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ABSTRACT

In one example, a computing device includes at least one
processor that is operatively coupled to a presence-sensitive
display and a gesture module operable by the at least one
processor. The gesture module may be operable by the at least
one processor to output, for display at the presence-sensitive
display, a graphical keyboard comprising a plurality of keys
and receive an indication of a continuous gesture detected at
the presence-sensitive display, the continuous gesture to
select a group of keys of the plurality of keys. The gesture
module may be further operable to determine, in response to
receiving the indication of the continuous gesture and based
at least in part on the group of keys of the plurality of keys, a
candidate phrase comprising a group of candidate words.
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INCREMENTAL MULT-WORD
RECOGNITION
RELATED APPLICATION

0001. This application claims the benefit of U.S. Provi
sional Application No. 61/714,696, filed Oct. 16, 2012, the
entire content of which is hereby incorporated by reference.
BACKGROUND

0002 Some computing devices (e.g., mobile phones, tab
let computers, etc.) may provide a graphical keyboard as part
of a graphical user interface for composing text using a pres
ence-sensitive display (e.g., screen). The graphical keyboard
may enable a user of the computing device to enter text (e.g.,
an e-mail, a text message, or a document, etc.). For instance,
a presence-sensitive display of a computing device may
present a graphical (or “soft') keyboard that enables the user
to enter data by indicating (e.g., by tapping) keys displayed at
the presence-sensitive display.
0003 Gesture-based keyboards may be used to input text
into a Smartphone. Such keyboards may suffer from limita
tions in accuracy, speed, and inability to adapt to the user. In
Some examples, a gesture-based keyboard may include func
tionality to provide word predictions and/or autocorrections
of character strings entered by a user. As a user becomes
accustomed to a gesture-based keyboard, the user may wish
to enter character strings with many characters in a single
gesture. In some examples, prediction and/or autocorrection
accuracy may diminish as the number of characters included
in a single gesture increases.
SUMMARY

0004. In one example, a method includes outputting, by a
computing device and for display at a presence-sensitive dis
play operatively coupled to the computing device, a graphical
keyboard comprising a plurality of keys, and receiving, by the
computing device, an indication of a gesture detected at the
presence-sensitive display, a first portion of the gesture to
select a first key of the plurality of keys and a second portion
of the gesture to select a second key of the plurality of keys.
The method further includes determining, by the computing
device and based at least in part on the first key, a word-level
token comprising a single string of a plurality of predicted
characters, and determining, by the computing device, that
the word-level token represents a candidate word included in
a lexicon. The method further includes determining, by the
computing device and in response to determining that the
word-level token represents the candidate word in the lexi
con, a phrase-level token based at least in part on the word
level token and the second character key, wherein the phrase
level token comprises a plurality of character Strings.
0005. In another example, a computer-readable storage
medium is encoded with instructions that, when executed,

cause at least one processor of a computing device to output,
for display at a presence-sensitive display operatively
coupled to the computing device, a graphical keyboard com
prising a plurality of keys, and receive an indication of a
continuous gesture detected at the presence-sensitive display,
the continuous gesture to select a group of keys of the plural
ity of keys. The computer-readable storage medium is further
encoded with instructions that, when executed, cause the at

least one processor to determine, in response to receiving the
indication of the continuous gesture to select the group of

keys, a phrase-level token representing a plurality of candi
date words, wherein the phrase-level token comprises a plu
rality of character Strings.
0006. In another example, a device includes at least one
processor that is operatively coupled to a presence-sensitive
display, and a gesture module operable by the at least one
processor to output, for display at the presence-sensitive dis
play, a graphical keyboard comprising a plurality of keys, and
receive an indication of a continuous gesture detected at the
presence-sensitive display, the continuous gesture to select a
group of keys of the plurality of keys. The gesture module is
further operable by the at least one processor to determine, in
response to receiving the indication of the continuous gesture
and based at least in part on the group of keys of the plurality
of keys, a candidate phrase comprising a group of candidate
words.

0007. The details of one or more examples of the disclo
Sure are set forth in the accompanying drawings and the
description below. Other features, objects, and advantages
will be apparent from the description and drawings, and from
the claims.
BRIEF DESCRIPTION OF DRAWINGS

0008 FIG. 1 is a block diagram illustrating an example
computing device that may be used to incrementally deter
mine text from a gesture, in accordance with one or more
techniques of the present disclosure.
0009 FIG. 2 is a block diagram illustrating further details
of one example of a computing device as shown in FIG. 1, in
accordance with one or more techniques of the present dis
closure.

0010 FIGS. 3A-C are block diagrams illustrating further
details of one example of a computing device shown in FIG.
1, in accordance with one or more techniques of the present
disclosure.

0011 FIGS. 4A-B are flow diagrams illustrating example
operations of a computing device to determine a candidate
word and/or phrase from a gesture, in accordance with one or
more techniques of the present disclosure.
0012 FIG. 5 is a flow diagram illustrating example opera
tions of a computing device to determine a candidate word
and/or phrase from a gesture, in accordance with one or more
techniques of the present disclosure.
0013 FIG. 6 is a block diagram illustrating an example
computing device that outputs graphical content for display at
a remote device, in accordance with one or more techniques
of the present disclosure.
DETAILED DESCRIPTION

0014. In general, this disclosure is directed to techniques
for incrementally determining one or more candidate words
of a candidate phrase based on a detected gesture (e.g., a
gesture to select a sequence of characters included in agraphi
cal keyboard). In some examples, a presence-sensitive dis
play device that displays a graphical keyboard may also
detect gestures. The presence-sensitive display (e.g., a touch
sensitive screen) may enable a user to input text by detecting
user inputs in the form of gestures performed at or near the
presence-sensitive display. In certain examples, a user may
enter a string of text (for example a word or phrase), by
performing one or more gestures at or near the presence
sensitive display. Techniques described herein may improve a
user's ability to enter Such text using a graphical keyboard.
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0015 For instance, rather than performing multiple dis
crete gestures to input a single word or phrase (e.g., multiple
touch gestures, each discrete touch gesture to select a char
acter of the word or phrase), techniques of this disclosure may
enable a user to perform a single gesture that indicates the
word or phrase. As an example, using techniques of this
disclosure, a user may perform a continuous motion gesture
that indicates a multi-word phrase without removing an input
unit used to provide the gesture (e.g., a finger, pen, stylus, and
the like) from the presence-sensitive display.
0016. As the user performs the gesture, the computing
device may incrementally determine a group of keys of the
graphical keyboard indicated by the gesture. The incremental
determinations may include searching for one or more points
of a gesture that each align with a given keyboard position of
a key that corresponds to a given letter. The search may
include selecting a point of the gesture that best aligns with
the letter of the keyboard.
0017. To determine candidate words indicated by the ges
ture, the computing device may determine one or more word
level tokens, each of which includes a string of predicted
characters indicated by the gesture. Each word-level token
may be a prefix of one or more words included in a lexicon
(e.g., dictionary). The computing device may determine one
or more candidate words indicated by the gesture based on the
word-level token. To determine candidate phrases, the com
puting device may determine one or more phrase-level
tokens, each of which includes a plurality of character strings
indicated by the gesture. That is, in addition to representing a
prefix of one or more words included in the lexicon, a word
level token may itself represent a complete word included in
the lexicon. A word-level token that represents a candidate
word included in the lexicon may indicate that the next key
indicated by the gesture represents the start of a new candi
date word. As such, in response to determining that a word
level token represents a candidate word in the lexicon, the
computing device may determine a phrase-level token that
includes multiple character strings. As the user provides the
gesture, the computing device may incrementally determine
one or more candidate words and one or more candidate

phrases indicated by the gesture.
0018. As such, using techniques described herein, a com
puting device may determine one or more probable interpre
tations for a gesture based at least in part on both the gesture
and various states in a lexicon in parallel. In this way, tech
niques disclosed herein may incrementally match the gesture
to words and phrases in a data structure, such as a lexicontrie,
one node/letter at a time, using a spatial and/or lexical gesture
model.

0019. By enabling the user to enter a multi-word phrase
with a single gesture and performing incremental determina
tions to identify candidate words included in the phrase, tech
niques of this disclosure may enable the user to increase the
rate at which text is entered. Consequently, techniques of the
disclosure may relieve a user from performing a tap gesture
for each letter of each word in a phrase, which may be difficult
for a user and/or may result in a decreased text-entry rate due
to the requirement that the user's finger discretely contact
individual keys. Moreover, the user can, with a single gesture,
select a number of keys that correspond to characters of
multiple words in a phrase. In this way, the user can continu
ously Swipe to select numerous characters, and techniques of
the disclosure may automatically and incrementally deter
mine whether the characters correspond to a single word or a

phrase that includes a group of words. The techniques may
also reduce a user's effort to accurately contact individual
keys.
0020 FIG. 1 is a block diagram illustrating an example
computing device 2 that may be used to incrementally deter
mine text from a gesture, in accordance with one or more
techniques of the present disclosure. In some examples, com
puting device 2 may be associated with user 18. A user asso
ciated with a computing device may interact with the com
puting device by providing various user inputs into the
computing device.
0021 Examples of computing device 2 may include, but
are not limited to, portable or mobile devices such as mobile
phones (including Smartphones), laptop computers, desktop
computers, tablet computers, Smart television platforms,
cameras, personal digital assistants (PDAs), servers, main
frames, etc. As shown in the example of FIG. 1, computing
device 2 may be a tablet computer. Computing device 2, in
Some examples, may include user interface (UI) device 4, UI
module 6, gesture module 8, and language model 10. Other
examples of computing device 2 that implement techniques
of this disclosure may include additional components not
shown in FIG. 1.

0022 Computing device 2 may include UI device 4. In
Some examples, UI device 4 may be configured to receive
tactile, audio, or visual input. UI device 4, as shown in FIG. 1,
may include a touch-sensitive and/or presence-sensitive dis
play or any other type of device for receiving input. UI device
4 may output content such as graphical user interface (GUI)
12 for display. In the example of FIG. 1, UI device 4 may be
a presence-sensitive display that may display a graphical user
interface and receive input from user 18 using capacitive,
inductive, and/or optical detection at or near the presence
sensitive display.
0023. As shown in FIG. 1, computing device 2 may
include UI module 6. UI module 6 may perform one or more
functions to receive input, such as user input, and send Such
input to other components associated with computing device
2. Such as gesture module 8. For example, UI module 6 may
determine a gesture performed by user 18 at UI device 4. UI
module 6 may also receive data from components associated
with computing device 2. Such as gesture module 8. Using the
data, UI module 6 may cause other components associated
with computing device 2. Such as UI device 4, to provide
output based on the data. For instance, UI module 6 may
receive data from gesture module 8 that causes UI device 4 to
display information at committed-text region 14 of GUI 12.
0024 UI module 6 may be implemented in various ways.
For example, UI module 6 may be implemented as a down
loadable or pre-installed application or “app. In another
example, UI module 6 may be implemented as part of a
hardware unit of computing device 2. In another example, UI
module 6 may be implemented as part of an operating system
of computing device 2.
0025 Computing device 2, in some examples, includes
gesture module 8. Gesture module 8 may include functional
ity to perform a variety of operations on computing device 2.
Such as functionality to incrementally determine text from a
gesture in accordance with the techniques described herein.
Gesture module 8 may be implemented in various ways. For
example, gesture module 8 may be implemented as a down
loadable or pre-installed application or “app. In another
example, gesture module 8 may be implemented as part of a
hardware unit of computing device 2. In another example,
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gesture module 8 may be implemented as part of an operating
system of computing device 2.
0026 Gesture module 8 may receive data from compo
nents associated with computing device 2. Such as UI module
6. For instance, gesture module 8 may receive gesture data
from UI module 6 that causes gesture module 8 to determine
text from the gesture data. In some examples, gesture module
8 determines one or more locations of UI device 4 that are

touched or otherwise detected in response to a user gesture,
based on information received from UI module 6. In some

examples, gesture module 8 can determine one or more fea
tures associated with a gesture. Such as the Euclidean distance
between two alignment points, the length of a gesture path,
the direction of a gesture, the curvature of a gesture path, the
shape of the gesture, and maximum curvature of a gesture
between alignment points, speed of the gesture, etc. Gesture
module 8 may also send data to components associated with
computing device 2. Such as UI module 6. For instance,
gesture module 8 may send text determined from the gesture
data to UI module 6 that causes UI device 4 to display GUI 12.
0027. As shown in FIG. 1, GUI 12 may be a user interface
generated by UI module 6 that allows user 18 to interact with
computing device 2. GUI 12 may include graphical content.
Graphical content, generally, may include text, images, a
group of moving images, etc. As shown in FIG. 1, graphical
content may include graphical keyboard 16, committed-text
region 14, and text-Suggestion regions 24A-C (collectively
“text-Suggestion areas 24). Graphical keyboard 16 may
include a plurality of keys, such as “Q' key 20A, “W' key
20B, “E” key 20O, “R” key 20D, “A” key 20E, “S” key 20F,
“I” key 20G, “O'” key 20H, “M” key 20J, and “N” key 20K. In
Some examples, each of the plurality of keys included in
graphical keyboard 16 represents a single character. In other
examples, one or more of the plurality of keys included in
graphical keyboard 16 represents a group of characters
selected based on a plurality of modes.
0028. In some examples, committed-text region 14 may
include characters or other graphical content that are included
in, for example, a text-message, a document, an e-mail mes
sage, a web browser, and the like. For instance, committed
text region 14 may include characters or other graphical con
tent that are selected by user 18 via gestures performed at UI
device 4. In some examples, text-Suggestion regions 24 may
each display a word and/or multi-word phrase. As illustrated
in the example of FIG. 1, text-suggestion regions 24 may be
different regions of GUI 12 than committed-text region 14. In
other examples, text-Suggestion regions 24 may be a single
region of GUI 12, and may include one or more regions of
GUI 12 that are the same as committed-text region 14. Simi
larly, while illustrated as separate regions in the example of
FIG. 1, text-Suggestion regions 24, in some examples, may be
a single region of GUI 12.
0029 UI module 6 may cause UI device 4 to display
graphical keyboard 16 and detect a gesture having gesture
path 22 which is incrementally determined by gesture module
8 in accordance with techniques described herein. Addition
ally, UI module 6 may cause UI device 4 to display a candi
date word and/or phrase determined from the gesture in one or
more of text-Suggestion regions 24.
0030 Graphical keyboard 16 may be displayed by UI
device 4 as an ordered set of selectable keys. Keys may
represent a single character from a character set (e.g., letters
of the English alphabet), or may represent combinations of
characters. One example of a graphical keyboard may include

a traditional “QWERTY' keyboard layout. Other examples
may contain characters for different languages, different
character sets, or different character layouts. As shown in the
example of FIG. 1, graphical keyboard 16 includes a version
of the traditional “QWERTY' keyboard layout for the
English language providing character keys as well as various
keys (e.g., the "2123 key) providing other functionality.
0031 Computing device 2, in some examples, includes
language model 10. Language model 10 may include a lexi
con. In some examples, a lexicon may include a listing of
words and may include additional information about the
listed words. A lexicon may be represented by one or more
data structures, such as by one or more of an array, a list, a
tree, or other data structures. For example, language model 10
may include a lexicon stored in a trie data structure. Alexicon
trie data structure may include a plurality of nodes. Each node
of the lexicon trie may represent a letter. The first node in a
lexicon trie may be considered an entry node, which may not
correspond to a letter. In other examples, the entry node may
correspond to a letter. Each node may have one or more child
nodes. For instance, the entry node may have twenty-six child
nodes, each corresponding to a letter of the English alphabet.
0032. A subset of the nodes in a lexicon trie may each
include a flag which indicates that the node is a terminal node.
Each terminal node of a lexicon trie may indicate a complete
word (e.g., a candidate word) included in the lexicon. The
letters indicated by the nodes along a path of nodes from the
entry node to a terminal node may spell out a word indicated
by the terminal node. In some examples, language model 10
may be a default dictionary installed on computing device 2.
In certain examples, language model 10 may include a group
of predefined phrases installed on computing device 2. In
other examples, language model 10 may include multiple
Sources of lexicons, which may be stored at computing device
2 or stored at one or more remote computing devices that are
accessible to computing device 2 via one or more communi
cation channels.

0033. In some examples, language model 10 may be
implemented in the firmware of computing device 2. Lan
guage model 10 may include language model frequency
information Such as n-gram language models. An n-gram
language model may provide a probability distribution for an
item x, (letter, word, punctuation character or other delimiter)
in a contiguous sequence of items based on the previous items

in the sequence (i.e., P(x,x,

..., x,-1)). For instance, a

bigram language model (an n-gram model where n=2), may
provide a probability that the letter “w” follows the sequence
of letters 'no'. As another example, a trigram language model
(an n-gram model where n=3) may provide a probability that
the word “to follows the sequence of words “we aim’. In
certain examples, a trigram language model may provide a
probability that a delimiter character (e.g., a comma delimiter
character, a period delimiter character, a semicolon delimiter
character) is positioned between a first character string and a
second character string. For instance, a trigram language
model may provide a probability that a comma delimiter
character is positioned between a first character string
“example” and a second character string “the.” In some
examples, language model 10 includes a lexicon trie with
integrated language model frequency information. For
instance, each node of the lexicon trie may include a repre
sentation of a letter and a probability value.
0034 Techniques of the present disclosure may improve
the speed and accuracy with which a user can entertext into a
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computing device. Using techniques of this disclosure, a user
may, instead of performing a discrete gesture for each key of
a word, perform a single gesture that indicates the word.
Similarly, according to techniques described herein, a user
may perform a single gesture that indicates characters of
multiple words (e.g., two words, three words, five words, or
other numbers of words) in a phrase.
0035. As the user performs the gesture, the computing
device may incrementally determine a group of keys indi
cated by the gesture. Each key may be associated with one or
more characters. The computing device may determine,
based on the determined group of keys, one or more word
level tokens, each of the word-level tokens including a single
string of a plurality of predicted characters. The computing
device may determine one or more candidate words indicated
by the gesture based on the word-level tokens. In addition, the
computing device may determine that a word-level token
itself represents a complete word included in a lexicon. In
response, the computing device may determine a phrase-level
token that includes a plurality of character strings. For
instance, the computing device may determine the phrase
level token as a combination of the word-level token that

represents the complete word included in the lexicon and
another word-level token that begins with a next selected key
indicated by the gesture. By incrementally decoding the ges
ture as it is being performed, the user may be presented with
a candidate word and/or phrase with minimal post-gesture
entry processing time. Moreover, by enabling the user to enter
a word and/or phrase with a single gesture, techniques of this
disclosure may enable the user to increase the rate at which
text is entered.

0036. As shown in the example of FIG. 1, UI module 6
may output GUI 12 including graphical keyboard 16 for
display at UI device 4. UI device 4 (e.g., a presence-sensitive
and/or touch-sensitive display) may detect a gesture to select
one or more keys of graphical keyboard 16. In one example,
the gesture may be a continuous motion gesture that includes
a motion of an input unit (e.g., a finger, pen, stylus, etc.) from
a first location of UI device 4 to a second location of UI device

4 such that the gesture performed from the first location to the
second location is detected by UI device 4 throughout the
performance of the gesture. For instance, such as when UI
device 4 includes a touch-sensitive display, the gesture may
include a motion of an input unit from the first location to the
second location with Substantially constant contact between
the input unit and UI device 4. As illustrated in the example of
FIG. 1, UI device 4 may detect a gesture including gesture
path 22 provided by a finger of user 18 from a location of UI
device 4 that displays “W' key 20B to a location of UI device
4that displays “M” key 20J along gesture path 22 such that UI
device 4 detects the finger throughout gesture path 22.
0037. The gesture may include a plurality of portions. In
Some examples, the gesture may be divided into portions with
substantially equivalent time durations. Where the gesture
includes a plurality of portions, the gesture may include a
final portion which may be a portion of the gesture detected
prior to detecting that the gesture is complete. For instance, a
portion of the gesture may be designated as the final portion
where user 18 moves his/her finger out of proximity with UI
device 4 such that the finger is no longer detected by UI device
4

0038. As illustrated, user 18 may perform a gesture to
select a group of keys of the plurality of keys. In the example
of FIG. 1, UI module 6 may incrementally detect the gesture

having gesture path 22 at the presence-sensitive display as
user 18 performs the gesture by tracing gesture path 22
through or near keys of keyboard 16 that correspond to the
characters of a desired phrase (e.g., the characters corre
sponding to the phrase “we aim, represented by “W' key
20B, “E” key 20O, “A” key 20E, “I” key 20G, and “M” key
20J). UI module 6 may send data that indicates gesture path
22 to gesture module 8. In some examples, UI module 6
incrementally sends data indicating gesture path 22 to gesture
module 8 as gesture path 22 is detected by UI device 4 and
received by UI module 6. For instance, UI module 6 may send
a stream of coordinate pairs indicating gesture path 22 to
gesture module 8 as gesture path 22 is detected by UI device
4 and received by UI module 6. As in the example of FIG. 1,
gesture module 8 may receive an indication of gesture path 22
from UI module 6, including portion 22A of gesture path 22
to select “E” key 20O and portion 22B of gesture path 22 to
select “A” key 20E.
0039. In response to receiving data that represents gesture
path 22, gesture module 8 may determine one or more word
level tokens, each of the word-level tokens including a single
string of a plurality of predicted characters. For example,
based at least in part on the indication of portion 22A of
gesture path 22, gesture module 8 may determine one or more
word-level tokens, each of the word-level tokens including a
single string of predicted characters indicated by portion 22A.
As an example, gesture module 8 may determine a first word
level token as the string of predicted characters “qe' corre
sponding to an indication of a predicted selection of "Q” key
20A and “E” key 20O. Similarly, gesture module 8 may
determine a second word-level token as the string of predicted
characters “we” corresponding to an indication of a predicted
selection of “W' key 20B and “E” key 20O. Gesture module
8 may incrementally determine multiple such word-level
tokens based at least in part on one or more selected keys of
graphical keyboard 16. Each character of each word-level
token may be associated with a region of UI device 4 that
displays a key corresponding to the character. Gesture mod
ule 8 may determine the one or more word-level tokens based
on observed touch points relative to the area of UI device 4
that displays the one or more keys corresponding to the one or
more characters of the word-level token.

0040. Each of the word-level tokens including the single
string of predicted characters may be a prefix of a word
included in the lexicon. Gesture module 8 may determine one
or more candidate words based at least in part on the one or
more word-level tokens. A candidate word may be a word
Suggested to the user that is composed of a group of keys
indicated by gesture path 22. As an example, as described
above, gesture module 8 may determine one or more word
level tokens in response to receiving an indication of portion
22A of gesture path 22, such as a first word-level token
including the string of predicted characters 'qe', a second
word-level token including the String of predicted characters
“we”, a third word-level token including the string of pre
dicted characters “wr', or other word-level tokens. One or

more of the word-level tokens may be a prefix of a word
included in a lexicon. Gesture module 8 may, in certain
examples, incrementally determine one or more candidate
words as one or more of the words included in the lexicon for

which a word-level token is a prefix.
0041 Additionally, one or more of the word-level tokens
may represent a candidate word included in the lexicon. For
instance, in the present example, gesture module 8 may deter
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mine that the second word-level token including the string of
predicted characters “we”, in addition to being a prefix of
words included in the lexicon (e.g., the words “went”, “were’,
etc.), itself represents a candidate word included in the lexi
con (i.e., the word “we” in the English language). As such,
gesture module 8 may determine that a next selected key
indicated by gesture path 22, rather than representing a next
letter of a word for which the string of characters “we” is a
prefix, may represent a first letter of a next word. In response
to determining that the word-level token represents the can
didate word in the lexicon, gesture module 8 may determine
a phrase-level token based at least in part on the word-level
token and a next predicted character key as indicated by
gesture path 22.
0042. For example, as illustrated in the example of FIG. 1,
UI module 6 may receive an indication of portion 22B of
gesture path 22 detected at UI device 4. Gesture module 8
may receive data from UI module 6 corresponding to the
indication of portion 22B of gesture path 22. In response to
determining that the word-level token including the single
string of predicted characters “we” represents a candidate
word included in the lexicon, gesture module 8 may generate
a phrase-level token based at least in part on a next selected
character as indicated by portion 22B of gesture path 22. For
instance, gesture module 8 may determine a phrase-level
token including the plurality of characterstrings “we” and “a
separated by a space character. That is, the phrase-level token
may include the word-level token that represents the candi
date word in the dictionary and a next word-level token that
begins with the next predicted character as indicated by por
tion 22B of gesture path 22.
0043 Gesture module 8 may determine candidate phrases
based on the phrase-level token, Such as by determining a
candidate phrase as a combination of the word-level token
that represents the candidate word in the dictionary and a
candidate word for which the next word-level token that

begins with the next predicted character is a prefix. As an
example, gesture module 8 may determine one or more can
didate phrases, such as the phrase “we are’, the phrase “we
ask', and the like. In some examples, gesture module 8 may
cause UI module 6 to output one or more of the candidate
phrases for display at text-Suggestion regions 24.
0044. In addition to determining the phrase-level token
based at least in part on the indication of the next selected
character, gesture module 8 may determine a word-level
token based at least in part on the next selected character. For
example, gesture module 8 may determine a phrase-level
token based at least in part on the word-level token including
the plurality of character strings “we” and “a separated by a
space character, and may determine a word-level token that
includes the single string of predicted characters “wea'. That
is, gesture module 8 may incrementally determine predicted
words and predicted phrases indicated by gesture path 22 in
parallel, thereby enabling a user to provide one continuous
gesture to select a group of keys included in both candidate
words and candidate phrases.
0045 Gesture module 8 may determine the one or more
word-level tokens and phrase-level tokens by determining a
group of alignment points traversed by gesture path 22, deter
mining respective cost values for each of at least two keys of
the plurality of keys, and comparing the respective cost values
for at least each of at least two keys of the plurality of keys, as
further described below.

0046. An alignment point is a point along gesture path 22
that may indicate a key of the plurality of keys included in
graphical keyboard 16. An alignment point may include one
or more coordinates corresponding to the determined position
of the alignment point. For instance, an alignment point may
include Cartesian coordinates corresponding to a point on
GUI 12.

0047. In some examples, gesture module 8 determines the
group of alignment points traversed by gesture path 22 based
on a plurality of features associated with gesture path 22. The
plurality of features associated with gesture path 22 may
include a length of a segment of gesture path 22. For instance,
gesture module 8 may determine the length along the gesture
segment from a previous alignment point and the current
alignment point. Forbetter alignments, the length will more
closely approximate the Straight-line distance between to two
corresponding keyboard letters.
0048. In another example, gesture module 8 may deter
mine a direction of a segment from a first point to a second
point of gesture path 22 to determine the group of alignment
points. For better alignments, the direction of the segment
will more closely approximate the direction of a straight line
from between two corresponding keyboard letters.
0049. In some examples, gesture module 8 may determine
features of gesture path 22 Such as a curvature of a segment of
gesture path 22, a local speed representing a rate at which a
segment of path 22 was detected, and a global speed repre
senting a rate at which gesture path 22 was detected. Ifgesture
module 8 determines a slower speed or pause for the local
speed, gesture module 8 may determine that a point at the
segment is more likely to be an alignment point. If gesture
module 8 determines that a gesture was drawn quickly, ges
ture module 8 may determine that the gesture is more likely to
be imprecise and therefore gesture module 8 may apply a
greater weight on the language module (i.e., n-gram frequen
cies) than the spatial model. In one example, gesture module
8 may determine analignment point of the group of alignment
points based on a segment of gesture path 22 having a high
curvature value. Additionally, gesture module 8 may deter
mine an alignment point of the group of alignment points
based on a segment of gesture path 22 having a low local
speed (i.e., the user's finger slowed down while performing
the segment of the gesture). In the example of FIG. 1, gesture
module 8 may determine a first alignment point at the start of
gesture path 22, a second alignment point at the point where
gesture path 22 experiences a significant change in curvature,
and a third alignment point at the end of gesture path 22. In
still other examples, techniques of the disclosure may identify
a shape of the gesture as a feature and determine an alignment
point based on the shape of the gesture.
0050. In some examples, gesture module 8 may determine
respective cost values for each of at least two keys of the
plurality of keys included in keyboard 16. Each of the respec
tive cost values may represent a probability that an alignment
point indicates a key. In some examples, the respective cost
values may be based on physical features of the gesture path,
the alignment point, and/or the key. For instance, the respec
tive cost values may be based on the physical location of the
alignment point with reference to the physical location of the
key.
0051. In some examples, the respective cost values may be
based on language model 10. For instance, the respective cost
values may be based on the probability that a second key will
be selected after a first key (e.g., the probability that the “e'
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key will be selected after the “w” key). As another example,
the respective cost values may be based on the probability that
a second candidate word will follow a first candidate word

(e.g., the probability that the candidate word "aim will fol
low the candidate word “we”). In certain examples, the keys
for which respective cost values are determined are selected
based at least in part on language model 10. In some
examples, the cost values are lower where there is a greater
likelihood that an alignment point indicates a key. In other
examples, the cost values are higher where there is a greater
likelihood that an alignment point indicates a key.
0052. In certain examples, language model 10 may
include frequency information regarding a probability that
one or more delimiter characters are positioned between a
first character string and a second character string of a phrase
level token. For instance, a phrase-level token may include a
first character string including the characters “John' and a
second character string including the characters “this. In
Such an example, language model 10 (e.g., an n-gram lan
guage model) may include frequency information indicating
a probability that one or more delimiter characters are posi
tioned between the first character String (e.g., the character
string "John') and the second character String (e.g., the char
acter string “this').
0053 For instance, language model 10 may include fre
quency information indicating a probability that a comma
delimiter is positioned between the first character string
"John” and the second character string “this”. In some
examples, computing device 2 may determine a phrase-level
token as including one or more delimiter characters posi
tioned between the first character string and the second char
acter string based at least in part on the probability indicated
by language model 10 that the delimiter character is posi
tioned between the first and second character strings of the
phrase-level token. As such, in certain examples, computing
device 2 may automatically insert one or more delimiter
characters in a candidate phrase, thereby enabling a user to
provide a single continuous gesture to select one or more
characters of a phrase without providing an input to affirma
tively select the one or more delimiter characters. As such, in
certain examples, graphical keyboard 16 may not include
keys associated with one or more delimiter characters. For
instance, in some examples, graphical keyboard 16 may not
include keys associated with one or more of a space delimiter
character, a period character, a comma character, a hyphen
character, an apostrophe character, or other delimiter charac
terS.

0054 Examples of such delimiter characters may include,
but are not limited to, one or more of a comma delimiter

character, a period delimiter character, a semicolon delimiter
character, a question mark delimiter character, a hyphen
delimiter character, an apostrophe delimiter character, or
otherpunctuation delimiter characters. In general, a delimiter
character may include any character (e.g., punctuation char
acter or otherwise) that may be used to separate or otherwise
delimit characters or strings of characters. As an example, in
the example of FIG. 1, language model 10 may include a
probability that a comma delimiter character is positioned
between the character string “We’ and the character string
"aim’. As another example, language model 10 may include
a probability that a period delimiter character is positioned
between the character string “West' and the character string
& G.

O.
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0055. In some examples, language model 10 may include
a probability that more than one delimiter character is posi
tioned between the first and second character strings. For
instance, a first character string may include the characters
"e.g. and a second character string may include the characters
“the'. In Such an example, language model 10 may include a
probability that both a period delimiter character and a
comma delimiter character are positioned between the first
and second character Strings, such that the phrase-level token
includes the phrase "e.g., the” (i.e., the first character string
“i.e' followed by a period delimiter character and a comma
delimiter character). As another example, language model 10
may include a probability that multiple delimiter characters,
Such as a period delimiter character and two space delimiter
characters are positioned between the first and second char
acter strings. For instance, a first character string may include
the characters “end” and a second character string may
include the characters “next. In such an example, language
model 10 may include a probability that a period delimiter
character and two space delimiter characters are positioned
between the first and second character Strings. Such that the
phrase-level token includes the phrase “end. Next'.
0056 Gesture module 8 may, in certain examples, insert
one or more delimiter characters between a first character

string of a phrase-level token and a second character string of
the phrase-level token. For example, gesture module 8 may
compare the probability that the one or more delimiter char
acters are positioned between the first and second character
strings to a threshold value (e.g., a threshold probability, such
as sixty percent, seventy percent, ninety percent, or other
probabilities). Gesture module 8 may insert the one or more
delimiter characters between the first and second character

strings when the determined probability satisfies the thresh
old value, such as when the determined probability is greater
than (or equal to) the threshold value.
0057. In some examples, gesture module 8 may determine
a first phrase-level token that does not include the one or more
delimiter characters and a second phrase-level token that
includes the one or more delimiter characters. In Such

examples, gesture module 8 may determine respective cost
values for each of the characters included the first phrase
level token that does not include the one or more delimiter

characters. Similarly, gesture module 8 may determine
respective cost values for each of the characters included in
the second phrase-level token that includes the one or more
delimiter characters. Gesture module 8 may determine one or
more candidate phrases based at least in part on the respective
cost values for the first phrase-level token and the second
phrase-level token. In Such a way, gesture module 8 may
incrementally determine one or more candidate phrases indi
cated by a gesture, the one or more candidate phrases includ
ing one or more delimiter characters positioned between char
acter strings of the candidate phrase.
0058. In the example of FIG. 1, gesture module 8 may
determine a first cost value representing a probability that the
first alignment point indicates “Q' key 20A and a second cost
value representing a probability that the first alignment point
indicates “W' key 20B. Similarly, gesture module 8 may
determine a third cost value representing a probability that the
second alignment point indicates “E” key 20O and a fourth
cost value representing a probability that the second align
ment point indicates “R” key 20D. In this way, gesture mod
ule 8 may incrementally determine cost values, each repre
senting a probability that an alignment point indicates a key of
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the plurality of keys included in graphical keyboard 16. For
instance, gesture module 8 may determine cost values repre
senting probabilities that alignment points indicate 'A' key
20E, “S” key 20F, “I” key 20G, “O'” key 20H, “M” key 20J,
“N' key 20K, or other keys included in the plurality of keys.
0059 Gesture module 8 may compare the respective cost
values for at least two keys of the plurality of keys to deter
mine a combination of keys having a combined cost value that
satisfies a threshold. A combined cost value may represent a
probability that gesture path 22 indicates a combination of
keys. Gesture module 8 may compare the respective cost
values for at least two keys of the plurality of keys to deter
mine which of the at least two keys is indicated by an align
ment point. Gesture module 8 may determine a combination
of keys by determining which keys are indicated by each
alignment point. In some examples, gesture module 8 deter
mines which of the at least two keys is indicated by an align
ment point without regard to which keys are indicated by
other alignment points. In other examples, gesture module 8
determines which of the at least two keys is indicated by the
alignment point based on which keys are indicated by other
alignment points. In Such examples, gesture module 8 may
revise the determination of which key is indicated by a pre
vious alignment point based on the respective cost values for
a current alignment point.
0060. In some examples, gesture module 8 may compare
the combined cost value of a determined combination of keys
with a threshold value. In some examples, the threshold value
nation of keys. For instance, gesture module 8 may determine
a first combination of keys having a first combined cost value
and a second combination of keys having a second combined
cost value. In Such an instance, gesture module 8 may deter
mine that a candidate word or phrase is based on the combi
nation of keys with the lower combined cost value. In the
example of FIG. 1, gesture module 8 may compare the deter
mined respective cost values to determine a combination of
keys (i.e., “W, “E”, “A”, “I’, and “M”) having a combined

a next selected key should be included in a next word of a
candidate phrase. Such as by pausing for a threshold time
duration at or near the last letter of a word prior to extending
the gesture to the first letter of the next word, or performing a
motion gesture at or near the last letter of a word prior to
extending the gesture to the first letter of the next word (e.g.,
a looping gesture, an upward motion gesture, a downward
motion gesture, a motion gesture in a direction toward a space
key, etc). In another alternative embodiment, rather than
using a trie based search as described using techniques of the
disclosure, gesture module 8 may maintain a separate ges
ture-specific word list or dictionary.
0063. In some examples, techniques of the disclosure pro
vide for efficient performance on computing devices, for
instance, recognizing gestures infewer than 100 milliseconds
in some cases. Techniques of the disclosure may also use the
default dictionary installed on the mobile device rather than
using a dedicated gesture dictionary that may be maintained
separately and use additional storage resources. In this way,
techniques of the disclosure may reduce storage requirements
by using a dictionary that is already stored by a default input
entry system. Moreover, the dictionary may be implemented
efficiently as a compact lexicon trie. Using a default dictio
nary already provided on a computing device also provides
ready Support foreign languages, contact names, and user
added words in accordance with techniques of the disclosure.
By using, e.g., a lexicon trie and the default dictionary, tech
niques of the disclosure may integrate the language model
frequencies (i.e., n-gram probabilities) into the gesture inter
pretation, thereby allowing the search techniques to concen
trate on the most promising paths for candidate words based
on both the shape of the gesture and the probability of the
word being considered.
0064. Additionally, by incrementally determining the
selected keys of the plurality of keys indicated by the gesture
using both a spatial model and a language model, techniques
described herein may enable the computing device to deter
mine a candidate word and/or phrase that is not included in

cost value.

the lexicon. For instance, based on a combination of the

is the combined cost value of a different determined combi

0061. In some examples, gesture module 8 begins to deter
mine a candidate word and/or phrase prior to the time in
which UI device 4 completes detecting gesture path 22. In the
example of FIG. 1, rather than determining the candidate
word and/or phrase after UI device 4 completes detecting
gesture path 22, gesture module 8 may determine a plurality
of words and/or phrases as gesture path 22 is detected, such as
“we”, “went”, “wear”, “we are “we aim, and “we aimed”.

Additionally, in the example of FIG. 1, gesture module 8 may
contemporaneously revise the determined plurality of words
as gesture path 22 is detected, such as revision of “we” to
“wear. Furthermore, rather than determining the candidate
word and/or phrase based on a geometric shape of the gesture,
techniques of the disclosure may determine a candidate word
and/or phrase based on a group of characters indicated by the
gesture. Gesture module 8 may send the determined word
and/or phrase to UI module 6 which may then cause UI device
4 to display the word and/or phrase (e.g., the phrase “we aim”
in committed-text region 14 of GUI 12.
0062. In some alternative embodiments, a user can pro
vide an indication that a character associated with a key
should be included in the candidate word and/or phrase, such
as by pausing for a threshold time durationata key to indicate
that the character should be included in the candidate word

and/or phrase. Similarly, a user may provide an indication that

spatial model including a determination of alignment points
traversed by the gesture and other features of the gesture (e.g.,
a local speed of one or portions of the gesture, a global speed
of the gesture, a curvature of one or more portions of the
gesture, etc.) and the language model (e.g., n-gram frequen
cies of predicted characters and/or words), the computing
device may determine that a most probable group of keys
indicated by the gesture includes a group of keys that does not
spell a word included in the lexicon. As such, according to
techniques described herein, the computing device may
enable a user to provide a single gesture to select a group of
keys that does spella word included in the lexicon, such as an
abbreviation or other such character String.
0065 FIG. 2 is a block diagram illustrating further details
of one example of a computing device shown in FIG. 1, in
accordance with one or more techniques of the present dis
closure. FIG. 2 illustrates only one particular example of
computing device 2 as shown in FIG. 1, and many other
examples of computing device 2 may be used in other
instances.

0066. As shown in the specific example of FIG. 2, com
puting device 2 includes one or more processors 40, one or
more input devices 42, one or more communication units 44.
one or more output devices 46, one or more storage devices
48, and user interface (UI) device 4. Computing device 2, in
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one example further includes UI module 6, gesture module 8.
and operating system 58 that are executable by computing
device 2 (e.g., by one or more processors 40). Computing
device 2, in one example, further includes language model 10,
key regions 52, active beam 60, and next beam 56.
0067. Each of components 4, 40, 42, 44, 46, and 48 may be
interconnected (physically, communicatively, and/or opera
tively) for inter-component communications. In some
examples, communication channels 50 may include a system
bus, a network connection, an inter-process communication
data structure, or any other method for communicating data.
As one example in FIG. 2, components 4, 40, 42, 44, 46, and
48 may be coupled by one or more communication channels
50. UI module 6 and gesture module 8 may also communicate
information with one another as well as with other compo
nents in computing device 2. Such as language model 10, key
regions 52, active beam 54, and next beam 56.
0068 Processors 40, in one example, are configured to
implement functionality and/or process instructions for
execution within computing device 2. For example, proces
sors 40 may be capable of processing instructions stored in
storage device 48. Examples of processors 40 may include
any one or more of a microprocessor, a controller, a digital
signal processor (DSP), an application specific integrated
circuit (ASIC), a field-programmable gate array (FPGA), or
equivalent discrete or integrated logic circuitry.
0069. One or more storage devices 48 may be configured
to store information within computing device 2 during opera
tion. Storage device 48, in some examples, is described as a
computer-readable storage medium. In some examples, Stor
age device 48 is a temporary memory, meaning that a primary
purpose of storage device 48 is not long-term storage. Storage
device 48, in some examples, is described as a volatile
memory, meaning that storage device 48 does not maintain
stored contents when the computer is turned off. Examples of
Volatile memories include random access memories (RAM),
dynamic random access memories (DRAM), static random
access memories (SRAM), and otherforms of volatile memo
ries known in the art. In some examples, storage device 48 is
used to store program instructions for execution by proces
sors 40. Storage device 48, in one example, is used by soft
ware or applications running on computing device 2 (e.g.,
gesture module 8) to temporarily store information during
program execution.
0070 Storage devices 48, in some examples, also include
one or more computer-readable storage media. Storage
devices 48 may be configured to store larger amounts of
information than Volatile memory. Storage devices 48 may
further be configured for long-term storage of information. In
Some examples, storage devices 48 include non-volatile stor
age elements. Examples of Such non-volatile storage ele
ments include magnetic hard discs, optical discs, floppy discs,
flash memories, or forms of electrically programmable
memories (EPROM) or electrically erasable and program
mable (EEPROM) memories.
0071 Computing device 2, in some examples, also
includes one or more communication units 44. Computing
device 2, in one example, utilizes communication unit 44 to
communicate with external devices via one or more networks,
Such as one or more wireless networks. Communication unit

44 may be a network interface card. Such as an Ethernet card,
an optical transceiver, a radio frequency transceiver, or any
other type of device that can send and receive information.
Other examples of such network interfaces may include Blue

tooth, 3G and WiFi radios computing devices as well as
Universal Serial Bus (USB). In some examples, computing
device 2 utilizes communication unit 44 to wirelessly com
municate with an external device Such as a server.

0072 Computing device 2, in one example, also includes
one or more input devices 42. Input device 42, in some
examples, is configured to receive input from a user through
tactile, audio, or video feedback. Examples of input device 42
include a presence-sensitive display, a mouse, a keyboard, a
Voice responsive system, video camera, microphone or any
other type of device for detecting a command from a user. In
Some examples, a presence-sensitive display includes a
touch-sensitive screen.

0073. One or more output devices 46 may also be included
in computing device 2. Output device 46, in some examples,
is configured to provide output to a user using tactile, audio,
or video stimuli. Output device 46, in one example, includes
a presence-sensitive display, a Sound card, a video graphics
adapter card, or any other type of device for converting a
signal into an appropriate form understandable to humans or
machines. Additional examples of output device 46 include a
speaker, a cathode ray tube (CRT) monitor, a liquid crystal
display (LCD), or any other type of device that can generate
intelligible output to a user.
0074. In some examples, UI device 4 may include func
tionality of input device 42 and/or output device 46. In one
example, UI device 4 may be a touch-sensitive screen. In the
example of FIG. 2, UI device 4 may be a presence-sensitive
display. In some examples, a presence sensitive display may
detect an object, such as an input unit (e.g., user's finger,
stylus, etc.) at and/or near the screen of the presence-sensitive
display. As one example range, a presence-sensitive display
may detect a user's finger that is within 2 inches or less of the
physical screen of the presence-sensitive display. The pres
ence-sensitive display may determine one or more locations
(e.g., (x,y) coordinates) of the presence-sensitive display at
which the finger was detected. In another example range, a
presence-sensitive display may detect an object 6 inches or
less from the physical Screen of the presence-sensitive display
and other exemplary ranges are also possible. The presence
sensitive display may determine the location of the display
selected by a user's finger using capacitive, inductive, and/or
optical recognition techniques. In some examples, the pres
ence sensitive display provides output to a user using tactile,
audio, or video stimuli as described with respect to output
device 46.

0075 Computing device 2 may include operating system
58. Operating system 58, in some examples, controls the
operation of components of computing device 2. For
example, operating system 58, in one example, facilitates the
communication of UI module 6 and/or gesture module 8 with
processors 40, communication unit 44, storage device 48,
input device 42, and output device 46. UI module 6 and
gesture module 8 may each include program instructions
and/or data that are executable by computing device 2. As one
example, UI module 6 may include instructions that cause
computing device 2 to perform one or more of the operations
and actions described in the present disclosure.
0076 Computing device 2 may include active beam 54.
Active beam 54, in some examples, is configured to store one
or more tokens (e.g., one or more word-level tokens and/or
phrase-level tokens) generated by gesture module 8. Active
beam 54 may be included within storage devices 48. The
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specific functionality of active beam 54 is further described in
the description of FIG. 3, below.
0077 Computing device 2 may also include next beam 56.
Next beam 56, in Some examples, is configured to store one or
more tokens generated by gesture module 8 (e.g., one or more
word-level tokens and/or phrase-level tokens). Next beam 56
may be included within storage devices 48. The specific func
tionality of next beam 56 is further described in the descrip
tion of FIG. 3, below.

0078 Computing device 2 can include additional compo
nents that, for clarity, are not shown in FIG. 2. For example,
computing device 2 can include a battery to provide power to
the components of computing device 2. Similarly, the com
ponents of computing device 2 shown in FIG. 2 may not be
necessary in every example of computing device 2. For
example, in Some configurations, computing device 2 may
not include communication unit 44.

0079. In accordance with the techniques of this disclosure,
computing device 2 may output a graphical keyboard com
prising a plurality of keys at output device 46. User 18 may
perform a gesture to select a group of keys of the plurality of
keys at input device 42. In response to user 18 performing the
gesture, input device 42 may detect a gesture path, Such as
gesture path 22 of FIG. 1, which may be received by UI
module 6 as gesture path data. The gesture path may include
a first portion of the gesture to select a first key of the plurality
of keys (e.g., portion 22A of gesture path 22) and a second
portion of the gesture to select a second key of the plurality of
keys (e.g., portion 22B of gesture path 22). Gesture module 8
may receive the gesture path data from UI module 6. In some
examples, UI module 6 incrementally sends the gesture path
data to gesture module 8 as gesture path 22 is detected by
input device 42.
0080. In response to receiving the gesture path data, ges
ture module 8 may create a token at the entry node of a lexicon
which may be included in language model 10. In some
examples, language module 10 may be implemented as a trie
data structure. Each movable token may represent a partial
alignment between a node in the lexicon (i.e., a partial word
and/or phrase) and a point along the gesture. As the token
advances to child nodes in the lexicon (i.e., next letters in the
word and/or next words of a phrase) the corresponding align
ment point on the gesture may advance as well. As the token
advances to the next letter in a word or to the next word in a

phrase, techniques of the disclosure may determine how far
the token needs to advance along the gesture path. For
instance, techniques of the disclosure may include searching
for an alignment point along the gesture that best aligns to a
letter of a key, taking into account a number of features
described below.

0081. As described in FIG. 1, a lexicon trie data structure
may contain a plurality of nodes, each node may represent a
letter. Gesture module 8 may push the token into active beam
54. Gesture module 8 may create a token copy on each of the
token’s child nodes. In the example of FIG. 1, gesture module
8 may create a first word-level token copy on the child node
representing the letter'W' (e.g., corresponding to a predicted
key selection of “W' key 20B) and a second token copy on the
child node representing the letter'O' (e.g., corresponding to
a predicted key selection of “Q' key 20A). Each of the word
level tokens may include a single string of predicted charac
terS.

0082 For each token copy, gesture module 8 may deter
mine, based on a plurality of features associated with the

gesture path data, an alignment point traversed by the gesture.
In the example of FIG. 1, gesture module 8 may determine
that a first alignment point is located at the start of gesture
path 22. In some examples, gesture module 8 may determine
the curvature of the path at a point along the gesture path. In
Such examples, gesture module 8 may determine that the
point is more likely to be an alignment point where there is a
high curvature (where the gesture path changes direction
abruptly at the point). In other examples, gesture module 8
may determine a mid-segment curvature (the maximum cur
Vature of the gesture path between two points along the ges
ture). In another example, gesture module 8 may determine
that a point is less likely to be the next alignment point where
there is a high mid-segment curvature. In some examples,
gesture module 8 may determine that a point is an alignment
point based on the speed at which the gesture path was
detected. In some examples, a slower rate of detection indi
cates that the point is an alignment point. In some examples,
a high mid-segment curvature may indicate that there were
corners between a first point and a second point, suggesting
that the second point is less likely to be the next alignment
point (i.e., a point was missed in-between).
I0083. In some examples, an alignment point may be based
on the maximum distance between points of a gesture seg
ment between two or more points and an ideal line from a first
key to a second key. An ideal line may be, e.g., a shortest
distance path from the first key to the second key. For a better
alignment the maximum distance may be small, signifying
that the gesture segment does not deviate from the ideal line.
I0084. For each alignment point, gesture module 8 may
determine respective cost values for each of at least two keys
of the plurality of keys. Each of the respective cost values may
represent a probability that the alignment point indicates a
key of the plurality of keys. In the example of FIG. 1, gesture
module 8 may determine a first cost value representing a
probability that the first alignment point indicates the node
representing the letter 'W' and a second cost value represent
ing a probability that the first alignment point indicates the
node representing the letter "Q'. In some examples, gesture
module 8 may then update the token copy with the respective
alignment point and/or cost value and push the token copy in
next beam 56. In the example of FIG. 1, gesture module 8 may
add the first cost value to the first token copy and the second
cost value to the second token copy.
I0085. In some examples, gesture module 8 determines the
respective cost values by comparing respective physical cost
values with respective lexical cost values, as further described
below. In some examples, gesture module 8 may apply one or
more weighting factors to the respective physical cost values,
and may apply one or more different weighting factors to the
respective lexical cost values. For instance, gesture module 8
may determine a cost value by Summing the result of multi
plying a physical cost value by a physical weighting factor,
and multiplying a lexical cost value by a lexical weighting
factor.

I0086. In some examples, gesture module 8 may determine
that one or more lexical weighting factors applied to the one
or more lexical cost values should be greater in magnitude
than a magnitude of one or more respective physical weight
ing factors applied to the one or more physical cost values,
Such as where the gesture path is detected at high rate of
speed. For instance, gesture module 8 may determine that a
value associated with a feature (e.g., speed) satisfies one or
more thresholds, such as when a global speed of the gesture is
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greater than or equal to a threshold value, less than or equal to
a threshold value, etc. In certain examples, gesture module 8
may determine that the physical cost values are unreliable if
the determined value Satisfies a threshold. In some examples,
gesture module 8 may use statistical machine learning to
adapt to the style of the user and modify the weighting values
over time. For instance, gesture module 8 may, in response to
determining that the user is inaccurate while performing ges
tures, weight the lexical cost values greater than the physical
cost values. In some examples, gesture module 8 may deter
mine that the physical cost values should be weighted greater
than the lexical cost values. Gesture module 8 may determine
that the physical cost values should be weighted greater than
the lexical cost values where there is an indication that the

lexical cost values may be unreliable, such as where the user
has a history of entering words not included in the lexicon. In
Some examples, the weighting values may be estimated and
optimized heuristically, such as by measuring accuracy from
a plurality of computing devices.
0087 Gesture module 8 may determine respective physi
cal cost values for each of the at least two keys of the plurality
of keys. Each of the respective physical cost values may
represent a probability that physical features of an alignment
point of the group of alignment points indicate physical fea
tures of a key of the plurality of keys. For instance, gesture
module 8 may determine the respective physical cost values
by evaluating the Euclidian distance between an alignment
point of the group of alignment points and a keyboard posi
tion of key.
0088 Physical features of the plurality of keys may be
included in key regions 52. For example, key regions 52 may
include, for each of the plurality of keys, a set of coordinates
that correspond to a location and/or area of graphical key
board 16 where each key is displayed. In the example of FIG.
1, gesture module 8 may determine a first physical cost value
based on the Euclidian distance between the first alignment
point and 'W' key 20B. In some examples, gesture module 8
may determine the physical cost values by comparing the
Euclidian distance between a first alignment point and a sec
ond alignment point with the Euclidian distance between a
first letter indicated by the first alignment point and a second
letter which may be represented by the second alignment
point. Gesture module 8 may determine that the cost value of
the second letter is inversely proportional to the difference
between the distances (i.e., that the second letter is more
probable where the distances are more similar). For instance,
a smaller distance may suggest a better alignment.
0089 Gesture module 8 may also determine the respective
cost values by determining respective lexical cost values for
each of the at least two keys of the plurality of keys. Each of
the respective lexical cost values may represent a probability
that a letter represented by a key of the plurality of keys is
included in a candidate word based on the word-level token.

The lexical cost values may be based on language model 10.
For instance, the lexical cost values may represent the likeli
hood that a given letter is selected based on probable words
included in language model 10. In the example of FIG. 1,
gesture module 8 may determine a first lexical cost value
based on an entry in language model 10 indicating a fre
quency that the letter 'W' is the first letter in a word.
0090 Gesture module 8 may determine whether the token
is at a terminal node of the lexicon. A terminal node of the

lexicon may be a node that represents a complete word
included in the lexicon. For instance, in the example of FIG.

1, gesture module 8 may determine, based at least in part on
the indication of portion 22A of gesture path 22, a word-level
token including the single string of predicted characters “we’.
Such a word-level token may represent a prefix of one or more
candidate words included in the lexicon, Such as the words
“went”, “were”, “weather', and the like. In addition, the

word-level token may itself represent a complete word
included in the lexicon, such as the word “we” in the English
language. In response to determining that the word-level
token represents a candidate word included in the lexicon,
gesture module 8 may generate a next-word token. The next
word token may indicate that a next selected key of the plu
rality of keys is a prefix of a second word-level token.
0091. As such, in response to receiving an indication of a
portion of the gesture to select a next key of the plurality of
keys, gesture module 8 may create a token copy on each of the
word-level token’s child nodes to include a predicted charac
ter indicated by the received portion of the gesture. In addi
tion, in response to receiving the indication of the portion of
the gesture to select the next key of the plurality of keys,
gesture module 8 may create a phrase-level token that
includes a second word-level token including a second string
of predicted characters for which the predicted character is a
prefix. Gesture module 8 may determine the phrase-level
token as a combination of the first word-level token that

represents the candidate word included in the lexicon and the
second word-level token. Accordingly, gesture module 8 may
incrementally determine one or more candidate words indi
cated by the gesture and one or more candidate phrases indi
cated by the gesture in parallel.
0092. As an example, gesture module 8 may receive an
indication of portion 22A of gesture path 22. In response,
gesture module 8 may determine a first word-level token
including the single string of predicted characters “we’. Ges
ture module 8 may determine one or more candidate words
indicated by the gesture using the first word-level token. For
instance, gesture module 8 may determine one or more can
didate words for which the single string of predicted charac
ters is a prefix, such as the words “were”, “went’, and the like.
In addition, gesture module 8 may determine that the first
word-level token including the single string of predicted char
acters “we” represents a candidate word included in the lexi
con, such as the word “we” in the English language. In
response, gesture module 8 may generate a next-word token
that indicates that a next selected key is a prefix of a second
word-level token.

0093. In the present example, as the user continues to
perform the gesture, gesture module 8 may receive an indi
cation of portion 22B of gesture path 22. In response, gesture
module 8 may create a token copy on each of the word-level
token’s child nodes to include a predicted character indicated
by the received portion of the gesture, such as the letter “a”
corresponding to a predicted selection of 'A' key 20E. As
such, gesture module 8 may advance the first word-level
token to include the single string of predicted characters
“wea'. Based on the first word-level token, gesture module 8
may determine one or more candidate words indicated by the
gesture, such as words included in the lexicon for which the
single string of predicted characters “wea' is a prefix (e.g., the
words “wear”, “weather, and the like).
0094. In addition, in the present example, gesture module
8 may determine, in response to generating the next-word
token that indicates that a next selected key is a prefix of a
second word-level token, a second word-level token that
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includes the predicted character “a” corresponding to the
predicted selection of 'A' key 20E. In this example, gesture
module 8 may determine a phrase-level token as a combina
tion of the first word-level token including the single string of
predicted characters “we” and the second word-level token
including the single string of predicted characters “a”. Ges
ture module 8 may determine one or more candidate words
for which the single string of predicted characters “a”
included in the second word-level token is a prefix, such as the
words “are”, “am', and the like. Gesture module 8 may deter
mine one or more candidate phrases indicated by the gesture
as a combination of the first word-level token that represents
the candidate word in the lexicon (i.e., the word “we” in the
present example) and the one or more candidate words for
which the single string of predicted characters included in the
second word-level token is a prefix (e.g., the words “are',
“am', etc.) Gesture module 8 may, in certain examples, deter
mine the one or more candidate phrases indicated by the
gesture using the lexical model (e.g., language model 10),
Such as by determining a probability that a given candidate
word associated with the second word-level token follows the
candidate word associated with the first word-level token. For

instance, in this example, gesture module 8 may determine
that a candidate word “are' is more likely to follow the can
didate word “we” than the candidate word “am', as the phrase
“we are may be more have a higher probability in language
model 10 than the phrase “weam'.
0095. In certain examples, gesture module 8 may maintain
a threshold number of word-level and/or phrase-level tokens
(e.g., fifty tokens, one hundred tokens, two hundred tokens, or
other numbers of tokens) and discard the rest. For instance,
gesture module 8 may maintain a group of the one hundred
word-level and/or phrase-level tokens that include the most
likely words and/or character strings indicated by the gesture,
as determined based on the spatial and language models. In
this way, gesture module 8 may efficiently scale to large
lexicons.

0096. In some examples, gesture module 8 may select a
character string included in the phrase-level token as a com
mitted character string, and may output the committed char
acter string for display at the presence-sensitive display. Such
as at committed-text region 14 of GUI 12. For example, a user
may provide a gesture at graphical keyboard 16 to select a
group of keys corresponding to the phrase “this is a delightful
keyboard'. In response to receiving the indication of the
gesture, gesture module 8 may determine one or more phrase
level tokens including a plurality of predicted character
strings. Gesture module 8 may determine that a phrase-level
token satisfies a threshold, such as a threshold number of

word-level tokens included in the phrase-level token. In
response to determining that the phrase-level token satisfies
the threshold, gesture module 8 may select one or more char
acter strings included in the phrase-level token as committed
character strings. For instance, in the present example, ges
ture module 8 may select the character strings “this is a” as
committed character strings. In response, gesture module 8
may remove the one or more committed character strings
from the plurality of character Strings included in the phrase
level token, and may output the one or more committed char
acter strings for display at committed-text region 14 of GUI
12. In addition, gesture module 8 may output the phrase-level
token from which the committed character strings have been
removed for display at one or more of text-Suggestion regions
24.
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0097. For instance, in this example, prior to determining
that a phrase-level token including the plurality of predicted
character strings “this is a delightful keyboard satisfies the
threshold, gesture module 8 may output the predicted phrase
“this is a delightful keyboard for display at one or more of
text-Suggestion regions 24. In response to determining that
the phrase-level token satisfies the threshold (e.g., determin
ing that a number of word-level tokens included in the phrase
level token satisfies a threshold number, such as five word

level tokens), gesture module 8 may select one or more
character strings as committed character Strings, such as the
character strings “this is a”. In this example, gesture module
8 may remove the characterstrings “this is a from the phrase
level token, thereby determining a modified phrase-level
token that includes the character strings “delightful key
board'. Gesture module 8 may output the committed charac
ter strings “this is a for display at committed-text region 14
of GUI 12. In addition, gesture module 8 may output the
modified phrase-level token for display at one or more of
text-Suggestion regions 24. Such that the character strings
“this is a delightful keyboard is no longer displayed at text
Suggestion regions 24 and the character strings "delightful
keyboard is displayed at one or more of text-suggestion
regions 24.
0.098 Gesture module 8 may determine whether UI mod
ule 6 has completed receiving the gesture path data. Where UI
module 6 has completed receiving the gesture path data,
gesture module 8 may output one or more candidate words
and/or phrases for display at the presence-sensitive display.
Where UI module 6 has not completed receiving the gesture
path data, gesture module 8 may continue to incrementally
process the gesture path data. In some examples, gesture
module 8 may output one or more output predictions prior to
UI module 6 completing reception of the gesture path data.
0099. As such, according to techniques of this disclosure,
gesture module 8 may determine one or more word-level
tokens and one or more phrase-level tokens based on a
received indication of a gesture to select one or more keys of
a graphical keyboard, thereby enabling a user to enter a word
or phrase by providing one continuous motion gesture. In
addition, by incrementally determining multiple word-level
and/or phrase level tokens and advancing the respective
tokens as gesture module 8 receives the indication of the
gesture to select the group of keys, gesture module 8 may
incrementally update its determination of candidate words
and/or phrases based on spatial and language models, thereby
enabling a more accurate interpretation of the gesture. More
over, by enabling the user to provide one continuous gesture
to enter multi-word phrases, techniques of this disclosure
may more effectively recognize ambiguous hyphenated or
connected words. For instance, hyphenated or connected
words such as “smoke-free” may be included in a lexicon as
the single words “smoke' and “free', or as the hyphenated
word “smoke-free’”. By enabling a user to provide a single
continuous gesture to enter multi-word phrases, techniques
described herein may enable the user to provide the single
gesture to enter the words without regard to whether the word
is hyphenated.
0100 FIGS. 3A-C are block diagrams illustrating further
details of one example of a computing device shown in FIG.
1, in accordance with one or more techniques of the present
disclosure. As shown in the conceptual example of FIG. 3A,
at time 60, computing device 2 may include GUI 12, active
beam 54A, and next beam 56A. GUI 12 may include graphi
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cal keyboard 16 which may include “Q' key 20A and “W'
key 20B. While shown in FIG. 3A, gesture path 22A and/or
alignment point 21A may not be visible during the perfor
mance of the techniques described herein.
0101. As shown in the example of FIG. 1, a user may
desire to enter text into computing device 2 by performing a
gesture at graphical keyboard 16. As previously discussed,
while the user performs the gesture, computing device 2 may
detect a gesture having a gesture path. In the example of FIG.
3A, computing device 2 is shown as having detected gesture
path 22A.
0102. In response to detecting gesture path 22A, comput
ing device 2 may determine alignment point 21A along ges
ture path 22A. Additionally, in response to detecting gesture
path 22A, computing device 2 may create a word-level token
and push the word-level token into active beam 54A. At time
60, the contents on active beam 54A may be represented by
Table 1 below.
TABLE 1.
Index

Parent

Letter Key of

Letter

Cost

Index

Current Node

Chain

Value

2 may determine that word-level tokeno is not a terminal node,
and may discard word-level token. Computing device 2 may
subsequently determine whether active beam 54A is empty
(i.e., contains no tokens). In response to determining that
active beam 54A is empty, computing device 2 may copy the
contents of next beam 56A to active beam 54B of FIG. 3B and
discard the contents of next beam 56A.

0106. In the example of FIG. 3B, computing device 2 is
shown as having detected gesture path 22B at time 62. As
described above, the contents of active beam 54B may be
represented by Table 2. Computing device 2 may determine
alignment point 21B along gesture path 22B. Computing
device 2 may, for each word-level token in active beam 54B,
create a copy on each child node. In the example of FIG.3B,
word-level token and word-level token each have child
nodes with letter keys “E” and “R”. For each created word
level token copy, computing device 2 may determine a cost
value as described above. Computing device 2 may push each
word-level token copy in to next beam 56B, the contents of
which may be represented by Table 3 below.
TABLE 3

O

Parent

Letter Key of

Letter

Index

Index

Current Node

Chain

Cost Value

0103) In Table 1, each row represents an individual word
level token, the index column represents a unique identifier
for each word-level token, the parent index column represents

3
4
5

1
1
2

E
R
E

WE
WR
QE

CV1 - CV3
CV1 - CV4
CV2 - CVS

the index value of the word-level token to which the listed

6

2

R

QR

CV2 - CV6

word-level token is a child, the letter key of the current node
column represent the letter key represented by the current
node of the word-level token, the letter chain column repre
sents all of the letter keys represented by the nodes from the
entry node to the current node of the word-level token, and the
cost value column represent the cost value of the word-level
token. As shown in Table 1, the created word-level token has

an index of 0 (i.e., word-level token), no parent index, no
letter key of the current node, no letter chain, and a cost value
of Zero.

0104. To determine the text indicated by the gesture, com
puting device 2 may create a copy of each word-level token on
its child nodes. In some examples, an entry node may have 26
child nodes (one for each letter of the English alphabet). For
simplicity, in the example of FIG.3A, the entry node has only
two child nodes on the letters “W' and “Q. Therefore, com
puting device 2 may create a copy of the word-level token
with index 0 on child node 'W' (i.e., word-level token) and
child node "Q” (i.e., word-level token). For each created
word-level token copy, computing device 2 may determine a
cost value as described above. Computing device 2 may push
each word-level token copy to next beam 56A, the contents of
which may be represented by Table 2 below.

0.107 The entries shown in Table 3 are similar informat to
the entries shown in Table 1 and Table 2. In Table 3, the cost
value for each word-level token includes the cost value for the

previous letters and the cost value for the current letter. Com
puting device 2 may determine which, if any, of the word
level tokens are on terminal nodes. For instance, computing
device 2 may determine that word-level token is on a termi
nal node because its string of predicted characters (i.e., its
letter chain) “WE’ represents a candidate word included in
the lexicon (e.g., the English language).
0108. In response to determining that a word-level token is
on a terminal node, computing device 2 may copy the word
level token to a list of output predictions. The list of output
predictions may be represented by Table 4 below. In some
examples, computing device 2 may copy only the letter chain
of the token to the list of output predictions.
TABLE 4
Parent

Letter Key of

Letter

Index

Index

Current Node

Chain

Cost Value

3

1

O

NO

CV1 - CV3

TABLE 2
Parent

Letter Key of

Letter

Cost

Index

Index

Current Node

Chain

Value

0109. In addition, computing device 2 may generate, in
response to determining that the word-level token is on a

1

O

W

W

CV1

2

O

Q

Q

CV2

terminal node, a next-word token that indicates that a next

0105. The entries shown in Table 2 are similar informat to
the entry shown in Table 1. In Table 2, word-level token has
cost value CV1 and word-level token has cost value CV2.
After creating the word-level token copies, computing device

selected key of the plurality of keys is a prefix of a second
word-level token. The next-word token may be considered an
entry node of the second word-level token. Computing device
2 may push the next-word token (i.e., the entry node of the
second word-level token) into active beam 54B, the contents
of which may be represented by Table 5 below.
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TABLE 5
Parent

Letter Key of

Letter

Index

Index

Current Node

Chain

Cost Value

3
4
5
6
7

1
1
2
2
3

E
R
E
R

WE
WR
QE
QR

CV1 - CV3
CV1 - CV4
CV2 - CVS
CV2 - CV6
O

0110. The entries shown in Table 5 are similar informat to
the entries shown in Tables 1, 2, and 3. As shown in Table 5,

the created word-level token corresponding to the next-word
token has an index of 7 (i.e., word-level token), a parent
index of3 (i.e., corresponding to word-level token), no letter
key of the current node, no letter chain, and a cost value of
Zero. In certain examples, the combination of word-level
token and word-level token, may be considered a phrase
level token that includes a plurality of character strings.
0111. In the example of FIG. 3C, computing device 2 is
shown as having detected gesture path 22B at time 74. As
described above, the contents of active beam 54C may be
represented by Table 5. Computing device 2 may determine
alignment point 21C along gesture path 22B. Computing
device 2 may, for each word-level token in active beam 54C,
create a copy on each child node. In the example of FIG.3C.
token through token each have child nodes with letter keys
“E” and “R”. In addition, token, may be considered an entry
node for a second word-level token of a phrase-level token
including token. As such, computing device 2 may create a
copy at a child node of word-level token, included in the
phrase-level token. For each created word-level token copy
and each phrase-level token, computing device 2 may deter
mine a cost value as described above. Computing device 2
may push each word-level token copy and each phrase-level
token copy into next beam 56C, the contents of which may be
represented by Table 6 below.
TABLE 6
Parent

Letter Key of Letter

Index

Index

Current Node

Chain

Cost Value

8
9
10
11
12
13
14
15
16
17
18
19

3
3
4
4
5
5
6
6
7
7
16
17

A.
S
A.
S
A.
S
A.
S
A.
S
A.
S

WEA
WES
WRA
WRS
QEA
QES
QRA
QRS
A.
S
WEA
WES

CV1 CV1 CV1 CV1 CV2 CV2 CV2 CV2 CV15
CV16
CV1 CV1 -

CV3 CV3 CV4 CV4 CVS CVS CV6 CV6 -

CV7
CV8
CV9
CV10
CW11
CV12
CV13
CV14

CV3 - CV1S
CV3 - CV16

0112. The entries shown in Table 6 are similar informat to
the entries shown in Tables 1-3. In Table 6, the cost value for
each word-level token includes the cost value for the previous
letters and the cost value for the current letter. In addition, the
cost value for each phrase-level token (i.e., phrase-level
tokens and phrase-level token) includes the cost value for
the previous letters of the each previous word-level token, the
cost value for each previous letter in the current word-level
token, and the cost value for the current letter of the current
word-level token. As such, computing device 2 may deter
mine one or more phrase-level tokens based at least in part on

a word-level token that represents a candidate word included
in the lexicon and a predicted selection of a character key. In
Such a way, computing device 2 may determine both word
level tokens and phrase-level tokens in response to receiving
an indication of a gesture to select a group of keys included in
a graphical keyboard. Computing device 2 may continue to
incrementally determine the one or more word-level tokens
and one or more phrase-level tokens as computing device 2
receives further indications of the gesture, thereby enabling a
user to provide a single gesture to select a group of keys of a
word or phrase.
0113. In the example of FIG. 3C, computing device 2 may
determine whether the user has completed performing the
gesture. In response to determining that the user has com
pleted performing the gesture, computing device 2 may out
put a list of output predictions. The output predictions may
include one or more candidate words based at least in part on
the one or more word-level tokens, one or more candidate

phrases based at least in part on the one or more phrase-level
tokens, or both. In some examples, computing device 2 may
determine a subset of the list of output predictions which have
the highest cost values (i.e., the predictions with the highest
probability). Additionally, in some examples, computing
device 2 may, at each Subsequent alignment point, revise the
cost values of the tokens contained in the list of output pre
dictions. For instance, computing device 2 may increase the
cost value of token (e.g., make token less probable) in
response to detecting gesture path 22B.
0114 FIGS. 4A-B are flow diagrams illustrating example
operations of a computing device to determine a candidate
word and/or phrase from a gesture, in accordance with one or
more techniques of the present disclosure. For purposes of
illustration only, the example operations are described below
within the context of computing device 2, as shown in FIGS.
1 and 2.

0.115. In the example of FIGS. 4A-B, computing device 2
may initially output a graphical keyboard (e.g., graphical
keyboard 16) comprising a plurality of keys at a presence
sensitive display (e.g., UI device 4) of computing device 2
(70). Computing device 2 may detect a gesture at the pres
ence-sensitive display (72). For example, UI device 4 may
detect a gesture having gesture path 22. UI module 6, execut
ing on one or more processors 40, may receive an indication
of the gesture detected at UI device 4. In response to receiving
the indication of the gesture detected at the presence-sensitive
display, computing device 2 may generate a word-level token
having a cost value of Zero at the entry node of a lexicon stored
on computing device 2 as a lexicon trie (74). Computing
device 2 may push the word-level token into an active beam
(76). For instance, gesture module 8, executing on one or
more processors 40, may push the word-level token into
active beam 54.

0116 Computing device 2 may select a word-level token
from the active beam (78). Computing device 2 may create a
copy of the word-level token on each child node of the word
level token (80). Computing device 2 may select a word-level
token copy (82) and determine an alignment point along the
gesture (84). Computing device 2 may determine a cost value
representing a probability that the alignment point indicates
the letter key of the node on which the word-level token copy
is positioned and add the cost value to the word-level token
copy (86). Computing device 2 may push the word-level
token copy into a next beam (88). Computing device 2 may
determine whether there are any word-level token copies
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remaining (90). If there are word-level token copies remain
ing (94), computing device 2 may select a new word-level
token copy (82).
0117 If there are not any word-level token copies remain
ing (92), computing device 2 may determine whether the
word-level token is at a terminal node of the lexicon trie (96).
For instance, gesture module 8 may use language model 10 to
determine whether the word-level token represents a candi
date word included in a lexicon (e.g., the English language).
If the word-level token is at a terminal node (98), computing
device 2 may copy the word represented by the word-level
token to a list of candidate words (102), and may generate a
next-word token that indicates that a next selected key of the
plurality of keys of the graphical keyboard is a prefix of a
second word-level token (103). After copying the word to the
list of candidate words and generating the next-word token, or
if the word-level token is not at a terminal node (100), com
puting device 2 may discard the word-level token (104).
0118 Computing device 2 may determine whether any
word-level tokens remain in the active beam (106). If there are
word-level tokens remaining in the active beam (110), com
puting device 2 may select a new word-level token from the
active beam (78). If there are no word-level tokens remaining
in the active beam (108), computing device 2 may determine
whether any word-level tokens remain in the next beam (112).
If there are word-level tokens remaining in the next beam
(114), computing device 2 may copy the next beam to the
active beam (120) and select a new word-level token from the
active beam (78). If there are no word-level tokens remaining
in the next beam (116), computing device 2 may output the
list of candidate words at the presence-sensitive display
(118).
0119 FIG. 5 is a flow diagram illustrating example opera
tions of a computing device to determine a candidate word
and/or phrase from a gesture, in accordance with one or more
techniques of the present disclosure. For purposes of illustra
tion only, the example operations are described below within
the context of computing device 2, as shown in FIGS. 1 and 2.
0120 In the example of FIG. 5, computing device 2 may
output, for display at a presence-sensitive display operatively
coupled to the computing device, a graphical keyboard com
prising a plurality of keys (130). For example UI module 6,
executing on one or more processors 40, may output graphi
cal keyboard 16 for display at output device 46. Computing
device 2 may receive an indication of a gesture detected at the
presence-sensitive display, a first portion of the gesture to
select a first key of the plurality of keys and a second portion
of the gesture to select a second key of the plurality of keys
(132). For instance, UI module 6 may receive an indication of
a gesture detected at input device 42, the gesture including
portion 22A of gesture path 22 to select “E” key 20O and
portion 22B of gesture path 22 to select 'A' key 20E.
0121 Computing device 2 may determine, based at least
in part on the first key, a word-level token comprising a single
string of a plurality of predicted characters (134). As an
example, gesture module 8, executing on one or more pro
cessors 40, may determine a word-level token including the
single string “we” based at least in part on “E” key 20O.
Computing device 2 may determine that the word-level token
represents a candidate word included in a lexicon (136). For
instance, gesture module 8 may determine that the word-level
token including the single string “we” represents the candi
date word “we” included in a lexicon (e.g., the English lan
guage) of language model 10.
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0.122 Computing device 2 may determine, in response to
determining that the word-level token represents the candi
date word in the lexicon, a phrase-level token based at least in
part on the word-level token and the second key (138). The
phrase-level token may include a plurality of character
strings. For example, gesture module 8 may determine a
phrase-level token as the plurality of character strings “we”
and “a”, based at least in part on the word-level token “we”
and “A” key 20E.
0123. In one example, the operations include determining,
by computing device 2 and in response to determining the
phrase-level token, a candidate phrase based at least in part on
the phrase-level token; and outputting, by computing device
2, the candidate phrase for display at the presence-sensitive
display. In one example, the plurality of character strings of
the phrase-level token comprises a first character string and a
second character string, wherein the word-level token com
prises the first character string, and wherein the second char
acter string comprises a character associated with the second
key. In one example, the second character string begins with
the character associated with the second key.
0.124. In one example, the word-level token comprises a
first word-level token comprising a first single string of the
plurality of predicted characters, the operations further com
prising determining, by the computing device and based at
least in part on the first key and the second key, a second
word-level token comprising a second single string of the
plurality of predicted characters. In one example, the word
level token is a first word-level token comprising a first single
string of the plurality of predicted characters, and determin
ing the phrase-level token comprises: generating, in response
to determining that the first word-level token represents the
candidate word in the lexicon, a next-word token that indi

cates that a next selected key of the plurality of keys is a prefix
of a second word-level token; determining, in response to
determining the next-word token, a second word-level token
comprising a second single string of the plurality of predicted
characters, wherein the second key is a prefix of the second
word-level token; and determining the phrase-level token as a
combination of the first word-level token and the second
word-level token.

0.125. In one example, determining the phrase-level token
further includes: determining, based on a plurality of features
associated with the gesture, a group of alignment points tra
versed by the gesture; determining respective cost values for
each of at least the first key, the second key, and a third key,
wherein each of the respective cost values represents a prob
ability that an alignment point of the group of alignment
points indicates a key of the plurality of keys; determining a
first combined cost value based at least in part on the deter
mined cost value for the first key and the determined cost
value for the second key; determining a second combined cost
value based at least in part on the determined cost value for the
first key and the determined cost value for the third key:
comparing the first combined cost value and the second com
bined cost value; and determining the second word-level
token based on the comparison of the first combined cost
value and the second combined cost value.

I0126. In one example, the plurality of features associated
with the gesture comprises at least one of a length of a
segment of the gesture, wherein the segment comprises a path
traversed by the gesture at the presence-sensitive display; a
direction of the segment of the gesture; a curvature of the
segment of the gesture; a local speed that represents a rate at
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which the segment of the gesture was detected; and a global
speed that represents a rate at which the gesture was detected.
In one example, determining the respective cost values for
each of at least the first key, the second key, and the third key
comprises: determining respective physical cost values for
each of at least the first key, the second key, and the third key,
wherein each of the respective physical cost values represents
a probability that at least one physical feature of an alignment
point of the group of alignment points indicates at least one
physical feature of a key of the plurality of keys; determining
respective lexical cost values for each of at least the first key,
the second key, and the third key, wherein each of the respec
tive lexical cost values represents a probability that a letter
represented by a key of the plurality of keys is included in a
candidate word; and determining the respective cost values
for each of at least the first key, the second key, and the third
key based on the respective physical cost values and the
respective lexical cost values for each of at least the first key,
the second key, and the third key.
0127. In one example, determining the respective physical
cost values for each of at least the first key, the second key, and
the third key comprises comparing key regions of each of at
least the first key, the second key, and the third key with at
least one of the plurality of features associated with the ges
ture, wherein the key regions comprise locations of the pres
ence-sensitive display that output the respective keys. In one
example, determining the respective lexical cost values for
each of at least the first key, the second key, and the third key
comprises comparing each of at least the first key, the second
key, and the third key with a language model. In one example,
the language model comprises an n-gram language model. In
one example, language model comprises a group of pre
defined phrases.
0128. In one example, the phrase-level token is a first
phrase-level token comprising a first plurality of character
strings, and the operations further include: determining, by
computing device 2, that the first phrase-level token satisfies
a threshold; responsive to determining that the first phrase
level token satisfies the threshold, selecting, by computing
device 2, a character string of the first plurality of character
strings of the first phrase-level token as a committed character
string; and removing, by computing device 2, the committed
character string from the first plurality of character strings of
the phrase-level token to determine a second phrase-level
token comprising a second plurality of character strings.
0129. In one example, the operations further include: out
putting, by computing device 2, the first phrase-level token
for display at a text-Suggestion region of the presence-sensi
tive display; and responsive to determining that the first
phrase-level tokensatisfies the threshold: outputting, by com
puting device 2, the committed character string for display at
a committed-text region of the presence-sensitive display,
wherein the committed-text region is different than the text
Suggestion region; and outputting, by computing device 2, the
second plurality of character strings for display at the text
Suggestion region. In one example, determining that the first
phrase-level token satisfies the threshold comprises deter
mining that a number of character Strings of the first plurality
of character strings satisfies a threshold number of character
strings. In one example, receiving the indication of the ges
ture comprises receiving an indication of a motion of an input
unit from a first location of the presence-sensitive display to a
second location of the presence-sensitive display with Sub
stantially constant contact between the input unit and the

presence-sensitive display. In one example, the lexicon is
implemented, by computing device 2, as a trie data structure.
0.130 FIG. 6 is a block diagram illustrating an example
computing device that outputs graphical content for display at
a remote device, in accordance with one or more techniques
of the present disclosure. Graphical content, generally, may
include any visual information that may be output for display,
Such as text, images, a group of moving images, etc. The
example shown in FIG. 6 includes a computing device 140,
presence-sensitive display 144, communication unit 150,
projector 160, projector screen 162, tablet device 166, and
visual display device 170. Although shown for purposes of
example in FIGS. 1 and 2 as a stand-alone computing device,
a computing device may, generally, be any component or
system that includes a processor or other Suitable computing
environment for executing Software instructions and, for
example, need not include a presence-sensitive display.
I0131. As shown in the example of FIG. 6, computing
device 140 may be a processor that includes functionality as
described with respect to processor 40 in FIG. 2. In such
examples, computing device 140 may be operatively coupled
to presence-sensitive display 144 by a communication chan
nel 142A, which may be a system bus or other suitable con
nection. Computing device 140 may also be operatively
coupled to communication unit 150, further described below,
by a communication channel 142B, which may also be a
system bus or other Suitable connection. Although shown
separately as an example in FIG. 6, computing device 140
may be operatively coupled to presence-sensitive display 144
and communication unit 150 by any number of one or more
communication channels.

0.132. In other examples, such as illustrated previously in
FIGS. 1-2, computing device 140 may be a portable or mobile
device such as mobile phones (including Smartphones), lap
top computers, etc. In some examples, computing device 140
may be a desktop computers, tablet computers, Smart televi
sion platforms, cameras, personal digital assistants (PDAs),
servers, mainframes, etc.

0.133 Presence-sensitive display 144, as shown in FIG. 6,
may include display device 146 and presence-sensitive input
device 148. Display device 146 may, for example, receive
data from computing device 140 and display the graphical
content. In some examples, presence-sensitive input device
148 may determine one or more user inputs (e.g., continuous
gestures, multi-touch gestures, single-touch gestures, etc.) at
presence-sensitive display 144 using capacitive, inductive,
and/or optical recognition techniques and send indications of
Such user input to computing device 140 using communica
tion channel 142A. In some examples, presence-sensitive
input device 148 may be physically positioned on top of
display device 146 Such that, when a user positions an input
unit over a graphical element displayed by display device
146, the location at which presence-sensitive input device 148
corresponds to the location of display device 146 at which the
graphical element is displayed.
I0134. As shown in FIG. 6, computing device 140 may also
include and/or be operatively coupled with communication
unit 150. Communication unit 150 may include functionality
of communication unit 44 as described in FIG. 2. Examples of
communication unit 150 may include a network interface
card, an Ethernet card, an optical transceiver, a radio fre
quency transceiver, or any other type of device that can send
and receive information. Other examples of Such communi
cation units may include Bluetooth, 3G, and WiFi radios,
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Universal Serial Bus (USB) interfaces, etc. Computing
device 140 may also include and/or be operatively coupled
with one or more other devices, e.g., input devices, output
devices, memory, storage devices, etc. that are not shown in
FIG. 6 for purposes of brevity and illustration.
0135 FIG. 6 also illustrates a projector 160 and projector
screen 162. Other such examples of projection devices may
include electronic whiteboards, holographic display devices,
and any other Suitable devices for displaying graphical con
tent. Projector 160 and project screen 162 may include one or
more communication units that enable the respective devices
to communicate with computing device 140. In some
examples, the one or more communication units may enable
communication between projector 160 and projector Screen
162. Projector 160 may receive data from computing device
140 that includes graphical content. Projector 160, in
response to receiving the data, may project the graphical
content onto projector screen 162. In some examples, projec
tor 160 may determine one or more user inputs (e.g., continu
ous gestures, multi-touch gestures, single-touch gestures,
etc.) at projector screen using optical recognition or other
Suitable techniques and send indications of Such user input
using one or more communication units to computing device
140.

0.136 Projector screen 162, in some examples, may
include a presence-sensitive display 164. Presence-sensitive
display 164 may include a subset of functionality or all of the
functionality of UI device 4 as described in this disclosure. In
some examples, presence-sensitive display 164 may include
additional functionality. Projector screen 162 (e.g., an elec
tronic whiteboard), may receive data from computing device
140 and display the graphical content. In some examples,
presence-sensitive display 164 may determine one or more
user inputs (e.g., continuous gestures, multi-touch gestures,
single-touch gestures, etc.) at projector screen 162 using
capacitive, inductive, and/or optical recognition techniques
and send indications of Such user input using one or more
communication units to computing device 140.
0.137 FIG. 6 also illustrates tablet device 166 and visual
display device 170. Tablet device 166 and visual display
device 170 may each include computing and connectivity
capabilities. Examples of tablet device 166 may include
e-reader devices, convertible notebook devices, hybrid slate
devices, etc. Examples of visual display device 170 may
include televisions, computer monitors, etc. As shown in FIG.
6, tablet device 166 may include a presence-sensitive display
168. Visual display device 170 may include a presence-sen
sitive display 172. Presence-sensitive displays 168, 172 may
include a subset of functionality or all of the functionality of
UI device 4 as described in this disclosure. In some examples,
presence-sensitive displays 168, 172 may include additional
functionality. In any case, presence-sensitive display 172, for
example, may receive data from computing device 140 and
display the graphical content. In some examples, presence
sensitive display 172 may determine one or more user inputs
(e.g., continuous gestures, multi-touch gestures, single-touch
gestures, etc.) at projector screen using capacitive, inductive,
and/or optical recognition techniques and send indications of
Such user input using one or more communication units to
computing device 140.
0.138. As described above, in some examples, computing
device 140 may output graphical content for display at pres
ence-sensitive display 144 that is coupled to computing
device 140 by a system bus or other suitable communication

channel. Computing device 140 may also output graphical
content for display at one or more remote devices, such as
projector 160, projector screen 162, tablet device 166, and
visual display device 170. For instance, computing device
140 may execute one or more instructions to generate and/or
modify graphical content in accordance with techniques of
the present disclosure. Computing device 140 may output the
data that includes the graphical content to a communication
unit of computing device 140. Such as communication unit
150. Communication unit 150 may send the data to one or
more of the remote devices, such as projector 160, projector
screen 162, tablet device 166, and/or visual display device
170. In this way, computing device 140 may output the
graphical content for display at one or more of the remote
devices. In some examples, one or more of the remote devices
may output the graphical content at a presence-sensitive dis
play that is included in and/or operatively coupled to the
respective remote devices.
0.139. In some examples, computing device 140 may not
output graphical content at presence-sensitive display 144
that is operatively coupled to computing device 140. In other
examples, computing device 140 may output graphical con
tent for display at both a presence-sensitive display 144 that is
coupled to computing device 140 by communication channel
142A, and at one or more remote devices. In Such examples,
the graphical content may be displayed substantially contem
poraneously at each respective device. For instance, some
delay may be introduced by the communication latency to
send the data that includes the graphical content to the remote
device. In some examples, graphical content generated by
computing device 140 and output for display at presence
sensitive display 144 may be different than graphical content
display output for display at one or more remote devices.
0140 Computing device 140 may send and receive data
using any Suitable communication techniques. For example,
computing device 140 may be operatively coupled to external
network 154 using network link 152A. Each of the remote
devices illustrated in FIG. 6 may be operatively coupled to
network external network 154 by one of respective network
links 152B, 152C, and 152D. External network 154 may
include network hubs, network switches, network routers,

etc., that are operatively inter-coupled thereby providing for
the exchange of information between computing device 140
and the remote devices illustrated in FIG. 6. In some

examples, network links 152A-152D may be Ethernet, ATM
or other network connections. Such connections may be wire
less and/or wired connections.

0.141. In some examples, computing device 140 may be
operatively coupled to one or more of the remote devices
included in FIG. 6 using direct device communication 158.
Direct device communication 158 may include communica
tions through which computing device 140 sends and receives
data directly with a remote device, using wired or wireless
communication. That is, in some examples of direct device
communication 158, data sent by computing device 140 may
not be forwarded by one or more additional devices before
being received at the remote device, and Vice-versa.
Examples of direct device communication 158 may include
Bluetooth, Near-Field Communication, Universal Serial Bus,
WiFi, infrared, etc. One or more of the remote devices illus

trated in FIG. 6 may be operatively coupled with computing
device 140 by communication links 156A-156D. In some
examples, communication links 152A-152D may be connec
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tions using Bluetooth, Near-Field Communication, Universal
Serial Bus, infrared, etc. Such connections may be wireless
and/or wired connections.

0142. In accordance with techniques of the disclosure,
computing device 140 may be operatively coupled to visual
display device 170 using external network 154. Computing
device 140 may output a graphical keyboard for display at
presence-sensitive display 172. For instance, computing
device 140 may send data that includes a representation of the
graphical keyboard to communication unit 150. Communica
tion unit 150 may send the data that includes the representa
tion of the graphical keyboard to visual display device 170
using external network 154. Visual display device 170, in
response to receiving the data using external network 154,
may cause presence-sensitive display 172 to output the
graphical keyboard. In response to a user performing a first
portion of a gesture at presence-sensitive display 172 to select
a first key of the keyboard, visual display device 170 may send
an indication of the gesture to computing device 140 using
external network 154. Communication unit 150 may receive
the indication of the gesture, and send the indication to com
puting device 140. Similarly, in response to a user performing
a second portion of the gesture at presence-sensitive display
172 to select a second key of the keyboard, visual display
device 170 may send an indication of the gesture to comput
ing device 140 using external network 154.
0143 Computing device 140 may determine, based at
least in part on the first key, a word-level token including a
single string of a plurality of predicted characters. In some
examples, computing device 140 may determine that the
word-level token represents a candidate work included in a
lexicon. In response to determining that the word-level token
represents the candidate work in the lexicon, computing
device 140 may determine a phrase-level token based at least
in part on the word-level token and the second key. The
phrase-level token may include a plurality of character
strings. In certain examples, computing device 140 may
determine a candidate phrase based at least in part on the
phrase-level token. Computing device 140, in some
examples, may send data that includes the candidate phrase to
communication unit 150, which in turn sends the data to

visual display device 170 using external network 154. Upon
receiving the data, visual display device 170 may cause pres
ence-sensitive display 172 to display the candidate phrase. In
this way, computing device 140 may output the candidate
phrase for display at presence-sensitive Screen 172, in accor
dance with techniques of the disclosure.
0144. The techniques described in this disclosure may be
implemented, at least in part, in hardware, Software, firm
ware, or any combination thereof. For example, various
aspects of the described techniques may be implemented
within one or more processors, including one or more micro
processors, digital signal processors (DSPs), application spe
cific integrated circuits (ASICs), field programmable gate
arrays (FPGAs), or any other equivalent integrated or discrete
logic circuitry, as well as any combinations of Such compo
nents. The term “processor or “processing circuitry may
generally refer to any of the foregoing logic circuitry, alone or
in combination with other logic circuitry, or any other equiva
lent circuitry. A control unit including hardware may also
perform one or more of the techniques of this disclosure.
0145 Such hardware, software, and firmware may be
implemented within the same device or within separate
devices to Support the various techniques described in this
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disclosure. In addition, any of the described units, modules or
components may be implemented together or separately as
discrete but interoperable logic devices. Depiction of differ
ent features as modules or units is intended to highlight dif
ferent functional aspects and does not necessarily imply that
Such modules or units must be realized by separate hardware,
firmware, or software components. Rather, functionality
associated with one or more modules or units may be per
formed by separate hardware, firmware, or software compo
nents, or integrated within common or separate hardware,
firmware, or Software components.
0146 The techniques described in this disclosure may also
be embodied or encoded in an article of manufacture includ

ing a computer-readable storage medium encoded with
instructions. Instructions embedded or encoded in an article

of manufacture including a computer-readable storage
medium encoded, may cause one or more programmable
processors, or other processors, to implement one or more of
the techniques described herein, Such as when instructions
included or encoded in the computer-readable storage
medium are executed by the one or more processors. Com
puter readable storage media may include random access
memory (RAM), read only memory (ROM), programmable
read only memory (PROM), erasable programmable read
only memory (EPROM), electronically erasable program
mable read only memory (EEPROM), flash memory, a hard
disk, a compact disc ROM (CD-ROM), a floppy disk, a cas
sette, magnetic media, optical media, or other computer read
able media. In some examples, an article of manufacture may
include one or more computer-readable storage media.
0147 In some examples, a computer-readable storage
medium may include a non-transitory medium. The term
“non-transitory' may indicate that the storage medium is not
embodied in a carrier wave or a propagated signal. In certain
examples, a non-transitory storage medium may store data
that can, over time, change (e.g., in RAM or cache).
0.148. Various examples have been described. These and
other examples are within the scope of the following claims.
1. A method comprising:
outputting, by a computing device and for display, a
graphical keyboard comprising a plurality of keys;
receiving, by the computing device, an indication of a
gesture detected at a presence-sensitive input device, a
first portion of the gesture to select a first key of the
plurality of keys and a second portion of the gesture to
Select a second key of the plurality of keys;
determining, by the computing device and based at least in
part on the first key, a word-level token comprising a
single string of a plurality of predicted characters;
determining, by the computing device, that the word-level
token represents a candidate word included in a lexicon;
determining, by the computing device and in response to
determining that the word-level token represents the
candidate word in the lexicon, a phrase-level token
based at least in part on the word-level token and the
second key, wherein the phrase-level token comprises a
plurality of character strings; and
outputting for display, by the computing device and based
at least in part on the plurality of character strings, a
candidate phrase comprising the candidate word in the
lexicon and a second character string, wherein the Sec
ond character string begins with a character associated
with the second key.
2. (canceled)
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3. The method of claim 1, wherein the plurality of character
strings of the phrase-level token comprises a first character
string and the second character string, wherein the word-level
token comprises the first character string, and wherein the
second character string comprises the character associated
with the second key.
4. (canceled)
5. The method of claim 1, wherein the word-level token

comprises a first word-level token comprising a first single
string of the plurality of predicted characters, the method
further comprising:
determining, by the computing device and based at least in
part on the first key and the second key, a second word
level token comprising a second single string of the
plurality of predicted characters.
6. The method of claim 1, wherein the word-level token is

a first word-level token comprising a first single string of the
plurality of predicted characters, and wherein determining
the phrase-level token comprises:
generating, in response to determining that the first word
level token represents the candidate word in the lexicon,
a next-word token that indicates that a next selected key
of the plurality of keys is a prefix of a second word-level
token;

determining, in response to determining the next-word
token, a second word-level token comprising a second
single string of the plurality of predicted characters,
wherein the second key is a prefix of the second word
level token; and
determining the phrase-level token as a combination of the
first word-level token and the second word-level token.

7. The method of claim 6, wherein determining the phrase
level token further comprises:
determining, based on a plurality of features associated
with the gesture, a group of alignment points traversed
by the gesture;
determining respective cost values for each of at least the
first key, the second key, and a third key, wherein each of
the respective cost values represents a probability that an
alignment point of the group of alignment points indi
cates a key of the plurality of keys;
determining a first combined cost value based at least in
part on the determined cost value for the first key and the
determined cost value for the second key:
determining a second combined cost value based at least in
part on the determined cost value for the first key and the
determined cost value for the third key:
comparing the first combined cost value and the second
combined cost value; and

determining the second word-level token based on the
comparison of the first combined cost value and the
second combined cost value.

8. The method of claim 7, wherein the plurality of features
associated with the gesture comprises at least one of
a length of a segment of the gesture, wherein the segment
comprises a path traversed by the gesture at the pres
ence-sensitive display;
a direction of the segment of the gesture;
a curvature of the segment of the gesture;
a local speed that represents a rate at which the segment of
the gesture was detected; and
a global speed that represents a rate at which the gesture
was detected.

9. The method of claim 7, wherein determining the respec
tive cost values for each of at least the first key, the second key,
and the third key comprises:
determining respective physical cost values for each of at
least the first key, the second key, and the third key,
wherein each of the respective physical cost values rep
resents a probability that at least one physical feature of
an alignment point of the group of alignment points
indicates at least one physical feature of a key of the
plurality of keys;
determining respective lexical cost values for each of at
least the first key, the second key, and the third key,
wherein each of the respective lexical cost values repre
sents a probability that a letter represented by a key of
the plurality of keys is included in the candidate word;
and

determining the respective cost values for each of at least
the first key, the second key, and the third key based on
the respective physical cost values and the respective
lexical cost values for each of at least the first key, the
second key, and the third key.
10. The method of claim 9, wherein determining the
respective physical cost values for each of at least the first key,
the second key, and the third key comprises comparing key
regions of each of at least the first key, the second key, and the
third key with at least one of the plurality of features associ
ated with the gesture, wherein the key regions comprise loca
tions of the presence-sensitive display that output the respec
tive keys.
11. The method of claim 9, wherein determining the
respective lexical cost values for each of at least the first key,
the second key, and the third key comprises comparing each
of at least the first key, the second key, and the third key with
a language model.
12. The method of claim 11, wherein the language model
comprises an n-gram language model.
13. The method of claim 11, wherein the language model
comprises a group of predefined phrases.
14. The method of claim 1, wherein the phrase-level token
is a first phrase-level token comprising a first plurality of
character strings, the method further comprising:
determining, by the computing device, that the first phrase
level token satisfies a threshold;

responsive to determining that the first phrase-level token
satisfies the threshold, selecting, by the computing
device, a character string of the first plurality of charac
ter Strings of the first phrase-level token as a committed
character string; and
removing, by the computing device, the committed char
acter string from the first plurality of character strings of
the phrase-level token to determine a second phrase
level token comprising a second plurality of character
Strings.
15. The method of claim 14, further comprising:
outputting, by the computing device, the first phrase-level
token for display at a text-suggestion region of the pres
ence-sensitive display; and
responsive to determining that the first phrase-level token
satisfies the threshold:

outputting, by the computing device, the committed
character string for display at a committed-text region
of the presence-sensitive display, wherein the com
mitted-text region is different than the text-Suggestion
region; and
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outputting, by the computing device, the second plural
ity of character strings for display at the text-sugges
tion region.
16. The method of claim 14, wherein determining that the
first phrase-level token satisfies the threshold comprises
determining that a number of character strings of the first
plurality of character strings satisfies a threshold number of
character strings.
17. The method of claim 1, wherein the lexicon is imple
mented, by the computing device, as a trie data structure.
18. The method of claim 1, wherein receiving the indica
tion of the gesture comprises receiving an indication of a
motion of an input unit from a first location of the presence
sensitive input device to a second location of the presence
sensitive input device with Substantially constant contact
between the input unit and the presence-sensitive input
device.

19. The method of claim 1, wherein determining the
phrase-level token further comprises determining that the
phrase-level token includes at least one delimiter character,
the at least one delimiter character being positioned between
a first character String and a second character string of the
plurality of character strings.
20. A non-transitory computer-readable storage medium
encoded with instructions that, when executed, cause at least

one processor of a computing device to:
output, for display at a presence-sensitive display opera
tively coupled to the computing device, a graphical key
board comprising a plurality of keys:
receive an indication of a continuous gesture detected at the
presence-sensitive display, the continuous gesture to
Select a group of keys of the plurality of keys; and

determine, in response to receiving the indication of the
continuous gesture to select the group of keys, a phrase
level token representing a plurality of candidate words,
wherein the phrase-level token comprises a plurality of
character strings; and
output for display, based at least in part on the plurality of
candidate words, a candidate phrase comprising a first
candidate word in the lexicon and a second candidate

word, wherein the second candidate word begins with a
character associated with the second key.
21. A device comprising:
at least one processor that is operatively coupled to a pres
ence-sensitive display; and
at least one module operable by the at least one processor
tO:

output, for display at the presence-sensitive display, a
graphical keyboard comprising a plurality of keys;
receive an indication of a continuous gesture detected at
the presence-sensitive display, the continuous gesture
to select a first key and a second key in a group of keys
of the plurality of keys; and
determine, in response to receiving the indication of the
continuous gesture and based at least in part on the
group of keys of the plurality of keys, a candidate
phrase comprising a group of candidate words; and
output for display, based at least in part on the group of
candidate words, a candidate phrase comprising a first
candidate word and a second candidate word, wherein
the first candidate word includes a first character asso

ciated with the first key and the second candidate
word begins with a second character associated with
the second key.
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