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TEXT

FIELD OF THE INVENTION

This invention relates to an improlvcd system and mcthod of using a computer to
process Chincse language text, specifically phonetic Chinese text and Hanzi.

BACKGROUND OF THE INVENTION

Entering (inputting) and processing Chincse language {cxt on a computer is a
very difficult problem. The shcar numbers of Chincsc characters illustrate this
difficulty. In the squarc-character (Hanzi) writing system of Chinese, therc are.

3000 to 6000 commonly uscd Chincsc characters (Hanzi). Including the relatively

rarc ones, there arc more than ten thousand Hanzi. Adding to this difficulty
there are problems in the Chincsc language with text standardization, multiple
homonyms, and ill defined word boundaries that impede effective text processing
of Hanziwith computers. In spitc of intensive studics for several decades and the
existence of hundreds of different methads, computer input and processing of
Hanzi is a major stumbling block preventing the usc computers in China, partic-
ularly for text processing.

. The computer systerns available today for inputting and processing Chinese lan-
~ guage text may be divided into three catcgorics:

The first category is based on a dccomposition of the square characters into cle-
mentary graphical components. Different keys ‘on the keyboard arc assigned to
represent different clemeniary graphical components of a Hanzi. Then, cach
character can be keyed in with a few key strokes -- as a combination of these cl-

- cmentary graphical compoacnts. Examples of this approach include Changji in

Taiwan and thc Five-Stroke method in mainland China. The major drawback of
such methads is that the assignment of the keys to Hanzi components js artilicial.

" In both thc Changji and Five-Stroke mcthods, the assignment of the codes has
to be mechanically memorized. Memorizing Lthe keys representing the compo-
nents is difficuit and time consuming. Besidcs, the decomposition of a Hanzi into

its clementary componcnts in many cascs is not unique. Although these methods
arc uscd by professional input opcrators, and high speed is demonstrated by
well-trained typists, they are not used much by computer cxperts and other pro-

fessionals, let alone ordinary people. Therelore, these methods tend to restrict the

use of computers by thc general Chinese spcaking population.

The sccond and third category encounter a “homonym problem” in Chincse lan-

guagce processing.
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The second calegory is phonctic input, (c.g. Pinyin for mainland China and
“phonctic symbols” or BPMF for Taiwan) which is thc most commonly used
mecthod for cveryone except professional typists. The Hanzi writing system of
Chinesc language is a conceptual and practical barrier to this method.

Since there are only about 1300 different phonctic syllables, in contrast to tens
of thousands of characters, one phonetic syllable may correspond to many dif-

" fercnt Hanzi. For example, the pronunciation of “yi” in Mandarin can corre-

spond to over 100 Hanzi. This creates ambiguities when. translating the phonctic.
syllables into Hanzi. ' ' : . )

To address this “homonym problem,” most of thc phonetic input systems use a
multiple-choice method. Sce for example, German patent 3,142,138, issued
5/5/83, by J. Heinzl et al.; US Patent 5,047,932, issucd 9/10/91, by K. C. Hsieh;
and Chincse patent 1,064,957 issued 3/8/91, by Tan Shanguang. Aftcr a phonctic
syllable is keycd in, the computer displays all possible Hanzi with the same pro-
nunciation. In some cases, therc is not cnough space on the screen to display all
possible characters with thc same pronunciation. Thesc cascs requirc scrolling
up and down. Therclore, these phonctic methods, based on individual syllablcs,
are very slow.

An improvement to the multiple-choice methods bascd on deriving probability
of the adjaccnt Hanzi is discloscd in the prior art. Scc for cxample, British patent
2,248,328, issued on 4/1/92 to R. W. §proat. Thc probability approach can fur-
ther be combined with grammatical constraints. Scc for example, K. TF. Lua ct
al., Computer Processing of Chincse and Oricntal Languages, Vol. 6, Num 1.
page R5, Junc 1992. However, the conversion accuracy (phanctic 1o Hanzi) of
these methods is typically limited to around 80%.

The third category combincs a phonctic-character input method with the addition
of non-phonctic Ictters. Non-phonctic letters are added to the phonctic letters to
artificially discriminatc characters with the same pronunciation. Examples in-

. €lude phonetic spelling with radical marks (British patent 2,158,776, issucd

11/20/85, by C. C. Chen) and phonctic spclling with number of strokes (Chincesc
patent 1 066,51§ issucd 11725/92, by G. Xic). These methods require memorizing
artificial rulés or counting number of strokes which slows down the speed of input
substantially.

In addition to the "homonym problem,” a “word boundary problem” cxists when
processing the Chinese language.

Although more than 80% of words in modern Chinese have multiple syllables

(thus two or more Hanzi), there is no word separation in its writing system (in
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contrast with all Europcan languages, and cven Korcan). Further, input of pho-
nctic Chinese is usually performed syllable by syllable without accounting for
ward boundarics.

In spite of the wide recognition of multisyllable words and the lack of a standard
way to delimit words at a word boundary, the definition and even thc existence
of words in Chinese is controversial. Furthermore, bccause Chinese is tradi-
tionally written a continuous string of Hanzi without word spacing, an ordinary
Chinese person do¢s not have a clear concept of what a “word” means. In many
cases, it is unclear where a2 word boundary or delimiter, e.g. a space, should be
placed. The controversy is exemplified by the following cases:

1. Compound nouns. In English, two independently valid words can be com-
bincd to form a compound noun, for example, blackboard or rattlesnake. As
in English, controversy exists about whether these compound strings should
be treated as onic word or two words. Because there is no generally accepted
precedence in China, controversy about compound nouns is much more se-
vere. For cxample, the word “nanguangboyuan” (male announcer), as listed
in Chinesc Pinyin Vocabulary, may bec considered as two words (nan
guangboyuan), or even threc words (nan guangbo yuan) by different pecople.

2. Affixes. All Chinesc verbs can be appended with “syntax units” -le, -guo, or
-zhe, which make them past, present prefect, or progressive tense. All adjec-
tives can be appended with -de. However, these syntax units also appear as
individual words called particles. Diffcrent schools of linguists treat these
syntax units differcntly. Sdme schools treat these syntax units as “proper”
affixes, i.c. part of the word to which thcy arc attached. Other schools treat
them as individual particles, i.c., separatc words.

An affix is part of a word whilc a particle is an individual word. For exam-
ple, while the noun endings -hua, -jia, -yuan, -xing, and -zhuyi arc considered
by most linguists as affixcs in single words, somce linguists consider them in-

" dividual particles (scparatc words). On the other hand, cndings such as -z, -r,
and -tou arc always treated as suffixes for nouns and not as individual parti-
cles.

3. Compound verbs. There is a class of verbs in Chinese which is very similar
to the divisible verbs in German (dic zerbrechbar Zcitwort), such as
aufzichen, hcuaufﬂehcn clc. Those “divisible” verbs can use infixes, -zu- and
-ge-, to become mf‘mtwcs or past participles.

In Chinese, similar compound verbs can have infixcs, -de- or -bu-, to mcan
“capable” or ncgative. Examplcs arc, taigilai (raisc), which has versions of
taidegilai (can raise) taibugilai (cannot raisc), very similar to the above
German verbs. Morcover, the phrascs “taigi tou lai” , laideqi tou lai”, and
“taibuqgi tou lai” are similar scntence structures using compound verbs (quch
as “zichcn dein Kapf auf”) From this point of view, “taiqilai” should bc one
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word. However, many linguists consider those syllables as separate words (tai.
qi. lai). and write them scparatcly.

As illustrated above, in the Chinese language it is often unclear where word
boundaries should be placed.

In spite of the controversy, many multiple-syllable words are universally recog-
nized as minimal linguistic units, or morphemcs, such as: (1) nouns “gada”,
“putao”, “fciji”, etc.; (2) verbs “zhuanyou”, “xingwu”, ctc.; and (3) adjectives
“heised”, “pangdad”, etc. Also, many phrases are universally accepted that con-
sist of multiple words. For example, although sometimes “dianzigongye” can be
considered as one word, no one would consider the phrasc “fazhan dianzi dongye”
as a single word. Therc are popular four-syllable idioms that are universally
considered as words, although in different writing styles of Pinyin, hyphens may
or may not be used. For these classes of words, unique word boundarics are
universally recognized.

As described above, the lack of universally accepted orthographic rules and the
lack a word-scparation habit for Chincse, make it very difficult to develop a eas-
ily used standard for computer input and processing of Chinesc language text --
no particular linguistic schoal is universally followed. Even by following a narrow
dcfinition of words (i.e., treating many compound words as phrascs, and trcating
many affixcs as particles), some ambiguitics will remain. By making a broad dec-
finition of words, (i.c., treating many compound words as singlc units, and ac-
cepting many affixes as part of words), the accuracy of identification will
improve, but the volume of vocabulary required to be stored in the computer
memory would be too large 1o account for cvery single unit word and words with
all affix combinations.

Textbooks of spoken Chincse for forcigners are wrillen in a spelling form called
Pinvin, where multiple syllable words are considered as basic units. Pinyin uses
Roinan characters and has its vocabulary listed in the form of multiplc syllablc
words. A Chincse Pinyin Vacabulary was published in 1964. A revised cdition
was published in 1989 by Language Press, Beijing. China, which contains some
60000 ward entrics. Rules of arthography for Chincse written in Pinyin form.
that definc the word boundarics, were published in 1984,

OBJECTS OF THE INVENTION

An object of this invention is to provide an improved computer system for cnter-
ing and processing phonetic Chincsc and Hanzi on a computer.

Another object of the present invention is to provide an accurate computer sys-

tem, with a rclatively small vocabulary (memory) requiremerit, and a process for
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converting phonctic Chinese (Pinyin or BPMF) input to character writing (Hanzi)
whilc accommodating diffcrent linguistic theorics andjor different pcr<onal habits
of ward separation in the Chincsc language.

Another object of this invention to provide convenicnt and efficient designs of
computer keyboards to facilitate entry and processing of Chinese language text.

Another object of this invention Lo provide a design of an extendcd ASCII code
to facilitate the storage, printing, and transmission of a phonetic Chinese based
information strcam, with no interference with English and square-character
(Hanzi) streams in the GB2312-80 form (a Chincse Government standard for
communicating Chinese characters).

Another object of this invention to provide a computer processing system for
- phonetic Chincse that provides automatic error detection and correction.

Another object of this invention to provide a computer processing system for
phonetic Chinesc that allows a mixed Chincse and non Chinese (e.g., English) text
to be processed.

SUMMARY OF THE INVENTION ;
The invention is a system and mcthod [for accuratcly and efficiently entering
phonetic Chincse (Pinyin and BPMF) into a computer system and for accurately
converting the phonetic input into the Hanzi form. The system has a novel key-
board with diacritic keys (and corresponding ASCII coding) that permit the user
to annotatc cach entered phonctic (cxt syllable with a diacritic that indicates the
tone of the syllable. A process exccuting on the system determines that a syllable
has been entered when a diacritic (or delimiter) key is struck. An entercd pho-
nctic syllable is then compared (o a list of acceptable phonctic syllables and ab-
breviations.  If the cntered syllable is on the list, the correctly spelled and
accented syllable is stored in memory and displayed on a phonctic portion of a
graphical display. The prm,cqq conlinues for succeeding syllables until a delimiter
is entered. :

" Upon encountcring a delimiter, the word string (defincd as the string of charac-
ters between-two delimiters) is processed to determine the proper Hanzi charac-
ters that represent the word(s) in the word string. The word string (or cach word
in the word string) is comparcd to a dictionary of phonctic words. If the word
string has a uniquc Hanzi translation, the Hanzi translation is storcd in memory
and displayed on a Hanzi portion of the graphical interface. If the word string
has no matches in the dictionary, a morphological analysis is done, i.c., any
standard affixes (as identified on an affix list) are removed from the word string.
The remaining word string (root) is re-analyzed. If the root still has no matches
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in the dictionary, the root (remaining word string) is decompasced into constituent
components/words. [f the constitucnt components have unique matches in the
dictionary, thc Hanzi translation of these uniquc constituent componcnts/words
is stored in memory and displayed on the Hanzi portion of the graphical inter-
face.

If the word input or any constitucnt componcnts/words have ambiguous trans-
lations (non unique matches in the dictionary), a syntactical analysis is done.

- Words in the word string are classified as either function words (those on a

function word/affix list and having no toned syllables) or notional words (those
having at least one toned syllable.) (Note that for the purposes of this invention,
function words, particles, and affixes are used and trcated the same way.) The
function words are translated unambiguously and also determinc the structure
of the remaining word string (root) input. Ambiguity of any notional words is
then reduced or removed based on use of the notional words with the translated
function words. Any remaining ambiguity of notional words is removed by a -
statistical model. :

The phonctic text can be cntered into the sysicm by apparatus other than the
keyboard, c.g. through a nctwork, magnctic mcdia, or acéustic system. Mix text,
both Chinesc and non Chinesc words, can be processed by delimiting the non
Chinese words with a spccial character, e.g. a space. i

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram a preferred ecmbodiment of the present system.

Figure 2A shows onc preferred embodiment of a keyboard uscd in the present
systcm. :

Figurc 2B shows an alternative embodiment of part of a keyboard with tonc keys.

Figures 2C and 2D show alternative preferred embodiments of keyboards used

~ with the present system where cach keyboard has split sections of the space bar

uscd as tonc keys.
S

Figure 3 is a preferred embodiment of an ASCII code data structure which in-
cludes the tonc diacritics in the lower 7 bits and all usable vowcls with tone
diacritics in the higher 7 bits.

Figure 4 is a flow chart showing a preferred process for keyboard input. that
produces a Pinyin word registration in thc memory.

\\
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Figurc 5 is a flow chart showing a morphological analysis and decomposition
process for Chincse words written in Pinvin form.

Figurc 6 is a flow chart showing a preferred svntactical method for processing
Pinyin input with ambiguous word strings.

Figurc 7 is a 1able with a preferred list of Chinesc syllables having one cocle form
for each syllable.

Figure & is a table with a preferred list of Chinesc function words, particles, and
affixes trecated as function words.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 shows a block diagram of one preferred embodiment of the present sys-

~tem 1000. The system 1000 includes a graphical intcrface 1020 capable of dis-

playing Chinesc characters and English text, a CPU 1010, 2 main memory 1100,
and memory storage 1200. A keyboard profile 1070 is stored in the main memory
1100 and/or memory storage 1200. The system 1000 has a pointing device [031,
such as a mousc, and can be connected (o a network 1090. An IBM RS/6000 is
one embodiment of the CPU 1010, memory (1100, 1200), and graphical interface
1020. !

Alsd shown is the novel keyboard 1030. The keyboard includes tone diacritics
keys 1050 and the syllable input keys 1040 that are standard Roman characters.
Alternative tonc keys 1060A,B arc also possible. Toncs keys 1060A can be placed
on a split space bar. Tonc keys 1060B can be added above the standard arrow
keys. Alternative preferred embodiments of the novel keyboard arc discussed in
the description of Figures 2A-2D.

Included in memory storage 1200 and/or in main memory 1100 is a novel data
structurc 300 uscd for converting kcy strokes of the keyboard 1030 to cncoded
(c.g. ASCII) characters and diacritics that arc stored, i.c. registercd, in the mem-
ory (1100, 1200). Data structures 700, 800, and 950 arc alse stored in memory
1200. They include a Chincse syllable list 700, a function word/affix list 800, and

~ a Chinesc dictionary or vocabulary 950.

. _
Novcl processes 400, 500, and 600 arc included in memory (1100, 1200.) Process
400 is a method for entering (inputting) phonctic Chincse into the system 1000
and optionally dcfining word boundarics. (Notc that in this disclosure phonctic
Chinesc will be referred to as Pinyin without loss of gencrality.) Process 500 is a
method for marphologically analyzing strings of Pinyin text/words to dctermine
unique Hanzi translations. Pracess 600 is a method of syntactical analysis used
by process 500 for resolving ambiguous strings/words, i.c., those that have more
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than one Hanzi translation. The data structures 300, 700, and 800 are described
in Figures 3, 7, and 8 respectively. Processes 400, 500, and 600 are described in
Figurcs 4, 5, and 6, respectively. -

Typically, the user uses the keyboard 1030 o enter Pinyin text input with ap-
propriate diacritics (sce bclow) into the system 1000. Using the data structure
300 and process 400, the system 1000 displays the Pinyin characters 1022
(Roman letters, diacritics, punctuation, etc.) on a first section 1021 of a split
screen on the graphical interface 1020. Using processes 500 and 600, the system
1000 analyses the Pinyin input, converts the Pinyin into Hanzi, and displays the
Hanzi characters 1025 on a second section 1024 of the graphical interface 1020. -
Note that using processes 500 and 600 and additional language translation ap-
paratus 1034, the system 1000 can convert the entered Pinyin, coded or marked
with dxacntlcq 1022 into other languages, like English.

The system 1000 can also include components other than the keyboard 1030 that
permit the entry of text, e.g., a string can bec transmitted over the network 1090.
Othcr inputs include components 1033 for audio tcxt input. These components
would have the appropriate drivers to conncct to system 1000. See U.S. Patent
Application Number 08/404,786 entitled STATISTICAL ACOUSTIC PROC-
ESSING METHOD AND APPARATUS FOR SPEECH RECOGNITION
USING A TONED PHONEME SYSTEM to Chen ct al. filed on March 15,
1995 which is herein incorporated by reference in its entircty. Strings of Pinyin
coded or marked with the appropriate diacritics can also be entered into the sys-
tem 1000 using other well known methods including magnetic media 1032, e.g.
diskettes. :

When enfering text, diacritics arc used to demarcate stressed sylfables (and in
some embodiments unstressed syllables) and tone valucs in a phonctic represen-
tation of thc Chincse language. (Scc process 400.) A diacritic is a symbol that
represents a tonce of a syllable. In the present invention, syllables of words that
have a tonc are annotated with a diacritic that indicates the syllable has a tonc.
Also, the diacritic indicates the type of tonc. There arc four tonc types in
Mandarin (standard Chincse). They arc: high, rising, low, and falling. Somc
linguists include a fifth tone (diacritic) callcd the “untonc or no tonc.”

During the cntry (input) of text 400 into the system [000, tone “diacritics arc
added on actented syllables. With this coding or dcmarkation, the diffcrence
betwveen notional words and function words, particles, and affixes immediatcly
becomes clear in further processing of the text (500, 600). (Words with accented
syllables are notional words and function words, partlclcs and affixes are all
listed 800.)

in an alternative embodiment, a “no tonc” diacritic is added after cach unac-
cented (untoned) Chinese syllable (including the function words, particles, and
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affixes). This cmbodiment is uselul when “mixed language/text” is cntered. i.c.
English or other non Chinese text is included with the Chinese text input. Since
thc non Chinese text is uncoded (unmarked) with a diacritic, the Chinese
words/syllables (marked with diacritics including the untonc diacritic) can be
distinguished from the unmarked non Chinesc text. Non Chinese text is also de-
limited with spccial delimiters, e.g. with spaces between the words.

During further language processing, i.e., translation, analysis, and/or printing,
diacritics demarking the accented syllables in a syllable string and indicating the
type of the tone of each accented syllable, are used by the invention to parse the
phonetic representation (Pinyin) of Chinese into words and sentences. (See
processes 500 and 600.) Rules are applied to parse the phonetic representation
by dividing the phonetic representation of the Chincse sentence at the points
where there arc function words, particles, and/or affixes. The system 1000 effi-
ciently does this because there are a relatively small number, i.e., under {00, of
known and identified function words (and particles/affixes) in cach Chincse dia-
lect. Thercfore, a relatively small amount of computer memory is nceded to store
all useful function words and particles/affixcs 00. :

The system 1000 accurately determines word, meanings and scntence structure.
* _(See processes 500 and 600). First the function words (and particle/affixes), that

have a unique and unambiguous translation in terms of meaning, usec, and tone
i (nonc), arc translated. The funclion words (and particles/affixes) are also used

Lo define the sentence structure. Using the translation of the function words (and

particles/affixes) and the defined sentcnce structure, meanings of the other
- (notional) words in the sentence can be determined.

Again, for the purposcs of this invention, function words, particles, and affixes
arc uscd and trcated in the same manncer. This is because often in Chincse writ-
ing no distinction is made because there is no clear word boundary. Function
words, particles, and affixes also have a similar tone structure. A preferred list -
of function words, particles, and affixes is stored in the system mecmory (1100,
1200} and is presented below in Figurc 8.

Onc novel feature of the present invention is a new keyboard designed specifically
~ for Pinyin Chinese input and/or for mixed text processing (Pinyin Chincse to-
gether with non Chinese languages, c.g. English.) The keyboard provides a way
of inputting-Pinyin syllables with diacritics. Figures 2A-2D arc cxamples of al-
ternative preferrcd embodiments of keyboards 1030 spccifically designed for
Pinyin input. These keyboards 1030 cnablc casy and rapid cntry of Pinyin into
the system 1000. The standard United States English kcyboard is not convenicent
for Pinyin input and also does not provide the ability to input toncs/diacritics.

Figure 2A is a drawing of a novel keyboard (1030, 2000) that is a navel modifi-
cation of a US English keyhoard. In this particular preferred embadiment, some
_— T
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of the keys arc used as tone (diacritic) keys 1050 while other keys 1040 arc usced
in the traditional way as syilable keys 1040 for catry of Pinyin and other language
(English) characters. In one preferred embodiment, some of the rarcly used
punctuation keys are assigned as the tonc keys 1050. As a non limiling examplc:
the “[,{" key is assigned as the high tone (diacritic) key 2040; the ], }” key is as-
signed as the rising tone (diacritic) key 2050; the "\, |” key is assigned as the low
tone (diacritic) key 2060; and the “ “, “ key is assigned as the falling tone
(diacritic) key 2070. For processing of purely Pinyin text, these four diacritic keys
(2040-2070) are adequate becausc untoned Pinyin syllables and function words
(and particle affixes) would be coded or marked with no diacritic. However, in
embodiments that are used to process Pinyin text in combination with non
Chinese (English) text (and other preferred embodiments), another diacritic key,
the untone (diacritic) key 2010, is added. For examplc, one of the “alt keys” 2010
can be used for this function. Since in processing mixed text (both Chinese and
non Chinese together) the untone key will be used frequently, a sccond untone
key 2020 can be added at the second “alt key” location on the standard English
keyboard to provide additional finger access. In this embodiment, the “alt key”
would be reassigned to one of the duplicate “control keys” 2030. The English
kcyboard can be easily modified to include equivalent alternative assignments of
keys to provide diacritic inputs 1050.

Figure 2B is an alternative prefcrred embodiment 2100 of a modified English
keyboard 1030 that has diacritic keys 1060B for the entry of diacritics in Pinyin
text processing. In this embodiment 2100, diacritic keys 1060 are added to the
English keyboard 1050 above the standard “arrow keys.” Again the diacritic keys
that would be added include -the high tone (diacritic) key 2120, rising tone
(diacritic) key 2130, low tone (diacritic) key 2140, and the falling tone (diacritic)
2150 key. The optional untone (diacritic) key 2110 would be added for mixed
text (or other) processing.

" Figurc 2C is a drawing of an another aliernative preferred cmbodiment 2200 of
the keyboard 1030. This embodiment 2200 has a split space bar 2270 that allows
all keys (or all but one or two) of the US English keyboard layouts 1040 to be
kept intact. In one preferred embodiment, the space bar 2270 is split into four
seclions (2230, 2240, 2250, 2260). The lcftmost scction 2230 of the spacce bar is
- assigned to the “rising” tonc (diacritic) 2230. The large scction 2260 next Lo it is
used as the space bar 2260. The two smaller scctions (2240,2250) on the right
hand side are assigned to the “falling” 2250 and “low” 2240 toncs (diacritics), re-
spectively. The high tone (diacritic) 2220 is assigned to onc of the "alt keys.”

Such an arrangement is based on crgonomics. The thumbs are the most impor-
tant fingers in piano playing, but much under utilized in typing. This design of
the Chinese keyboard will utilize the thumbs much more cfficiently in tonc input.
The new space bar 2260 is located at the center of the keyboard, namely, between
“F” and “J” keys. Both thumbs can be uscd to press it comfortably. Thus, the

—_—
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size reduction of the space bar will nat affect typing of English at all in mixed text
processing. By curving a thumb to the palm. the four tonc keys (2220 2230,
2240, 2250) can bc accessed casily.

For pure Pinyin input, no untoned key 2210 is necded. In this embodiment, the
- "space bar” key 2260 acts as the “untoned” key for the Pinyin only input. In

Figure 2C, the position of the falling tone 2250 and the low tone 2240 are re-
versed from their common linguistic order (the third and the fourth tones) be-
cause falling tone is used about a factor of two morc frequently than the low tone.
This “reversing” will reducc the fatigue and improve efficiency.

For mixed text processing (Chinese together with non Chinese), and some pre-
ferred embodiments of pure Chinese text processing, the untone key 2210 is
added. In this preferred embodiment, the untone key (diacritic) 2210 is assigned
to the other “alt key.” One of the control keys 2280 is reassigned as the “alt key.”

Figure 2D shows another preferred embodiment 2300 of a keyboard 1030. This
‘'embodiment uses a split space bar 2370 with rising 2330, falling 2350, and low
2340 tones (diacritics) positioned as in keyhoard 2200. However, in this keyboard
2300, the center, largest portion 2310 of the space bar 2370 is assigned to the,
untone tone (diacritic) 2310. Thc space function 2360 is provided in the position
of one of the "alt keys.” This is especially useful when the keyboard 2300 is used
to enter mixed text. The other “alt key” is assigned ‘the high tone (diacritic) 2320.

Again one of thc “control keys” is reassigned as an “alt key” 2380. This embod-
iment positions the untone key 2310 in a very convenicnt location for access of
both thumbs. This is helpful when the system 1000 is processing m1xcd text be-
cause the untone key 2310 will be frequently uscd.

Kcyboard 2300 can be enhanced. by adding additional marks on the keys. For
cxample, in Chincsc, the left quatation mark 233R and right quotation mark 2339
arc diffcrent and arc cach given a key. Left 2341 and right 2342 titlc marks arc
added along with a bullct 2344, apostrophe 2345, and decimal point 2337. These
marks arc also used when entering mixed text. A phasc mark 2336, used as a
delimiter in Chinesc is also pravided a key location.

Key assignments and reassignments arc performed using well known mecthods.
- For cxample, the profile of the keyhoard 1030 is a filc 1070 in the memory (1100,
1200) of the system 1000 that defines the functions of the keys. In the RS/6000
this is called the “keyboard translatc table 1070.” This table 1070 assigns a
character, typically in ASCII code, or a control to each key on the keyboard 1030.
By changing the assigned key codces in this table 1070, the functlonq of the kcys
on the kcybmrd 1030 change.

The user enters (inputs) Pinyin or mixed text into the systcm by using the key-
board 1030. After the user enters a Chinese (Pinyin) syllable, the user cnters the
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appropriatc diacritic associated with the syllable. When pure Pinyin is entered,
no diacritic (or alternatively a space) is entered for unaccented syllables (and
function words). When mixed text is entered (or in alternative prefcrred embod-

- iments used to enter Pinyin), the uscr enters an untone diacritic after cach unac-
ccnted syllable (and function word). Spaces (or equivalent word boundary
delimiters) arc entercd after non Chinese words. Spaces delimiting Pinyin
(Chinese) words with generally accepted word boundaries improves the accuracy
of the system 1000. However, it is not necessary. to delimit Chinese words for the
invention to operate. See process 400.

The Pinyin (or mixed text) input is stored in the system 1000 memory (1100,
1200). In a preferred embodiment, the input is encoded in an ASCII format. A
standard ASCII code table that has codes for English characters and/or codes for
GB2312-80 Hanzi is modified to include diacritics. In a preferred embodiment,
the high, rising, low, and falling diacritics are codcd for the upper and lower cascs
of each commonly acccnted vowel so that proper diacritic can be
displayed/printed over the vowel in a displayed/printed Pinyin syllable.

Figure 3 is one preferred embodiment of a data structure 300 for the ASCII
coding for Pinyin or mixed input. The block of memory 300 has 256 mecmory
locations. These locations are numbered from 0 to 255. The number is also the
ASCII code that is assigned to each of the locations/ASCII codes.

The ASCII code is made of a single bytes of information, a lower 7-bit section
(representing locations 0-127) and an upper 7-bit scction (representing locations
128-255). A single character, punctuation, or control function is assigned to a
memory location. For example, the upper case Roman letter “B” is assigned lo-
cation 66, the “escape” function is assigned location 27, and the “1” is assigned to
location 33.

Although the coding of the Roman leticrs, punctuations, and numecrals arc well-
dcfined, therc arc many optional spaces in the ASCII code. Individual countrics
can assign spccial symbols at these optional spaccs.

Each of the diacritics is represented by a tonc cade or mark. In a preferred em-
bodiment, each of the five (or four) tonc codes (marks) arc assigned to memory

- location with numbers (ASCII codc) in the lower half of all the ASCIH code data
structure 300 (the scven bits from 0 to 127.). These memory locations are used for
communication. Therefore, by assigning the diacritics ASCII cades with numbers
between 0 and 127, the tone codes can be communicatcd over a network 1090.
In this non limiting examplc shown in Figurc 3, the tone cade (mark) no tone 301,
high 302, rising 303, low 304, and falling 305 arc assigned the lacations with the
ASCII code 2, 3, 4, 5, and 6, respectively. These are the locations of the Pokers
in US ASCII coding. -
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in this preferred embodiment, a location and an ASCII code is also assigned to
each vowel (both upper and lower case) for cach diacritic (high, rising, low, and
falling) that thc vowel can have. The no tonc casc can usc the English vowels
that are located in the lower 7 bit scction of the ASCII code. In addition, upper
case "1” and upper case "U” with diacritics arc omitted since no phonetic syllable
begins with these vowels. Accordingly there arc 32 vowel designations with
diacritics to be assigned ASCII codes. These vowels with diacritics are assigned
ASCII codes (128-159) in the upper half of the data structure 300, i.e. betwcen
numbers 128-255.

Giving vowels with diacritics a unique ASCII code is useful when displaying the
Pinyin syllables on the graphical interface 1020 and in printing the Pinyin sylla-
bles. The system 1000 uses the Pinyin syllable entered with a following diacritic
(301-305) to display/print a correctly spelled syllable with the diacritic properly
over the vowel of the syllable. Therefore, by using the vowels assigned with
diacritics in data structure 300 locations 128-159, thc system 1000 is able to
print/display Pinyin syllables’in the traditional way -- with the diacritic over the
vowel. For example, the Pinyin syllable entcred with key strokes Pin’ will be
displayed/printed as Pi'n.

The advantage of this arranging the vowels with diacritics in the upper half of the
data structure 300, with ASCII codes 128 to 159, is that the GB code only uses
the upper half of ASCII code data structurc 300 from 160 to 255. Therefore, the
Pinyin vowels with diacritics can be stored and transmitted together with GB
code (and the lower 7 bit of the ACSII codc). '

Figure 4 shows a novel process 400 of entcring a Pinyin syllable into a tangible
mcdia like a computer memory (1100,1200) or a display (1020). In a preferred
embodiment, process 400 provides a spell checker and an automatic crror de-
tection and corrcction process that is uscd to check the syllables cntered into the
system 1000 by key strokes (or other methods.) Process 400 also allows a mixture
of Chincsc and non Chincse (c.g., English) text to be entered, treated, and stored
with minimal cffort. An input unit is the input process 400 exccuted: by the sys-
tem 1000.

In step 401, the user enters a syllable (here cither Chincse or non Chincsc)

" through the keyboard 1030 with key strokes. If the syllable is Chincse, a diacritic

representing thestone of the syllable is entered following the syllable. (Here the
untone diacritic is used in text entry.) No diacritics arc entered after non Chinese
words, e.g. English. Further non Chinese words can be identified 402 because
they are delimited by special delimiters, ¢.g. a spacc.

In the case of pure Chinese text, it is unnccessary in some embodiments to enter
diacritic after no tone syllables or function words. Although not rcquired in pure
Chinese text entry, system 1000 accuracy improves by entering delimiters for
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word boundarics between Chinese words wherc a well established convention for
word separation is known. This can bc done by entering a delimiter like a space
or other code (e.g. double diacritic, “esc”) at the word boundary. In this case, a
list of Chinesc words with well established word separation can be referenced in
403 to distinguish them from non Chinese syllables/words.

When the end of a syllable (or non Chinese word) is reached, the system 1000
reads a diacritic, e.g. a depressed tone key 1060 (or space.) In some alternative
embodiments where pure Chinese text is being processcd, the no tone diacritic can
be eliminated. In these cases, some untoned (and un marked) syllables will be
appended to one another. To parse these syllables 404, the string is compared to
a dictionary of syllables 700. The longest syllables in the dictionary 700 are
compared to the entered string first. If part of the entcred string matches the
longest string, that matched string is used as a syllable input and delcted from the
entered string. The process is repcated on thc remaindcr of the entered string.
If no match is found on the longest strings in the dictionary of syllables 700, the
next longest syllable strings in the dictionary of syllables 700 is compared. The
process is repcated until all the syllables of the cntered string have been matched.
This process is call the “longest string match” algorithm and examples of this are
well known. Sce “Chinese text segmentation for text retrieval: achievements and
problems” by Z. Wu and G Tseng, Journal of the American Society for Infor-
mation Science, Vol. 44, No. 9, October, 1993, pages 532-542 which is hereiniin-
corporated by reference in its entirety.

In some preferred embodiments of entering pure Chinese text and in mixed text
processing, the no tone key is used to mark unaccented syllables in Chinese. In
these embodiments, all Chinese syllables arc coded (marked) and unambiguously -
delimited by a diacritic. Thercfore, the Chincse syllable houndarics are unam-
biguously marked. This cmbodiment permits Chincsc syllable abbreviations to .
bc used since the abbreviations arc also unambiguously delimited and are
‘uniqucly identificd by being added to the syllable list 700. Usc of syllable ab-
breviations greatly reduces the number of kcy strokes rcquired Lo enter phonctic
Chinesc text.

In step 402, used in mixed text processing, the system 1000 determines whether
~ or not the syllablc is a Chinesc syllable. If there is a diacritic (including the no
tone diacritic) after thc syllable, the syllable is Chincsc 404. If therc is no
diacritic, the syllable (word) is non Chincse, c.g. English 403. Non Chincse words
can also be identified 403 by their delimiters. Non Chinese words can be further
processed, e.g. spell checked, by known systems that process thesc languages.

After a tone key (either onc of the four tones keys or the “untoncd” key)_is
pressed, the computer recognizes that the preceding letters represent a Pinyin
s_yllable 404 and the syllable is spell checked 405, checked as an abbreviation or
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alternate spclling 407, or error checked 408. These steps (405, 407, and 408) usc
a Chinese syllable list data structure 700 shown in Figure 7.

The Chinecse syllable list 700 in Figurc 7 is onc preferred syllable list used for
Mandarin Chinese. Because there are altogether just over 1300 syllables in
Mandarin (including different tones), it is convenient to code those syllables with
a small portion of a two-byte code space (65536 spaces). Each of the syllables is
assigned a unique two-byte code or “short integer”. Specifically, the ASCII code
string representing each syllable is assigned a two-byte code in the Chinese sylla-
ble list 700. For example, the Mandarin Pinyin syllable Pi'n is assigned the two-
byte code “814.” Each syllable corresponds to a standard spelling form, including
the tone diacritics on top of the proper vowel. To add abbreviations to the list
700, the abbreviations are assigned the same two-byte code as the syllable that is
abbreviated. For example, the abbreviation “d” would be assigned 212, the code
on the syllable list 700 that represents “de’”, the syllable that “d” abbreviates.
Syllable list 700 takes a relatively small amount of memory (1100, 1200) space.

After a Chinese syllable 404 is encountered, the system 1000 scarches the Chinese
syllable list 700 to find a match. If a match is found, the syllable 404 was entered
with a standard spelling 405, i.e. the spelling on the Chinese syliable list 700, and
the entered key stroke string is replaced with the two-syllahle code of the matched
‘word on the Chinese syllable list 700. For example, if the Chinese syllable Pin’
is entered, the system 1000 represents the key strokes with the ASCII code string
{80, 105, 110, 6}. See Figure 3. When checking the Chinese syllable list 700 for
a match 404, the system finds that this string corresponds to Pi'n that is repres-
ented by the two-byte code 814. See Figure 7. Thus the two bit code 814 replaces
the ASCII code string for this syllable in memory. Therefore, if a standadrd spell-
ing is detected 405, the entire syllable is stored 412 in memory 1010/1020 as one,
of the 1300 Chincse syllables (by a {wo-byte code) and displayed on the monitor
411, with the tone diacritics corrcctly on top of the vowel. This Pinyin display
411, is shown in the region 1021 of the graphical intcrface 1020 that displays
Pinyin.

In like manner, if the uscr enters an ahbreviation or shorthand spelling for a
Chinese syllable, the ASCII codces representing the shorthand spelling are com-
pared 406G to the entrics in the Chincse syllable list 700. If there is a match, the

" shorthand (abbreviated) syllable is converted 407 to the proper, unabbreviated
Pinyin syllahle Yorm by replacing the entercd ASCII codes of the shorthand
spelling with the two-byte code corresponding to the proper, unabbreviated
Pinyin syllable. Again, abbreviations are addcd to the Chinese syllable list 700
with codes that will print the full syllable that is abbreviatcd.

Some example cxamp(e abbreviations or sharthand spellings of Chinese syllables

M4 II II 0wyl

follow For example, “zi", “si”, , 111", “qi”, and “Xi” can be spelied as “z”, “c”,

”_n

, 17, "q”, and "xX” W1thout any confusion. Similarly, “yi”, “wu”, “yu” can be
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spclled as “i", “u”, and "v” without confusion. Other shorthands such as “shg” for
“sheng”, "xg” for "xing”, “qag” for "giang”, “jo” for "jia0”, etc, can be recognized
without ambiguity.

In syllablcs with syllable separation marks, the syllable separation mark, such as
that in "Xi‘an”, can be avoided altogethcr in typing, although it should appear
during display. Using the present system 1000 and process 400, the above exam-
ples of shorthand typing are so convenient that no learning is required. With a
little learning the number of shorthand syllables can be increased (added to the
Chinese syllable list 700.)

If an erroneous spelling is detected 408, i.e., there is not match in table 700, the
most probable syllable is displayed 409. This is done by presenting a menu of
probable choices, i.e. best matches 1023, selected from the Chinese syllable list
700. The uscr sclects 409 the proper syllable from the menu by using a selection
apparatus, c.g., a mouse 1031 or a key. As before, the computer codes this se-
lected syllable as a two-byte value and stores it in the memory 412.

If a delimiter, e.g., a spacc bar, carriage return, or punctuation key, is not en-
countered 413, the process 400 repeats 415 for the next syllable. If a delimiter is
encountered the entire string is stored ‘as a word string 414. On the monitor, the
correct Pinyin spelling of this word string is displayed in the Pinyin portion 1021
of the graphical interface 1020. Note that the word string 414 between dclimiters
is treated as a single word when the dclimiters are entcred (according to a gener-
ally accepted convention) and the word will have unique word boundaries coded
or marked by the delimiters. However, thc word string 414 can include two or
more words (constituents) and/or affixes if the delimiters were not placed at each
of the constituent word boundaries, e.g., when there are no gencrally accepted
word boundaries to_ delimit the constituent words.

In step 414, the text, in the caded Pinyin form, also can be printed as Pinyin syl-
lables using a printer 1080 with a special read only memory 1081, ROM, which
converts the two-byte cadces of table 700 into a string of Roman lctlers with tonc
symbols on the proper vowel of the required syllables. The text then becomes a
continuous and recadablc printout in the Pinyin form, same as in all tcxtbooks on
- spoken Chinese for forcigners.

Figurcs 5 and G are flow charts of methods for processing the Pinyin text that is
entecred into the system 1000, e.g. by process 400. In one preferred embodiment,
Pinyin text 1022 is entered by key strokes on the keyboard 1030 of the system and
displayed, as discussed above, on the Pinyin portion 1021 of the graphical inter-
face 1020. Concurrently, the Pinyin input in word form, stored above in step 414
is converted by process 500 into Hanzi form and displayed 1025 in the Hanzi
portion 1024 of the graphical interface. 1020. Therefore, the user entering Pinyin
text and diacritics through the keyboard 1030 secs the Pinyin text 1022 (with the
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diacritic placed over the proper vowel by process 400) on the Pinyin portion 1021
of the graphical interface 1020 and the correct Hanzi translation 1025 of the en-
tercd Pinyin displayed on the Hanzi portion 1024 of the graphical interfacc by
process 500. In alternative embaodiments, Pinyin text with diacritics can be cn-
tered into the system 1000 by means other than the keyboard 1030, e.g., over a
network 1090, audio system 1033, or with a magnetic medium 1032 like diskette.

Process 500 translates the Pinyin input into Hanzi. The system 1000 can process
Pinyin and Hanzi in other ways. For example, the Pinyin 1022 text and/or the
Hanzi text 1025 can be printed. Alternatively, the Pinyin 1022 and/or Hanzi
1025 text can be entcred into known language translators 1034 and translated
into other languages like English.

Processes 500 and 600 takes full advantage of the word boundary and the
diacritics coding (marks) on the accented syllables. The two processes together
handle a large variety of different styles of Pinyin writing theorics and habits, and
achieve high conversion accuracy. For example, if the Chincse words are delim-
ited at well established boundaries, the word input 501 will be recognized as a
unique word 511. 1If the word, is not and/or can not be delimited from other
“words, “ a morphology unit being the process 500 exccuting on system 1000,
morphologically analyzes and/or decomposes the word string. The invention is
therefore able to determine the constituent “words” in the word string. This is
done using the vocabulary 950 and the “longest string matching” algorithm de-
scribed above. ‘
The invention is also able to accurately processes Pinyin into Hanzi for either of
the following conventions: 1. affixes included as part of the word or 2. affixes as
a particles separate from the word. In onc preferred cmbodiment, the second
typc of affix (particle) is treatcd as a function word. For convention I, process
500 performs a morphological analysis, i.c., standard affixes included in unrec-
ognized words (convention 1) arc removed and the remaining word string (root)
is analyzed without the aff'x In later processing the removed affix is treated as
a function word.

Process 500 uses morphology to process word. string input. Morphology is the
study of word formation in a language. Here the formation of words specifically

~ involves affixes and how the meaning of words is affected by affixes. In the
orthography.of™*most European languages, such as English, German, Spanish,
Finnish, and Hungarian, word mcanings change dcpending on how affixes arc
used. For example, in the English expression “Calvin and Dorothy’s Department
Store”, the “’s” belongs to “Calvin and Dorothy”, but is appcnded only after
“Darothy”. '

Process 500 first analyzes t‘le morphology of entered words or word strings, e.g.,
from step 414. The algorithm starts with comparing 510 the entered word (string)

\
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501 to a known vocabulary 950. The vocabulary 950 is a table of phonctic
Chinese words and/or abbreviations (Pinyin and/or BPMF) with thcir associated
Hanzi translation. A dictionary 950 of Chincsc words can also bc used. Such
dictionarics 950 arc well known. For example, see "Hanyu Pinyin Cihui” by the
language publishing house “Yuwen Chubanshe,” 1989. Dictionaries such as this
can be improved by combining other known dictionaries and/or adding Chinese
words with their Hanzi translations from other sources. 2

If the word input 501 (word or word string) matchcs one or more words in the
_vocabulary 510, its uniqueness is checked, S11. If there is no ambiguity, i.e., there
is only a single match in the vocabulary 510, the word is converted to Hanzi form
and displayed 550 in the Hanzi portion 1024. If it is ambiguous (that is, there
are more than one Hanzi forms in the vocabulary (510, 950) corresponding to the
phonetics of the word input 501), the different words are stored for further con-
sideration (step 540).

If the word input 501 is not in the vocabulary, a morphological analysis is per-
formed on the word input (string) 501. Part of the word ihput is compared with
“the list of function morphines, or affixes, step 522. A preferred list of affixes 800
is provided in Figure 8. If a-standard affix is found, i.e., it is on the affix list 800,
'the found affix is cut off 524 and the remaining part of the word input (root) is
compared 510 with the dictionary 950 again. If the root of the root is in the vo-
,cabulary, step 511 is applicd. If the root is not in the vocabulary 510 but there
are more affixes in the rool 522, step 524 is repeated for any other standard af-
fixes remaining in the root.

If no standard affixes are recognized 522, i.e. no string in the word input 501 is
in the affix list 800, the word stringfroot is dccomposcd 530. In one preferred
embodiment, the roat is dccomposcd using the “longest match mcthod” above by
comparing the root to the vocabulary 950.

If the word string is composcd of morc than onc constituent, the uniqueness 531
of each constituent is scarched. If a constituent is unique 531, the word is con-
sidcred as a compound word and the corresponding string of Hanzi is displayed
and recorded 350. If the word is ambiguous 531, c.g. onc or.more of the constit-
ucnts of the word input 501 have more than onc Hanzi translation and/or there

- are more than onc ways to decompose the word string, these different alternatives
are stored fog_ further consideration, step 540.

In step 540, the wholc phrase (or clause, or scntencc), i.e., word string input 501,
is dctermined as that string of characters that is delimited by phrase delimiters
such as punctuations, carriage return, or any other phrase delimiters assigned by
the user. The whole phrase is analyzed to determine the meaning of the ambig-
uous word(s). Sec process 600 of Figure 6 below. After step 540, the entire sen-
tencc (phrase, clause) in Hanzi form is displayed, step 550. If there is any error,
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step 560, in the text displayed 560 on the graphical interfacc 1024, the user cor-
rects the phrase, sentence or clause manually, 561.

To support the explanation of thc syntactical analysis used by present invention
given below (process 600), a discussion of a discovery of phonetic characteristics
of acoustics of speech (tone and accents), functlon words, particles, affixes, and
notional words is now presented.

There is an important phonetic phenomenon in spoken Chinese often overlooked.
In Chinese, as in all spokcn languages on the world, there is a great deal of in-
formation provided by the acoustics of speech in addition to the information
provided by the mere string of individual syllables. In Chinese, each word has an
accent structure that results in a speech acoustic for the word that is often crucial
in understanding the word meaning. How syllables are grouped to form a word

can affect the accent structure, specch acoustic, and understanding of the word. -

Again, the separation of words (syllable grouping) and the-commensurate accent
structure of words (specch acoustic) are part of the information conveyed in the
spoken language. For the Chinese language, tonc, a part of the speech acoustic,
is important as well. In Chinese, tone of a syllable is promincnt only in accented
syllables. For syllables that have no accent, the tone is either substantially
weakened or completely lost.

Further note that in most languages, including Chincse, there are function words
and notional words. Notional words include all nouns, all verbs, all adjectives,
and most adverbs in a language.. For example, “man, run, fast, and quickly” are
notional words. Function words include articles, prcpositions and some con-
junctions. For example, “a, the, to, from, and, but ctc.,” are function words.
Affixes denoted as scparaic particles have characteristics of function words.

Function words in Chinesc arc unsiressed words that cxpress primarily a gram-
matical relationship and/or functions of othcr words rather than cxpressing a
lexical meaning. Function words include prepositions, auxiliary verbs, conjunc-
tions, adverbs, interjcctions, articles, and certain pronouns. In Chincse, the

function words (articles, prepositions, postpositions, ctc.), affixes in the form of

a particle, and any affix in a multiplc syllabic word arc always NOT accented.
Function words: (and affixes in particle form and affixes in a multiple syllablc
word) have no tonc or a substantially weakened tonc.

Notional words are words that have a full lexical mcaning. In Chinese, notional
words include all nouns, all main verbs, all adjectives, and most adverbs.
Notional words include all words in Chinese that are not function words. The
accent structure of notiona: words depends on the dialect.
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Until now, it has not been rccognized how a person listening to a language intu-
itively identifics notional words and function words in order to understand the
words of the language. This is particularly truc in the Chinese language. Since
the tone of function words and affixcs is very weak or completely missing in
Chinese and bccause there are a limited number of known and identified function
words in the Chinese language, function words are intuitively used by people lis-
tening to spoken Chinese to understand what is being said.

To further amplify the importance of function words, notional words, and tone
in understanding the Chinese language, the accent structure of notional words
and the use of function words (and affixes) is now examined.

- The Shanghai dialect represents the clearest example of the accent structure of

notional words and function word use. Every notional word starts with an ac-
cented syllable, which has a prominent tone. All other syllables in the word have

' no accents at all, therefore the tones of the syllables that follow the first syllable

are muted. For example, in Shanghainese, the nouns “wenti” (question) and
“dianhua” (telephone) are always accented at the first syllable.

The function words in thc Shanghai dialect have no accent. When a function
word follows a notional word, the function word sometimes can be interprected
as a suffix (i.c., an affix) of that notional word rather than a particle. However,
part of the discovery is that from the point of view of human listener, thesc two
interpretations (a function word being a particle or as a suffix) have no difference
in substance.

In the Beijiﬁg and Mandarin dialccts the accent structure is slightly différent.

In most cascs of the Beijing dialcct, the accent of a notional word is at the first
syllable. However, there are many cascs wherc the .accent is located. at the last
syllable instcad of the first onc.

Mandarin is the standard Chinesc language. In Mandarin, the accent of a word
is usually at the first syllable. In somc words with morc than 3 syllables, a
“framed” accent structurc is observed. That is, the first and the last syllables arc
accented, whcreas all other syllables in between have no accent and have very

" weak (or no) tonc. A multiple syllablc notional word in Mandarin has at Icast

one accent, uswally at the first syllable. ‘For example, in the syllable string
“taiqilai”, only the first syllablc “tai” (lift) has an accent. For the remaining two
syllables, not only is the acoustic cnergy much reduced, but also the tones arc
substantially weakencd or completely lost. In the phrasc “taibuqi tou lai”, only
the two syllables “tai” and “tou” have accents. The remaining syllables “ba”, “qi”,
and “lai” are wcak, and are atonic or almost atonic. (Atonic means without tone.)
Note that “lai” is an afix that has no tonc and, in this convention, is written as a
separate particle.
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In both thc Beijing and Mandarin dialects, the function words, as a rule, h_avc
-no accent and the tones of the function words arc weak or missing (degenerate).

The discovery is that listencrs to the spoken Chinese language intuitively use the
accent structure of notional words (syllables with tone and syllables without tone)
and untoned function words (and affixes) to demark word boundaries, classify
words, and determine the meaning of words. This natural phonetic phenomenon
is independent of the differing views of linguistic philosophy of the Chinese lan-
guage and/or how one writes words or phrascs in Chinese. The present invention
develops and applies rules based on this phenomenon, and implements these rules
with appropriate processes, to improve the accuracy of the processing (entering,
analyzing, translating, and writing) phonetic Chincse.

Having completed the discussion of the discovery.of phonetic relationships that
werc until now unrecognized in the prior art, the following discussion explains
how these relationships arc used in the syntactical analysis done by process 600.

A novel syntactical analysis method is shown in Figurc 6 as process 600. The
_Jprocess analyzes an entire phrase (or clause, or sentcnce) using principles discov-
ered and disclosed above.

A word string (clause or a sentence) 501 is delimited with phrase delimiters like
punctuations, a carriage return, or any input assigned by the user. In a preferred
embodiment, these delimiters, or phrase dclimiters, include the space (key 2360),
phrase mark (key 2336), Chinese period 23335, Icft quotation mark (key 2338),
right quotation mark (key 2339), left title mark (key 2341), right titlc mark (key
2342), exclamation mark (key 2311), comma (key 2312), slash (key 2313), left
parcnthesis (key 2314), right parcnthesis (on key 2315), colon (on key 2316),
scmicolon (key 2316), bullet (kcy 2344) and question mark (key 2317). A double
stroke on any of the tone keys (2310, 2320, 2330, 2340, and 2350) can also bc a
phase delimiter. (The keys indicated in parenthesis here designate the key in this
embadiment of the keyboard 2300 that enters the phrasc delimiter.) These phrase
dclimiters unambiguously definc a word boundary, i.c. the end of onc phrase and
. the beginning of another phrasc 501.

.o
Phrases with one or more ambiguous words, as dcfincd in steps 511 and 531, arc
input 601 to the process 600. A syntactical unit is process 600 being exccuted on
the system 1000.

First, the word componenis of a phrase 601 arc classificd by the existence of any
tone diacritics. The words with at lcast one diacritic 610 are notional words 620.
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Words without diacritics 611, however, could be: notional words with the diacritic
inadvertently omitted, non-Chincse words, function words, affixes or affixes
written as independent particles. In mixed text entry, non-Chincsc words are
dclimited by spaces (or another equivalent character, c.g. the “Esc”) and therefore
are rccognized.

To determine if the words without diacritics 611 arc function words, the words
611 are compared to a function word list 800. The number of function words is
limited, under 100 according to most linguists. If the word 611 is on the function
word list 800, it is a function word. The meaning of each function word is.
uniquely defined. A preferred function word list 800 is provided in Figure 8.

In similar manner, the words without diacritics 611 can be compared to an affix
list (also included in list 800) to determine whether they are affixes and/or affixes
written as indcpendent particles. The meaning of thesc independent particles is
uniquely defined. One preferred list of particle/affixes is also rclatively short,
having under 20 entries. Particle affixes with their Hanzi translations are in-
cluded on the list of function words in Figure 8.

Data structure 800 ‘that lists function words, particles, and affixes take relatively
little space in the computer memory (1100, 1200.)

Once all the function (and/or particle affixes) words are identified, and therefore
uniquely defined, the phrase/sentcnce structure is analyzed in step 630. Since the
meanings and the function of the function words (particle/affixes) are known, the
types of words preceding and following any particular function word (affix) are
limited. Thercfore, the ambiguity of any notional word can be further reduced
or eliminated in step 640 by using the rclationship of the ambiguous notional
word with onc or more function words (particlc/affixecs.) For instance, if there
are five possible words identified in step 540 of process 500 for an ambiguous
notional word, some or all but onc of these possible words might be eliminated
by knowing the function word (affix) preceding or following the ambiguous word.

For cxample, prepositions 810, considered function words, are listed in Figurc K.
These prepositions must be followed by a noun or a noun phrasc. Il any notional
word following thcse prepositions has a translation that is not a noun or a noun

- phrase, this ambiguous translation is removed.

S :
Tense particles 820 (le, zhe, guo) usually follow verbs. Therefore, any ambiguous
notional word with thesc particles following is translated as a verb. 1f any of the
alternative translations for this national word arc not a verb, they are deleted.

Relation particles 830 (de, ::hi) usually follow nouns or adjectives. Therefore, any
ambiguous notional word with these particles following is translated as a noun
or adjective. Alternative ainbiguous translations are deleted.
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Conjunctions (he, ji, and gen) 840 are function words and usually g0 between
nouns. Therefore, any ambiguous notional word on either side of these conjunc-
tions 840 is translated as a noun. Alternative ambiguous translations are deleted.

Conjunctions 850 are function words that usually go between phrases. Notional
words are either side of these conjunctions 850 are considered as part of a phrase.

Noun suffixes 860 are affixes that are usually are part of a noun. Notional words
preceding these suffixes 8G0 are translated as nouns. Alternative ambiguous
translations are deleted.

There are adjective and adverb suffixes 870 that must be preceded by an adjective
or an adverb. Any notional words preceding these suffixes (particles) having a
translation that is not an adjective or an adverb are rcmoved.

There are also adjective and adverb prefixes that include hen-, zui-, bu-, and
geng-. These particles/affixes must bc followed by adjectives or adverbs. If any
notional word following these prefixes (particles) has a translation that is not an
adjective or an adverb, these ambiguous translations arc removed.

There are rare exceptions to thesc rules which rhight result in an errondous
translation that would be corrected by hand.

Note that the list 800 does not include abbreviations of the function words, par-
ticles, and affixes. Abbrevratlons could be included in alternative embodiments.

If there is a rcmaining ambiguity in step 640, i.c. morc than onc possible notional
word still exists, statistics of the relative word accurrence in the phrase arc ap-
plicd 641 to predict the most probable word of the rcmaining notional word can-
didates. Statistical models 641 like this arc well known in the specch recognition
arts. See for example, Fundamentals of Specch Recognition by Rabiner and
Juang, 1993, pages 447-450 which is herein incorporated by reference.

. In one preferred embodiment, the results are displayed 650 on the Hanzi 1024
portion of thc graphical interfacc 1020. If there are words that can not be re-
solved unambiguously, the remaining candidates arc prescnted to the user on the
graphical intcrface 1020 for selection by a pointing device 1031. 1n addition, the
displayed result 650, 1025 is subject to manual correction by the user 650. In
alternative embodiments, the final display could be printed on a printer or
transmitted over a network connection 1090. The displayed result 650 can also
be Hanzi input to other computer systems, for example, a translator 1034 that
translates the Hanzi text into another language.
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By using processes 500 and 600, the system 1000 can dctermince the meanings and
Hanzi translation of constituent words in thc word input 501, even though the
words were not separated according to any generally accepted convention or de-
limited at a boundary. '

Given this disclosure onc skilled in the art could develop alternative cquivalent
embodiments that are within the contemplation of the inventor. For example, a
keyboard like the one in Figure 2D can be designed to include the 37 characters
in the BPMF phonetic alphabet. The key assignment for this phonetic alphabet
_depends on the choice of the user/manufacturer. ASCII code assignments for the
37 characters can be made in the upper 7 bit region of Figure 3. Diacritics for
BPMF can also be provided on the keyboard and in the ASCII code table.
However, some modification may be necessary. For example, a diacritic for the
high tone might be provided. The syllable table 700 and function word, particle,
and affix table 800 for BPMF has a one to one corrcspondence to the Pinyin casc.

The processes shown is Figure 4, 5, and 7 still apply. _
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[ claim:

1. A keyboard for entering Chinese language text into a computer system, the
keyboard comprising:

a set of syllable input keys, each syllable input keys representing one or more
characters; and

a set of tone keys, each tone key representing one or more tones.
2. A keyboard, as in claim [, where there are four tones represented in the set of

tone keys, the four diacritics including high tone, rising tone, low tone, and falling
tone. ‘

3. A keyboard, as in claim 1, where there are five tones represented in the set of

tone keys, the five diacritics including no tonc, high tone, rising tone, low tone,
and falling tone. :

4. A keyboard, as in claim 1, where the keyboard is a US English keyboard and
the sct of tone keys replaces one or more punctuation keys on the US English
keyboard. ‘_
5. A keyboard, as in claim 1, where the keyboard is a US English keyboard with
the set of tone keys is groupcd with a group of “arrow” keys on the keyboard.

6. A keyboard, as in claim 1, where a space bar of the keyboard is split into two
or more scctions and one or morc of the sections is a tonc key that représents one
or more toncs.

7. A keyboard, as in claim 6, wherce the space bar scctions include onc or more left
scctions, one or more right sections and a middle scction that is between the left
scctions and the right scctions.

- 8. A keyboard, as in claim 7, where the middle section is a space key and onc or

morc of the left-and right scctions is a tonc key that represents onc or more tones.

9. A keyboard, as in claim 7, where the middle section represents a no tone
diacritic and one or more of the left and right sections rcpresent one or more tonc.

10. A keyboard, as in claim 9 where onc of the left sections represcnts a raising
tone, a first right section represents a falling tone, and a second right section re-
presents a low tooe.
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1. A computer system for processing Chinesc language text comprising:

a computer memory;

an input apparatus for entering a plurality of Chinese phonetic language syllablcs
into the system, each syllable having one or morc characters, the input apparatus
marking one or more of the accented syllables with diacritic that indicates a tone
of the accented syllable;

an input unit that provides a character code for each character and a tone code
for each diacritic entered by the input apparatus, the input unit recognizing a
syllable as a string of character codes marked by tone codc;

a syllable list having a plurality of syllable strings cach associated with one or
more syllable string codes, the input unit matching the string of character codes
marked by the diacritic code to one of the syllable string codes and storing in the
computer memory a syllable represcntation for the syllable string associated with
the syllable string code that matches the string of character codes marked by the
tone code.

12. A system, as in'claim 1 I, where the Chinesc language text is Pinyin.
13. A system, as in claim 11, where the Chincse language text is BPMF.

[4. A system, as in claim [1, where the input apparatus is a keyboard with onc
or more keys for cntering diacritics.

15. A system, as in claim 11, where the input apparatus is a acoustic device for
entering spoken Chincsc.

16. A system, as in claim 11, wherc the system further comprises a printer and
the syllablc representations stored in the computer memory arc converted into
printed syllables that arc printed on the printer.

.. . . .
[7. A system; as’in claim [, where the system (urther comprisces a graphical user
interface and the syllable represcntations arc converted to a syllable text that is
displayed on the graphical user interflace.

I8. A system, as in claim [, where one or morc of the syllable string codes re-
presents an abbreviation of the associated syllable string.
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19. A system, as in claim 1 I, where the input unit provides a list of best matchces
on a graphical interface to a uscr if no syllable string code matches the string of
character codes marked by the tone code. B

20. A system, as in claim I, where the input unit recognizes the string of char-
acter codes as a non Chinese syllable where the string of character codes is un-
marked by a tone code.

21. A computer system for processing Chinese language text comprising:

an input apparatus for entering a phonetic Chinesc language phrase, the phrase
having one or more words, each word having one or more syllables, each syllable
having one or more characters, the phrase being a string of the characters be-
tween a first and second phrasc delimiter;

an affix list having a plurality of entries being phonetic Chinese affixes;

a'vocabulary of Chinese words, the vocabulary being a list of a plurality of pho-
netic Chinese words with a Hanzi translation; and

_ei morphology unit that removes onc or morc affixes from the phrase to create a

root, the removed affix being one of the affixes on the affix list, the morphology
unit comparing the root to one or more of the words in the vocabulary to find a
match, and storing in a computer memory the Hanzi translation of the word in
the vocabulary that matches the root

22 A system, as in claim 21, further comprising a syntactical unit, the syntactical
unit parsing the root into accented words and unaccented words, the accented
words being markcd ‘with diacritics and unaccented words being not marked with

.diacritics.

23. A sysiem, as in claim 22, where the entrics include affixes, function words,
and particles, cach-entry having a Hanzi translation, the syntactical unit match-
ing the unaccented words with one or more of the cntrics, the entry matching he
unaccented word being a matched cntry, and the syntactical unit using the Hanzi
translation of the matched entry as a translation of unaccented word in the

- phrasc.

b}

24. A system, as in claim 23, whcre the syntactical unit further translates onc or
more of the accented words as an ambiguous notional word, the ambiguous
notional word having an ambiguity because of there is more than one Hanzi
translation of the ambiguous notional word in the vocabulary, and the syntactical
unit removing the ambiguity by using a relationship of the ambiguous notional
word with one or more of the unaccented words words in the phrase.
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25. A system, as in claim 22, where the first and second phrasc dclimitcrs arc anv
onc of the following: a carriage return, a space, a phrasc mark, a Chinesc period,
a left quotation mark, a right quotation mark, a left titlc mark, a right titlc mark,
an exclamation mark, a comma, a slash, a left parenthesis, a right parcnthesis, a
colon, a semicolon, a bullet, a question mark, and two or more strokes of a tone
key. -

26. A sys'tcm, as in claim 22, where the morphology unit decomposes the word
into constituent words if the word does not match one of the words in the vo-
cabulary and the syntactical unit parses the constituent words.

27. A means for entering Chinese languagc text into a computer system, the
means comprising:

a sct of syllable input keys means, each <yllable input key means representing one
or more characters; and

a sct of tone key means, each tonc key means representing one or more tone val-
ues.

-28. A computer system for processing Chincsc language text comprising:
a’computer mecmory means;

an input means for entering a plurality of Chinese phonetic language syllables
into the system, each syllable having onc or more characters, the input mcans
marking one or more of the accented syllables with diacritic that indicates a tone
type of the accented syllable;

an input process means that provides a character code for cach character and a
tonc codc for cach diacritic cnicred by the input apparatus mcans, the input
process means recognizing a syllable as a string of character codes marked by the
tonc codc;

a syllable list mcans having a plurality of syllablc strings cach associated with onc
* or more syllable string codcs, the input process means matching the string of
character codes 'marked by the tonc code to onc of the syllable string codes and
storing in the compufer memory mcans a syllable representation for the syllable
string associated with thc syllablc strmg code that matches the string of character
codes marked by the tonc (odc

29. A method, of storing syllables and words of phonetic Chinese in a computer
memory of a computer sysiem comprising the steps of:
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a. cntering onc or morc characters into the computer system using an input ap-
paratus, a syllable having one or morc characters, a word having one or more
syllables, and a phrase having one or more words, the words of the phrase bceing
between two phrase delimiters, the syllables being marked with a diacritic re-
presenling a tone of the syllable and the syllables being between two diacritics,
the entering being the storage of a character code for each character entered and
the storage of a tonc code for each diacritic marking one of the syllables;

b. recognizing one or morc of the syllables as a Chinese syllable, a Chinese sylla-
ble being a string of one or more character codes and a tone code;

c. matching the Chincsc the string to a syllable list, the syllable list have a plu-
rality of syllable strings each associated with one or more syllable string codes;
and

d. storing in the computer memory a matched syllablc string, the matched sy]lable
string being the syllable string that is associated with a syllable string code that
matches the string.

30. A method, as in claim 29, where steps a-d arc repeated until a phrase delim-
iter is cntcred, the one or morc matched syllable strings stored in the computer
memory being a word string.

31. A method where a word string is processed by a morphology process com-
prising the steps of:

removing one or more affixes from the word string to create a root, the removed
affix being one of the affixes on an affix list;

comparing the root to one or more of the words in a vocabulary to find a match,
the vocabulary having a plurality of words, cach with onc or more Hanzi trans- -
Iations, the word in the vocabulary matching the root being the root match; and

storing in the computcer mcmf)ry the Hanzi translation of the root match.

- 32. A method, as in claim 31, where onc or more roots arc unmatched roots, the
unmatched root§ having no match in the vocabulary, and the unmatched roots
arc dccumpmed into constituent words.

33. A mecthod of syntactically analyzmg a Chincse phrasc of phonctic syllables
comprising the steps of:

parsing the Chincse phrase into accented words with onc or more syllables
marked with a diacritic indicating a tone of the syllable and unaccented words
having no syllables marked with a diacritic;
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matching the the unaccented words with onc or maore of the cntrics, thg entrics
being zero or more affixes, function words, and particles on an affix list, cach
enlry having a Hanzi translation;

using the respective Hanzi translation to translate the unaccented word into
Hanzi.

34. A method, as in claim 33, comprising the further step of:

translating one or more of the accented words as a notional word, zero or more
of the notional words being an ambiguous notional word, the ambiguous notional
word having more than onc translation into Hanzi in a vocabulary.

35. A mecthod, as in claim 34, where onc ar morc of the translations is deleted
becausc the deleted translation does not have a relationship with one of the un-
accented words.

36. A method of inputting a phonetic Chinese language string through an alpha-
numerical keyboard, comprising the sieps of:

inputting a phonetic representation of the Chinesc language into an input device
of a computer system, the phonetic representation having one or more words cach
made of gne or more phonctic syllables, onc or more of the syllables being ac-
cented syllables and one or more of the syllables being unaccented syllables; and

marking thc accented syliables with a diacritic that indicates a tonc type of the
accented syllable. :

37. An program storage dcvice rcadable by a compuler, tangibly embodying a
program of instructions cxccutable by the computer to perform method steps for
storing syllables and words of phonetic Chincse in a computer memory of the
computer, the method comiprising the steps of:

a. cntering onc or maore characters into the computer system using an input ap-
" paratus, a syllable having onc or morc characters, a word having onc or morc
syllablcs, and-a bhrasc having onc or morc words, the words of the phrasc being
between two phrase dclimiters, the syllables being marked with a diacritic re-
presenting a tonc of the syllable and the syllables being betwecen two diacritics,
the cntering being the storage of a character cade for cach character entered and
the storage of a tonc code for each diacritic marking one of the syllables;

b. recognizing one or more of the syllables as a Chincsc syllable, a Chinesc sylla-
ble being a string of onc or morc character codes and a tone codc;



—_—
This Sheet Hag Be

LTI )

c. matching thc Chincse the string to a syllable list, the syllable list have a plu-
rality of syllablc strings each associated with anc or morc syllable string codes;
and

d. storing in the computer memory, a matched syllable string, the matched sylla-
. ble string being the syllable string that is associated with a syllable string code
that matches the string.



