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RELATED CASES

The present application claims benefit of U.S. Provisional Application No.
60/163,588, filed November 5, 1999,

The present application is also co-pending with U.S. Patent Application
Serial No. =, filed concurrently herewith on , entitled
“Language Input Architecture For Converting One Text Form to Another Text Form
With Tolerance To Spelling, Typographical, And Conversion Errors” and U.S.
Patent Application Serial No. | filed concurrently herewith on ,
entitled “Language Input Architecture For Converting One Text Form to Another
Text Form With Modeless Entry”. Both of these co-pending applications are

incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to a language input user interface. More
particularly, the present invention relates to a language input user interface that may
be used in language-specific or multilingual word processing systems, email
systems, browsers, and the like, where phonetic text is input and converted to

language text.

BACKGROUND OF THE INVENTION

Language-specific word processing systems that utilize alphanumeric
keyboards (e.g. the English QWERTY keyboard) have existed for many years.
Alphanumeric keyboards work well for languages that employ a small alphabet,

such as the Roman character set. Unfortunately, not all languages have a small
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character base. For instance, character-based languages (also referred to as symbol
languages), such as Chinese, Japanese, Korean, and the like, may have thousands of
characters. Language specific keyboards do not exist for character-based languages
because it is practically impossible to build a keyboard to support separate keys for
so many different characters.

Rather than designing expensive language and dialect-specific keyboards,
language-specific word processing systems allow the user to enter phonetic text
from a small character-set keyboard (e.g., a QWERTY keyboard) and convert that
phonetic text to language text of a character-based language. ‘Phonetic text”
represents the sounds made when speaking a given language, whereas the
“language text” represents the actual written characters as they appear in the text.
In the Chinese language, for example, Pinyin is an example of phonetic text and
Hanzi is an example of the language text. Typically, the set of characters needed to
express the phonetic text is much smaller than the character set used to express the
language text. By converting the phonetic text to language text, many different
languages can be processed by the language specific word processor using
conventional computers and standard QWERTY keyboards.

To facilitate user entry of phonetic text, language-specific word processing
systems often employ a language input user interface (UI). Existing language input
Uls, however, are not very user friendly because they are not easy to learn and they
do not accommodate a fast typing speed. As an example of such unfriendliness,
some conventional language input user interfaces disassociate the phonetic text
input from the converted language text output. For instance, a user may enter
phonetic text in one location on the visual display screen and the converted
characters of the language text are presented in a separate and distinct location on

the screen. The two locations may even have their own local cursor. This dual
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presentation can be confusing to the user in terms of where entry is actually taking
place. Moreover, the user must continuously glance between the locations on the
screen.

As a result, existing language input Uls are often only used by professional
typists, not by everyday personal computer (PC) users. In character-based language
countries, these concerns have a significant affect on the popularity of PC use.

In general, there are two types of language input user interfaces: (1) a code-
based user interface and (2) a mode-based user interface. In a code-based user
interface, users memorize codes related to words of the language. The codes are
input by way of an input device and converted to the desired language text. This
type of user interface allows users to input text very fast once they have memorized
the codes. However, these codes are often not easy to memorize, but are easy to
forget.

In a mode-based user interface, phonetic text is input and converted to the
desired language text. Mode-based user interfaces do not require users to memorize
codes, but typically require users to switch modes between inputting and editing
language text. One example of a mode-based user interface is employed in
Microsoft’s “Word”-brand word processing program that is adapted for foreign
languages by utilizing phonetic-to-language conversion, such as Chinese. When
entering phonetic text in the “Word” program, a user is presented with a localized
tool bar that enables the user to switch between an inputting mode in which a user
inputs phonetic characters (e.g., Chinese Pinyin) and an editing mode in which a
user corrects inevitable errors that occasionally occur as a result of the recognition
and conversion process.

One drawback with such traditional interfaces is that users must be aware of

the current mode—input or edit—and take additional steps that are extraneous to
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text entry (i.e., clicking a tool bar control button) to switch between the modes.
This interface thus causes extra work for the user and diverts the user’s attention
from text entry to others peripheral control aspects, thereby significantly reducing
input speed.

Another problem associated with mode-based user interfaces concerns how
to handle, from a user interface perspective, the inevitable conversion errors. A
conversion error occurs when the recognition and conversion engine converts the
phonetic text into an incorrect language character. This may be quite common due
to the nature of a given language and the accuracy at which the phonetic text can be
used to predict an intended character. After the user converts to the editing mode,
the user interface typically provides some way for the user to correct the character.
In Microsoft’s “Word”-brand word processing program for China, for example, a
user is presented with a box containing possible alternative characters. If the list is
long, the box provides controls to scroll through the list of possible characters.

Another drawback of traditional mode-based user interfaces is that they
require mode switching for inputting different languages. When a user is inputting
phonetic text and wants to input text of a second language, the user has to switch
modes to input the second language. For instance, in the context of Microsoft
“Word”, the localized tool bar offers a control button that enables a user to toggle
between entry of a first language (e.g., Chinese Pinyin) and entry of a second
language (e.g., English). The user must consciously activate the control to inform
the word recognition engine of the intended language.

Another concern related to a language input Ul, particularly from the
perspective of non-professional typists, is typing errors. The average user of
phonetic text input Uls is particularly prone to entering typographic typing errors.

One reason for the typing errors is that users from different geographic regions
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often use different dialects of a character-based language. Users misspell phonetic
text due to their local dialects. A slight deviation in phonetic text can result in
entirely different character text.

Accordingly, there is a need for an improved language input user interface.

SUMMARY OF THE INVENTION

The present invention concerns a language input user interface that
intelligently integrates phonetic text entered by a user and language text converted
from the phonetic text into the same screen area. The user interface is modeless in
that it does not require a user to switch between input and edit modes. The
modeless user interface also accommodates entry of multiple languages without
requiring explicit mode switching among the languages. As a result, the user
interface is intuitive for users, easy to learn, and is user friendly.

In one implementation, the language input user interface (UI) includes an in-
line input feature that integrates phonetic text with converted language text. In
particular, the phonetic text being input by a user is displayed in the same line
concurrently with previously entered phonetic text and previously converted
language text. Displaying input phonetic text in the same line with the previously
converted language text allows users to focus their eyes in the same line, thereby
making for a more intuitive and natural user interface.

The language input UI supports language text editing operations including:
1) adding language text; 2) deleting language text; and 3) replacing selected
language text with one or more replacement language text candidates. The user
interface allows a user to select language text and replace it by manually typing in
new phonetic text that can then be converted to new language text. Alternatively,

the user interface provides one or more lists of language text candidates. A floating
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list is first presented in conjunction with the selected language text to be changed.
In this manner, language text candidates are presented in-place within the sentence
structure to allow the user to visualize the corrections in the grammatical context.
The list of candidates is presented in a sorted order according to a rank or score of
the likelihood that the choice is actually the one originally intended by the user.
The hierarchy may be based on probability, character strokes, or other metrics. The
top candidate is the one that gives the sentence the highest score, followed by the
second candidate that gives the sentence the next highest score, and so on.

As the user scrolls through the list, the list is updated within the context
menu. Additionally, the currently visual choices are shown in animated movement
in the direction of the scrolling action. The animation helps the user ascertain how
much or how fast the list is being scrolled. Once the user selects the replacement
text, it is inserted in place of the language text within the sentence, allowing the
user to focus on a single line being edited.

Another feature of the language input Ul is that it allows the user to view
previously input phonetic text for the language text being edited. The user can
select the previously input phonetic text and upon selection, the previously input
phonetic text is displayed in place of the language text. The phonetic text can then
be edited and converted to new language text.

Another feature of the language input user interface is a sentence-based
automatic conversion feature. In a sentence-based automatic conversion, previously
converted language text within a sentence may be further converted automatically
to different language text after inputting subsequent phonetic text. Once a sentence
is complete, as indicated by a period, the language text in that sentence becomes

fixed and is not further converted automatically to different language text as a result
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of entering input text in a subsequent sentence. It is appreciated that a phrase-based
or similar automatic conversion can be used in an alternative embodiment.

Another feature of the language input user interface is sentence-based
automatic conversion with language text confirmation. After phonetic text is
converted to language text, a user can confirm the just converted language text so
that the just converted language text will not be further converted automatically in
view of the context of the sentence.

Another feature of the language input user interface is the ability to handle
multiple languages without switching modes. Words or symbols of a second
language, when intermixed with the phonetic text, are treated as special language
input text and displayed as the second language text. Thus, users are not required to
switch modes when inputting different languages.

These and various other features as well as advantages which characterize
the present invention will be apparent from reading the following detailed

description and a review of the associated drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The same numbers are used throughout the Figures to reference like
components and features.

Fig. 1 is a block diagram of a computer system having a language-specific
word processor that implements a language input architecture. The language input
architecture includes a language input user interface (UI).

Fig. 2 is a diagrammatic illustration of a screen display of one
implementation of a language input user interface. Fig. 2 illustrates an in-line input

feature of the language input UL
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Fig. 3 is a diagrammatic illustration of a screen display of the language input
UI, which shows an automatic conversion feature.

Fig. 4 is a diagrammatic illustration of a screen display of the language input
UI, which shows a sentence-based automatic conversion feature.

Fig. 5 is a diagrammatic illustration of a screen display of the language input
UI, which shows an in-place error correction feature and a phonetic text hint
feature.

Fig. 6 is a diagrammatic illustration of a screen display of the language input
UI, which shows a second candidate list feature.

Fig. 7 is a diagrammatic illustration of a screen display of the language input
UI, which shows an in-place phonetic text correction feature.

Fig. 8 is a diagrammatic illustration of a screen display of the language UlI,
which shows a subsequent screen of the in-place phonetic text correction of Fig. 7.

Fig. 9 is a diagrammatic illustration of a screen display of the language Ul,
which shows a subsequent screen of the in-place phonetic text correction of Figs. 7
and 8.

Fig. 10 is a diagrammatic illustration of a screen display of the language Ul,
which shows entry of mixed text containing multiple different languages.

Fig. 11 is a flow diagram of a method for inputting text using a language
input user interface.

Fig. 12 is a flow diagram of an in-line input sub-process.

Fig. 13 is a flow diagram of an automatic conversion sub-process.

Fig. 14 is a flow diagram of an automatic conversion sub-process with
confirmed character text.

Fig. 15 is a flow diagram of an in-place error correction sub-process.
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Fig. 16 is a flow diagram of an in-place error correction sub-process with a
second candidate list.

Fig. 17 is a flow diagram of a phonetic text hint sub-process.

Fig. 18 is a flow diagram of an in-place phonetic text correction sub-process.

Fig. 19 is a flow diagram of an in-line inputting mixed language text sub-
process.

Fig. 20 illustrates exemplary user inputs and a resulting screen shots of an
exemplary Chinese input user interface, which shows an example of an in-line input
feature.

Fig. 21 illustrates an exemplary screen display of an exemplary Chinese
input user interface, which shows an example of a Pinyin text hint feature.

Fig. 22 illustrates exemplary user inputs and resulting screen shots of an
exemplary Chinese input user interface, which shows an example of an in-place
error correction feature.

Fig. 23 illustrates exemplary user inputs and resulting screen shots of an
exemplary Chinese input user interface, which shows an example of an in-place
Pinyin text correction feature.

Fig. 24 illustrates exemplary user inputs and resulting screen shots of an
exemplary Chinese input user interface, which shows an example of a mixture input
of English/Chinese language feature.

Fig. 25 illustrates exemplary user inputs and resulting screen shots of an
exemplary Chinese input user interface, which shows an example of a second
candidate list feature.

Fig. 26 illustrates exemplary user inputs and resulting screen shots of an
exemplary Chinese input user interface, which shows an example of a sentence-

based automatic conversion with a character confirmation feature.
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Fig. 27 illustrates a definition of phonetic text (e.g. Chinese Pinyin text) and

its corresponding character text (e.g. Chinese character text), and a definition of

non-phonetic text (e.g. alphanumeric text).

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention concerns a language input user interface that
facilitates phonetic text input and conversion to language text. For discussion
purposes, the invention is described in the general context of word processing
programs executed by a general-purpose computer. However, the invention may be
implemented in many different environments other than word processing (e.g.,
email systems, browsers, etc.) and may be practiced on many diverse types of

devices.

System Architecture

Fig. 1 shows an exemplary computer system 100 having a central processing
unit (CPU) 102, a memory 104, and an input/output (I/O) interface 106. The CPU
102 communicates with the memory 104 and I/O interface 106. The memory 104 is
representative of both volatile memory (e.g., RAM) and non-volatile memory (e.g.,
ROM, hard disk, etc.).

The computer system 100 has one or more peripheral devices connected via
the I/O interface 106. Exemplary peripheral devices include a mouse 110, a
keyboard 112 (e.g., an alphanumeric QWERTY keyboard, a phonetic keyboard,
etc.), a display monitor 114, a printer 116, a peripheral storage device 118, and a
microphone 120. The computer system may be implemented, for example, as a
general-purpose computer. Accordingly, the computer system 100 implements a

computer operating system (not shown) that is stored in memory 104 and executed
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on the CPU 102. The operating system is preferably a multi-tasking operating

system that supports a windowing environment. An example of a suitable operating
system is a Windows brand operating system from Microsoft Corporation.

It is noted that other computer system configurations may be used, such as
hand-held devices, multiprocessor systems, microprocessor-based or programmable
consumer electronics, network PCs, minicomputers, mainframe computers, and the
like. In addition, although a standalone computer is illustrated in Fig. 1, the
language input UI may be practiced in distributed computing environments where
tasks are performed by remote processing devices that are linked through a
communications network (e.g., LAN, Internet, etc.). In a distributed computing
environment, program modules may be located in both local and remote memory
storage devices.

A data or word processing program 130 is stored in memory 104 and
executes on CPU 102. Other programs, data, files, and such may also be stored in
memory 104, but are not shown for ease of discussion. The word processing
program 130 is configured to receive phonetic text and convert it automatically to
language text. More particularly, the word processing program 130 implements a
language mput architecture 131 that, for discussion purposes, is implemented as
computer software stored in memory and executable on a processor. The word
processing program 130 may include other components in addition to the
architecture 131, but such components are considered standard to word processing
programs and will not be shown or described in detail.

The language input architecture 131 of word processing program 130 has a
user interface (UI) 132, a search engine 134, a language model 136, and a typing
model 137. The architecture 131 is language independent. The UI 132 and search

engine 134 are generic and can be used for any language. The architecture 131 is
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adapted to a particular language by changing the language model 136 and the typing
model 137. A more detailed discussion of the architecture is found in co-pending
applications Serial No. , entitled “Language Input Architecture For
Converting One Text Form to Another Text Form With Tolerance To Spelling,
Typographical, And Conversion Errors” and Serial No. , entitled
“Language Input Architecture For Converting One Text Form to Another Text Form
With Modeless Entry”, which are incorporated herein by reference.

The search engine 134, language module 136, and typing model 137 together
form a phonetic text-to-language text converter 138. For purposes of this
disclosure, “text” means one or more characters and/or non-character symbols.
“Phonetic text” generally refers to an alphanumeric text representing sounds made
when speaking a given language. A “language text” is the characters and non-
character symbols representative of a written language. ‘“Non-phonetic text” is
alphanumeric text that does not represent sounds made when speaking a given
language. Non-phonetic text might include punctuation, special symbols, and
alphanumeric text representative of a written language other than the language text.

Fig. 27 shows an exampl'e of phonetic text, converted language text, and
non-phonetic text. In this example, the phonetic text is Chinese Pinyin text, which
1s translated to “hello”. The exemplary character text is Chinese Hanzi text, which
is also translated to “hello”. The exemplary non-phonetic text is a string of
alphanumeric symbol text “@3m”. For discussion purposes, word processor 130 is
described in the context of a Chinese-based word processor and the language input
architecture 131 is configured to convert Pinyin to Hanzi. That is, the phonetic text
is Pinyin and the language text is Hanzi.

However, the language input architecture is language independent and may

be used for other languages. For example, the phonetic text may be a form of
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spoken Japanese, whereas the language text is representative of a Japanese written
language, such as Kanji. Many other examples exist including, but not limited to,
Arabic languages, Korean language, Indian language, other Asian languages, and so
forth.

Perhaps more generally stated, phonetic text may be any alphanumeric text
represented in a Roman-based character set (e.g., English alphabet) that represents
sounds made when speaking a given language that, when written, does not employ
the Roman-based character set. Language text is the written symbols corresponding
to the given language.

Phonetic text is entered via one or more of the peripheral input devices, such
as the mouse 110, keyboard 112, or microphone 120. In this manner, a user is
permitted to input phonetic text using keyed entry or oral speech. In the case of oral
input, the computer system may further implement a speech recognition module
(not shown) to receive the spoken words and convert them to phonetic text. The
following discussion assumes that entry of text via keyboard 112 is performed on a
full size, standard alphanumeric QWERTY keyboard.

The UI 132 displays the phonetic text as it is being entered. The UI is
preferably a graphical user interface. The user interface 132 passes the phonetic
text (P) to the search engine 134, which in turn passes the phonetic text to the
typing model 137. The typing model 137 generates various typing candidates
(TC,, ..., TCy) that might be suitable edits of the phonetic text intended by the user,
given that the phonetic text may include errors. The typing model 137 returns the
typing candidates to the search engine 13, which passes them onto the language
model 136. The language model 136 generates various conversion candidates
(CCy, ..., CCy) written in the language text that might be representative of a

converted form of the phonetic text intended by the user. The conversion
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candidates are associated with the typing candidates. Conversion from phonetic
text to language text is not a one-for-one conversion. The same or similar phonetic
text might represent a number of characters or symbols in the language text. Thus,
the context of the phonetic text is interpreted before conversion to language text.
On the other hand, conversion of non-phonetic text will typically be a direct one-to-
one conversion wherein the alphanumeric text displayed is the same as the
alphanumeric input.

The conversion candidates (CC,, ..., CCy) are passed back to the search
engine 134, which performs statistical analysis to determine which of the typing and
conversion candidates exhibit the highest probability of being intended by the user.
Once the probabilities are computed, the search engine 134 selects the candidate
with the highest probability and returns the language text of the conversion
candidate to the Ul 132. The UI 132 then replaces the phonetic text with the
language text of the conversion candidate in the same line of the display.
Meanwhile, newly entered phonetic text continues to be displayed in the line ahead
of the newly inserted language text.

If the user wishes to change language text from the one selected by the
search engine 134, the user interface 132 presents a first list of other high
probability candidates ranked in order of the likelihood that the choice is actually
the intended answer. If the user is still dissatisfied with the possible candidates, the
UI 132 presents a second list that offers all possible choices. The second list may
be ranked in terms of probability or other metric (e.g., stroke count or complexity in

Chinese characters).

Language Input User Interface
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The remaining discussion is particularly directed to features of the user
interface 132. In particular, the user interface 132 visually integrates the display of
inputted phonetic text along with converted language text in the same line on the
screen. Many of the features are described in the context of how they visually
appear on a display screen, such as presence and location of a window or a menu or
a cursor. It is noted that such features are supported by the user interface 132 alone
or in conjunction with an operating system.

Figs. 2-10 illustrate various screen displays of one exemplary
implementation of the language input user interface 132. Symbol “P” is used
throughout Figs. 2-10 to represent phonetic text that has been input and displayed in
the UL, but has not yet been converted into language text. Symbol “C” represents
converted language text that has been converted from input phonetic text P.
Subscripts are used with each of the phonetic text P, for example, Py, P,, ... Py, and
the converted language text C, for example, C;, C,, ... Cy, to represent individual

ones of the phonetic and converted language text.

Integrated In-Line Text Input/Qutput

Fig. 2 shows a screen display 200 presented by the language input UI 132
alone, or in conjunction with an operating system. In this illustration, the screen
display 200 resembles a customary graphical window, such as those generated by
Microsoft’s Windows brand operating system. The graphical window is adapted
for use in the context of language input, and presents an in-line input area 202 in
which phonetic text is entered and subsequently converted to language text. The in-
line area 202 is represented pictorially by the parallel dashed lines.

An input cursor 204 marks the present position where the next phonetic text

input will occur. The graphical UI may further include a plurality of tool bars, such



WO 01/33324 PCT/US00/30465

10

15

20

25

16

as tool bars 206, 208, 210, 212, or other functional features depending on the
application, e.g., word processor, data processor, spread sheet, internet browser,
email, operating system, etc. Tool bars are generally known in the word or data
processing art and will not be described in detail.

The in-line input area 202 integrates input of phonetic text P and output of
the converted language text C. This advantageously allows the user to focus
attention on a single area of the screen. As the user enters phonetic text (via key
entry or voice), the phonetic text P is presented in-line in a first direction (e.g.,
horizontal across the screen). The input cursor 204 is positioned by or in alignment
with the converted language text C,C, and the input phonetic text P,P,P;. In Fig. 2,
the input sequence is from left to right and the input cursor 204 is positioned at the
right side of the previously input phonetic text P;P,P;. It will be appreciated that it
is within the scope of the present invention to input text in the same direction in
which a given language is read, and that the “left to right” input sequence discussed
in the present implementation is merely one example. Further, it will be
appreciated that the language input Ul is capable of in-line input in virtually any
direction including, but not limited to, vertically, diagonally, etc. Other in-line
formats are conceivable including various three dimensional formats wherein the

in-line input feature might appear to the user to extend away or toward the user.

Automatic Conversion

As the user inputs phonetic text P, the converter 138 automatically converts
the phonetic text to converted language text C. Typically, a few of the phonetic text
elements P (e.g., one to six phonetic text elements P) is entered before the phonetic

text P is converted to language text C.
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As conversion is made, the converted language text C is presented in the
same line as the phonetic text P, as indicated by the in-line area 202. As the user
continues to enter phonetic text, the most recently input phonetic text P is displayed
in-line with the previously converted language text C. In Fig. 2, for example,
phonetic text P,P,P; is displayed in-line with the most recently converted language
text C,C,. Displaying input phonetic text P in the same line with previously
converted language text C allows users to focus their eyes in the same line, thereby
making the input process more intuitive and natural, as well as allowing faster
input.

As the user continues to enter phonetic text P, the user interface
automatically converts the phonetic text P in real time to language text C without
the user having to switch modes. As shown in the example of Fig. 3, as soon as the
user enters phonetic text P4, the previous phonetic text P,P,P; is automatically
converted to language text C;. The user continues inputting phonetic text P4,PsP¢P;
without having to switch modes or hesitating.

Conversion from phonetic text to language text is an automatic process
controlled by the language model 136. The language text C; is selected as having
the highest probability among all possible language text and so is used in the
automatic conversion. However, the more a user types, the greater the context
considered. Accordingly, language text C; might be changed to different language
text upon further entry of phonetic text such as P4PsP¢P;.

The language input architecture 131 may be configured to minimize how
often the converted language text is changed in response to entry of additional input
text. In some contexts, it is possible that the converted language text could change
with each entered character of input text, essentially flipping among two or more

possible interpretations that have approximately equal likelihood of being intended
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by the user in the given context. The constant flipping of language text might
become visually distracting to the user.

To minimize textual flipping, the converter 138 may implement one or more
probabilistic-based rules that stipulate maintaining the current language text unless
there is a significant likelithood that another context is intended. In this way, the
converter 138 is reluctant to change the converted language text to a second
language text when the second language text is only slightly better from a statistical
standpoint. The degree of significance varies with the context. As an example, the
converter 138 may be configured to modify the language text only when the
modified language text is at least five percentage points more likely than the

language text it is replacing.

Sentence-Based and Confirmed Automatic Conversion

Users may not feel comfortable if a very long string of text (e.g., a paragraph
of text) is subject to conversion. In one implementation of the user interface, the
automatic conversion from phonetic text P to language text C is a sentence-based
automatic conversion. In other words, once a sentence is complete, the language
text C in that sentence will not be further converted automatically to different
language text C when inputting phonetic text P in a subsequent sentence. The
sentence-based automatic conversion feature significantly reduces users’ typing
errors as well as preventing a previous sentence from being continuously converted
automatically.

It is appreciated that a sentence can be defined in many other ways. For
example, a sentence can be defined as a string of text within certain predefined
punctuation, such as a string of text between two periods, a string of text between

various predefined punctuation, a string of text containing certain text elements, and
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so forth. Once a user enters punctuation, the string of text entered between the
punctuation and a previous punctuation, if any, may be treated as a sentence. The
string of converted language text C in that sentence is not further automatically
converted as the user inputs phonetic text in subsequent sentences. A person skilled
in the art will appreciate that the automatic conversion can be based on two or more
sentences if desired.

Fig. 4 illustrates the screen display 200 at a point in which a sentence is
confirmed by way of punctuation. Entry of punctuation, in addition to confirming a
sentence, will typically result in the phonetic text P at the end of the sentence being
automatically converted to language text C. For example as shown in Fig. 4, once a
comma 400 is entered, phonetic text P,PsP¢P; is converted to language text C;. The
string of language text C,C,C;C, is now treated as a sentence. Converted language
text C,C,C;5C4 will no longer be automatically further converted.

In addition to sentence-based automatic conversion, a user can expressly
confirm one or more of the converted language text C following its conversion from
entered phonetic text P. A user can confirm the just converted language text C by
entry of a user command at the keyboard (e.g., a space bar entry) so that the just
converted language text C will not be further automatically converted in view of the
context of the sentence. A detailed example of this feature is discussed later with

reference to Figs. 20 and 24.

Deferred Conversion

In many languages, users are typically more accustomed to reading and
correcting language text than phonetic text. As phonetic text is entered, the user

commonly waits for conversion before attempting to discern whether the entered



WO 01/33324 PCT/US00/30465

10

15

20

25

20
text is accurate. This is particularly true for the Chinese user, who prefers reading
and correcting Chinese Hanzi characters as opposed to Pinyin characters.

In view of this user characteristic, the language input architecture 131 is
designed to contemplate when to convert the phonetic text to the language text.
Generally, conversion is made when the converter is sufficiently confident that the
converted language text was intended by the user. Characterized in the Ul context,
the issue becomes how many characters of the phonetic text should be displayed at
any one time such that eventual conversion results in highly likely language text
that is unlikely to be modified as the user enters in more phonetic text. Converting
too soon results in more errors in the converted language text, thereby forcing the
user to correct the converted language text more often. Converting too late creates
a distraction in that the user is presented with long strings of phonetic text rather
than the desired language text.

As a compromise between converting too early and converting too late, the
language input architecture may be configured to defer conversion until an optimum
number of phonetic characters are entered to ensure a high conversion accuracy. In
practice, the architecture is designed to defer selecting and displaying converted
language text in place of the phonetic text until after entry of a minimum number of
characters and before entry of a maximum number of characters. As one example,
a language input architecture tailored for Chinese might be configured to convert
Pinyin text to Hanzi text when at least one Pinyin character and at most six Pinyin
characters have been entered and displayed in the UL

According to one implementation, the language input architecture
implements a set of rules to determine, for a given context, the optimum number of
phonetic characters that may be entered prior to selecting and displaying the

converted language text. The rules may be summarized as follows:
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Rule 1: Always display the last (i.e., most recently entered) input character.

Rule 2: After entry and display of multiple input characters, evaluate top N
conversion candidates for one or more characters in the candidates that
may match. If at least one converted character is the same for all N
conversion candidates, convert at least one input character forming part
of the input text to the matching converted character(s) in the output text.

Rule 3: If the first most likely conversion candidate scores significantly
higher than the second most likely conversion candidate, convert at least

one input character to the character(s) of the first conversion candidate.

Modeless Editing

Figs. 5-9 illustrate an exemplary implementation of the modeless editing
features supported by the architecture. The user interface enables a user to
seamlessly transition from input mode to edit mode without an explicit mode switch
operation. Moreover, the edit mode supports traditional editing functions such as
addition, deletion, and replacement of language text. The present invention allows
replacement of language text by inputting new phonetic text or by selection of
replacement language text from a list of at least one replacement language text

candidate.

In-Place Error Correction

Fig. 5 shows a screen display 200 with various edit features. For discussion
purposes, assume that the user has confirmed the language text C,C,C;C,
(previously of Fig. 4) by entering punctuation 400 and now wishes to edit the

confirmed language text C;C,C3C,. The user repositions the cursor 204 to a desired
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location within the confirmed language text C,C,C;C4. Cursor positioning can be
accomplished in many different ways, including but not limited to, arrow keys,
mouse click, or verbal command. Fig. 5 illustrates the cursor 204 repositioned in
front of the language character C; to select this character for editing.

Once the cursor 204 is positioned to the front of the language character C,
the user enters one or more user commands to invoke an edit window or box 500
that is superimposed on or about the in-line area 202 at the point in the text
containing the character(s) to be edited. The user command can be accomplished in
any of several manners that are well known in the art, including but not limited to,
depressing an escape key “ESC” on keyboard 112.

In the illustrated implementation, the edit window or box 500 pops up
adjacent to the language character C; in a second direction (e.g., vertical)
orthogonal to the first direction (e.g., horizontal) of the in-line text. The pop-up
edit window 500 has two parts: an input text hint window 502 and a scrollable
candidate window 504. These parts are preferably invoked simultaneously by a
common user command. The corresponding phonetic text P;P,P; for the character
C;, which was previously input by a user, appears in the input text hint window 502
directly above and in vertical alignment with the language character C; being
edited. Displaying the input phonetic text P,P,P; allows a user to see what they had
previously entered for the language text C; and to edit it if necessary. The input
text hint window 502 has a scroll up bar 506 disposed at the top. Activation of this
scroll up bar 506 causes the phonetic text P,P,P; to slide into the sentence and
replace the language text character Cs.

The candidate window 504 contains a scrollable list of at least one
replacement language text candidate Cs*, C®, C°, (oA having the same or similar

phonetic text as the language text C;. The candidate window 504 is arranged
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orthogonal to the in-line input area 202 containing the language text C,C,C;C,4 and
directly below and in vertical alignment with the language character C;. A
superscript is used to represent different language text characters, such as Cs*, Cy°,
Cs°, and C;°. When there are more candidates than can be displayed in candidate
window 504, a scroll down bar 508 is presented at the bottom of candidate window
504. A user can select (e.g., click on) the scroll down bar 508 to view additional
replacement language text. One feature of the in-place windows 502 and 504 is that
the scrolling operation can be animated to demonstrate the candidates or text
moving up or down. This gives the user visual feedback that the list is being
scrolled one item at a time.

The phonetic text P;P,P; in the input text hint window 502 and the
replacement language text candidates Cs*, Cs°, C¢, C5° in the candidate window
504 are additionally referenced by numbers 0, 1, 2, 3, 4, as shown. The numbering
method of the replacement language text and the size of the candidate window 504
can be implemented in different ways. In one implementation, the candidate
window 504 has a limited size and lists only the top four highest probabilities of
replacement language text.

The language text candidates Cs2, Cs°, Cs°, C;® in the candidate window 504
are preferably arranged in some order or ranking. For instance, an order may be
based on a probability or likelihood that the candidate is actually the one intended
by the user originally. This probability is computed by the search engine 134, in
conjunction with candidates returned by the language model 136. If the probability
of one replacement language text in a given context is higher than the probability of
another replacement language text in the given context, the replacement language
text with the higher probability is displayed closer to the language text to be edited

and with a lower reference number.
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A user can optionally select the phonetic text P,P,P; or select one of the
replacement language text Cs*, Cy°, C5%, C;° by entering the appropriate reference
number to replace the character text C; or through other common techniques (point
and click on the selected option). The selected replacement is then substituted for
the character C; in the in-line text. Once the user elects a candidate, the pop-up edit
window 500 can be configured to automatically disappear, leaving the corrected
text. Alternatively, the user may explicitly close the text hint window 502 and the
candidate window 504 using conventional methods, such as a mouse click outside
the windows 502 and 504.

The text replacement feature implemented by in-place windows 502 and 504
is referred to as the in-place error correction feature. The selected phonetic text
P,P,P; or the selected one of the replacement language text C;*, Gy, G, G s
displayed in-place of the language text C; that is to be replaced. The in-place error
correction feature allows a user to focus generally proximate a string of language

text containing the language text to be edited.

Second Candidate List

Fig. 6 illustrates a screen display 200 similar to that shown in Fig. 5, but also
showing a second candidate window 600 separate from and adjacent to the first
candidate window 504. The second candidate window 600 lists a larger or perhaps
complete list of replacement language text that has the same or similar phonetic text
as the corresponding phonetic text P,P,P; of the character text C; to be edited. The
phonetic text P,\P,P; in the input text hint window 502 and the replacement
language text Cy*, C5°, C;°, C3% in the candidate window 504 are also listed in the
second candidate window 600. In an alternative embodiment, only the additional

replacement candidates are listed in the second candidate window 600.
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To open the second candidate window 600, a user enters a command, such as
a depressing a right arrow key on the keyboard while active in the candidate
window 504. The user can then select a desired replacement language text by a
suitable command, such as a mouse click or a key entry. A user may move a focus
602 from text character to text character.

The candidates in second candidate window 600 may also be arranged in
some order, although not necessarily according to the same ranking technique used
for the first candidate window 504. Typically sorting by probability score, as is
done with the candidates in the first candidate window 504, may not be as useful for
the full candidate window 600 because the variations between many candidates is
small and somewhat meaningless. The user may have no intuitive feel for locating
a particular candidate in this setting. Accordingly, the second candidate window
600 attempts to rank the candidates in some other way that allows intuitive
discovery of the desired candidate.

One metric that may be used to rank the candidates in the second candidate
window 600, particularly in the context of the Japanese and Chinese languages, is a
measure the complexity of a character or symbol. For a list of Chinese text
candidates, for instance, the candidates may be listed according to the number of
strokes required to form the candidate. A stroke order imposes some tangible feel
for a user who is hunting for a desired language text. The user can quickly glance
to a particular area of the window 600 that holds characters of seemingly similar
complexity. This ranking metric is not intended to cause the user to count or know
a precise number of strokes, but only to give a strong and consistent and visually
recognizable sorting order.

To close the window 600, a user enters a command such as a key entry at the

keyboard or a mouse click outside the window 600. It is appreciated that the
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control of opening/closing of windows, scrolling up/down and left/right in
windows, and scrolling up/down in windows are known in the art and are not

described in detail.

In-Place Phonetic Text Correction

Figs. 7-9 show a sequence of screen displays 200 at various instances to
illustrate an in-place phonetic text correction of the phonetic text P,P,P; shown in
Fig. 5. In this example, a user determines that the phonetic text P;P,P; in the input
text hint window 502 is incorrect. The correct phonetic text should be P,* P,P;. To
correct the phonetic text, the user first selects the phonetic text P;P,P; from the
input text hint window 502.

Fig. 7 shows that the selected phonetic text P,P,P; is displayed in place of
the text character C; being edited. The user can then edit the phonetic text by
changing P, to P,

Fig. 8 shows the UI after the phonetic text is changed to P,*. The text hint
window 502 is also updated to reflect the change. As a result of the edit operation,
at least one new replacement language text Cy having the same or similar edited
phonetic text P,* P,P; is displayed in the candidate window 504. The user can then
select the replacement language text (e.g. Cy') in the candidate window 504.

Fig. 9 shows the selected replacement text Cy' substituted for the edited
phonetic text P;* P,P;. In an alternative embodiment, the edited phonetic text can

be automatically converted to the most probable new replacement language text.

Mixed L.anguage Entry

The language input architecture may be further configured to distinguish

between two or more languages. The first language is detected as phonetic text and
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converted to language text, whereas the second language is detected as non-
phonetic text and kept as is. The Ul 132 presents the two languages concurrently in
the same line as the user enters text. The technique advantageously eliminates the
need to switch between two input modes when inputting multi-language text. As
far as a user is concerned, the user interface is modeless.

Fig. 10 illustrates the screen display 200 of the user interface and
demonstrates an integrated handling and presentation of mixed text of two different
languages. Symbol “A” represents characters of a second language text. Second
language A is a non-phonetic language wherein the second language text A is
displayed as input by the user. As an example, the first language is Chinese Hanzi
and the second language is English. It will be appreciated that the multiple
languages might be any number of different languages.

In one implementation, a user might input mixed language text, one of which
is phonetic text P (e.g., Pinyin) convertible to language text C (e.g., Hanzi). The
phonetic text P of the character-based language is displayed in-line with the
language text A until the phonetic text P is automatically converted to language text
C, which is displayed in-line with the language text A of the second language. Fig.
10 illustrates the input phonetic text P, the converted language text C, and the
second language text A within the same in-line area 202.

Different fonts or colors may be used to distinguish between the phonetic
text P and the non-phonetic text A. As an example, the phonetic text P is displayed
in a first font or color, while the non-phonetic text A is displayed in a second font
or color that is different from the first font or color. In addition to fonts and colors,
other techniques may be used to visually differentiate between the phonetic text P

and the non-phonetic text A.
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General Ul Operation

Figs. 11-19 illustrate methods implemented by the language input
architecture. The methods are implemented as part of the language input user
interface to facilitate convenient entry and edition of phonetic text, as well as
edition of converted language text. Fig. 11 illustrates the general process, while
Figs. 12-19 illustrate certain of the operations in more detail. The methods are
described with additional reference to the screen displays of Figs. 2-10.

Fig. 11 shows a method 1100 for inputting text via the language input user
interface. At operation 1102, the user interface enables a user to input text within
the common in-line area 202. In the described implementation, the input text is a
phonetic text, such as Chinese Pinyin. The input text is automatically converted to
language text of a character-based language, such as Chinese Hanzi (operation
1104). One exemplary implementation of this conversion is described above with
reference to Fig. 1. If the reader is interested, a more detailed discussion can be
found in the incorporated co-pending applications Serial No. , entitled
“Language Input Architecture For Converting One Text Form to Another Text Form
With Tolerance To Spelling, Typographical, And Conversion Errors” and Serial No.

, entitled “Language Input Architecture For Converting One Text Form to
Another Text Form With Modeless Entry.”

Operation 1106 determines whether a user desires to edit the language text
following conversion, as indicated by repositioning the cursor or an express
command. If so (i.e., the “Yes” path from operation 1106), the UI receives the
user’s repositioning of the cursor proximal to the character to be edited (operation
1108). As illustrated in Fig. 5, the cursor may be repositioned in front of the

language text character.
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At operation 1110, the UI opens the edit window 500 in response to a user
command as shown in Fig. 5. The edit window 500 includes the first candidate list
504 for replacing the language text. If a suitable replacement candidate is not
presented in candidate list 504, the user may decide to invoke the second candidate
list window 600, as illustrated in Fig. 6. Operation 1112 determines whether the
user has requested the second candidate window 600. If a suitable candidate is
available on the first candidate list 504, and thus the user decides not to open the
second candidate list window (i.e., the “no” branch from operation 1112), the user
may select replacement language text from the first candidate list window to replace
the language text to be edited (operation 1114).

On the other hand, if the user invokes the second candidate window (i.e., the
“yes” branch from operation 1112), the UI opens the second candidate list window
and allows the user to select replacement language text to replace the language text
being (operation 1116). The selected replacement language text from either the
first candidate list window 504 or the second candidate list window 600 is then
displayed in place of the language text in the in-line area 202 (operation 1118). The
operational flow continues in operation 1106.

If a user does not desire to edit text (i.e. the “no” path from operation 1106),
the Ul determines whether the user continues to input text, as indicated by the user
repositioning the cursor and continuing to enter characters (operation 1120). If the
user’s actions tend to suggest a continuation of text entry, the cursor is moved back
to the input position at the end of the current section (operation 1122) and
operational flow continues in input in-line operation 1102. If the user does not wish

to continue, the process ends.

In-Line Input: Operations 1102 and 1104
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Fig. 12 illustrates an in-line input sub-process 1200, which is an exemplary
implementation of operations 1102 and 1104 of Fig. 11. Exemplary screen displays
depicting this sub-process are illustrated in Figs. 2 and 3.

At operation 1202, the UI receives an input string of phonetic text (e.g.,
Pinyin) from an input device (e.g., keyboard, voice recognition). The language
input UI displays the phonetic text within the same in-line area 202 as the
previously converted language text (operation 1204). The phonetic text-to-
language text converter 138 converts the string of phonetic text into language text
(e.g., Hanzi) in operation 1206. The language input Ul replaces the phonetic text
string with the converted language text string and displays the language text in the

in-line area 202 (operation 1208). Sub-process 1200 then exits.

Sentence-Based Conversion: Operation 1104

Fig. 13 illustrates an automatic conversion sub-process 1300, which is
another exemplary implementation of operation 1104. Exemplary screen displays
depicting this sub-process are illustrated in Figs. 3 and 4.

At operation 1302, the language input architecture receives a string of
phonetic text input by the user via an input device. The language input UI displays
the input phonetic text in the in-line area 202 (operation 1304). At operation 1306,
the language input architecture determines whether the phonetic text belongs in the
existing sentence or a new sentence. This determination can be based on whether
the user has entered some form of punctuation, such as a period or comma.

If input phonetic text belongs to a new sentence (i.e. the “new” path from
operation 1306), the input phonetic text is automatically converted to language text
without considering the content of previous text in the previous sentence, if any

(operation 1308). Conversely, if the input phonetic text does not belong to a new
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sentence (i.e. the “existing” path from operation 1306), the phonetic text in the
sentence is automatically converted within the context of the sentence (operation
1310). As part of this conversion, previously converted language text may be
further modified as additional text continues to change the intended meaning of the
entire sentence. Operational flow exits following the conversion operations 1308

and 1310.

Confirmed Conversion: Operation 1104

Fig. 14 illustrates an automatic conversion sub-process 1400 in which the
user confirms the converted language text. Sub-process 1400 is another exemplary
implementation of operation 1104.

At operation 1402, the language input architecture receives a string of
phonetic text input by the user via an input device. The language input UI displays
the input phonetic text in the in-line area 202 (operation 1404). The phonetic text
of the corresponding unconfirmed language text is automatically converted into
language text of a character-based language (operation 1406).

At operation 1408, the language input Ul determines whether the user has
confirmed the converted language text. If not, the sub-process exits. Otherwise, if
the user has confirmed the language text (i.e., the “yes” path from operation 1408),
the UI confirms the converted language text and removes it from further contextual
consideration as additional phonetic text is entered (operation 1410). Operational

flow then exits.

In-Place Error Correction: Operations 1108-1118

Figs. 15-18 illustrate different implementations of an in-place error

correction sub-process, which is an exemplary implementation of operations 1108-
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1118 of Fig. 11. The sub-processes of Figs. 15 and 16 concern use of the first and

second candidate lists to correct language text. The sub-processes of Figs. 17 and
18 are directed to correcting phonetic text using the phonetic text hint window.

Fig. 15 illustrates an in-place error correction sub-process 1500 that corrects
converted language text by offering alternative language texts in a pop-up candidate
window. Exemplary screen displays depicting this sub-process 1500 are illustrated
in Fig. 5.

At operation 1502, in response to the user moving the cursor proximally to
previously entered language text (e.g., in front of a character), the language input
UI selects or identifies the language text to be edited. The UI opens the edit
window 500, including the first candidate window 504 directly below the language
text to be edited, to display a list of replacement candidates for the selected
language text (operation 1504).

At operation 1506, the UI receives the user’s selection of a replacement
candidate from the first candidate window 504. The language input Ul displays the
selected replacement language text candidate in place of the selected language text
within the same in-line area 202 (operation 1508). Operational flow then exits.

Fig. 16 illustrates an in-place error sub-process 1600 that corrects converted
language text by offering a complete list of alternative language texts in a
secondary, larger pop-up candidate window. Exemplary screen displays depicting
this sub-process 1600 are illustrated in Fig. 6.

At operation 1602, in response to the user moving the cursor proximally to
previously entered language text (e.g., in front of a character), the language input
UI selects or identifies the language text to be edited. The UI opens the edit
window 500, including the first candidate window 504 directly below the language

text to be edited, to display a short list of replacement candidates for the selected
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language text (operation 1604). If the user cannot find an appropriate replacement
candidate, the user may invoke a second candidate window 600 of replacement
language text candidates (operation 1606). The second candidate list contains a
larger or more complete list of replacement language text candidates than the first
candidate window.

At operation 1608, the Ul receives the user’s selection of a replacement
candidate from the second candidate window 600. The language input UI displays
the selected replacement language text candidate in place of the selected language
text within the same in-line area 202 (operation 1610). Operational flow then exits.

Fig. 17 illustrates an in-place error sub-process 1700 that corrects the
converted language text by editing the previously entered phonetic text via a pop-up
hint window. Exemplary screen displays depicting this sub-process 1700 are
illustrated in Fig. 7.

At operation 1702, in response to the user moving the cursor proximally to
previously entered language text (e.g., in front of a character), the language input
UI selects or identifies the language text to be edited. The UI opens the edit
window 500, including the phonetic text hint window 502 directly above the
language text to be edited that displays the phonetic text as entered by the user
(operation 1704).

Upon user selection of the phonetic text in the hint window 502 (i.e., the
“yes” path from operation 1706), the Ul displays the phonetic text in place of the
language text being edited (operation 1708). This allows the user to make
corrections to the phonetic text within the in-line area 202. Operational flow then
exits.

Fig. 18 illustrates an in-place error sub-process 1800 that corrects the

converted language text by editing the previously entered phonetic text and viewing
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a new set of candidates following the editing. Exemplary screen displays depicting
this sub-process 1800 are illustrated in Figs. 8 and 9.

At operation 1802, in response to the user moving the cursor proximally to
previously entered language text (e.g., in front of a character), the language input
UI selects or identifies the language text to be edited. The UI opens the edit
window 500, including the phonetic text hint window 502 directly above the
selected language text and the first candidate window 504 directly below the
language text (operation 1804).

Upon user selection of the phonetic text in the hint window 502 (i.e., the
“yes” path from operation 1806), the UI displays the phonetic text in place of the
language text being edited (operation 1808). The UI receives and displays the
user’s edits of the phonetic text in the in-line edit area 202 (operations 1810). In
response to the editing, the UI displays a new list of replacement language text
candidates in the first candidate window 504 (operation 1812). The user may
further invoke the second candidate window 600 if desired.

At operation 1814, the Ul receives the user’s selection of a replacement
candidate from the new list in the first candidate window 504. The language input
UI displays the selected replacement language text candidate in place of the
selected language text within the same in-line area 202 (operation 1816).

Operational flow then exits.
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Multi-Language Entry

Fig. 19 illustrates a multi-language entry sub-process 1900 in which two or
more different languages are entered using the in-line input Ul. Exemplary screen
displays depicting this sub-process 1900 are illustrated in Fig. 10.

At operation 1902, the language input architecture receives a string of mixed
phonetic and non-phonetic text input by the user via an input device. The language
input Ul displays the mixed text within the same in-line area 202 as the previously
converted language text (operation 1904).

At operation 1906, the language input architecture determines whether the
mmput text is phonetic text (e.g., Pinyin) as opposed to non-phonetic text (e.g.,
English). If the input text is phonetic text (i.e., the “yes” path from operation 1906),
the language input architecture converts the phonetic text to language text
(operation 1908). The UI displays the language text in place of the entered
phonetic text and in-line with the previous text (operation 1910). On the other
hand, if the input text is non-phonetic text (i.e., the “no” path from operation 1906),
the language input architecture does not convert it and the UI displays the non-
phonetic text in-line with the previous text (operation 1912). Operational flow then

exits.

Exemplary Chinese-Based Implementation

Figs. 20-26 illustrate an exemplary implementation of the language input
architecture and UI in the context of the Chinese language. In this context, the
phonetic text is Chinese Pinyin and the language text is Chinese Hanzi characters.

Fig. 20 illustrates one implementation of a Chinese input user interface
showing an example of the in-line input feature. Table 2000 contains two strings of

Pinyin text 2002 and 2004 input by the user and corresponding converted Hanzi text
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2006 and 2008 as it would appear in the in-line input area. An exemplary display

screen 2010 is shown below table 2000 and contains the converted Hanzi text 2008.
Notice that the Pinyin text being input at a cursor bar 2012 is displayed in-line with
the converted Chinese text. The other -characteristics shown in the display screen
2010 are known in the word processing art.

Fig. 21 illustrates a Chinese Ul screen 2100 in which converted Hanzi text is
presently displayed in the in-line entry area 2102. The user has moved the cursor to
select Chinese character text 2104 for editing and invoked the pop-up edit window
2106, consisting of a Pinyin text hint window 2108 and a first Hanzi text candidate
window 2110. The Pinyin text 2112 associated with the selected Chinese character
text 2104 is displayed in a Pinyin text hint window 2108.

Fig. 22 illustrates one implementation of a Chinese input user interface
showing an example of the in-place error correction feature. Table 2200 depicts
two user actions in the left column— an action 2202 to open the edit window
containing a phonetic hint and a candidate list and an action 2204 to select an item
“1” from the candidate list. In response to the user actions in the left column, the
right column of table 2200 illustrates corresponding exemplary screen shots 2206
and 2208.

With respect to screen shot 2206, the user selects Chinese character text
2210 for editing by moving the cursor in front of the character text 2210. The user
inputs a command to open an edit window containing a Pinyin text hint window
2212 and a first candidate list window 2214. Next, the user selects item “1” from
the candidate list 2214 and the first candidate 2216 associated with item “1” is
substituted for the original selected text 2210. Notice also that the candidates in the

list 2208 are updated (i.e., scrolled upward one place) to reflect that the selected
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candidate 2216 is moved into the in-line entry area. The updating may be animated
to visually illustrate that the selected candidate 2216 is moved into the in-line area.

Fig. 23 illustrates another implementation of a Chinese input user interface
to illustrate in-place correction of the Pinyin text. The left column in table 2300
contains a series of five user actions 2302-2310 and the right column shows
corresponding exemplary screen shots 2312-2320 resulting from the user actions.

When a user decides to edit the character text, the user moves the cursor to
the front of the character text to be edited (action 2302). Suppose the user selects
Chinese character text 2330 to be edited (UI screen shot 2312). After moving
cursor in front of the character text 2330, the user inputs a command (e.g., pressing
the “ESC” key) to invoke the edit window (action 2304). As a result, a Pinyin text
hint window 2332 and a first candidate list window 2334 are opened as shown in
the Ul screen shot 2314.

Next, the user enters “0” (action 2306) to select the Pinyin text 2336 in the
Pinyin text hint window 2332. The selected Pinyin text 2336 is substituted for the
selected character text 2330 as shown in the UI screen shot 2316. At this point, the
user is free to edit the original Pinyin text.

Suppose the user adds an additional apostrophe in the Pinyin text 2336
(action 2308) to produce text 2336’ as shown UI screen shot 2318. The edited
Pinyin text 2336’ is shown both in the in-line area as well as the Pinyin text hint
window 2332. Following the editing, the first candidate window 2334 is updated
with a new list of character text candidates. In this example, a new character text
candidate 2338 corresponding to the edited Pinyin text 2336’ is displayed in the
first candidate list window 2334.

Finally, the user selects the desired character text 2338 in the first candidate

list window 2334, for example, by entering “1” (action 2310). As a result, the
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selected character text 2338 is displayed in place of the edited Pinyin text 2336°, as
illustrated in UI screen shot 2320. In this manner, the new character text 2338 is
effectively substituted for the original language text 2330.

Fig. 24 illustrates another implementation of a Chinese input user interface
to illustrate entry of mixed languages, such as Chinese and English. The left
column in table 2400 contains a series of two user actions 2402 and 2404 and the
right column shows corresponding exemplary screen shots 2406 and 2408 resulting
from the user actions.

Suppose the user inputs mixed Pinyin text 2410 and English text 2412 as
indicated by action 2402. The user can enter the mixed text into the language input
UI without shifting modes between Chinese entry and English entry. That is, the
user simply enters the Pinyin text and English text in the same line without
stopping. The Pinyin text 2410 is converted into Chinese text 2414 and displayed
within the same in-line area, as illustrated in Ul screen shot 2406. The English text
2412 1s not converted by the language input architecture, but is displayed as
entered.

Subsequently, the user iﬁputs mixed Pinyin text 2416, English text 2418, and
Pinyin text 2420 without shifting modes (action 2404). The Pinyin text 2416 and
2420 are converted into Chinese text 2422 and 2424, respectively, as shown in Ul
screen shot 2408. The English text 2418 remains unchanged and is displayed in-
line with the converted Chinese text.

According to one implementation, the phonetic and non-phonetic text may
be displayed differently to differentiate between them. For example, compare the
mixed text in table 2000 of Fig. 20 and table 2400 of Fig. 24. The Pinyin text (e.g.,
2012 in Fig. 20) is displayed in a narrow, bold font, whereas the English text (e.g.,
2412 or 2418 in Fig. 24) is displayed in a thin, courier-type font.
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Fig. 25 illustrates another implementation of a Chinese input user interface
to illustrate the first and second candidate lists for in-place editing. The left column
in table 2500 contains a series of two user actions 2502 and 2504 and the right
column shows corresponding exemplary screen shots 2506 and 2508 resulting from
the user actions.

At action 2502, the user selects a Chinese text to be edited and inputs a
command to open the Pinyin text hint window 2510 and a first character text
candidate list 2512. The windows 2510 and 2512 appear above and below the in-
line entry area, respectively, as illustrated in UI screen shot 2506.

Next, at action 2504, the user inputs a command to open a second character
text candidate list. A second character text candidate list window 2514 is popped
open next to the first candidate list 2512, as illustrated in Ul screen shot 2508. The
user may then select a character text candidate from the second character text
candidate list window 2514.

Fig. 26 illustrates another implementation of a Chinese input user interface
to illustrate sentence-based automatic conversion with confirmed character text.
The left column in table 2600 contains a series of five user actions 2602-2610 and
the right column shows corresponding exemplary screen shots 2612-2620 resulting
from the user actions.

At action 2602, the user inputs Pinyin text 2622 and 2624. The Pinyin text
2622 is automatically converted into character text 2626 and Pinyin text 2624
remains unconverted until further user input, as illustrated by Ul screen shot 2612.
At action 2604, the user subsequently inputs Pinyin text 2628. The previously
converted character text 2626 is now automatically converted into different Chinese
character text 2630 as a result of changing context introduced by the addition of

Pinyin text 2628. This modification of the converted character text is illustrated in
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UI screen shot 2614. Pinyin text 2624 and 2628 remain unconverted at this point,

and continue to be illustrated in-line with the modified language text.

Next, at action 2606, the user inputs a confirmation command (e.g., pressing
the space bar) to confirm the just converted character text 2630. Meanwhile, the
Pinyin text 2624 and 2628 are automatically converted into Chinese text 2632 and
2634, respectively, based on the context in the sentence so far. This is illustrated in
screen shot 2616.

Subsequently, at action 2608, the user enters additional Pinyin text (not
shown) in the same sentence and the Pinyin text is converted into character text
2636, as illustrated in UI screen shot 2618. Notice that the confirmed character text
2630 is not changed by subsequent entry of the Pinyin text.

For the comparison purposes, suppose the character text 2630 is not
confirmed by user action 2606 (e.g., the user does not press the space bar). Instead,
the user enters the additional Pinyin text without confirmation of character text
2630. In this case, the character text 2626 remains unchanged and is not modified
to text 2630, as illustrated by UI screen shot 2620. This is because the automatic
conversion from Pinyin text to character text is sentence-based and character text
2626 is part of the sentence. As long as the sentence is active (i.e., no punctuation
has ended the sentence or no new sentence has yet been started), the previously
converted character text in the current sentence is subject to further modification

unless the user confirms the converted character text.

Conclusion
Although the description above uses language that is specific to structural

features and/or methodological acts, it is to be understood that the invention defined

in the appended claims is not limited to the specific features or acts described.
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Rather, the specific features and acts are disclosed as exemplary forms of

implementing the invention.
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CLAIMS
1. A method comprising:
receiving input text entered by a user;
converting the input text to an output text; and

displaying the input text and the output text within a common entry line.

2. A method as recited in claim 1, wherein the input text comprises a

phonetic text and the output text comprises a character-based language text.

3. A method as recited in claim 1, wherein the input text comprises

Chinese Pinyin and the output text comprises Chinese Hanzi.

4. A method as recited in claim 1, wherein the displaying comprises
displaying the input text and the output text together within a common horizontal

line.

5. A method as recited in claim 1, wherein the displaying comprises
depicting the output text in place of the input text from which the output text was

converted.

6. A method as recited in claim 1, further comprising modifying the

output text as additional input text is entered.
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7. A method as recited in claim 6, further comprising ceasing to further
modify the output text as additional input text is entered in response to user entry of

punctuation.

8. A method as recited in claim 6, further comprising ceasing to. further
modify the output text as additional input text is entered in response to user

confirmation of the output text.

9. A method as recited in claim 6, further comprising ceasing, in response
to user confirmation of the output text, to modify the output text while leaving

unconverted input text active for modification.

10. A method as recited in claim 1, further comprising selectively
modifying the output text as additional input text is entered such that no

modification is made if such modification results in only a minor improvement.

11. A method as recited in claim 1, further comprising enabling a user to
edit the output text within the common entry line without switching from an entry

mode to an edit mode.

12. A method as recited in claim 1, further comprising, in response to
user selection of output text for editing, depicting an edit window adjacent to the

selected output text in the entry line.
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13. A method as recited in claim 12, wherein the entry line is oriented in
a first direction and further comprising orienting the edit window in a second

direction orthogonal to the first direction.

14. A method as recited in claim 1, further comprising, in response to
user selection of output text for editing, depicting an input text hint window
adjacent to the selected output text in the entry line, the input text hint window

containing the input text from which the selected output text was converted.

15. A method as recited in claim 1, further comprising, in response to
user selection of output text for editing, depicting a first candidate list adjacent to
the selected output text in the entry line, the first candidate list containing one or
more alternate output text candidates that may be substituted for the selected output

text.

16. A method as recited in claim 15, further comprising ordering the

output text candidates within the first candidate list according to a ranking.

17. A method as recited in claim 15, wherein the first candidate list is
scrollable, and further comprising animating movement of the output text

candidates as the list is scrolled.

18. A method as recited in claim 15, further comprising depicting a
second candidate list containing a complete set of output text candidates than the

first candidate list.
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19. A method as recited in claim 18, further comprising arranging the
output text candidates in the second candidate list according to complexity of

character construction.

20. A method as recited in claim 18, further comprising:

ordering the output text candidates in the first candidate list according to a
first metric; and

arranging the output text candidates in the second candidate list according to

a second metric different than the first metric.

21. A method as recited in claim 1, wherein the entry line is oriented in a
first direction, and further comprising, in response to user selection of output text
for editing:

depicting an input text hint window above the selected output text in a
second direction orthogonal to the first direction, the input text hint window
containing the input text from which the selected output text was converted; and

depicting a first candidate window below the selected output text in the
second direction, the first candidate window containing one or more alternate

output text candidates that may be substituted for the selected output text.

22. A method as recited in claim 1, wherein the input text comprises
phonetic and non-phonetic text, further comprising;:

converting the phonetic text to language text; and

displaying the language text, the non-phonetic text, and newly entered

phonetic text within the common entry line.
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23. A method as recited in claim 1, further comprising enabling a user to
enter input text containing at least two languages without switching from a first

entry mode for a first language and a second entry mode for a second language.

24. A method as recited in claim 1, wherein the input text comprises
individual input characters, further comprising converting at least one of the input
characters to the output text when at least one input character is displayed and at

most six input characters are displayed.

25. A method as recited in claim 1, wherein the input text comprises
individual inpﬁt characters, further comprising:

evaluating at least two conversion candidates for matching characters; and

if at least one character from both conversion candidates match, converting

at least one input character to the matching character.

26. A method as recited in claim 1, wherein the input text comprises
individual input characters, further comprising always displaying a most recently

entered input character.

27. A method as recited in claim 1, wherein the input text comprises
individual input characters, further comprising converting at least one input
character to the output text of a first most likely conversion candidate if the first
most likely conversion candidate scores significantly higher than a second most

likely conversion candidate.
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28.  One or more computer-readable media having computer-executable
instructions that, when executed on a processor, direct a computer to perform the

method as recited in claim 1.

29. A method comprising:

displaying phonetic text as a user enters the phonetic text; and

displaying language text upon conversion from the phonetic text, the
language text being presented in place of the phonetic text from which the language
text is converted so that the language text and any unconverted phonetic text are

displayed together.

30. A method as recited in claim 29, wherein the phonetic text comprises

a Chinese Pinyin and the language text comprises a Chinese Hanzi.

31. A method as recited in claim 29, further comprising displaying the
unconverted phonetic text and the language text together within a common

horizontal line.

32. A method as recited in claim 29, further comprising modifying the

language text as additional phonetic text is entered.

33. A method as recited in claim 32, further comprising ceasing to further
modify the language text as additional phonetic text is entered in response to user

entry of punctuation.



WO 01/33324 PCT/US00/30465

10

15

20

48

34. A method as recited in claim 32, further comprising ceasing to further
modify the language text as additional phonetic text is entered in response to user

confirmation of the language text.

35. A method as recited in claim 32, further comprising ceasing, in
response to user confirmation of the language text, to modify the language text

while leaving unconverted phonetic text active for modification.

36. A method as recited in claim 29, further comprising modifying the
language text to second language text as additional phonetic text is entered if the

second language text is significantly more likely to have been intended.

37. A method as recited in claim 29, further comprising enabling a user

to edit the language text without switching from an entry mode to an edit mode.

38. A method as recited in claim 29, further comprising, in response to
user selection of language text for editing, displaying an edit window adjacent to

the selected language text.

39. A method as recited in claim 29, further comprising, in response to
user selection of language text for editing:

displaying a phonetic text hint proximal to the selected language text, the
phonetic text hint containing the phonetic text from which the selected language

text was converted; and
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displaying a reduced-set candidate list proximal to the selected language text,
the candidate list containing a reduced set of one or more alternate language text

candidates that may be substituted for the selected language text.

40. A method as recited in claim 39, further comprising ordering the

language text candidates within the candidate list according to a ranking.

41. A method as recited in claim 39, wherein the candidate list is
scrollable, and further comprising animating movement of the language text

candidates as the list is scrolled.

42. A method as recited in claim 39, further comprising displaying a full-
set candidate list containing a complete set of language text candidates than the

reduced-set candidate list.

43. A method as recited in claim 42, further comprising arranging the
language text candidates in the full-set candidate list according to complexity of

character construction.

44. A method as recited in claim 42, further comprising;:

ordering the language text candidates in the reduced-set candidate list
according to a first metric; and

arranging the language text candidates in the full-set candidate list according

to a second metric different than the first metric.
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45. A method as recited in claim 29, wherein the phonetic text comprises
individual characters, further comprising converting at least one of the phonetic
characters to the language text when at least one phonetic character is displayed and

at most six phonetic characters are displayed.

46.  One or more computer-readable media having computer-executable
instructions that, when executed on a processor, direct a computer to perform the

method as recited in claim 29.

47. A method comprising:

presenting a user interface to receive phonetic text and non-phonetic text
entered by a user;

converting the phonetic text to a language text; and

displaying together the language text, the non-phonetic text, and unconverted

phonetic text.

48. A method as recited in claim 47, further comprising displaying the
language text, the non-phonetic text, and the unconverted phonetic text in-line

within a common horizontal line.

49. A method as recited in claim 47, further comprising displaying the
non-phonetic text differently than the unconverted phonetic text so that the non-

phonetic text appears differently than the unconverted phonetic text.
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50. A method as recited in claim 47, further comprising displaying the
non-phonetic text in a first font and the unconverted phonetic text in a second font

different from the first font.

51. A method as recited in claim 47, further comprising displaying the
non-phonetic text in a first color and the unconverted phonetic text in a second

color different from the first color.

52.  One or more computer-readable media having computer-executable
instructions that, when executed on a processor, direct a computer to perform the

method as recited in claim 47.

53. A language input user interface comprising:

a line-based entry area;

an input text displayed within the line-based entry area; and

an output text, converted from the input text, displayed together with

unconverted input text within the line-based entry area.

54. A language input user interface as recited in claim 53, wherein the
input text comprises a phonetic text and the output text comprises a character-based

language text.

55. A language input user interface as recited in claim 53, wherein the

input text comprises Chinese Pinyin and the output text comprises Chinese Hanzi.
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56. A language input user interface as recited in claim 53, wherein the

line-based entry area is oriented horizontally.

57. A language input user interface as recited in claim 53, wherein the

output text replaces the input text from which the output text was converted.

58. A language input user interface as recited in claim 53, wherein the

output text is further modified as additional input text is entered.

59. A language input user interface as recited in claim 53, wherein the

output text is rendered fixed in response to user entry of punctuation.

60. A language input user interface as recited in claim 53, wherein the

output text is rendered fixed in response to user confirmation of the output text.

61. A language input user interface as recited in claim 53, further
comprising editing means for editing the output text within the line-based entry area

without switching from an entry mode to an edit mode.

62. A language input user interface as recited in claim 53, further
comprising an edit window, invokable by a user, positioned adjacent to particular

output text to be edited.
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63. A language input user interface as recited in claim 53, wherein the
line-based entry area is oriented in a first direction and further comprising an edit
window positioned adjacent to the line-based entry area and oriented in a second

direction orthogonal to the first direction.

64. A language input user interface as recited in claim 53, further
comprising an input text hint, invokable by a user, positioned adjacent to line-based
entry area near selected output text to be edited, the input text hint window

containing the input text from which the selected output text was converted.

65. A language input user interface as recited in claim 53; further
comprising a candidate list, invokable by a user, positioned adjacent to line-based
entry area near selected output text to be edited, the candidate list containing one or
more alternate output text candidates that may be substituted for the selected output

text.

66. A language input user interface as recited in claim 65, wherein the

output text candidates are ordered within the candidate list according to a ranking.

67. A language input user interface as recited in claim 65, wherein the

candidate list is scrollable and the output candidates are animated during scrolling.

68. A language input user interface as recited in claim 53, further
comprising:

first and second candidate lists invokable by a user;
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the first candidate list containing one or more alternate output text candidates
that may be substituted for the selected output text; and
the second candidate list containing a complete set of output text candidates

than the first candidate list.

69. A language input user interface as recited in claim 68, wherein the
output text candidates in the second candidate list are arranged according to

complexity of character construction.

70. A language input user interface as recited in claim 68, wherein the
output text candidates are ordered within the first candidate list according to a first
metric and the output text candidates are arranged in the second candidate list

according to a second metric different than the first metric.

71. A language input user interface as recited in claim 53, wherein the
line-based entry area is oriented in a first direction, and further comprising;:

an input text hint positioned above the line-based entry area near selected
output text to be edited and oriented in a second direction orthogonal to the first
direction, the input text hint containing the input text from which the selected
output text wés converted; and

a candidate list positioned below the line-based entry area near the selected
output text to be edited, the candidate list containing one or more alternate output

text candidates that may be substituted for the selected output text.
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72. A language input user interface as recited in claim 53, wherein the
input text contains phonetic and non-phonetic text and the output text, phonetic
input text and non-phonetic input text are displayed together within the line-based

entry area.

73. A word processor comprising the language input user interface as

recited in claim 53.

74. A language input architecture comprising:

a user interface to enable a user to enter an input text;

a language conversion unit to convert the input text to an output text; and

the user interface being configured to display the converted output text in-

line with unconverted input text.

75. A language input architecture as recited in claim 74, wherein the
input text comprises a phonetic text and the output text comprises a character-based

language text.

76. A language input architecture as recited in claim 74, wherein the

input text comprises Chinese Pinyin and the output text comprises Chinese Hanzi.

77. A language input architecture as recited in claim 74, wherein the user
interface presents the output text and unconverted input text within a common

horizontal line.
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78. A language input architecture as recited in claim 74, wherein the
language conversion unit continues to modify the output text as additional input text

is entered, the user interface changing the output text as the output text is modified.

79. A language input architecture as recited in claim 74, wherein the user
interface enables a user to edit the output text without switching from an entry

mode to an edit mode.

80. A language input architecture as recited in claim 74, wherein the user
interface presents the output text and unconverted input text within a common line
oriented in a first direction and further presents an edit window near selected output
text to be edited, the edit window being oriented in a second direction orthogonal to

the first direction.

81. A language input architecture as recited in claim 74, wherein the user
interface presents an input text hint containing the input text from which the

selected output text was converted.

82. A language input architecture as recited in claim 74, wherein the user
interface presents a candidate list containing one or more alternate output text

candidates that may be substituted for the selected output text.
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83. A language input architecture as recited in claim 74, wherein the user
interface presents first and second candidate lists, the first candidate list containing
one or more alternate output text candidates that may be substituted for the selected
output text and the second candidate list containing a complete set of output text

candidates than the first candidate list.

84. A language input architecture as recited in claim 74, wherein the
input text contains phonetic and non-phonetic text, further comprising:

the language conversion unit is configured to convert the phonetic text to
language text while leaving the non-phonetic text unconverted; and

the user interface is configured to display the language text, unconverted

phonetic text, and the non-phonetic text in-line with one another.

85. A word processor comprising the language input architecture as

recited in claim 74,.

86. A language input architecture comprising:

a typing model to receive an input string written in a phonetic text and
determine a typing error probability of how likely a candidate string was incorrectly
entered as the input string;

a language model to determine a language text probability of how likely a
string written in a language text represents the candidate string;

a search engine to selectively convert the input string of phonetic text to the
string of language text based on the typiﬁg error probability and the language text

probability; and
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a user interface to display the phonetic text and the language text within a

common line.

87.  One or more computer-readable media having computer-executable
instructions that, when executed on a processor, direct a computer to:

receive an input string of phonetic text;

convert the input string of phonetic text to an output string of language text;
and

display the language text and unconverted phonetic text in-line together

within a line-based entry area.

88.  One or more computer-readable media having computer-executable
instructions that, when executed on a processor, direct a computer to:

receive an input string of phonetic text and non-phonetic text;

convert the phonetic text to language text; and

display the language text, non-phonetic text, and unconverted phonetic text

in-line together within a line-based entry area.



PCT/US00/30465

WO 01/33324

1/26

_‘mr/

/

\&.ﬁm J 00}

\.

/ )
' 3YNLOIALIHOYY LNAN| IOVNONY] 1] 2
9¢l el el
AN 5 A\ A\ - .
0 Ndo
J3aoN INIONT /]
J9OVNONY] HOXYVAS In c0l
\. J
] d
N vo._r n_
g E{efe]}
LEL 1 oNidAL
N ~ J
\ 8¢l ]| |
NWYH90Yd ONISSIO0OHd QHOA ) O/l
oct AHONW3IN ) 901l

1243

ocl

OIN

8Ll

9L —

d3INRF

moh_zo_\L Tmzo@mx ﬁ

v:l\

_ 3Isnon _
AN oLl



PCT/US00/30465

WO 01/33324

2/26

||||||| ddd OO0
20z
LIT LTI TP TT I ] [al | a]
/ / /
X O] ziz— , 0le 802




PCT/US00/30465

WO 01/33324

3/26

LIL T T T TP TP T ] (a

| [la]

X@

/ 00¢




PCT/US00/30465

4/26

XD

WO 01/33324




PCT/US00/30465

WO 01/33324

5726

HEENEEEEEEEEEN | [la] |

XEC]

/ 00¢




PCT/US00/30465

WO 01/33324

6/26

O
10°0:0§090:0,:0:00:0| oo
o AN RO
d°d" dves o
ooob\ QON
ooml\moH\SN
D0 "0
T T T T e
oowmom\lx\ & n_qn_ O
909
LI I [T T T T[] [a | (4] |

XD

/ 00¢




PCT/US00/30465

WO 01/33324

7/26

205 —1 mHn_Nn%Pn_“O

80§
i/

Oy
KX

CA-
KoXs

905 —

HEEEEENNEEEENN

| [a]

XEr]

/ 00¢




PCT/US00/30465

WO 01/33324

8/26

| LT T T T T T T T T (a

X O]




PCT/US00/30465

9/26

XE]

WO 01/33324




PCT/US00/30465

WO 01/33324

10/26

ol "%

Nrn_:n_wopqwd\r{ NO @O mOm<v<m<N<v<.vO mo NO FO

LI TP T T T T T T T T [4 | [a]

XEC]

/ 00¢




WO 01/33324

11/26

PCT/US00/30465

Operations 1102 & 1104: In-Line Input

and Display

' )
RECEIVE STRING OF PHONETIC
TEXT FROM INPUT DEVICE

'

DisPLAY THE PHONETIC TEXT IN-
LINE WITH PREVIOUSLY

N\

,— 1200

— 1202

1204

CONVERTED CHARACTER TEXT

\.

'

CONVERT PHONETIC TEXT TO
CHARACTER TEXT

— 1206

'

( )
DisPLAY CONVERTED CHARACTER
TEXT IN-LINE

— 1208

Fig. 12
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Operation 1104: Sentence-
Based Automatic Conversion
G
RECEIVE STRING OF 1302
PHONETIC TEXT FROM INPUT]”
DEVICE
DISPLAY INPUT PHONETIC 1304
—
TEXT IN IN-LINE AREA
1306
DoEs
INPUT PHONETIC EXISTING

y

V.

AUTOMATICALLY CONVERT
PHONETIC TEXT TO
CHARACTER TEXT WITH
CONTEXT OF PREVIOUS
SENTENCE

1308
2

TEXT BELONG TO EXISTING OR

NEW SENTENCE?

v

s

1310

AUTOMATICALLY CONVERT
PHONETIC TEXT TO
CHARACTER TEXT IN
CONTEXT OF THE
SENTENCE

Fig. 15
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Operation 1104: Automatic
Conversion With Confirmation

G

( RECEIVE STRING OF 1402
PHONETIC TEXT FROM
INPUT DEVICE

!

DisPLAY INPUT PHONETIC
TeEXT IN IN-LINE AREA

l

AUTOMATICALLY CONVERT
UNCONFIRMED PHONETIC TexT) — 1406
TO CHARACTER TEXT

1404

1408

YES USER CONFIRM
CONVERTED
TeXT?
1410

CONFIRM CONVERTED
TeEXT AN REMOVE
FRoM CONTEXT

Fig. 4
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Operations 1108-1118: In-Place
Error Correction via First
Candidate Window

Cm D

SELECT LANGUAGE TEXT TO BE

EDITED IN RESPONSE TO USER

MoVING CURSOR PROXIMAL TO
LANGUAGE TEXT

'

OPEN FIRST CANDIDATE WINDOW
To DisPLAY CHARACTER TEXT 1504
L~
CANDIDATE LIST DIRECTLY BELOW
SELECTED CHARACTER TEXT

'

RECEIVE USER-SELECTION OF
CHARACTER TEXT CANDIDATE FROM ,— 1506
FIRST CANDIDATE WINDOW

'

r \

DisPLAY SELECTED CHARACTER TEXT
CANDIDATE IN PLACE OF SELECTED
CHARACTER TEXT IN IN-LINE AREA

1502

— 1508

Fig. 15
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Operations 1108-1118: In-Place
Error Correction via Second
Candidate Window

@ »,— 1600

SELECT LANGUAGE TEXT TO BE

EDITED IN RESPONSE TO USER

MoVING CURSOR PROXIMAL TO
LANGUAGE TEXT

'

OPEN FIRST CANDIDATE WINDOW
To DispPLAY CHARACTER TEXT 1604
—
CANDIDATE LiST DIRECTLY BELOW
SELECTED CHARACTER TEXT

'

s “

OPEN SECOND CANDIDATE WINDOW
To DisPLAY LARGER OR COMPLETE 1606
L~
LIST oF CHARACTER TEXT
CANDIDATES

'

RECEIVE USER-SELECTION OF  |— 1608
CHARACTER TEXT CANDIDATE FROM
SECOND CANDIDATE WINDOW

'

DisPLAY SELECTED CHARACTER TEXT
CANDIDATE IN PLACE OF SELECTED
CHARACTER TEXT IN IN-LINE AREA

@ Fig. 16

1602

1610
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Operations 1108-1118: In-Place
Error Correction via Phonetic
Text Hint Window

Cm)

SELECT LANGUAGE TEXT TO BE

EDITED IN RESPONSE TO USER

MoVING CURSOR PROXIMAL TO
LANGUAGE TEXT

!

OPEN PHONETIC TEXT HINT WINDOW
To DispPLAY PHONETIC TEXT
DIRECTLY ABOVE SELECTED

CHARACTER TEXT

1702

1704

1706

USER SELECT
PHONETIC TEXT?

DISPLAY SELECTED PHONETIC TEXT IN
PLACE OF SELECTED CHARACTER 1708
TEXT IN IN-LINE AREA

> ExiT

Fig. 17
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Operations 1108-1118: In-Place Error
Correction via Phonetic Text Hint and
Candidate Windows

G )

SELECT LANGUAGE TEXT To BE EDITED 1802
IN RESPONSE To USER MOVING CURSOR
PROXIMAL TO LANGUAGE TEXT

v

OPEN PHONETIC TEXT HINT WINDOW
DIRECTLY ABOVE SELECTED CHARACTER TEXT 1804
AND FIRST CANDIDATE WINDOW DIRECTLY
BELOW SELECTED CHARACTER TEXT

1806
No

YES

DISPLAY SELECTED PHONETIC TEXT IN
PLACE OF SELECTED CHARACTER | — 1808
TEXT IN IN-LINE AREA

Y

[ Receive AND DispLAY USER's EDITS | ,— 1810
OF PHONETIC TEXT

Y

[ DisPLAY NEW CANDIDATES IN FIRST |, — 1812
CANDIDATE LIST

v

RECEIVE USER-SELECTION OF
CHARACTER TEXT CANDIDATE FROM
FIRST CANDIDATE WINDOW

Y

<
(DISPLAY SELECTED CHARACTER TEXT
CANDIDATE IN PLACE OF SELECTED

CHARACTER TEXT IN IN-LINE AREA
\—

> ExiT ?‘.?: lg

\\

\\

.

— 1814

— 1816
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Mixed Text Entry

Cmd

RECEIVE STRING OF MIXED
PHONETIC TEXT AND
NON-PHONETIC TEXT FROM
INPUT DEVICE

Y

DisPLAY MIXED TEXT IN 1904
IN-LINE AREA
No

1902

PHONETIC
TEXT?

1908

( 3\

CONVERT PHONETIC TEXT TO 1912

LANGUAGE TEXT
\ DisPLAY NON-PHONETIC
) Y 1910 | TexT IN IN-LINE AREA
DisPLAY LANGUAGE TEXT IN IN-
LINE AREA
ExiT

Feg. 19
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2330

UI Screen Shots

Move the cursor to the Y 4

front of the character PERETRE TR — 2312

text needed to be \

corrected - 2302

Press ESC key to ;;;n ;;"/_ 2332

s_how the candidate ”%“Eua:ﬁ@ WL 548 B o &1

list 1315;“\_ ~— 2314
x ﬂﬂu H’j’ 2334

\ 2304

2336

Press '0' to enter the
pinyin editor state

i*&h?ﬁ@mﬁﬁ%¢%

2332

\\\_ — 2316
2306
Add a ™ before 'an ' to | p. yj
do word segmentation xm shlf_fﬂ:ﬁ = Uy Eé‘ Ef{] 1:}:1 ﬁg
ﬁ 2318
2338
\ 2308
2334
Select the desired
character text ﬁﬁfﬁlﬂ?ﬁ. Mﬁééﬂjt{ﬂﬁﬂ 320

\— 2310

L 2338

Fig. &3
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User Input
The 1nitial candidate list

\— 2502
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2500
Screen Shots
s m 1 — 2510
R FET RSB B — B ] &,
1: ¥~— 2506

™ _ 2512

Press RIGHT key to
show the complete
candidate list

\ 2504

| — £ 5] &
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/ 2700
gl l haO ________ > Phoentic Text (e.g. Chinese Pinyin
A A text generally translating to "hello")
f—»ﬂ ________ > Character Text (e.g. Chinese Character
)ffj" text generally translating to "hello")
@3 M @ e > Non-phonetic Text (generally including

alphanumeric symbols)

Fig. 27
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