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SYSTEM AND METHOD FOR FINDING DESIRED RESULTS BY INCREMENTAL

SEARCH USING AN AMBIGUOUS KEYPAD WITH THE INPUT CONTAINING

ORTHOGRAPHIC AND TYPOGRAPHIC ERRORS

Cross-Reference To Related Applications

[0001] This application claims the benefit under 35 U.S.C. §119(e) of U.S. Provisional

Patent Application No. 60/739,893, filed on November 23, 2005, entitled Method and Systemfor

Automatic Error Compensationfor Phonetic Misspellings During Incremental Searching with

Reduced TextEntry, which is herein incorporated by reference in its entirety.

Background

Field of Invention

[0002] The present invention relates generally to performing searches and, more particularly,

to a method of finding results by incremental search using a keypad having overloaded keys as

the input device when the input contains orthographic and typographic errors.

Description of Related Art

[0003] Challenges to providing an easy-to-use interface for performing searches on input

constrained devices such as television remote controls and mobile devices are many, the key

among them being (1) the small form-factor of devices, which makes text input cumbersome, (2)

interpreting the ambiguous user input from a text input keypad having overloaded keys (e.g., as

shown in Fig. A), (3) rendering the results on a limited display with the correct ordering so that

the user finds the desired results with minimal or reduced input, and (4) misspellings or errors in

user input contributed in part by the small form factor of devices (the rest being caused cognitive

errors). Some reports indicate that 10-12% of all queries to a search engine are misspelled

(Mansour Sarr 2003). The error rate is believed to be even higher when using input constrained

devices, where the limitation of inputting text makes them more prone to typographic errors (e.g.

multi-press character overshoot for TV remote controls with overloaded keys such as "spejl"

instead of "spell", and accidental adjacent character press on phones with crowded keypads).

Additionally, users may make orthographic errors, i.e., spelling errors arising from mistakes in

cognitive processing, such as simple misspellings or phonetic substitutions (e.g. "Jerry Sienfeld"

instead of "Jerry Seinfeld" or "nite" instead of "night"). A method that reduces the number of
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query characters one needs to input would not only significantly improve the user experience but

also reduce the likelihood of more errors due to entry of additional characters.

[0004] Though correction methods for orthographic errors (e.g. mistakes due to phonetic

errors) and typographic errors (e.g. mistakes due to pressing a key adjacent to the key containing

the intended character) are known, none of them perform error correction on input (1) that is

itself ambiguous and (2) that contains multiple word queries where one or more of the words are

partial prefixes or fragments of the words they represent. While phonetic error corrections

algorithms have been in use since 1918 (e.g., U.S. Patent No. 1,261,167) and various subsequent

improvements have been made (e.g., Daitch-Mokotoff Soundex System, Phonix, and

Metaphone), the basic notion of phonetic error correction has changed little. The focus of these

error correction schemes have been on single complete words. First, they do not perform

phonetic correction across multiple words (e.g. "Jery Sienfeld" instead of "Jerry Seinfeld").

Second, they do not perform phonetic error correction methods across multiple word prefixes

(e.g. "gar keillor" for "Garrison Keillor". However, according to a Majestic Research Report

study done in June 2004, 50% of the search queries done on the web have two or three words,

20% of the searches use just one word, with 5% of the searches having more than six words.

This report highlights the need to compensate for errors across multiple words in order to

provide a compelling user experience.

[0005] Furthermore, even though recent work has been done to improve search engine

retrieval using stemming and compound splitting to correct errors across multiple complete

words, the techniques are not for incremental searching (results retrieved as each character is

input) since the words need to be complete words (see Dalianis, Hercules, "Improving search

engine retrieval using a compound splitter for Swedish", Presented at Nodalida 2005 - 15th

Nordic Conference on Computational Linguistics, May 21-22, 2005, Joensuu, Finland).

Additionally, they do not address the case of performing error correction across multiple word

prefixes ("shyl pcno" for "Shylock Pacino"), which is required when performing an incremental

search. They also do not address error correction on input using a keypad with overloaded keys -

which is the predominant layout of keys on telephones and remote controls. To summarize, the

challenges to compensate for orthographic and typographic errors in an incremental search

scheme with reduced text entry needs be addressed by a method (1) that can perform both forms

of error compensation (orthographic and typographic) across multiple words of the query, (2)



that can perform error compensation for single or multiple word prefixes and/or word fragments

where the prefixes and/or fragments themselves have orthographic and typographic errors, (3)

that can dynamically compensate for errors during an incremental search as the user types in the

single or multiple prefixes constituting the query string, and (4) that can perform these error

compensations for an input query that is itself ambiguous as a consequence of the user inputting

text with a keypad having overloaded keys.

Summary

[0006] The invention provides methods and system enabling automatic error compensation

for orthographic and typographic misspellings during incremental searching using input provided

by a keypad having overloaded keys. Embodiments of the invention may be used with reduced

text entry devices and techniques, e.g. text entry using a mobile phone keypad, which has

multiple alphanumeric characters assigned to a single key.

[0007] In at least one embodiment, a user-interface system incrementally finds and presents

one or more content items in response to keystrokes entered by a user on an input device having

a known layout of overloaded keys selected from a set of key layouts. Each overloaded key has

a corresponding set of alphanumeric symbols. The system includes a database stored in an

electronically readable medium; the database contains content items and corresponding

descriptive terms that characterize the content items. The system also includes input logic that

receives keystrokes from the user and builds a string corresponding to incremental entries by the

user. Each item in the string has the set of alphanumeric symbols associated with a

corresponding keystroke. The system further includes mapping logic, cooperating with the

database, to map the string to the database to find the most likely content items corresponding to

the incremental entries. The mapping logic operates in accordance with a defined error model,

and the error model corresponds to the known layout of overloaded keys of the input device.

The system also includes presentation logic that orders the most likely content items identified

by the mapping logic and presents on a display device the most likely content items in

accordance with defined ordering criteria. The system operates such that the user-interface

system receives ambiguous entries from the user and presents the most likely matching content

items.



[0008] In other embodiments, the error models include one or a combination of generating

typographic variants of the descriptive terms that characterize the content items, generating

orthographic variants of the descriptive terms that characterize the content items, generating N-

gram variants of the descriptive terms that characterize the content items, wherein the N-gram

variants include variants based on nonadjacent characters of the descriptive terms, and/or using

distance functions to assign error penalties to errors occurring in the string.

[0009] In further embodiments, the database contains pre-computed variants of the

descriptive terms that characterize the content items, and the mapping logic maps the incremental

entries to the pre-computed variants. The pre-computed variants can be encoded according to

the known layout of overloaded keys of the input device. Similarly, the mapping logic can

generate variants in real time based on the incremental entries and use the variants to find the

most likely content items corresponding to the incremental entries.

[0010] In yet further embodiments, the mapping logic includes dynamic intersection logic.

The dynamic intersection logic identifies a first set of content items corresponding to a first set of

alphanumeric symbols in the string and identifies a second set of content items corresponding to

a second set of alphanumeric symbols in the string. The dynamic intersection logic includes

content items appearing in both the first and second set of content items in the most likely

content items corresponding to the incremental entries, but can exclude content items not

appearing in both sets. The dynamic intersection logic can be invoked with each user query, or

the dynamic intersection logic can be invoked when the number of most likely content items

returned by the mapping logic without the dynamic intersection logic is below a predetermined

threshold.

[0011] In some embodiments, the most likely content items are presented on a display device

in accordance with at least one of personalized user preferences, popularity of the content items,

temporal relevance of the content items, location relevance of the content items, recency of the

content items, and relevance of the descriptive terms to the content items. The display device

can be a display-constrained device, e.g., a wireless communication device, a mobile phone, a

PDA, a personal media player, or a television. Similarly, the input device can be an input

constrained device, e.g., a wireless communication device, a mobile phone, a PDA, a personal

media player, or a television remote control.



Brief Descriptions Of Drawings

[0012] For a more complete understanding of various embodiments of the present invention,

reference is now made to the following descriptions taken in connection with the accompanying

drawings in which:

[0013] Fig. A illustrates a keypad with overloaded keys in accordance with the prior art;

[0014] Fig. 1 illustrates a text entry system in accordance with one or more embodiments of

the invention being used in a wide range of configurations;

[0015] Fig. 2 illustrates a system configuration to perform text entry in accordance with one

or more embodiments of the invention;

[0016] Fig. 3 is a flow chart illustrating the process flow for a pre-computation scheme of

indexing typographic and orthographic equivalents of each term of the search space in

accordance with one or more embodiments of the invention;

[0017] Fig. 4 is a flow chart illustrating the action flow sequence as the user enters each

character of the query string in accordance with one or more embodiments of the invention; and

[0018] Fig. 5 illustrates a data structure for retrieving results incrementally for each

ambiguous input character.

Detailed Description

[0019] Embodiments of the invention include methods and systems for creating an error

compensated searchable catalog of items and using descriptive search terms prefix strings to

incrementally search the catalog despite typographic and orthographic errors contained in said

prefixes. In an illustrative embodiment, the catalog contains terms and phrases that describe

items of interest to a user of the system. The catalog also contains prefixes and/or word

fragments of the individual terms, as well as misspelled orthographic and typographic

equivalents of the terms, along with their respective prefixes and fragments. The items of

interest may include, for example, content items (such as television shows or movies) or data

items (such as address book records or to do list items).

[0020] Once the catalog of terms is created, the user may search the catalog using prefixes of

the descriptive terms. As the user enters ambiguous alphanumeric characters of a term the user

is using to describe the desired item, the system incrementally searches the encoded catalog to

find matches for the ambiguous prefix input. Because the system compares the user's input to



the pre-computed error-compensated descriptive terms, term prefixes, and term word fragments,

the illustrative embodiment provides for automatic correction of orthographic and typographic

misspellings. Li addition, the system allows the user to search the catalog by using orthographic

and typographic variations that require less keystrokes. These variations can take the form of

known homonyms, e.g., "aft" may be substituted for "aught", as in "draft / draught", and "it"

may be substituted for "ight", as in "nite / night", or the user may employ intentional phonetic

misspellings, e.g., "f" may be substituted for "ph", as in "fantom / phantom", "Johnston" maybe

misspelled as "Johnson", etc.

[0021] Embodiments of the present invention build on techniques, systems and methods

disclosed in earlier filed applications, including but not limited to U.S. Patent Application No.

11/235,928, filed September 27, 2005, entitled "Method and System for Processing Ambiguous,

Multi-term Search Queries" and U.S. Patent Application No. 11/312,908, filed December 20,

2005, entitled "Method and System for Dynamically Processing Ambiguous, Reduced Text

Search Queries and Highlighting Results Thereof; the contents of which are hereby

incorporated by reference in their entirety. Those applications taught specific ways to

incrementally process search queries containing search term prefixes formed from ambiguous

text input. Similarly, embodiments presented herein may be used with the techniques, systems,

and methods disclosed in earlier filed applications, including but not limited to U.S. Patent

Application No. 11/356,788, filed February 17, 2006, entitled "Method and System For

Offsetting Network Latencies During Incremental Searching Using Local Caching and Predictive

Fetching of Results From A Remote Server"; the contents of which are hereby incorporated by

reference in their entirety. That application taught specific ways to retrieve and order content

items for presentation to the user. The present techniques, however, are not limited to systems

and methods disclosed in the incorporated patent applications. Thus, while reference to such

systems and applications may be helpful, it is not believed necessary to understand the present

embodiments or inventions.

[0022] Fig. 1 schematically illustrates an overall system for performing searches with

reduced text entry using a wide range of devices in accordance with one or more embodiments of

the invention. A server farm 101 can serve as the source of search data and relevance updates

with a network 102 functioning as the distribution framework. The distribution framework could

be a combination of wired and wireless connections. Examples of possible networks include



cable television networks, satellite television networks, IP-based television networks, wireless

and wired phone networks. The search devices could have a wide range of interface capabilities

such as a hand-held device 103 (e.g., a telephone or PDA) with limited display size and a limited

keypad, e.g., a keypad with overloaded keys, a small QWERTY keypad, or other keypad. The

search devices could also include a television system 104a coupled with a remote control device

104b having a keypad with overloaded keys, a small QWERTY keypad, or other keypad.

Finally, the search device could include a Personal Computer (PC) 105 with a full QWERTY or

other keyboard and a computer display. Fig. A provides one example of a keypad having

overloaded keys. In that example, keys corresponding to the numerals 2-9 have sets of

alphanumeric characters associated with them.

[0023] Fig. 2 illustrates exemplary device configurations for performing searching in

accordance with one or more embodiments of the invention. In one configuration, the television

system 104a has a display 201, a processor 202, volatile memory 203, text input interface 204,

remote connectivity 205 to the server farm 101 through the network 102, and a persistent storage

206. These elements may be contained in one device, or be connected through wired or wireless

techniques 207.

[0024] In another possible device configuration, the handheld device 103 and television

system 104a might not have local persistent storage 206. In such a configuration, the device can

use remote connectivity 205 to submit the query to a server farm 101 and retrieve results from it.

[0025] i another exemplary configuration, the television system 104a may not have remote

connectivity 205. In this configuration, the search database may be locally resident on a local

persistent storage 206. The persistent storage 206 may be a removable storage element such as

SD, SmartMedia, CompactFlash card etc.

[0026] Li a configuration of the television system with remote connectivity 205 and

persistent storage 206 for searching, the device may use the remote connectivity for search

relevance data update or for the case where the search database is distributed on the local storage

206 and on the server 101.

[0027] Li one or more embodiments of the invention, a television system 104a may have a

set-top box with a one-way link to a satellite. Li this configuration, all search data including

relevance updates may be downloaded to the device through the satellite link to perform local

search. Relevance updates could be periodically done through this link.



[0028] Fig. 3 illustrates the pre-computation operations performed for orthographic and

typographic error resilience, in one or more embodiments of the invention. This operation is

performed on single and multiple descriptive terms constituting a phrase (e.g. "Armageddon", "

The guns of Navarone", "Tom Cruise" and "Cruise Tom") that can be used for item discovery in

the search space. First, the method identifies ordered and unordered phrase and/or term

combinations that describe the items of interest to the user (step 300). Steps 301 and 302 apply

orthographic and typographic rules on the terms constituting phrases to generate orthographic

and typographic variants of the original terms. In an embodiment of the invention, the

orthographic rules for generating variants of terms include (1) dropping of all vowels (e.g.

"shylck pen" for "shylock pacino"), (2) using a SOUNDEX-like equivalence class for creating

phonetically similar term variants ("fone" and "phone"), and (3) applying rules that further

capture phonetic equivalence at specific character locations in a word. The orthographic rules

can include those described in Patent Application No. 60/739,893, incorporated above, but

embodiments of the invention are not limited to these rules.

[0029] Typographic variant generation rules include generating N-gram word fragments for

each descriptive term or phrase. N-grams are incomplete portions of descriptive terms or phrases

containing N number of characters, e.g., trigrams are a species of N-grams having three

characters. The characters in the N-grams can be ordered according to the characters' ordering

in the term or phrase, but the characters can be non-sequential. In the illustrative embodiment of

the invention, multiple trigrams are generated for each term by dropping characters from the

term, e.g., "pci", "pac", "aci", "acn", "cin", "cio", etc. for "pacino". N-grams may also be

formed for a descriptive phrase. For example, quadgrams for the phrase "al pacino" include

"ajpa", "al_p", "a_pc", etc. These variants help compensate for typical orthographic and

typographic misspellings that users make. These errors are in essence errors of insertion (e.g.,

"alledge" instead of "allege"), deletion (e.g., "tomorow" instead of "tomorrow", "Johnson"

instead of "Johnston"), substitution (e.g., "crutial" instead of "crucial", "edlipse" instead of

"eclipse"), and transposition (e.g., "sienfeld" instead of "seinfeld"), which generate phonetic

equivalents of the intended search term. In some embodiments, N-gram prefixes can be formed

by limiting the number of characters dropped from the front of the descriptive term or phrase,

e.g., dropping only the first character. Thus, trigram prefixesibr the term "pacino" can include



"pci", "pac", "aci", and "acn". However, in this example, "cin" and "cio" would not be

generated because more than the first letter would need to be dropped.

[0030] In accordance with one or more embodiments of the invention, at step 303, an

inverted list is created for prefix and fragment strings of single and multiple term combinations

as well as unordered term combinations determined in step 300 that went through the variants

generation process in steps 301 and 302. One example of an inverted list is a collection of

content items, related descriptive terms and phrases, and their error-resilient variants that is

indexed on the descriptive terms and phrases and their variants. The inverted list entries are all

mapped to their numeric equivalents 304 where the mapping is based on the keypad layout, an

example of which is shown in Fig. A. For instance, a letter "A", "B", or "C" would be mapped

to a numerical "2", while a letter "J", "K", or "L" would be mapped to a numerical "5". Other

device specific mappings are used for keypads that have different overloaded key layouts. Thus,

when the user enters input text, the device type is used to determine the choice of mapping for

performing incremental search.

[0031] The users may also press incorrect adjacent keys on the keypad of the interface device

when attempting to enter a search term prefix. For example, the user may wish to enter the

prefix "sei" for the descriptive term "seinfeld". The encoded string for this prefix using the

keypad shown in Fig. A is "734". However, the user may accidentally enter "731" because the

"1" and "4" keys are adjacent. Therefore, in embodiments of the invention, step 304 also

includes adding typographic error variants of the encoded prefixes to the inverted list. These

typographic error variants are compiled based on which keys are adjacent on the keypad layout

of the user entry device. Thus, the "1", "5", and "7" keys can be substituted for the "4" key

when building the typographic error variants, while the "3", "6", and "9" keys would not be.

The diagonally adjacent keys "2" and "8" can also be substituted for the "4" key, depending

upon the spacing of the keys and the likelihood of the user accidentally pressing them. In

addition, transposition error variants can be generated based on the encoded strings. In the

alternative, transposition error variants can be generated during the N-gram generation process.

[0032] The encoded inverted list is then converted to trie data structure 305. A trie data

structure, also known as a prefix tree, is an ordered tree structure that is used to store strings. All

the descendents of any one node of the trie data structure have a common prefix of the string

associated with that node. In the illustrative embodiment, trie data structure 305 indexes prefix



variants of all terms and phrases (e.g., "a_, ap_, apo_" for "apocalypse" where "_" represents

space character) and variants of unordered term combinations (e.g., "t_cruise", to_cruise", "c_

torn", "cr_ torn"). The length of the prefix for each term that is indexed and the number of terms

in the term combinations whose prefixes are indexed are configurable parameters, which is

determined based on memory available and retrieval time desired (memory and retrieval time

being a trade-off). This static multiple term prefix indexing builds error resilience into the

system. The resilience is achieved by indexing the prefixes of the variants of the original term

and term combinations.

[0033] Fig. 4 illustrates the operations performed, in one or more embodiments of the

invention, on each terms space (e.g. an encoded inverted list), as the user enters a multiple prefix

query string 400 where the input string includes ambiguous encoded text (e.g. such as that

created using the keypad shown in Fig. A). The input string would then be used to descend

down a trie data structure as described in Fig. 5 (step 401). One example of a trie structure used

for incremental searching is described in U.S. Patent Application Serial No. 11/136,261, filed

May 24, 2005, entitled "Method And System For Performing Searches For Television Content

Using Reduced Text Input," which is incorporated by reference herein in its entirety. During this

descend down the trie, a multi-prefix query string with errors may be compensated for, by the

error compensation scheme described above.

[0034] For example, an input of the form "GN NV" would yield the results for "gun

navarone" with the error compensation accomplished by the pre-computation scheme described

earlier. If the desired result is not found (step 402) and the returned results fall below a certain

limit or the upper limit for trie descent is reached (step 403), then a dynamic intersection is

performed (step 404). The dynamic intersection uses the information from the multiple prefix

strings to compensate for the error in the input of an individual term; the intersection matches

user-entered prefixes to entries in the inverted list in order to find descriptive terms. If the user

entry contains errors, distance functions known in the art are used to assign penalties for each

error. For example, a penalty value is assigned for each addition, deletion, substitution, or

transposition that must be performed to make an input match a term or phrase prefix in the

inverted list. This comparison can be done on disambiguated input or on the encoded ambiguous

input. In addition, these functions are used in conjunction with the error-resilient entries in the



inverted list to approximate what terms the user intended to enter. If the total penalty exceeds a

threshold, the input string is not considered for further processing.

[0035] As described above, each descriptive term is associated with items that may be of

interest to the user. Thus, each user-entered prefix will have a set of items associated with the

prefix. These sets are intersected to reveal items that are associated with all (or many) of the

prefixes. These items are then presented to the user. Each set of items associated with the

prefixes may be ordered and/or ranked according to various criteria, e.g., popularity of the item,

geographic relevance of the item given the user's location, temporal relevance of the item, etc.

The techniques described in U.S. Patent Application Serial No. 11/246,432, filed October 7,

2005, entitled "Method and System for Incremental Search with Reduced Text Entry Where the

Relevance of Results is a Dynamically Computed Function of User Input Search String

Character Count," herein incorporated by reference, may also be used to rank and/or order the

sets of items. The ranking and/or ordering of items can be used to boost certain items expected

to be of interest to the user. Thus, although a particular user-entered search string may have a

relatively high total penalty, if the prefixes containing errors are matched with error-resilient

entries in the inverted list that are associated with particularly popular or relevant items, these

items can be presented as results to the user.

[0036] For example, the user may be searching for the movie "The Merchant of Venice".

The user knows the movie involves the actor Al Pacino playing the role of "Shylock". Thus, the

user enters the search string "shyl pcno" for the descriptive terms "Shylock" and "Pacino". The

dynamic intersection uses the combined information associated with these two terms to find the

item of interest to the user. To further illustrate, the descriptive term "Shylock" can be

associated with the items "William Shakespeare", "moneylender", "The Merchant of Venice",

and "Laurence Olivier". The descriptive term "Pacino" can be associated with the items "The

Godfather", "Michael Corleone", "Scent of a Woman" and "The Merchant of Venice". Thus,

when these sets of items are intersected, the item "The Merchant of Venice" is in common to

both descriptive terms, and it is presented to the user.

[0037] Fig. 5 illustrates an embodiment of the invention using a trie data structure where

each node (e.g. node 501) has numerical values from 0-9. The numerical value of each node

represents an alphanumeric character input by the user that has been encoded according to the

numerical encoding scheme employed when creating the encoded inverted list in connection with



step 304 of Fig. 3. Each node has associated top M items of interest 502 that have descriptive

terms and/or prefixes, encoded as described above, that match the numerical value of the node.

Likewise, sequential node combinations (such as 501 and 503) have associated top M items of

interest that have encoded descriptive terms and/or prefixes that match the combined numerical

values of the nodes. These top M records can be held in "in-memory" storage on the user's

interface device. These records are returned immediately to the user based on the match string.

If the user does not find the desired item in the top M records, additional items are retrieved from

a secondary storage structure 504 using the trie data structure present there or a dynamic

intersection.

[0038] . Fig. 5 shows the layout of the data structure for the terms "TOMMY BOY" using a

keypad of the type shown in Fig. A. The number of prefix terms and the size of the prefix terms

used for pre-computing the trie index are determined by the memory availability and

computational capabilities of the system. In the illustration, the size of the prefix terms is 2 and

the number of terms for pre-computing the trie index is 2. Thus, the user may enter a variety of

encoded prefix strings to search for items associated with the terms "TOMMY BOY", e.g., "8

269"(T BOY),"86 269"(TO BOY), "8 2"(T B), and "86 2"(T BO).

[0039] The user starts the search by entering the numeral "8", which corresponds to the letter

"T" on the keypad of Fig. A. The system immediately returns top M records 502 matching the

"T" prefix. Next, the user can choose to enter more characters of the first prefix by entering the

numeral "6" for the letter "O" or the user could begin a new prefix by entering the numeral "0"

for a space character (at node 503) followed by a "2" for the letter "B" (at node 505). In this

case, top M records for the prefix combination "T_B" would be returned (not shown). In

addition, because the user has entered more than one term prefix, the system can perform a

dynamic intersection on the two terms.

[0040] If the user enters a "6", the system returns top M records 506 having associated

descriptive terms matching the prefix "86". As above, the user can choose to enter more prefix

characters for the term "TOMMY", following nodes 507 through 508, and then begin to enter the

prefix for the term "BOY" (represented by nodes not shown at 509). In the alternative, the user

can enter a "0" for a space character (at node 507) and begin to enter prefix characters for the

term "BOY", starting at node 510. With each entry, the system responds with items from the top



M records, items from the secondary storage, and/or items from a dynamic intersection as

described above.

[0041] The embodiments described above provide error-resilience by applying the error

models disclosed to the descriptive terms and phrases on a pre-computed basis. However, other

embodiments of the invention provide for applying the error models disclosed on the user input

in real time. For example, error-resilient variants of the user input can be formed using the

techniques described above, and these variants can be matched against a catalog of descriptive

terms and phrases in order to find desired content items. For some of the techniques, the inverse

operation of the technique would be performed on the user input, e.g., the ambiguous numeric

user input would be decoded into the possible unambiguous alphanumeric string combinations.

Yet further embodiments include applying the disclosed techniques in a combined fashion with

some of the techniques being applied on a pre-computed basis, while others are performed in real

time.

[0042] Embodiments can have mapping logic that cooperates with a database containing

content items and descriptive terms and phrases to identify content items most likely to be of

interest to the user based on the user's search input. This mapping logic can perform a database

lookup given a particular search input string, and the logic can handle variants of the search input

string and/or variants of the descriptive terms and phrases created according to the error models

described above. For example, the mapping logic can generate input string variants in real time

according to the error models provided above and use these variants to perform a database

lookup. Likewise, the mapping logic can use an input string to perform a database lookup in

which the database contains pre-computed variants of descriptive terms and phrases created

according to the error models. Ih either embodiment, the mapping logic handles variants and

performs a database lookup to determine the most likely content items sought by the user.

[0043] Embodiments of the invention can be used with devices that have a physical keypad

with overloaded keys or with virtual keypads having overloaded keys. U.S. Patent Application

No. 11/509,909, filed August 25, 2006, entitled "User Interface For Visual Cooperation Between

Text Input And Display Device", herein incorporated by reference, describes systems and

methods for entering text into a search interface using an image of a virtual user alphanumeric

interface on a presentation device. Embodiments of the present invention can be used with the



virtual keypads described in that application. Thus, the user may provide search input through

physical keystrokes on a physical keypad or through virtual keystrokes on a virtual keypad.

[0044] As will be realized, the invention is capable of other and different embodiments and

its several details may be capable of modifications in various respects, all without departing from

the invention as set out in the appended claims. For example, records from the secondary data

sources mentioned above can be retrieved in parallel with those taken from the top M records,

and the records can be presented to the user as they become available. Accordingly, the

drawings and description are to be regarded as illustrative in nature and not in a restrictive of

limiting sense, with the scope of the application being indicated in the claims.

[0045] What is claimed is:



1. A user-interface system for incrementally finding and presenting one or more content

items in response to keystrokes entered by a user on an input device having a known layout of

overloaded keys selected from a set of key layouts, each overloaded key having a corresponding

set of alphanumeric symbols, the system comprising:

a database stored in an electronically readable medium, the database containing content

items and corresponding descriptive terms that characterize the content items;

input logic for receiving keystrokes from the user and building a string corresponding to

incremental entries by the user, each item in the string having the set of alphanumeric

symbols associated with a corresponding keystroke;

mapping logic, cooperating with the database, to map the string to the database to find the

most likely content items corresponding to the incremental entries, the mapping logic

operating in accordance with a defined error model, the error model corresponding to

the known layout of overloaded keys of the input device; and

presentation logic for ordering the most likely content items identified by the mapping

logic and for presenting on a display device the most likely content items in

accordance with defined ordering criteria;

such that the user-interface system receives ambiguous entries from the user and presents

the most likely matching content items.

2. The system of claim 1, wherein the error model includes generating typographic variants

of the descriptive terms that characterize the content items.

3. The system of claim 1, wherein the error model includes generating orthographic variants

of the descriptive terms that characterize the content items.

4. The system of claim 1, wherein the error model includes generating variants based on at

least one of inserting, deleting, substituting, and transposing one or more characters of the

descriptive terms that characterize the content items.



5. The system of claim 1, wherein the error model includes generating N-gram variants of

the descriptive terms that characterize the content items, the N-gram variants including variants

based on nonadjacent characters of the descriptive terms.

6. The system of claim 1, wherein the error model includes distance functions to assign

error penalties to errors occurring in the string.

7. The system of claim 1, wherein the database contains pre-computed variants of the

descriptive terms that characterize the content items and the mapping logic maps the incremental

entries to the pre-computed variants.

8. The system of claim 7, wherein the pre-computed variants are encoded according to the

known layout of overloaded keys of the input device.

9. The system of claim 1, wherein the mapping logic generates variants based on the

incremental entries and uses the variants to find the most likely content items corresponding to

the incremental entries.

10. The system of claim 1, wherein the mapping logic includes dynamic intersection logic,

the dynamic intersection logic for:

identifying a first set of content items corresponding to a first set of alphanumeric

symbols in the string;

identifying a second set of content items corresponding to a second set of alphanumeric

symbols in the string; and

including content items appearing in both the first and second set of content items in the

most likely content items corresponding to the incremental entries.

11. The system of claim 10, wherein the dynamic intersection logic is invoked when the

number of most likely content items returned by the mapping logic without the dynamic

intersection logic is below a predetermined threshold.



12. The system of claim 1, wherein the defined ordering criteria includes at least one of

personalized user preferences, popularity of the content items, temporal relevance of the content

items, location relevance of the content items, recency of the content items, and relevance of the

descriptive terms to the content items.

13. The system of claim 1, wherein the string is mapped to the database according to a trie

descend.

14. The system of claim 1, wherein the input device is an input constrained device.

15. The system of claim 1, wherein the input device is a wireless communication device, a

mobile phone, a PDA, a personal media player, or a television remote control.

16. The system of claim 1, wherein the display device is a display constrained device.

17. The system of claim 1, wherein the display device is a wireless communication device, a

mobile phone, a PDA, a personal media player, or a television.

18. The system of claim 1, wherein the input device and the display device are the same

device.
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