The computing platform 100 is a combination of hardware and software

components.

The computing platform 100 includes a fuzzy Full Text Search (FTS) system 104. The

computing platform 100 may also include other sub-systems. For example, if the computing

platform 100 is a navigation system, the computing platform 100 may also include a positioning

system, a user interface, a geographic database, and software that facilitates destination entry,

route calculation, route guidance, map display, and other navigation functions and features.

The fuzzy FTS system 104 may be a combination of hardware and software components.

For example, the fuzzy FTS system 104 includes a processor 106 and memory 108 for storing a

document list 110, an index 112, query processing 114, a priority queue 116, and possibly other



information. In other examples, the fuzzy FTS system 104 may be a software system and use a

processor and memory associated with the computing platform 100.

The computing platform 100 receives search tokens 102 entered by a user of the platform

100 and provides the search tokens 102 to the fuzzy FTS system 104. For example, a user of a

navigation system may enter search terms associated with an address to identify a destination.

As a result of the query processing 114, the fuzzy FTS system 104 provides a result set 118 as an

output. The navigation system may use this result set to provide a list of relevant destinations to

the user.

The document list 110 is a list of document identifiers and tokens located within

documents associated with the identifiers. The term "document" in this context means any kind

of electronic data record or file that contains text. In the example of a navigation system,

relevant documents may be a segment record, a node record, a point of interest record, or any

other record stored in a geographic database.

The document list 110 includes a document identifier column and a token column. The

document identifier column includes data representing document identifiers. Document

identifiers may be any combination of letters, numbers, and other characters. The document

identifiers reference documents that may be stored in the memory 108. Alternatively, the

documents may be stored elsewhere on the computing platform 100 or on another system.

The token column includes terms located in the document associated with a document

identifier. Each term in the token column may be used as a search token.

The document list 110 may be stored in memory 108 as a sequence of document

identifiers. As another example, the document list 110 may be stored in memory 108 as a bit

vector. The length of the bit vector is equal to the number of documents identified in the

document identifier column. If a term is located in a certain document, the bit vector includes a

1-Bit and if the term is not located in that document, the bit vector includes a 0-Bit (or vice

versa). If the document list 110 is stored as a bit vector, the intersection of document lists may

be performed by intersecting the bit vectors.

Figure 2 depicts an example document list 200. In this example, the document list 200

includes a document identifier column 202 and an address column 204. The document

identifiers in the document identifier column 202 are associated with terms in an address. For

example, document identifier 5 is associated with the terms "Garmin," "Kansas," "City," and

"USA."

The document list 200 may be used by a navigation system or an on-line mapping

application during destination search. Other document lists may include terms relevant for other

types of computing platforms and/or applications. For example, the token column may include

data regarding books, music, web pages, files, and so on.

Returning to Figure 1, the index 112 is an inverted token Next Valid Character (NVC)

tree. Figure 3 depicts an index 300 where tokens are organized in a NVC tree using the

document list 200 depicted in Figure 2 .



The node 302 in the tree 300 is the root node, which is also referred to as the starting

node. Branches extend from the root node 302 to additional nodes. The root node 302 is the

parent node to the next layer of nodes (i.e., nodes 1, 39, 4, B, CITY, G, K, N, O, S, USA, VOL),

which are referred to as children nodes. In some cases, the children nodes are parent nodes to

other nodes. For example, the B node is the parent node to the ACH, ERLIN, and OSCH nodes.

After following the paths from the root node through the branches and other nodes, the

paths end at leaf nodes. Leaf nodes are nodes without children and are sometimes referred to as

end nodes. At each leaf node is a set of document identifiers. In this example, the leaf nodes

refer to the document identifiers in Figure 2 . A path from the root node 302 to a leaf node

defines a token. In this example, each token is a token from the address column 204 of the

document list 200.

For example, assume that a user enters the search terms OTTO, VOLGER, and

GERMANY into the computing platform 100. Using the index 300, the path from the root node

302 to a leaf node for the token OTTO results in a leaf node associated with document identifier

1. Similarly, the VOLGER path ends at a leaf node associated with document identifier 1 and

the GERMANY path ends at a leaf node associated with document identifiers 1, 2, and 3.

Returning to Figure 1, the index 112 may be stored in memory 108 in a file or as a set of

files. Alternatively, the index 112 may be stored in memory 108 as a relation containing a binary

large object (BLOB). A BLOB is a collection of binary data stored as a single entity in a

database management system. As both files and BLOBs can become large, the index 112 may

be split into several smaller files or BLOBs. The files are stored in a file system, while the

BLOBs are stored in one or more relational tables.

The index 112 may also be stored in a relation, such as NVC(FatherNode integer,

SonNode integer, SonData BLOB). In this example, the father and son node values are integer

values describing the NVC tree structure. The SonData values are the prefixes stored in the

NVC tree. If a node is a leaf node, the SonNode value is null (or 0 if null values are not allowed

in a column belonging to the primary key). If a node is a leaf node, SonData value is the

document list. An example NVC relation for the index 300 is shown as follows.

If the NVC tree is stored in a relation, the traversal through the tree is performed using SQL

statements or other appropriate syntax.



The query processing 114 may be embodied as program instructions stored on a non-

transitory computer-readable medium, which when executed by the processor 106 cause the

processor 106 to carry out functions as described further herein. The program instructions may

be written in a suitable computer programming language, such as C, C++, Java, or any other

suitable program language now known or later developed.

The query processing 114 performs a fuzzy search for document identifiers based on the

entered search tokens. A fuzzy search is a fault tolerant search that allows misspelled search

tokens to be used to find relevant document identifiers despite the error. The error is defined as

an edit distance, which is also referred to as Levenshtein distance. The Levenshtein distance

between two tokens is defined as the minimum number of edit operations needed to transform

one token into the other. The allowable edit operations are insertion, deletion, or substitution of

a single character.

For example, the Levenshtein distance between "kitten" and "sitting" is three since it

takes the following three edits to change "kitten" into "sitting" and there is no way to make the

transformation with fewer than three edits.

kitten → sitten (substitution of 'k' by 's')

sitten → sittin (substitution of 'e' by 'i')

sittin → sitting (insert 'g' at the end).

The query processing 114 performs a fuzzy full text search using a ranked nearest

neighbor query. A ranked nearest neighbor query retrieves document identifiers for documents

that have the smallest edit distance in an incremental manner. Thus, the query processing 114

initially retrieves document identifiers for documents that include terms with an edit distance of

zero from the search tokens, if any. Then, the query processing 114 retrieves document

identifiers for documents that include terms with an edit distance of one from the search terms, if

any. Then, the query processing 114 retrieves document identifiers for documents that include

terms with an edit distance of two from the search terms, if any, and so on.

To perform the ranked nearest neighbor query, the query processing 114 uses the priority

queue 116. The priority queue 116 tracks the nodes in the index 112 and associated edit

distances during a fuzzy full text search performed by the fuzzy FTS system 104. As described

with respect to Figures 4 and 5, the priority queue 116 may track different data depending on

whether a single search token or multiple search tokens are provided to the fuzzy FTS system

104. For example, for a single search token, the priority queue 116 tracks the edit distance

between nodes in the index 112 and the search token. For multiple search tokens, the priority

queue 116 tracks an overall edit distance of currently explored nodes in the index 112 and the

multiple search tokens.

Figure 4 is a flow diagram of a method 400 of performing a fuzzy full text search with a

single token using the fuzzy FTS system 104. At block 402, the fuzzy FTS system 104 receives

a single search token. For example, a user enters the term OTTO into the computing platform

100.



At block 404, the fuzzy FTS system 104 initializes the priority queue 116. Alternatively,

the fuzzy FTS system 104 initializes the priority queue 116 prior to receiving the search token.

For example, the fuzzy FTS system 104 may initialize the priority queue 116 upon completion of

the previous search. With initialization, the query processing 114 stores the root node and an

edit distance of zero in the priority queue 116.

At block 406, the query processing 114 adds data to the priority queue 116. Initially, the

query processing 114 explores the paths in the index 112 from the root node to the children

nodes of the root node. The query processing 114 places each of the children nodes in the

priority queue 116 with an associated edit distance from the search token. The nodes are ordered

in the priority queue 116 from smallest edit distance to largest edit distance. Using the example

depicted in Figure 3, the query processing 114 inserts the nodes and edit distances into the

priority queue 116 as follows.

At block 408, the query processing 114 explores paths from the nodes in the priority

queue 116 having the smallest edit distance. At block 410, the query processing 114 determines

whether the nodes with the smallest edit distance have children nodes. In this example, the O

node has the smallest edit distance and it has two children nodes, the TO node and the TTO

node.

If there are children nodes, the query processing 114 returns to block 406, removes the

parent node entry, and adds the children nodes and associated edit distances to the search token

to the priority queue 116. The children nodes are added to the priority queue 116 in the order of

smallest edit distance. In this example, the priority queue 116 now includes the following data.

NODE DISTANCE

TTO 0

TO 1

1 1



4 1

B 1

G 1

K 1

N 1

S 1

39 2

VOL 2

CITY 3

USA 3

At block 408, the query processing 114 explores the nodes in the priority queue 116

having the smallest edit distance, which is the node TTO in this example. At block 410, the

query processing 114 determines whether the nodes with the smallest edit distance have children

nodes. In this example, the TTO node is not connected to a child node. Instead, the TTO node is

connected to a leaf node.

At block 412, the query processing 114 provides a result set. The query processing 114

obtains the document set associated with the leaf node and provides the document set and the

associated edit distance to another entity, which may then retrieve the documents associated with

the document identifiers in the document set. Alternatively, the fuzzy FTS system 104 may

include programming to retrieve and provide the documents. The documents may be stored on

the computing platform 100 or another system. In this example, the query processing 114

provides document identifier one with zero errors (i.e., edit distance equal to zero).

A document identifier may have been previously provided during a previous iteration

through the priority queue 116. In this scenario, the query processing 114 does not provide the

document identifier. If there is only one document identifier in the document set associated with

the leaf node, then the query processing 114 does not provide an output. If there are multiple

document identifiers in the document set associated with the leaf node, then the query processing

114 provides only those document identifiers that have not been previously provided.

At block 414, the query processing 114 updates the priority queue 116. To update the

priority queue 116, the query processing 114 removes the entry in the priority queue 116 whose

leaf node was reached during exploration of the paths at blocks 408, 410. In this example, the

priority queue 116 now includes the following data.

NODE DISTANCE

TO 1

1 1

4 1

B 1

G 1

K 1



N 1

S 1

39 2

VOL 2

C Y 3

USA 3

At block 416, the query processing 114 determines whether the priority queue 116 is

empty. If the priority queue 116 is empty, the query processing 114 ends. The query processing

114 may also end based on search threshold values. For example, the query processing 114 may

end after a certain number of documents identifiers have been provided. As another example,

the query processing 114 may end after a threshold edit distance is reached.

In this example, the priority queue 116 is not empty so the query processing 114 returns

to block 408 to explore paths from the nodes in the priority queue 116 having the smallest edit

distance. In this example, the query processing 114 explores the paths from the TO node,

determines that the TO node is connected to the leaf node associated with a document set

containing document identifier two. If not previously provided, the query processing 114

provides document identifier two with one error, removes the TO entry from the priority queue

116, and continues iterating through the process of identifying relevant document identifiers.

In a navigation system example, the query processing 114 may provide document

identifier one to a destination search application, which then retrieves data from a geographic

database associated with the navigation system. The destination search application may then

display the address "NAVTEQ, OTTO-VOLGER-STRASSE 1, SULZBACH, GERMANY" on

the user interface of the navigation system. The query processing 114 may then provide

document identifier two to the destination search application, which then retrieves and displays

the address "NOKIA, OTO-BACH STRASSE 10, BERLIN, GERMANY" on the user interface

of the navigation system.

Thus, the user of the navigation system first sees the address associated with the fewest

number of errors from the entered search token, followed by the address associated with the next

fewest number of errors from the search token, and so on. The query processing 114 generates

the result set in a lazy way, which means that only those nodes in the index 112 are accessed that

are necessary to return document identifiers associated with the smallest edit distance. This

process may also be described as a cursor driven mode where the result set changes as the user

enters new or revised search tokens.

Figure 5 is a flow diagram of a method 500 of performing a fuzzy full text search with

multiple tokens using the fuzzy FTS system 104. At block 502, the fuzzy FTS system 104

receives multiple search tokens. For example, a user enters the terms OTTO and VOLKER into

the computing platform 100.

At block 504, the fuzzy FTS system 104 initializes the priority queue 116. Alternatively,

the fuzzy FTS system 104 initializes the priority queue 116 prior to receiving the search tokens.



For example, the fuzzy FTS system 104 may initialize the priority queue 116 upon completion of

the previous search. With initialization, the query processing 114 stores in the priority queue

116, an overall edit distance value of zero and, for each entered token, the root node and an edit

distance of zero.

In the example of two search tokens, the priority queue 116 now includes the following

data. In this example, the number one refers to the first token and the number two refers to the

second token. The priority queue 116 may be expanded for any number of entered tokens.

At block 506, the query processing 114 adds data to the priority queue 116. Initially, the

query processing 114 explores the paths in the index 112 from the root node to the children

nodes of the root node for the first search token. The query processing 114 places each of the

nodes in the priority queue 116 with an associated edit distance from the first search token. For

subsequent tokens, the query processing 114 initially adds the root node and an edit distance of

zero.

The query processing 114 adds the edit distances for the tokens to obtain the overall edit

distance. Initially, only the first token is associated with an edit distances so the overall edit

distances are the same as the edit distances from the first token. The nodes are ordered in the

priority queue 116 from smallest overall edit distance to largest overall edit distance.

Using the example depicted in Figure 3, the query processing 114 inserts the nodes and

edit distances for the first search token into the priority queue 116 as follows.

At block 508, the query processing 114 explores paths from the nodes in the priority

queue 116 having the smallest overall edit distance. At block 510, the query processing 114



determines whether the nodes with the smallest edit distance have children nodes. In this

example, the O node has the smallest edit distance and it has two children nodes, the TO node

and the TTO node.

If there are children nodes, the query processing 114 returns to block 506, removes the

parent node entry, and adds the children nodes and edit distances to the priority queue 116. The

children nodes are added to the priority queue 116 in order of smallest overall edit distance to

largest overall edit distance. In this example, the priority queue 116 now includes the following

data.

At block 508, the query processing 114 explores paths from the nodes in the priority

queue 116 having the smallest edit distance, which is the node TTO in this example. At block

510, the query processing 114 determines whether the nodes with the smallest edit distance have

children nodes. In this example, the TTO node is not connected to a child node. Instead, the

TTO node is connected to a leaf node.

At block 512, the query processing 114 replaces the TTO node with the document set

stored at the connected leaf node. In this example, the leaf node connected to the OTTO node

includes the document set containing document identifier 1. The priority queue 116 now

includes the following data, where the angled brackets < > include the document identifiers in

the document set.

OVERALL NODE DISTANCE NODE DISTANCE

DISTANCE 1 1 2 2

0 <1> 0 ROOT 0

1 TO 1 ROOT 0

1 1 1 ROOT 0

1 4 1 ROOT 0

2 VOL 2 ROOT 0

3 CITY 3 ROOT 0

3 USA 3 ROOT 0



At block 514, the query processing 114 determines whether there are additional tokens.

At this point, "More Tokens?" determines whether the priority queue 116 still includes the

ROOT node from initialization for a token. In this example, there are two search tokens so the

query processing 114 returns to block 506 to add data to the priority queue 116. For the

document set entered at block 512, the query processing 114 adds the children nodes of the root

node and the edit distances for the second token (e.g., VOLKER) in the priority queue 116. The

children nodes are added to the priority queue 116 in order of smallest edit distance to largest

edit distance.

The query processing 114 adds the edit distances for the tokens to obtain the overall edit

distances. If necessary, the query processing 114 reorders the priority queue 116 in order of

smallest overall edit distance to largest overall edit distance. In this example, the priority queue

116 now includes the following data.

At block 508, the query processing 114 explores paths from the nodes in the priority

queue 116 having the smallest edit distance, which is the VOL node in this example. At block

510, the query processing 114 determines whether the nodes with the smallest edit distance have



children nodes. In this example, the VOL node has three children nodes, the GER node, the

KER node, and the VO node.

If there are children nodes, the query processing 114 returns to block 506, removes the

parent node entry, and adds the children nodes and associated edit distances to the priority queue

116. The children nodes are added to the priority queue 116 in the order of the smallest edit

distance to largest edit distance. The query processing 114 adds the edit distances for the tokens

to obtain the overall edit distances. If necessary, the query processing 114 reorders the priority

queue 116 in order of smallest overall edit distance to largest overall edit distance. In this

example, the priority queue 116 now includes the following data.

At block 508, the query processing 114 explores paths from the nodes in the priority

queue 116 having the smallest edit distance, which is the node KER in this example. At block

510, the query processing 114 determines whether the nodes with the smallest edit distance have

children nodes. In this example, the KER node is not connected to a child node. Instead, the

KER node is connected to a leaf node.

At block 512, the query processing 114 replaces the KER node with the document set

stored at the connected leaf node. In this example, the leaf node connected to the KER node

includes the document set containing document identifier 3. The priority queue 116 now

includes the following data.

OVERALL NODE DISTANCE NODE DISTANCE

DISTANCE 1 1 2 2

0 <1> 0 <3> 0

1 <1> 0 GER 1

1 <1> 0 1 1

2 VOL 2 ROOT 0

3 <1> 0 VO 3



3 CITY 3 ROOT 0

3 USA 3 ROOT 0

At block 514, the query processing 114 determines whether there are additional tokens.

At this point, "More Tokens?" also determines whether the priority queue 116 still includes the

ROOT node from initialization for a token. In this example, there are no additional tokens. At

block 516, the query processing 114 compares document sets for the tokens. At this point, a

document set is located in the node column for each token. In this example, the query processing

114 compares the document set including document identifier 1 and the document set including

document identifier 3 .

At block 518, the query processing 114 determines if there are common document

identifiers. Because there are not any common document identifiers, at block 522, the query

processing 114 updates the priority queue 116. To update the priority queue 116, the query

processing 114 removes the entry in the priority queue 116 whose document sets were compared

at block 518. In this example, the priority queue 116 now includes the following data.

At block 524, the query processing 114 determines whether the priority queue 116 is

empty. If the priority queue 116 is empty, the query processing 114 ends. The query processing

114 may also end based on search threshold values. For example, the query processing 114 may

end after a certain number of documents identifiers have been provided. As another example,

the query processing 114 may end after a threshold edit distance is reached.

In this example, the priority queue 116 is not empty so the query processing 114 returns

to block 508 to explore paths from the nodes in the priority queue 116 having the smallest edit

distance. In this example, the query processing 114 explores the paths from the GER node,

determines that the GER node is connected to the leaf node associated with a document set

containing document identifier 1.

At block 512, the query processing 114 replaces the GER node with the document set

stored at the connected leaf node. The priority queue 116 now includes the following data.

OVERALL NODE DISTANCE NODE DISTANCE

DISTANCE 1 1 2 2

1 <1> 0 <1> 1



1 <1> 0 1 1

2 VOL 2 ROOT 0

3 <1> 0 VO 3

3 CITY 3 ROOT 0

3 USA 3 ROOT 0

At block 514, the query processing 114 determines whether there are additional tokens.

At this point, "More Tokens?" determines whether the priority queue 116 includes a node (not a

document set) for a token. As there are document sets for each of the tokens, at block 516, the

query processing 114 compares document sets for the tokens. In this example, the query

processing 114 compares the document set including document identifier 1 and the document set

including document identifier 1.

At block 518, the query processing 114 determines that there are common document

identifiers. In this example, the common document is document identifier 1. At block 520, the

query processing 114 provides a result set. The result set includes a list of common document

identifiers and the associated overall edit distance. In this example, the result set includes

document identifier 1 and an overall edit distance of one.

The query processing 114 provides the result set to another entity, which may then

retrieve the documents associated with the document identifiers in the result set. Alternatively,

the fuzzy FTS system 104 may also have the programming to retrieve and provide the

documents. The documents may be stored on the computing platform 100 or another system.

A document identifier may have been previously provided during a previous iteration

through the priority queue 116. In this scenario, the query processing 114 does not provide the

document identifier. If there is only one common document identifier, then the query processing

114 does not provide an output. If there are multiple common document identifiers, then the

query processing 114 provides only those common document identifiers that have not been

previously provided.

After providing the result set at block 520, the query processing 114 updates the priority

queue 116 by removing the entry in the priority queue 116 whose document sets were compared

at block 518. The query processing 114 then continues to block 524 as previously described.

It is intended that the foregoing detailed description be regarded as illustrative rather than

limiting and that it is understood that the following claims including all equivalents are intended

to define the scope of the invention. The claims should not be read as limited to the described

order or elements unless stated to that effect. Therefore, all embodiments that come within the

scope and spirit of the following claims and equivalents thereto are claimed as the invention.



CLAIMS:

1. A computer-implemented method for performing fuzzy full text search, comprising:

receiving a search term;

exploring paths of an inverted token next valid character tree from a root node to children

nodes of the root node;

storing the children nodes and associated edit distances to the search term in a priority

queue;

exploring paths of the inverted token next valid character tree from the child node having
the smallest edit distance to the search term; and

if the path from the child node ends at a leaf node, providing a result set of document

identifiers stored at the leaf node.

2 . The method of claim 1, further comprising initializing the priority queue.

3 . The method of claim 2, wherein initializing the priority queue includes storing the root

node and an edit distance of zero in the priority queue.

4 . The method of claim 1, wherein the children nodes are stored in the priority queue in an

order of smallest edit distance to largest edit distance.

5 . The method of claim 1, wherein if the path from the child node ends at a second child

node, adding the second child node and an associated edit distance to the search term to the

priority queue.

6 . The method of claim 5, further comprising removing the child node and the associated

edit distance from the priority queue.

7 . The method of claim 1, wherein the result set includes the edit distance from the child

node to the search term.

8. A computer-implemented method, comprising:

receiving at least two search tokens;

for the first search token,

exploring paths of an inverted token next valid character tree from a root

node to children nodes of the root node;

storing the children nodes and associated edit distances to the first search

term in a priority queue;

exploring paths of the inverted token next valid character tree from the

child node having the smallest edit distance to the first search term;



if the path from the child node ends at a leaf node, adding a first document

set of document identifiers stored at the leaf node to the priority queue;

for the second search token,

storing the children nodes of the root node and associated edit distances to

the second search term in the priority queue associated with the first document

set;

exploring paths of the inverted token next valid character tree from the

child node having the smallest edit distance to the second search term;

if the path from the child node ends at a leaf node, adding a second

document set of document identifiers stored at the leaf node to the priority queue;

comparing the first document set to the second document set;

if a document identifier is common to both the first and second document sets, adding the

document identifier to a result set; and

providing the result set.

9 . The method of claim 8, further comprising initializing the priority queue.

10. The method of claim 9, wherein initializing the priority queue includes storing in the

priority queue an overall edit distance value of zero, and for each search token, the root node and

an edit distance of zero.

11. The method of claim 8, wherein the children nodes are stored in the priority queue in an

order of smallest edit distance to largest edit distance.

12. The method of claim 8, further comprising determining an overall edit distance by adding

a first edit distance associated with the first document set and a second edit distance associated

with the second document set.

13. The method of claim 12, further comprising providing the overall edit distance in the

result set.

14. The method of claim 8, wherein if the path from the child node ends at a second child

node, adding the second child node and an associated edit distance to the first or second search

term to the priority queue.

15. The method of claim 8, further comprising updating the priority queue to remove an entry

containing the first document set and the second document set after providing the result set.



16. The method of claim 8, further comprising if a document identifier is not common to both

the first and second document sets, updating the priority queue to remove an entry containing the

first document set and the second document set.

17. A fuzzy full text search system, comprising:

a processor; and

memory storing an index organized as an inverted token next valid character tree, a

priority queue, and query processing executable by the processor to perform a fuzzy full text

search using a ranked nearest neighbor query.

18. The system of claim 17, wherein the priority queue tracks current position of the query

processing.

19. The system of claim 17, wherein the priority queue tracks an edit distance between nodes

in the inverted token next valid character tree and a search token.

20. The system of claim 17, wherein the priority queue tracks an overall edit distance of

currently explored nodes in the inverted token next valid character tree and multiple search

tokens.
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