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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 used 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 avatlablc today for inputting and processing Chincse lan-
~ guage text may be leldCd into three categorics:

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 thesc 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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‘FIELD OF THE INVENTION  This invention relates to an inproved system and
met hodof using a conputer to process Chi nese | anguage t ext,
spebifiTal | y phonetic Chinese text and Hanzi. BACKGROUND OF THE | NVENTI ON
Entering (inputting) and processing Chinese | anguage text on a conputer

is avery difficult problem The sRear nunbers of Chinese characters
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Chinesc languagc is a conceptual and practlcal bqrncr 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-phonetic letters. Non-phonetic letters are added to the phonetic letters to
artificially discriminate characters with the same pronunciation. Examples in-

. clude phonetic spclling with radical marks (British patent 2,158,776, issucd

. 1720485, by C. C. Chen) and phonctic spelling with number of strokes (Chinesc
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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are problens I n t he Chi nese | anguage w th text standardization,

mifti pl'e homonyns, and ill defined word boundari es that inpede effective

t extProcessi ng of Hanzi with conputers. In spite of intensive studies for

several decades and the existence of hundreds of different methods,

conput er input and processing of Hanzi %a maj or stunbling bl ock

preventing the use_corrl:/)uters I n Chi na, par icularly for text processing.
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| anguage t exticn@hingec di wisdallly iner o rindesyldtiedor sdéable without accounting for
word 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 alfix is part of a word while 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 affixes in single words, some 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, “taigilai” should be one
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- 2- The first category is based on a deconposition of the square
characters into el enentary graphical conponents. Different keys on the
keyhedTd are assigned to represent different el enentary graphical
conmponents of a Hanzi. Then, each character can be keyed in wth a few key
strokes -- as a conbination of these elenentary graphical conponents.
Exanpl es of this approach include Changj4 in Taiwan and the Five-Stroke

met hod i n mai nkapd. Fhider, filte yRi Qi canfack iRkce sSUEMcTRE RGETalcSwhitl(Lhne
assignment of {nq keys; (Rik@hGh scparately.

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
This §
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components is artificial. In both the Changji and Five-Stroke
met hods; the assignnent of the codes has to be mechanically nenorized.
MemoeiZT'ng the keys representing the conponents is difficult and time

consumi ng. Besi des, the deconposition of a Hanzi into its elenentary
conponents in nmany cases is not unique. Although these nethods are used
by professional input operators, and high speed is denonstrated by

wel | -t rai necortwepiisg photteyChiresn(Pinyiedr BRONF) by wawrmbtagactex peiting @hana) her

pr of essi onatwhiiclactordh@ada tingrdiiMasny lipgortie (hdhédsefrad/er diffieset metadbhtabing to

restrict the«ds® s&arGOARUA RE ANintRaapggical Chinese speaking popul ation.

The second and third category encounter a “hononym problent in Chinese

| anguage pr?\%%%f?clrncgbjcct of this invention to provide convenient 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 process conlinues for succeeding syllables until a delimiter
is cntered. : :

" 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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The second category is phonetic input, (e.g. Pinyin for mainland China
ant phbﬁetlc synbol s" or BPMF for Taiwan) which is the nost commonly

used met hod for everyone except . professional typists. The Hanzi witing
system of Chinese |anguage is a conceptual and practical barrier to this

met hod. - 3-
' 6

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
Figurc 1 is a block diagram a preferred embodiment of the present systc.m.

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.
CoN
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.

ms\\ |
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Since there are only about 1300 different phonetic syllables, in
centrasg to tens of thousands of characters, one phonetic syll able may

correspond to many different Hanzi. For exanple, the pronunciation of
'yi" in Mandarin can correspond to over 100 Hanzi. This creates
anbi guities when transl ati ng t he phoneti% syI | abl es I nt o Hanzi . To

address this. "ho nym st of hone y e e
mul ti pl e- ch% %éc n?e @ mé Chaﬂ)Q'wmr}pr’ m“t%‘r( BR T aPe erg ﬁ%g %ﬁmp {j’
5/5/ 83, by DICEsiRY] F“él“"“’ljs ‘BHERAR 5"302! 0 @‘2 i ssued 9/10/91, by K. C
Hsi eh; and Chi nese patent 1,064,957 issued 3/ 8/91 by Tan Shanguang. After
a phonetic Eiguralfl & a dlovegbart siowing xpngfotred sginsantiopd magthog dosimoeessiagnzi
with the Biavin prronumich ahitsiguoud worgetringgases, there i s not enough space
on the screen to display

Figurc 7 is a 1ablec with a preferred list of Chinesc syllables having one code 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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al | possi bl e characters with the same pronunci ation. These cases require
serol I'ttpg up and down. Therefore, these phonetic nethods, based on
indi'vidual syllables, are very slow An i nprovenent to the
mul ti pl e-choi ce net hods based on deriving probability of the adjacent Hanzi
Is disclosed in the prior art. See fog exanple, British patent 2,248, 328,
"issued on 4/1/92 to R W Sproat. The probabilit roach can further be
conbi ned viien apcakfanzi wansidlgnst Maicrdaia <Seléufr6$ o@éaﬁ@f@ﬂ%"&ﬂrma%étb%h
Conput er FAnokigssisnd, hiandhd mewectindy OrRrontsats #0Mgiyead 4@ aredesuiihed. inpage
85, June 1B@ZrcsHOVE \a@id, 6,tleepaztivelBr Si on accur acy (phonetic to Hanzi) of
these nethods is typically limted to around 80%  The third category
conbi nes 6‘_]‘%595'@,' GicCHRE AfkEihé 'KeYboard 1030 to 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 entercd Pinyin, coded or marked

with diacritics, 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, particles, and affixcs 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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method, with t he addition of non-phonetic . letters.
-4% . Non-phonetic letters are added to the phonetic letters to o
artificially discrimnate characters wth t he same pronunci ation.

Exanpl es include phonetic spelling wth
9

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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radi cal marks (British patent 2,158,776, issued 11/20/85, by C. C. Chen)
and_phdnetic spelling with nunber of strokes (Chinese patent 1,066,518,

i sstied 11/25/92, by G Xie). These nethods require nmenorizing
artificial rules or counting nunber of strokes which slows down the speed
of 1 nput substantially. I n addition to t he "honmonym problem " a "word
boundary probl ent exists when. proceSS|ng(}he Chi nese | anguage. Al t hough
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the “[,{" key is a551gned as the h1gh 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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In spite of the wide recognition of multisyllable words and the |ack of a
standardsway to delimt words at a word boundary, the definition and even

t he existence of words in Chinese is controversial. Furthernore, because
Chinese is traditionally witten a continuous string of Hanzi w thout word
spaci ng, an ordinary Chinese person doesjnot have a clear concept of what a
"word" means. In many cases, it is unclear where a word boundary or

del i miter, SEcgedyctgsaelethcsRans har pall poaelect typiee otBABHEVaY al in mixed text
exenpl ifi e@fomﬂmﬁe Bylqustingga chyeth to tBompdmndhadons.tohe kEMgI(P.%IQ 12439,

i ndependen®l¢0y2250) caprtdsaccessed 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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can be conbined to forma conpound noun, for exanple, blackboard or
rattlespake. As in English, controversy exists about whether these conpound
stri ngs should be treated as one word or two words. Because there is no
general ly accepted precedence in China, PZPtroversy about conpound nouns
Is much nore severe. For exanpl e, he word
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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“nanguangboyuan” (nel e announcer), as listed in Chinese Pinyin Vocabul ary,
mity; be 'gonsi dered as two words (nan guangboyuan), or even three words (nan
-guangbo yuan) by different peopl e. Affixes. AII Chi nese verbs can be
appended with "syntax wunits" -le, -guo, -zhe, "which nmake them past,
present prefect, or progressive tense. 1I3 adj ectives can be appended with
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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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linguists as affixes in single words, sone |inguists consider them
i rdi vi dual particles (separate words). On the other hand, endings such as
--z, -r, and -tou are always treated as suffixes for nouns and not
as individual particles. Conpound verbs. There is a class of verbs in

Chi nese which is very simlar to the divigible verbs in German (die

‘zer br echbar Zeitwort), such as aufziehen, heraufziehen, etc. Those

"di vi si bl exoMEBEENEResUSR wicth I(Xifiesc WHrdsRBerce welltgtdidishoe contentidr v&@s or
past partighR] &haration is known. This can be 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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Il lustrated above, in the Chinese |language it is .of

The Chincse syllable list 700 in Figure 7 is onc prcfcrrcd sy!lablc list uscd 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 abbreviation 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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-6- . In Chinese, sinmilar conpound verbs can have infixes, -de- or -bu-,
‘t*o :mean: "capabl e" or negative. Exanples are, taiqilai (raise), which has
" versions of taidegilai (can raise) .taibuqgilai (cannot raise), very simlar
to the above CGerman verbs. Nbreover, thg phrases "taiqi tou lai", taideqi
~tou lai", and "tai buqi tou lai" are simTar sentence structures using
conpound
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uncl ear where word boundari es shoul d be placed. In spite of the
confroviersy, many nultiple-syllable words are universally recognized as

mnimal linguistic units, or m)rphemes such as: (1) nouns "gada", "putao",
"feiji", etc.; (2) wverbs zhuanyou 6 "Xi ngwu" etc.; and (3)
adj ectives "heised", "pangdad", etc. o1 many phrases are universally
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four - syl | aby'ghqudi IBUHHt are universally considered as words, although in

different witing styles of Pinyin, hyphens may or may not be used. For

t hese cl asdesyliableendsh syilfeihjueemmaﬁobauadaf tiessyllableseparatiah i parkacsoghiased.
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.)
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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 Chinesce 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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As described above, the lack of universally accepted orthographic rules and
" thé : ack=a word-separation habit for Chinese, make it very difficult to
devel op a easily used standard for conputer input and processing of Chinese
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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 Ianguagc 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 aff“xcs 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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| anguage text -- no particular linguistic school is universally followed.
Even by : following a narrow definition of words (i.e., treating many
conpound words as phrases, and treating many affixes as particles), song
anbiguities will remain. By nmaking a &Load definition of words, (i.e.,
treati ng many conmpound words as si ngl e"units, and accepting many affixes

as part of rds the Yol |f|ct| | ve,but t.he
vol ﬁma of v a"Bu a% r%\ %ﬁ)%@ e}ﬂoq ‘ﬁ %b 5 mg lcn%rr t nﬁ{‘ be
too | arge4NaNGERINAE 3 °re wVigtioge Pyt a\ﬂ@/?f g%ﬁ’%?‘dg‘ TH2ACI2EF i x
conbi nat i ofkanzi tfﬁé‘)‘éi&i@(ﬂks%ﬂlcé‘ﬁﬁﬂ @ﬁlfﬁé@nﬁﬁf WOBHRICdRERIE0 REUSHEll t BBANI n a
spel | i ng f digtioparice@5Piany well kvdwen.e Forl axiapipde sseel ‘abd ey unbitign £riducohgitber ed
as basi ¢ uprdgnag®ipnplishingdusemMMiwen 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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characters and has its vocabulary listed in the formof nultiple syllable
wor ds. Ar Chinese Pinyin Vocabul ary was published in 1964. A revi sed
edition was published in 1989 by Language Press, Beijing, China, which
contai ns some 60000 word entries. Rules of orthography for Chinese witten
in Pinyin form that define the word bouh¥aries, were published in 1984.
OBJECTS OF THE | NVENTI ON It is an object of the present invention to

anel i or at e sepeS@), indhe tefitgdisayed§é8 aof thehgraphical interface 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 multiple syllablc 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. '

This Sheet Has Been Replaced
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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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The invention is a systemand nethod for accurately and efficiently

ent eri ngs phoneti ¢ Chinese (Pinyin and BPMF) into a computer systemand for
accurately converting the phonetic input into the Hanzi form The system
has a novel keyboard with diacritic keys (and corresponding ASCII codi ng)
t hat -9-

: 21

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 onc or more ambiguous words, as dcfined 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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pern1t the user to annotate each entered phonetic text syllable with a
ditacriti,c that indicates the tone of the syllable. A process executing on
the systemdeternmines that a syllable has been entered when a diacritic (or
delimter) key is struck. An entered onetic syllable is then
conpared to a |ist of acceptable phonetic | abl es and abbreviations. |If
the entered syllable is on the list, the correctly spelled and accented

syl lable i swraae«qtudmwmwcmd ﬂb&@l@}ye&uarbcanahanst ¢»6rmmhqnc<ama&mc
graphi cal - dirsal@en emn S§ &%Hb&‘éeﬁro 84, AHERAIWAaSY bIaRLes: Wik @

delimter is te er,i rin
def ined asViHEn & ‘h" e“ Y ol ﬂHéFm}é’éL Tnilly ng {sE  Bofds; gre
(rer s ac e s ger B ol ety Il o gl i

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.
. .
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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represent the word(s) in the word string. The word string (or each word in
the wordsstring) is conpared to a dictionary of phonetic words. If the
word string has a unique Hanzi translation, the Hanzi translation is
stored in nmenory and di spl ayed on a Hanzi portion of the graphical

I nterface. If the word string has no matches in the dictionary, a
nor phol ogi cal analysis is done, i.e., any sgmndard affixes (as identified
on an affix list) are removed from the word string. The remaining word

' is [.e- | yzed. . |f roof still has no nmatches in the
G ot gnar y ConpyRelSRETRLYE ng dehy SAAE Tuatlipn gy oo R oAz P Tehren
const i t uent™!PonhSTEMIEy 3B aTbiguoystnotiqal uHdian eidher sideRbdhesr <onjunave
uni que mmtléHEs840 fsiransiaied as @ n@wrar Blternatéve amaigaous transhations ane deddted.
t hese uni que constituent conponents/words is stored in menory and
di spl ayed cDojdactieny8spard Nattdn #BedIfmaRRistally igotethRER 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. Abbreviations could be included in alternative embodiments.

If there is a remaining ambiguity in step 640, i.e. more than one possible notional
word still exists, stalistics of the relative word occurrence 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 interface 1020 for selection by a pointing device 1031. in addition, the
displayed result 650, 1025 is subject to manual correction by thc 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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-10- -If the word input or any constituent conponents/words have anbi guous
transl at irons (non unique matches in the dictionary), a syntactical analysis
is done. Wrds in the word string are classified as either function words
(those on a function word/affix list and having no toned syll ables) or

noti onal words (those having at |east o4 toned syllable). (Note that for
the purposes of this invention, function words, particles, and affixes are
used and trBalRThet HOCEBER UM ebbetﬁwtdnenoweslﬁ d%[&rﬁlﬁé“ﬂﬁé artc%elmosand
unambi guousfy,an aﬁkl%ﬂoﬁ%#reédﬂsﬂﬁ:érhew {Js“fﬁt Ewd i E '@‘\9619 d i ng
(I’OOt) ! npu&bl h&uﬁéty“:gar%a[ng a@g&lﬂglrl] Lo a osén%:.;‘a gp?un 'C I'e'ITDXEd

based on usge o g °trans |ont\&9r%‘s Any
r emai ni ng aHBi' §f5|;“tt>?1 Yonal words is renoved by a statistical nodel.

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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The phqnetic text can be entered into the system by apparatus other than

thte, keyhoard, e.g. through a network, nagnetic nedia, or acoustic system

M x text,

bot h Chi nese and non Chi nese words, can be processed by

delimting the non Chinese words with a special character, e.qg. a space.
According to one aspect of the present inveBtion there is provided a
keyboard for entering Chinese | anguage text™i nto a conput erhissShet HiNB

tone key representing one or nore tones, at |east one of the

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

laced

keyboard cofiirA MARSY: a set of sylTable input keys. each s
keys representing one or nore char af!ﬂ "u EH"HHEEE bar |at . l,
the keyboard gphit into two or norel i of ton , '

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.



sectigns being one of the tones keys. According to another aspect of the
pr‘e_sent",i nvention,  there is provided a neans ,fh%rShgephérgea)g{eﬁme@ese | anguage

s

representing one or daione as ac
1. A computer system for processing Chinesc language text comprising:

nput key neans

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.



a space bar neans |located at the bottom of the Keyboard,—the—space bar
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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.

of



-11- . . Figures 2C and 2D show alternative preferred enbodi nents of
keyboar“ds used with the present system where each ki gp&@qgggameg;ﬂeat

sections of the t one keys. Fi gu erred
-enbodi nent of aﬂ m structure whi ch |n£ H“llﬂﬂ
-diacritics in thes Ly daII usabl e vowel critics

in the higher 7 bits. Figure4is a fl chart. showing a preferred

‘process for_keyboard input that produces a Pinyin word registration in
25. A'system, as in claim 22, where the first and second phrase delimiters arc any

onc of the following: a carriage return, a space, a phrasc mark, a Chinese periad,
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 systcm, 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 todc

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 typc of the
accented <yllablc

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;
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i nterface 1020. Al so shown is. the novel keyboard 1030. The

keyboar d includes tone diacritics keys 1050 and the syllable input keys
1040 that & ensicangame GamMbc CHAETAELS a AlGBINAL (Re 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.



"'ton'_é'.- kews 1060A, B are al so possible. Tones keys 1060A can be placed on a
split space bar. Tone keys 1060B can be added above the standard arrow
keys. Alternative preferred enbodinents of the novel keyboard are

di scussed in the description of Figures 2A-2D—fTmciuded 1nh nmenory
storage 1200 and/or in main nmenory 1100 is a novel; &lali@asiderRépirea 300 used
for converting key strokes of the keyboapd 1030 t ASCI 1)
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800, and a Chi nese dictionar or vocabul ar el rocesses 400,
500, and 600 SSFTEMANDME PROCES ING CHINESE LAN UAGE TEXT
ABSTRACT

Phonetic Chinese (Pinyin and BPMF) is entered into a computer system and accurately
converted into the Hanzi form. The system has a novel keyboard (1030) with diacritic keys
(1050) (and corresponding ASCII coding) that permit the user to annotate each entered
phonetic text syllable with a diacritic that indicates the tone of the syllable. A process
executing on the system determines that a syllable has been entered when a diacritic (or
delimiter) key (1050) is struck. An entered phonetic syllable is th‘en compared to a list of
acceptable phonetic syllables and abbreviations. If the entered syllable is on the list, the
correctly spelled and accented syllable is stored in memory and displayed on a phonetic
portion of a graphical display (1020). The process contiinues for succeeding syllables until a
delimiter is entered. Upon encountering a delimiter, the word string (defined as the string
of characters between two delimiters) is analyzed using morphological and syntactical
processes and/or a statistical language model to unambiguously determine the proper Hanzi
characters that represent the word(s) in the word string. The unique Hanzi translation is
stored in memory and displayed on a Hanzi portion of the graphical interface.

Fig. 1
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SYSTEM AND METHOD FOR PROCESSING CHINESE LANGUAGE TEXT
FIELD OF THE INVENTION

This invention relates to an improved system and method of

using -a computer to process Chinese language text,’

specifically phonetic Chinese text and Hanzi.
BACKGROUND OF THE INVENTION
Entering (inputting)

and processing Chinese language text

on a computer is a very difficult problem. The shear

numbers of Chinese characters illustrate this difficulty.
In the square-character (Hanzi) writing system of Chinese,
there are 3000 to 6000 commonly used Chinese characters

(Hanzi). Including the relatively rare ones, there are more
Adding to this difficulty there
Chinese ianguage with text
ill defined word

effective text processing of Hanzi

than ten thousand Hanzi.
are problems in the
sfandardization, multiple homonyms, and
boundaries that impede
with computers. In spite of intensive studies for several
decades and the existence of hundreds of different methods,
computer input and processing of Hanzi is a major stumbling
block preventing the use computers in China, particularly
for text processing.

The computer systems available

today for inputting and

processing Chinese = language text may be divided into three

categories:
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500, and 600 are described in Figures 4, Z3- and|6} respectivelyi o
Typically, the user uses the keyboard 1030 to epter Pinyin text ipput wth
appropriate diacritics (see below) into the system 1000 Using-the data
structure 300 and process 400, the system 1000 di splays the Pinyin .
characters e (FHomin dategory dimcrbasesd ompurect Wlddamposdtttion ofh aHe r st

acters 1 _ : mpurest Wisdanposttziar) ah
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Different keys on the keyboard are assigned to represent

different elementary graphical components of a Hanzi. Then,
each character can be keyed in with a few key strokes -- as
a combination of these elementary éraphical components.
Examples of this approach include Changji in Taiwan - and the
Five-Stroke method in mainland China. The major drawback of
such methods is that the assignment of the keys to Hanzi
components is artifiCiai;ﬂ ~In both. .the Changji and
Five-Stroke'methods, the assignment of the codes has to be
mechanically memorized. Memorizing the keys representing the
components is difficult and time consuming. Besides, the
decoﬁposition of a Hanzi into its elementary components in
many cases is not unique.  Although these methods are used
by professional input operators, and high speed is
demonstrated by well-trained typists, they are not used much
by computer experts and other professionals, let alone
ordinary people. Therefore, these methods tend to restrict
the use of computers by the general Chinese speaking
population. :

The second and third category encounter a "homonym problem"”
in Chinese language processing.

The second category is phonetic input, (e.g. Pinyin for
mainland China and "phonetic symbols" or BPMF for Taiwan)
vwhich is the most commonly used method for everyone except
professional typists. The Hanzi writing system of Chinese

language is a conceptual and practical barrier to this
method.
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.,Pi*nyin input, converts the Pinyin into Hanzi, and displays the Hanzi
“characters 1025 on a second section 1024 of the ce 1020.
Not e that using processes 500 and 600 and addit nsl ati en
apparatus 1034, the system 1000 can convert the|ehtered Pinyin,
marked with diacritics, 1022 into other |anguages| |1 RSEPh{HI7sH.
system 1000 can al so-include conponents other tphap the keyboard
permt the entry of text, e.g., a string cgn be|transmttedoOvVer
network 1090. Qther inputs include conmponents |1033 for audio
I nput . These conponents woul d have the appropriate drivers to connect to
system 1000. See U.S. Patent Application Nunber 08/404,786 entitled
STATI STI CAL sid€@USEhére PREOSESSONDy MDD IO ARPAREGLENTOR 19pGEREEic

RECOGNlTIC“E&E&QE&@BTQNEE)gtﬁ%@@@% to tens of thousands of chafacters,

one phonetic syllable may correspond to many different

Hanzi. For example, the pronunciation of "yi" in Mandarin
can correspond to over 100 Hanzi. This creates ambiguities
when transiating the phonetic syllables into Hanzi.

To address this "homonym broblem," most of the phonetic
input systems use a multiple-choice method. See for example,
. German patent 3,142,138, issued 5/5/83, by J."Heipzl et al.y _
Us Paﬁent 5,047,932, issued 9/10/91, by K. C. Hsieh; and
Chinese patent 1,064,957 issued 3/8/91,-b§ Tan Shanguang.
After a phonetic syllable is keyed in, the computer displays
all possible Hanzi with the same pronunciation. 1In ‘some
cases, there is not enough space on the screen to display-
all possible characters with the same pronunciation. These
cases require scrolling up and down. Therefore, these
phonetic methods, based on individual syllables, are very

slow.

An improvement +to the multiple-choice methods based on
deriving probability of the adjacent Hanzi is aisclosed in
the prior art. See for example, British patent 2,248,328,
issued on 4/1/92 to R. W. Sproat. The probability approach
can further be combined with grammatical constraints. See
for example, K. T. Lua et al., Computer Processing of
Chinese and Oriental Languages, Vol. 6, Num 1. page 85, June
1992. However, the conversion accuracy (phonetic to Hanzi)
of these methods is typically limited to around 80%.

The third category combines a phonetic~character input
method with the addition of non-phonetic letters.
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Non-phonetic letters are added to the phonetic letters to
artificially discriminate characters with thé same
pronunciation. Exémples include phonetic spelling with
radical marks (British patent 2,158,776, issued 11/20/85, by
C. C. Chen) and phonetic spelling with number of strokes

| (Chinese patent 1,066,518, issued 11/25/92, by G.  Xie).
These methods require memorizing artificial rules or
counting number of strokes which slows down the speed of
input substantially.

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

Although more than 80% of words in modern Chinese have
multiple syllables (thus two or more Hanzi), there 1is no
word separation in its writing system (in contrast with all
Eﬁropean languages, and even Korean).' Further, input of
phonetic Chinese is usually performed syllable by syllable
without accounting for word boundaries. '

In spite of the wide recognition of multisyllable words and
the lack of a standard way to delimit words“mat a word
boundary, the definition and even the existence of words in
Chinese is controversial. Furthermore, because Chinese is
traditionally written a continuous string of Hanzi without
word spacing, an ordinary Chinese . person does not have a
clear concept of what a "word" means. In many cases, it is
unclear where a word boundary or delimiter, e.g. a space,
should ‘be placed. The controversy is exemplified by the
following cases:

Compound nouns. In English, two independently valid words
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Wen entering text, diacritics are used to demarcate stressed syllables
“(and in sone enbodlnents unstressed syl lables) and tone values in a
phonetic representati on of the Chinese |anguagj 31400.) A
diacritic is-a synbol that represents a tone of?gﬁiglﬁgﬁﬂgr‘- e pr esent
I nvention, syllables of words that have a tone fpre annotated wiitH a
diacritic that indicates the syllable has a tone.| Als®SEPNE%i derlitic

i ndicates the type of tone. There are fgur tpne types in Mndarin
(standard Chi nese). They are: high, rising, ow, and falling. | Sone-
linguists include a fifth tone (diacritic) called the "untone ort no tone."
During the entry (input) of text 400 into the system 1000, tone diacritics
are added oaaﬁcbentedmbyhédblee. Yo t hi sompdung onodmjar Rati cexamhie,
dlfferenpﬁnggagﬁg?ar 9”% rgﬁaﬁnd EgnfﬁlEﬂgf?éﬂs’cgﬁ££$3gf§y @Qgsts

af fi xes
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about whether these compound strings should be treated as
one word or two words. Because there is no generally
accepted precedence in China, controversy about compound
nouns is much - more severe. For example, the word
“naﬁguangboyuan" (male announcer), as listed in Chinese
Pinyih Vocabulary, may be considered as two words (nan
guangboyuan), or even three- words (nan guangbo yuan) by
different people. Affixes. All Chinese verbs can be appended
with "syﬁtax units"” -le, -guo, or -zhe, which make them
past, present prefect, or progressive tense. All adjectives
can be appended with -de. However, these syntax units also
aﬁpear as individual words called particles. Different
sghools of linguists treaf these syntax units differently.

. Some schools treat these syntax units as "proper" affixes,
i.e. part of the word to which they are attached. Other
schools treat them as individual particles, i.e., separate
words. '

An affixlis part of a word while a particle is an
individual word. For example, while the noun eﬁ&ings ~hua,
-jia, =-yuan, -xing, and -zhuyi are considered by most
linguists as affixes in gingle words, some linguists
consider them individual particles (separate words). On the
other hand, endings such as -z, ~-r, and -tou are always
treated as suffixes for nouns and not as individual
particles. Compound verbs. There is a c¢lass of verbs in
Chinese which is very similar to the divisible verbs in
German (die zerbrechbar Zeitwort), such as aufziehen,
heraufziehen, efc. Those "divisible"™ wverbs can use infixes,

-zu- and -ge-, to become infinitives or past participles.
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.becones clear in further processing of the text (500, 600). (Wrds wth
“accented syl l abl es are notional words and function words, particles, and
affixes are all |isted 800.) In an alternativ . ' , QU o tone"
diacritic is added after each unaccented (untong i QEﬁH:§F;%rIe
(including the function words, particles, and aff|xes). This enbadi nent is
useful when "m xed | anguage/text"” is entered, i|e EhgISESH 197 r non
Chinese text is included with the Chinese_gext {nput. Since the non Chinese
text is -

In Chinese, similar compound verbs can have infixes, -de-
or -bu-, to mean "“capable" or negative. Examplés are,
taigilai (raise), which has versions of taideqgilai (can
raise) taibugilai (cannot raise), very similar to the above
German verbs. Moreover, the phrases "taigi tou lai", taideqi
tou 1lai", and "taibugi tou lai" are similar sentence
structures using compound verbs (such as "ziehen dein Kapf
auf".) From thls p01nt of v1ew, "taigilai" should be one
word. However, many linguists consider those syllables as
separate words (tai, gi, lai), and write them separately. -

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

In spite of the controversy, many multiple-syllable words
are universally recognized as minimal linguistic units, or
morphemes, such as: (1) nouns "gada", "putao", "feiji",
etec.; (2) wverbs "zhuanyou", "xingwu", etc.; and (3)
adjectives "heised", "pangdad", etc. Also, many phrases are
universally accepted that consist of multiple words. For
example, although sometimes "dianzigongye"” can be considered
as one word, no one would consider the phrase "fazhan dianzi
dongye" as a single word. There 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 boundaries
are universally:recognized.

As described above, the lack of universally accepted
orthographic rules and the lack a word-separation habit for
Chinese, make it very difficult +to develop a easily used

standard for computer input and processing of Chinese
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language text -- no particular linguistic school is
universally followed. Even by following a narrow definition
of words (i.e., treating many compound words as phrases, and
treating many affixes as particles), some ambiguities will
remain. By making a broad definition of words, (i.e.,
treating many compound words as single units, and accepting
many affixes as paft 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 to account for -every single unit word and words with
all éffik combinations.

Textbooks of spoken Chinese for foreigners are written in a
spelling form called Pinyin, where multiple syllable words
are considered as basic units. Pinyin uses Roman characters
and has its wvocabulary listed in the form of multiple
syllable words. A Chinese Pinyin Vocabulary was published
in 1964. A revised edition was published in 1989 by Language
Press, Beijing, China, which contains some 60000 word
entries. Rules of orthography for Chinese written in Pinyin
form, that define the word boundaries, were published in
1984.

OBJECTS OF THE INVENTION

An object of this invention is to provide an improved
computer system for entering and processing phonetic Chinese
and Hanzi on a computer.

Another object of the present invention is to provide an

accurate computer system, with a relatively small vocabulary

(memory) requirement, and a process for converting phonetic
R
heet Has Been Replaced

T
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Jfhe tone of- each accented syllable, are used by the invention to
“parse the phonetic representation (Pinyin) of Chinese into words and
sentences. (See pracesses 500 and 600.) les are applied to

parse the phonetlic reggyﬁﬁﬁgitlon by di vi di ng 3 esentation
of the Chi nese sernt S @k Nts where the el rds,
particles, and/orifggiigiégﬂ %ﬂ+ﬂﬁ system 1000 efficiently does this
because there are a relatively small nunbgr, il d., 1wh8BP 98D, Joff known and
identified function words (and particles/affiXe in each Chiinese -
dialect. Therefore, a relatively small anount [of conputer Wenogy. is
needed to store al | usef ul function words and
particl es/ afiinese S(@inyind her SBENE)M lﬂw.vacwramgacw a%ﬂanotrm W(Hahzih)
meani ngs an ntence structure. (S rocesses 500 .an . First e
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different personal habits of word separation in the Chinese

language.

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

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

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

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

SUMMARY OF THE INVENTION

The invention is a system and method for accurately and
efficiently entering phonetic Chinese (Pinyin and BPMF) into
a computer system and for accurately converting the phonetic
input into the Hanzi form. The system has a novel keyboard
with diacritic keys (and corresponding ASCII coding) that

This Sheet Has Been Replaced
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permit the wuser to annotate each entered phonetic text
syllable with a diacritic that indicates the tone of the
syllable. A process executing on the system determines that
a syllable has been entered when a diacritic (or delimiter)
key is struck; An entered phonetic syllable 'is then
compared to a list of acceptable phonetic syllables and
abbreviations. If the entered syllable is on the list, the
correctly spelled and accented syllable is stored in memory
and displayed on a phonetic portion of a graphical display.

délimiter is entered.

Upon encountering a delimiter, the word string (defined as

the string of characters between two delimiters) is
processed to determine the proper Hanzi characters that
represent the word(s) in the word string. The word string
(or each word in the word string) is compared to a
dictionary of phonetic words. If the word string has a
unique Hanzi translation, the Hanzi translation is stored 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.e., any
standard affixes (as identified on an affix 1list) are
removed from the word string. The remaining word string
(root) is re-analyzed. If the root still has no matches in
the dictionary, the root (remaining word string) is
decomposed into constituent components/words. If the
constituent components have unique matches in the
dictionary, the Hanzi translation of these unique
constituent components/words is stored in memory and
displayed on the Hanzi portion of the graphical interface.

\
_ﬁ__‘_f-__‘~_“s“ﬁ

¥ :
. The process continues for succeeding syllables until .a .
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-be deternrned arn for the purposes of this invention, functron wor ds,

'partrcles and afTW lagdd treated in the T 218 I'S-
because often |ng no drstrnctroiﬂﬁ-f ) ENI her e
i's no clear mord b on words, particles| and affixes plfso

have a sim |l ar ‘tone structure A preferred 1lis of4 21SErc 997N rds,
particles, and affixes is stored in the system nenofy| (1100, 1200) jand is

present ed bel] %EE One novel-jdeature {0 the—present
i nvention is oar desi gned specifically for Pinyin Chingse

I nput and/ or pLdcessi ng (Pinyin Chinese together

If the word input or any constituent components/words have
ambiguous translations (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 treated
the same way.) The function words aré translated

"unamblguously and also determiner 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 phonetic text can be entered into the system by
apparatus other than the keyboard, e.g. through a network,

- magnetic media, or acoustic system. Mix text, both Chinese
and non Chinese words, can be processed by delimiting the
non Chinese words with a special character, e.g. a space.

BRIEF DESCRIPTION OF TﬂE DRAWINGS

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

Figure 2A shows one preferred embodiment of a keyboard used
in the present system.

Figure 2B shows an alternative embodiment of part of a
keyboard with tone keys.
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W th non Chinese |anguages, e.g. English.) The keyboard provides a
“way of inputting Pinyin syllables wth diacritics. Figures 2A-2D
are exanples of alternative preferred enbodi t gaflds
1030 specifically designed for Pinyin input. Thedé. M : uﬁﬂ enabl e
easy and rapid entry of Pinyin into the syste 1000. Thg dt andard
United States English keyboard is not convenient Ri 2BER 199Put] dnd al so
does not provide the ability to input tonerldi acrjtjcs. Figure 24 is a
drawi ng of a novel keyboard (1030, 2000) that is fcatijon of a
US English keyboard. In this particular preferred| enbodi nent, sone_ lof the
keys are used as tone (diacritic) keys 1050 while other keys 1040 are used
in the tradiFigwees g andsih|sive abyerngyive prefrryediendodinentr| obt her
| anguage (BagibsinasNaEds!t &hfeh the PPREsOHET S74€sh R dBdlch P Odrd Ne

rarely used punctuation .
: ~ has split sections of the space bar used as tone keys.

Figure 3 is a preferred embodiment of an ASCII code data
structure which includes the tone diacritics in the lower 7
bits and all wusable vowels 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
the memory.

ﬁigure 5 is a flow chart showing a morphological analysis
and decomposition process for Chinese words written in
Pinyin form.

Figure 6 1is a flow chart showing a preferred syntactical
method for processing Pinyin input with ambiguous word
strings.

Figure 7 is a table with a preferred list "of Chinese
syllables having one code form for each syllable.

Figure 8 is a table with a preferred list of Chinese
function words, particles, and affixes treated as function
words.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 shows a block diagram of one preferred embodiment
of the present system 1000. The system 1000 includes a
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.keys are assigned as the tone keys 1050. As a non limting

T _17- exanpl e, {" key is assigned as the high tomiéﬁizziﬁfFﬁj—%éy—ﬁo4o;
the "&bt., }" key is assigned as the risingt EMENT SHERBY 2050;

the "[err], [err]"” key is assigned as the | ow
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graphical interface 1020 capable of displaying Chinese
characters and English text, a CPU 1010, a 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 1031, such as a mouse, and
can be connected to a network 1090. An IBM RS/6000 is one
embodiment of +the CPU 1010, memory (1100, 1200), and
graphical interface 1020. |

Also shown is the novel keyboard 1030. The keyboard
inciﬁdes tone diacritics keys 1050 and the éylléble input
keys 1040 that are standard Roman characters. Alternative
tone keys 1060A,B are also possible. Tones keys 1060A can
be placed on a split space bar. Tone keys 1060B can be
added above the standard arrow keys. Alternative preferred
embodiments of the novel keyboard are discussed in the
description of Figﬁres 2A-2D.

Included in memory storage 1200 and/or in main memory 1100
is a novel data structure 300 used for converting key
strokes of the keyboard 1030 to encoded (e.g. ASCII)
characters and diacritics that are stored, i.e.mfegistered,
in the memory (1100, 1200). Data structures 700, 800, and
950 are also stored in memory 1200. They include a Chinese
syllable list 700, a function word/affix list 800, and a
Chinese dictionary or wvocabulary 950.

Novel processes 400, 500, and 600 are included in memory
(1100, 1200.) Process 400 1is a method for entering
(inputting) phonetic Chinese into the system 1000 and
optionally defining word boundaries. (Note that in this
disclosure phonetic Chinese will be referred to as Pinyin
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“tone (diac

ritic) key 2060; and the " ", " key is assigned as the falling

ritic) key 2070. For processing of purely Pinyin text, these four

diacritic keys (2040-2070) are adequate because umm&gﬂ 3 T bl es
and function words (and particle affixes) would bg ke Wi th no
diacritic. However, in enbodinents that are used to p cess Pinyin
text in conbination wth non Chinese (English) her
preferred enbodinents), another diacriticijey, the untone (dlact' ic) key
2010, is added. For exanple, one of the "alt key$" 2010 can be used for ~
this function. Since in processing m xed text (bd |

Chi nese together) the untone key wll be wused frequently, a second

unt one key
standard E
enbodlnent
"control

whEbovtn besaddEédgenerabitpcdnd Prdeesy500 otat i armefphodefor
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ambiguous strings/words, i.e., those that have more than one
Hanzi translation. The data structures 300, 700, and 800
are described in Figures 3, 7, and 8 respeétively.
Processes 400, 500, and 600 are described in Figures 4, 5,
and 6, respectively.

-Typically, the user uses the keyboard 1030 to entér PinYin
text input with appropriate diacritics (see below) into the
system 1000. Usiné the data structure 300 apd process 400,
the system 1000 displays the Pinyin characters 1022 (Roman
letters, diacritics, punctuation, etc.) on g first section
1021 of a split screen on the graphical interface 1020.
Using processes 500 and 600, the system 1000 analyses the
Pinyin input, c¢onverts 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 apparatus 1034, the
system 1000 can convert the entered Pinyin, coded or marked

"with diacritics, 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 be transmitted over the network 1090. Other inputs
include components 1033 for audio text input. These
components would have the appropriate drivers to connect to
system 1000. See U.S. Patent Application Number 08/404,786
entitled STATISTICAL ACOUSTIC PROCESSING METHOD AND
APPARATUS FOR SPEECH RECOGNITION USING A TONED PHONEME
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.keys to provide diacritic inputs 1050. Figure 2B is an alternative
preferred enbodi nent 2100 of a nodified English ﬁg' -e—1+030_t hat has
diacritic keys 1060B for the entry of diacritic quﬁ&}%ﬂﬂﬂﬁgﬁ
processing. In this enbodi nent 2100, diacritic keys e

E to.the

Engl i sh keyboard 1050 above the standard "arrow keys.{'2# @ h lacritic
keys that woul d be added include the high tone (diacritig? g; 120, rising
tone (diacritic) key 2130, |ow tone (di acfri4+c) [k _the(falling

tone (diacritic) 2150 key. The optional untone (diacriti&) key
SYSTEM to Chen et al. filed on  March 15, 1995 which is
herein incorporated by reference in its entirety. Strings of
Pinyin coded or marked with the appropriate diac¢ritics can
also be entered into the system 1000 using other well known
methods including magnetic media 1032, e.g. diskettes.

When entering text, diacritics are used to demarcate
stressed syllables (and in some embodiments unstressed
syllables) and tone values in a phonetic representation of

. the Chinese language. (See process 400.) A diacritic is a
symbol that representé a tone of a sylléble.- In the present
invention, syllables of words that have'a tone are annotated
with a diacritic that indicates the syllable has a tone.
Also, the diacritic indicates the type of tone. There are
four tone types in Mandarin (standard Chinese). They are:
high, rising, low, and falling. Some linguists include a
fifth tone (diacritic) called the "untone or no tone."

During the entry (input) of text 400 into the system 1000,
tone diacritics are added on accented syllables. With this
coding or demarkation, the difference between notional words
and function words, particles, and affixes'mimmediately
becomes clear in further processing of the text (500, 600).
(Words with accented syllables are notional words and

function words, particles, and affixes are all listed 800.)

In an alternative embodiment, a "no tone"™ diacritic is
added after each unaccented (untoned) Chinese syllable
(including the function words, particles, and affixes).
This embodiment is useful when "mixed language/text" is
entered, i.e. English or other non Chinese text is included
with the Chinese text input. Since the hon Chinese text is



.- 18- 2110 woul d be added for m xed text (or other) processing. Fi gure
2Cis a draw ng of an another alternative preferred enbodinent 2200 of the

keyboard 1030. This enbodi nent 2200 has a split spage—bher—2270—+that—al | OWs
all keys (or all but one or two) of the US English MHH’GGEMEHTCSHEEMO to
be kept intact. In one preferred enbodi nent, the sppcf bar ZZ70 TS sl it
into four sections (2230, 2240, 2250, 2260). Thej | pf qmgggpsggylon 2230

of the space bar i's assigned to the -15-

uncoded (unmarked) with a diacritic, the Chinese
words/syllables (marked with diacritics including the untone
diadfitic) can be distinguished from the unmarked non
Chinese text. Non Chinese text 'is also delimited with
special 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 indicatin§ 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 sentenceé. " (See processes 500 and
600.) Rules are applied to parse the phonetic
representation by dividing the phonetic representation of
the Chinese sentence at the points where there are function
words, particles, and/or affixes. The system 1000
efficiently does this because there are a relatively small
number, i.e., under 100, of known and identified function
words (and particles/affixes) in each Chinese dialect.
Therefore, a relatively small amount of computer mémory is
needed to store all useful function words and
particles/affixes 800.

The system 1000 accurately determines word meanings and
sentence structure. (See processes 500 and 600). First the
function words (and particle/affixes), that have a unique
and unambiguous translation in terms of meaning, use, and
tone (none), are translated. ‘The function words (and
particles/affixes) are also used to define +the sentence
structure. Using the translation of the function words (and
particles/affixes) and the defined sentence structure;
meanings of the other (notional) words in the sentence can



."rising"” tone-(diacritic) 2230. The large section 2260 next to it is

used as the space bar 2260. The two smaller sections (2240, 2250) on
the right hand side are assigned to the "falling" 2250 and "Il ow' 2240 tones
(diacritics), respectively. The high tone (diacritic) 2220 i's assigned to

one of the "alt keys." Such an arrangenent is baﬁR ggﬁgﬁ&ﬁﬁaggyﬁﬁg The
e

thunbs are the nost inportant fingers in piano play 1
utilized in typing. This design of the Chiygse keyboard will utili t he
t humbs nuch nore efficiently in tone input. The neyw $patd $&ft 18%60] i -
. located at the center of the keyboard, nanmely, betyeg¢n "F' and "J"| kpys.
Both thunbs can be used to press it confortably. |Thus, the size
reducti on die tdeteqmaioeedar will not affect typing 6f—English at all jn
m xed text processing. By curving a thunb to the palm the four tone keys

(2220, 2230, 2240, 2250) can be accessed easily.
Again, for e purposes of this invention, function words,

particles, and affixes are used and treated in the same
manner. This is because often in Chinese writing no
distinction is made because there is no clear word boundary.
Function words, particles, and affixes also have a similar
tone structure. A preferred 1list of function words,
particles, and affixes is stored in the system memory (1100,
1200) and is presented below in Figure 8. - o - -

One novel feature of the present invention is a new
keyboard designed specifically for Pinyin Chinese input
and/or for mixed text . processing (Pinyiﬁ Chinese together
with non Chinese languages, e.q. Engligh.) The keyboard
provides a way of inputting Pinyih syllables with
diacritics. Figures 2A-2D are exémples of alternative
preferred embodiments of keYboards 1030 specifically
designed for Pinyin input. These keyboards 1030 enable easy
and rapid entry of Pinyin into the system 1000. The
standard United States English keyboard is not convenient
for Pinyin input and also does not provide théJability to
input tones/diacritics.

Figure 2A is a drawing of a novel keyboard (1030, 2000)
that is a novel modification of a US English keyboard. In
this particular preferred embodiment, some of the keys are
used as tone (diacritic) keys 1050 while other keys 1040 are
used in the traditional way as syllable keys 1040 for entry
of Pinyin and other language (English) characters. In one
preferred embodiment, some of the rarely used punctuation

keys are assigned as the tone keys 1050. As a non limiting



.For pure Pinyin input, no untoned key 2210 is needed. In this enbodi nment,
the "space bar" key 2260 acts as the "untoned" keye+—the—R-mH-n-only

input. In Figure 2C, the position of the falling REHJMEVIEH@CSHEE[‘I ow

tone 2240 are reversed fromtheir common |inguistifp praer—(the-ttiryrd and
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ekample,{" key is assigned as the high tone (diacritic) key
2040; the "&rbt., }" key is assigned as the risihg tone
(diacritic) key 2050; the "=, |" key is assigned as the low
tone (diacritic) key 2060; and the " ", " Kkey is assigned
as the falling tone (diacritic) key 2070. For processing of
purely Pinyin text, these four diacritic keys (2040-2070)
are adequate because'untoned Pinyin syllables and function
words (and particle affixes) would be coded or marked with
no diacritic. However, in: embodiments that are used to
' proceés Pinyin -text -in _comblnatlon w1th non Chinese
(English) text (and other preferred embodiments), another
diacritic key, the untone (diacritic) key 2010, is added.
For example, 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 second 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 keyboard can be easily
modified to include equivalent alternative assignments of

keys to provide diacritic inputs 1050.

Figure 2B is an alternative preferred 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 Kkeys."
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
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.the fourth tones) because falling tone |s used about a factor of two nore

frequently than the |ow tone. This "reversing” 1t | gue
and i nprove efficiency. For m xed text processing EELA&@@@EQX %;'\M th
non Chi nese), and sone preferred enbodi nents of purg Chinese t ext
processing, the wuntone key 2210 is added. In thip ﬁk%ﬁ&f’rlﬂfﬁ

enbodi nent, the untone key (diacritic) 2210 is assigngd to. the othler| "alt
key." One of the control keys 2280 is reasgggned as|t alt key." i gure
2D shows anot her preferred enbodi ment 2300 of a keyboard 1030. Thi -

enbodineq; uses a split space bar 2370

2110 would be added for mixed text (or other) processing.

Figure 2C is a drawing of an another alternative preferred
embodiment 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 sections (2230, 2240, 2250, 2260). The
leftmost section 2230 of the space bar is assigned to the
"rising"” tone- (diacritic) 2230. ' The Iarge_seqtion,ZZ@O next

to it is used as the space bar 2260. The two smaller
sections (2240,2250) on the ridhf hand side are assigned to
the "falling"” 2250 and "low" 2240 tones (diacritics),
respectively. The high tone (diacritic) 2220 is assigned to
one of the. "alt keys."

Such an arrangement is based on ergonomics. The thumbs are
the most important fingers in piano playing, but much under
utilized in typing. This design of the Chinese keyboard will
utilize the thumbs much more efficiently in tone inbut The
new space bar 2260 is located at the center of ‘the keyboard,
namely, between "F" and "J" keys. Both thumbs 'can be used
to press it comfortably. Thus, the size reduction of the
space bar will not affect typing of English at all in mixed
text processing. By curving a thumb to the palm, the four
tone keys (2220, 2230, 2240, 2250) can be accessed easily.

For pure Pinyin input, no untoned key 2210 is needed. 1In
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
reversed from their common linguistic order (the third and



wth rising 2330, falling 2350, and low 2340 tones (diacritics)
positioned as in keyboard 2200. However, in this keyhaard 2300, the

center, largest portion 2310 of the space bar 2 RPELACENﬁ%Qh@HEE@ t he

untone tone (diacritic) 2310. The space function 4368—+s—ptovided

position of one of the "alt keys." This is egpdc O?ﬁégEﬁsﬁéf

keyboard 2300 is used to enter m xed text. The

assigned the high tone (diacritic) 2320. Agnin dnd_of the "cont
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reassigned as an "alt key" 2380. This enbodiment positions
2310 in a very convenient |ocation for access of

the
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hel pful when the system 1000 is processing m xed text because t he untone
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"reversing” will reduce the fatigue and improve eff1c1ency

For mixed text processing (Chinese together with non

Chinese), and some preferred embodiments of pure Chinese

text processing, the untone key 2210 is added.
preferred embodiment, the untone key (diacritic)

In this
2210 is

assigned to the other "alt key." One of the control keys

2280 is rea551gned as the "alt key."

Figure 2D shows ahother preferred embodiment 2300 of a
keyboard 1030. This embodiment uses a split space bar 2370
with rising 2330, falling. 2350, ané low 2340 tones
(diacritics) positioned as in keyboard 2200. However, in

this keyboard 2300, the center, largest portion 2310

of the

space bar 2370 is assigned to the untone tone (diacritic)

2310. The 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.

one of the "control keys" is reassigned as an

The other
"alt key" is assigned the high tone (diacritic) 2320.
"alt key"

Again

2380. This embodiment positions the untone key 2310 in a

very convenient location for access of both thumbs.

This is

helpful when the system 1000 is processing mixed text

because the untone key 2310 will be frequently used.

Keyboard 2300 can be enhanced by adding additional marks on
the keys. For example, in Chinese, the left gquotation mark

2338 and - right quotation mark 2339 are different

and are

each given a key. Left 2341 and right 2342 title marks are
added along with a bullet 2344, apostrophe 2345, and decimal



.each given a key. Left 2341 and right 2342 title marks are added along with -
a bullet 2344, apostrophe 2345, and deci nal

- 20- poi nt 2337. These marks are al so used mheggyﬂgeﬁwﬁgﬂnsﬂngtext. A

phase mark 2336, used as a delimter in Chinese i
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point 2337. These marks are also used when entering mixed
text. A phase mark 2336, used as a delimiter in Chinese is
also provided a key location. i

Key assignments and reassignments are performed using well
known methods. For example, the profile of the keyboard
1030 is a file 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 translate table 1070 " This
table 1070 assigns’ a character, typlcally in ASCII code, or
a control to each key on the keyboard 1030 By changing the
assigned key codes in this table 1070, the functions of the
keys on the keyboard 1030 change.

The wuser enters (inputs) Pinyin or mixed text into the
system by using the keyboard 1030. After the user enters a
Chinese (Pinyin) syllable, the user enters the appropriate
diacritic associated with the syllable. When pure Pinyin is
entered, no diac¢ritic (or alternatively a space) is entered
for unaccented syllables (and function words). When mixed
text is entered (or in alternative preferred embodiments
used to enter Pinyin), the user enters an untone diacritic
after each unaccented syllable (and function word). Spaces
(or equivalent word boundary delimiters) are entered 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



.also provided a key | ocation. Key assignnents and reassignnents are
perforned using well known nethods. For exanple, the profile of .the
keyboard 1030 is a file 1070 in the nmenory (1100, .t s¥s&em 1000
that defines the functions of the keys. In theIQytﬁﬁﬁgAcEMEN§;5*§erd t he
"keyboard translate table 1070." This table 1070 assigns a character,
typically in ASCI| code, or a control to each key ¢n|t ht2SEMAd®7d 10B0. By
changi ng the assigned key codes in this-able 1070, |the functions|of the
keys on the keyboard 1030 change. The user enterg (Tmpurs) Pinyrn or -
m xed text into the system by using the keyboard 1930. After the use
enters a Chinese (Pinyin) syllable, the user enters the appropriate
diacritic dopudi dise¢ngioded Hea oy IASOId. folrmatpur e APisihaindlaird 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 coded for the upper and 1owef cases of each
commonly accented vowel so that proper diacritic can be
displayed/printed over the vowel in a diéplayed/printed
Pinyin syllable. '

Figure 3 1is one preferred embodiment of a = data structure
300 for fhe ASCII coding for Pinyin ér mixed input. The
block of memory 300 has 256 memory locations. These
locations are numbered from O 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 section (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 1location 66, the "escape"
function is assigned location 27, and the "!" is assigned to
location 33.

Although the coding of the Roman letters, punctuations, and
numerals are well-defined, there are many optional spaces in
the ASCII code. Individual countries can assign special
symbols at these optional spaces.

Each of the diacritics is represented by a tone code or
mark. In a preferred embodiment, each of the five (or four)
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.entered, no diacritic (or alternatively a space) is entered for

syl l abl es (and function words). When m xed text

unaccented

r-S—entered—{(or..i
alternative preferred enbodi ments used to enterIDRﬂFhACEMENTQQEE ters an

untone diacritic after each unaccented syllable (&n
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process 400. The Pinyin (or mxed text) input iS stored—Tnthe aysten1

1000 nmenory (1100, 1200). In a preferred enbodinent, the

tone codes (marks) are assigned to memory location with

numbers (ASCII code) in the lower half of all the ASCII code
data structure 300 (the seven bits from O to 127.) These
memory locations are used for communication. Therefore, by
assigning the diacritics ASCII codes with numbers between O
and 127, the tone codes can be communicated over a network
1090. In this non limiting example shown in Figure 3, the
tone code (mark) no tone 301, high 302, rising 303, low 304,
and falling 305 are assigned the locations with <the ASCII
code- 2, 3, -4, 5, and 6, respectively. These are the
locations of the Pokers in US ASCII coding. ‘

In this preferred embodiment, a location and an ASCII code
is also assigned to each vowel (both upper and lower case)

for each diacritic (high, rising, low,iand falling) that the
vowel can have. The no tone case can use the English vowels
that are located in the lower 7 bit section of the ASCII

code. In addition, upper case "I" and upper case "U" with
diacritics are omitted since no phonetic syllable begins
with these vowels. Accordingly there are 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.

between 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 syllables. 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
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t hat has codes for English characters and/or codes for GB2312-80 Hanzi is
nodified to include diacritics. 1In a preferre hi gh,
rising, low, and falling diacritics are coded foqﬂﬁﬁgﬁﬁﬂ@E@Téﬂy rldwer cases
of each commonly accented vowel so that propel fiacritic can |be

di spl ayed/ printed over the vowel in a displayed/pr| ntled SEP 1997
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with diacritics in data structure 300 locations 128-159, the
system 1000 is able to print/display Pinyin syllableé in the
traditional way -- with the diacritic over the vowel. For
example, the Pinyin syllable entered with key strokes Pin°’
will be displayed/printed as Pi’n. '

The advantage of this arranginé 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 structure 300 from 160 to 255.
Therefore, the Plnyln vowels with d1acr1t1cs can be stored
and transmitted together with GB code (and the lower 7 bit
of the ACSII code).

Figure 4 shows a novel process 400 of entering a Pinyin
syllable into a tangible media 1like a computer memory
(1100,1200) or a display (1020). In a preferred embodiment,
process 400 provides a spell checker and an automatic error
detection and correction process that is wused to check the
syllables entered into the system 1000 by key strokes (or
other methods.) . Process 400 also allows a mixture of
Chinese and non Chinese (e.g., English) text to "be entered,
treated, and stored with minimal effort. An input unit is
the input process 400 executed by the system 1000.

In step 401, the user enters a syllable (here either
Chinese or non Chinese) through the keyboard 1030 with key
strokes. If the syllable is Chinese, a diacritic
representing the tone of the syllable is entered following
the syllable. (Here the untone diacritic is used in text
entry.) No diacritics are entered after non Chinese words,

e.g. English. Further non Chinese words can be identified
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.Pinyin syllable. Figure 3 is one preferred enbodinment of a data
structure 300 for the ASCIlI coding for Pinyin r_mxed input. The bl ock
of nmenmory 300 has 256 nenory |ocations. Th ACEME ?HSHEFF nunber ed
from O to 255. The nunber is also the ASC | |cege

to each of t he | ocations/ ASCI | codes. The} ABC

single bytes of information, a lower 7-bit sectipn ‘%%&£§>ﬁ#$
0-127) and an upper 7-bit section (represssmting ocatlons
single character, punctuation, or control function is aSS|g ed to a
menory | ocation. For exanple, the upper case RO . assi gned
| ocati on 66, the "escape" function is assigned location 27, and the "!" is
assi gned t #02 because they are delimited by special delimiters, e.g. a

55). A

space.

In the case of pure Chinese text, it is unnecessary in some
embodiments to enter diacritic after no tone syllables or
function words. Although not required in pure Chinese text
entry, éystem 1000 accuracy improves by entering delimiters
for word boundaries between Chinese words where a well
established convention'-for word separation is known. This
can be - 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 Chinese words with well established
word separation can be referenced in 403 to distinguish them
ffom 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 1is being processed, 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 céhpared to a
dictionary of syllables 700. The longest syllables in the -
dictionary 700 are compared to the entered string first. If
part of the entered string matches the longest string, that
matéhed string is used as a syllable input and deleted from
the entered string. The process 1is repeated on the
remainder 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 repeated until all the
syllables of the entered string have been matched. This
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.location 33. Although the coding of the Roman letters, punctuations, and

“numeral s are wel | -d ) [ fany optional spaces
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‘process is call the "longest string match" algorithm and
examples of this are well known. See "Chinese text
segmentation for text retrieval: achievements and problems”
by Z. Wu and G Tseng, Journal of thé American Society for
Information Science, Voi. 44, No. 9, October, 1993, pages
532-542 which is herein incorporated 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 are coded (marked) and unambiguously
delimited by a diacritic. Therefore, the Chinese syllable
boundaries are unambiguously marked. This embodiment
permits Chinese syllable abbreviations to be used since the
abbreviations are also unambiguously delimited and are
uniquely identified by being added to the syllable list 700.
Use of syllable abbreviations greatly reduces the number of
key strokes required to enter_phonetic Chinese text.

In step 402, used in mixed text processing, the system 1000
determines whether or not the syllable is -.a Chinese
syllable. If there is a diacritic (including the no tone
diacritic) éfter the syllable, the syllable is Chinese 404.
If there is no diacritic, the syllable (word) is non
Chinese, e.g. English 403. Non Chinese 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_these languages.

After a tone key (either one of the four tones keys or the

"untoned" key) is pressed, the computer recognizes that the

This Sheet Has Been Replaced
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.- 22- tone codes (marks) are assigned to nenory |ocation wth nunbers
(ASCIl code) in the lower half.of—all the ASCII code data structure 300

(the seven bits f E&ﬂifanQENQWSHEETThese menory | ocations are used for

comuni cation. Therglere—by—assrgnj ng the diacritics ASC|11$@Q@§EgthSBFiV
nunbers between Oja ohe| codes can be comuni cal ed ov@prACED
is%iﬁﬁéﬁﬁf

network 1090. Init ti hglexanple shown in Fi gure—3—thetone

code (mark) no torje 301, high 3 i sing-Z83, |ow 304, and falling 305 are
assigned the | ocatjions with the ASCLI code 2, 3,- 4, 5, and 6,

respectively. The&e_aLe—Phe—FecarfUTs of the Pokers in US ASCI| codi ng.

preceding letters represent a Pinyin syllable 404 and the

syllable is spell checked 405, checked as an abbreviation or
alternate spelling 407, or error checked 408. ‘These steps
(405, 407, and 408) use a Chinese syllable list data
structure 700 shown in Figure 7.

The Chinese syllable list 700 in Figure 7 is one preferred
syllable list wused for Mandarin Chinese. Because there are
altogether just over 1300 syllables in Mandarin (inclﬁding
different tones), it is convenient to code those syllables -
'w1th a small port1on of a two-byte code space (65536
spaces). Each of the syllables is assigned a unique
two-byte code or fShort‘integer". Specifically, the ASCII
code string representing each syllable is assigned a

) two-byte code in the Chinese syllable 1list 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 syllaﬁie 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 searches 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
syllable list 700, and the entered key stroke string is
replaced with the two-syllable code of the matched word on

-
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syllable Pin’ is entered, the system 1000 represents the key

- gstrokes 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 represented 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 standard
spelling is detected 405, the entire syllable is stored 412
in memory 1010/1020 as one of the 1300 Chinese syllables .(by
a two;byte ébdej and displayed on the monitor 411, with the
tone diacritics correctly on top of the vowel. This Pinyin
display 411, is shown in the region 1021 of the graphical
interface 1020 that displays Pinyin. '

In like manner, if the user enters an abbreviation or
shorthand spelling for a Chinese syllable, the ASCII codes
representing the shorthand spelling are compared 406 to the
entries in the Chinese syllable list 700. If there is a
match, the shorthand (abbreviated) syllable is donverted 407
to the proper, unabbreviated Pinyin syllable form by
replacing the entered ASCII codes of the shorthand spelling
with the two-byte code corresponding to the proper,
unabbreviated Pinyin syllable. Again, abbreviations are
added to the Chinese syllable list 700 with codes that will
print the full syllable that is abbreviated.

Some example example abbreviations or shorthand spellings
of Chinese syllables follow. For example, "zi", "si", "ci",
"ji", "gi", and "xi" can be spelled as "z", "c¢", "s", "j",
"q", and "x" without any confusion. Similarly, "yi®, "wu",

yu" can be spelled as "i", "u", and "v" without confusion.
-
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Other shorthands such as "shg" for "sheng", "xg" for "xing",
"gag" for "giang", "jo" for "jiao", etc, can be recognized
without ambiguity.

In syllables with syllable separation marks, the syllable
separation mark, such as that in "Xi'an", can be avoided
altogether in typing, although it should appear during
display. Using the present system 1000 and process 400, the
above examples 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.) i

If an erroneous spelling.is detectéd 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 user selects 409 the proper syllable
from the menu by using a selection apparatus, e.g., a mouse
1031 or a key. As before, the computer codes this selected
syllable as a two-byte value and stores it in the memory
412.

If a delimiter, e.g., a space bar, carriage return, or
punctuation key, is not encountéred 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 delimiters is treated as a single word when the

‘delimiters are entered (according to a generally accepted

-
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shows a novel protess 400 of enterrng a Pinyin

convention) and the word will have unique word boundaries
coded or marked by the delimiters. However, the 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
generally accepted word boundaries to delimit the
constituent words.

In step 414, the text, in the coded Pinyin form, also can

" special read only memory 1081, ROM, which converts the

two-byte codes of table 700 into a string of Roman letters
with tone symbols on the préper vowel of the required
syllables. The text then becomes a continuous and readable
printout in the Pinyin form, same as in all textbooks on
spoken Chinese for foreigners;

Figures 5 and 6 are flow charts of methods for processing
the Pinyin text that is entered 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 interface 1020. Concurrently,
the Pinyin input in word form, stored above in step 414 is
converted by process 500 intoc 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 sees the Pinyin text 1022 (with
the 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 entered Pinyin
displayed on the Hanzi portion 1024 of the dgraphical

-
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.syllable into a tangible medi a Iike a conputer nenory (1100, 1200) or a

di splay (1020). pHa—a—preterred—enpodi nent, process 400 prdw-" e ]
checker and an i EkﬁﬁfﬁSHEEEtectlon and correction [priigesMEE g‘5ﬂ§*V
used to check the sy TABTESenTerpd into the system 1000{by kJREdED

ot her et hods. % &EP 1990 [ aJso allows a mixture o Chi nese and non
Chi nese (e.g., En I|s ) text to] be entered, treated, and stored wth
mninmal effort. |A 5 L he i npuwt3@+ ocess 400 executed by the

syst em 1000. n step 401, the uper enters a syllable (here either Chinese
or non Chi nese) Through the kKeyboard 1030 with key strokes. | f t he

syllable is Chinese, a diacritic representing the tone of the syllable

i's entered inkenfacy the IS, (0Rre tHe AhiRrNakive | obodinanke  n

text entry. ﬁlzbﬁ@@éﬁtwp&aafa&ﬁﬁ@a 418 Tbd Wh ¥ i SEh P Itlfe ~ Ssstem

English. Further non Chinese words can_be .identif
g 1000 by means éier an ‘the key oar&€¥530

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. Alternatlvely, the - P1ny1n 1022 -and/or Hanzi
1025 text can be entered into known language translators
1034 and translated into other Ianguages 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 theories and habits,
and achieve high conversion accuracy. For example, if the
Chinese words are delimited at well established boundaries,
the word input 501 will be recognized as a unique word 511.
If the word, is not and/or can not be delimited £from other
"words, " a morphology unit being the process 500 executing
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 ueing the vocabulary 950 and the "longest string
matching” algorithm described above.

The invention is also able to accurately processes Pinyin
into Hanzi for either of the following conventions affixes
included as part of the word or 2. affixes as a particles
separate from the word. In one preferred embodiment, the

I —
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second type of affix (particle) is treated as a function
word. For convention 1, process 500 perférms a
morphological analysis, i.e., standard affixes included in
unrecognized words (convention 1) are removed and the
remaining word string (root) is analyzed without the affix.
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-fhe 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 Hungarlan, word meanings
change depending on how affixes are used. For exampie, in
the English expreséion "Calvin and Dorothy’s Department
Store", the "“s" belongs to "Calvin and Dorothy", but is
appended only after "Dorothy".

Process 500 first analyzes the morphology of entered words
or word strings, e.g., from step 414. The algorithm starts
with comparing 510 the entered word (string) 501 to a known
vocabulary 950. The vocabulary 950 is a .table of phonetic
Chinese words and/or abbreviations (Pinyin and/or BPMF) with
their associated Hanzi translation. A dictionary 950 of
Chinese words can also be used. Such dictionaries 950 are
weéll Kknown. 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.
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In these cases, sonme ynionge
511. If there is no aﬁb%gulty, 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 consideration (step 540).

'if the word iﬁput 501 is not in the vocabulary, a
morpholoqical ‘analysis is performed on the word input
(string) 501. Part of the word input 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 isﬂbn 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 wvocabulary, step
511 is applied. If the root is not in the vocabulary 510 but
there ére more affixes in the root 522, step 524 is repeated
for any other standard affixes 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
string/root is decomposed 530. In one preferred embodiment,
the root is decomposed using the ™"longest match method”
above by comparing the root to the wvocabulary 950.

If the word string is composed of more than one
constituent, the uniqueness 531 of each constituent is

searched. If a constituent is wunique 531, the word is
—_—
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(ar? EP mar ked) syIIabIes wi || be appended to one another. To parse these
syl | abl es 404, St ] npared to a dictionary of syllables 700.
The | ongest syl &@I&CWEN@M% 'Etionary 700 are conpared %/o t he entered
string first. If part of the entered string nmatches the | ongest string,
that matched stfing 42 SEPeWs a jsyllable input and deleted fromthe
entered string Is repeated on the renainder of the
entered string. t's {f ound on3Bhe | ongest strings in the

di ctionary of syllables 700, the jnext |ongest syllable strings in the

di ctionary of syllables 700 TS conpared. The process is repeated until

all the syllables of the entered string have been matched. Thi s
considered as a compound word and the corresponding string

of Hanzi is displayed and recorded 550. If the word is
ambiguous 531, e.g. one or more of the constituents of the
word input 501 have more than one Hanzi translation and/or
there are more than one ways to decompose the word string,
these different alternatives are stored for further
consideration, step 540.

In step 540 the whole phrase (or clause, or sentence),
i.e., word string input 501, is’detefmined 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 ambiguous word(s).
See process 600 of Figure 6 below. After step 540, the
entire sentence (phrase, clause) in Hanzi form is displayed,
step 550. If there is any error, step 560, in the text
displayed 560 on the graphical interface 1024, the user
corrects the phrase, sentence or clause manually, 561.

To support the explanatibn of the 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), function words, particles,
affixes, and notional words is now presented.

There is an important phonetic phenomenon in spoken Chinese
often overlooked. 1In Chinese, as in all spoken languages on
the world, there is a great deal of information 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
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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, speech
acoustic, and understanding of the word.

Again, the separation of words (syllable grouping) and the
commensurate accent structure of words (speech acoustic) are
part of the information conveyed in the spoken language.
For the Chinese 'language, tone, a part of the speech
acoustic, is -1mportant as well.. In Chinese, tone- of a
syllable is prominent 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 Chinese,
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, prepositions, and some conjunctions. For example,
"a, the, to, from, and, but etc.," are function words.
Affixes denoted as separate particles have characteristics
of function words.

Function words in Chinese are unstressed words that express
primarily a grammatical relationship and/or functions of
other words rather than expressing: a lexical meaning.
Function words 1include prepositions, auxiliary verbs,
conjunctions, adverbs, interjections, articles, and certain
pPronouns. In Chinese, the function words (articles,
prepositions, postpositions, etc.), affixes in the form of a

particle, and any affix in a multiple syllable word are
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402, used in m xed text processing; the system 1000 determ nes whether or
not the syllable is a Chinese syllable. |If thereis a diacritic

(i ncludi ng alvryso N@Pe atcentedc) afFencthensywordse, (anmdt affinge itn
Chi nese 40@1% Hléi‘érfofrﬁ ”éhé“é‘fﬂ%eﬁ 'ih h§ E:?ﬁ’iee dyPi&b14d Swdy Ghdwese,

e.g. Engli 403. Non Chi nese wor can a
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Notional words - are words that have a full lexical meaning.
In Chinese, mnotional 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 notional words depends on the
dialect.- ' ’

Until now, it has not been fecognized how a person
listening to a language intuitively identifies notional
words and function words in order to understand the words of
the language. This is particularly true in the Chinese
language. Since the tone of function words and affixes is
very weak or completely missing in Chinese and because there
are a limited number of Kknown and identified function words
in the Chinese language, function words are intuitively used
by people listening 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 accented syllable, which
has a prominent tone. All other syllables in the word have
no accents at all, therefore the tones of the syllables that
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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 the Shanghai dialect have no accent.
When a function word follows a notional word, the function
word sometimes can be interpreted as a suffix (i.e., 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, these two ~interpretations '(a-'
function word beiné a particle or as a suffix) have no
difference in substance. ’ '

In the Beijing and Mandarin dialects the accent structure
is slightly different. :

In most cases of the Beijing dialect, the accent of a
notional word is at the first syllable. However, there are
many cases where the accent is located at the last syllable
insteéad of the first one.

Mandarin is the standard Chinese language. In Mandarin,
the accent of a word is usually at the first syllable. In
some words with more than 3 syllables, a "framed" accent
structure is observed. That is, the first and the last
syllables are accented, whereas all other syllables in
between have no accent and have very weak (or no) tone. A
multiple syllable notional word in Mandarin has at least one
accent, usually at the first syllable. For example, in the
syllable string "taigilai", only the first syllable "tai"
(lift) has an accent. For the remaining two syllables, not
only is the acoustic energy much reduced, but also the tones
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syllable list data stru t Y/
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Pinyin syllable 404 and the syllable
REPEQ@E%@§¢E§HEET bbrevi ation or alternate spelling 407,
405, 407, and 408) use a Chi nese

in Flgure 7. The Chinese syllable
syllable Iist used for Mandarin
just over 1300 syllables in Mandarin
(including different tones), it is nveri3®{ to code those syllables with
a small portion of ace (65536 spaces). Each of the =
syllables is assigned a unique two-byte code or "short integer”
Specifically, the ASC

are substantially weakened or completely lost. In the phrase

"taibugqi tou 1lai", only the two syllables "tai" and "tou"
have accents. The remaining syllables "ba", "gi", and "lai"
are weak, and are atonic or almost atonic. (Atonic means
without tone.) Note thaf "lai" is an afix tha£ has no tone
and, in this convention, is written as a separate particle.

In both the Beijing and Mandarin dialects, the function
words, as a rule, have no accent and ‘the tones of the
function words:are weak or missing (degenerate).

The discovery is that listeners to the sboken 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
language and/or how one writes words or phrases in Chinese.
The present invention develops and applies rules based on
this bhenomenon, and implements these rules with appropriate
processes, to improve the accuracy of the””processing
{entering, analyzing, translating, and writing) phonetic
Chinese.

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

A novel syntactical analysis method is shown in Figure 6 as
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405, i.e.

I nes
disclosed ov

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 delimiters, include the space
(key 2360), phrase mark (key 2336), Chinese period 2335,
left quotation mark- (key 2338), right._quotatiqn mark -(key
2339), left title mark (key 2341), righf title mark (key
2342), exclamation mark (key 231I), comma (key 2312), slash
(key 2313), left parenthesis (key 2314), right parenthesis
(on key - 2315), colon (on key 2316), semicolon (key 2316),
bullet (key 2344) and quéstion mark (key 2317). A double
stroke on any of the tone keys (2310, 2320, 2330, 2340, and
2350) can also be a phase delimiter. (The keys indicated in
parenthesis here designate the key in this embodiment of the
keyboard 2300 that enters the phrase delimiter.) ‘These
phrase delimiters unambiguously define a word bouhdary, i.e.

the end of one phrase and the beginning of another phrase
501. |

Phrases with one or more ambiguous words, as defined in

steps 511 and 531, are input 601 to the process 600. A
syntactical unit is process 600 being executed on the system
1000.

First, the word components of a phrase 601 are classified

by the existence of any tone diacritics. The words with at
least one diacritic 610 are notional words 620.

code
in
S on
'S

he

d,
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Words without diacritics 611, however, could be: notional
words with the diacritic inadvertently omitted, non-Chinese
words, function words, affixes or affixes written as
independent particles. In mixed text entry, non-Chinese
words are delimited by spaces (or another equivalent
character, e.g. the "Esc") and therefore are recognized.

To determine if the words without diacritics 611 are
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 wuniquely defined. A
preferred function word list 800 is prbvided in Figure 8.

In similar manner, the words without!diacritics 611 can be
compared to an affix list (also included in 1list 800) to
determine whether they are affixes and/or affixes written as
independent particles. The meaning of these independent
particles is uniquely defined. One preferred 1list of
particle/affixes is also relatively short, having under 20
entries. Particle affixes with their Hanzi translations are
included on the list of function words in Figure 8.

Data structure 800 that 1lists 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/sentence structure is analyzed in step 630. Since the
meanings and the function of the function words
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mited. Therefore, the ambiguity of any notional word can
be further reduced or eliminated in step 640 by using the
relationship of the ambiguous notional word with one or more
function words (particle/affixes.) For instance, if there
are five ©possible words identified in step 540 of process
500 for an ambiguous notional word, some or all but one of
these possible words might be eliminated by knowihg the
function word =(afﬁix) preceding or fol;owing the ambiguous -’

‘word.

For example, prepositions 810, considered function words,
are listed in Figqure 8. These prepositions must be followed
by a noun or a noun phrase. If any notional word following
these prepositions has a translation that is not a noun or a
noun phrase, this ambiguous translation is removed.

Tense particles 820 (le, =zhe, guo) usually follow verbs.
Therefore, any ambiguous notional word with these particles
fbllowing is translated as a verb. If any of the
alternative translations for this notional word are not a
verb, they are deleted.

Relation particles 830 (de, 2zhi) usually follow nouns or
adjectives. Therefore, any ambiguous notional word with
these particles following is translated as a noun or
adjective. Alternative ambiguous translations are deleted.

. Conjunctions (he, ji, and gen) 840 are function words and

usually go between nouns. Therefore, any ambiguous notional
word on either side of these conjunctions 840 is translated

110, 6}. See Figure 3. Wen checking the
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two-byte code corresponding to
syl | abl e. Again, abbreviations are added
syiilable list 700{with codes that will print the ful

s apbr evi at ed. ome exanphkg-exanpl e abbreviations or

short hand spel liings of Chinese.syl|ables follow For exanple, "zi", "si"
"Ci ll, llj I lj, llqi ll, and "Xi n Can be Spel | ed as "Z", n C", n S", llj ll, n qll,
and "x" without any confusion. Simlarly, "yi", "w", "yu" can be spelled
as "i", "u"as annouwm. wAlllkernatdneuaimbiguous 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
a noun.
translated as nouns.

suffixes 860 are affixes that are usually are part of
Notional words preceding these suffixes 860 are
Alternative ambiguous translations are

deleted. -

There are adjective and adverb
preceded by an adjective or an adverb.
preceding these suffixes

suffixes 870 that must be
Any notional words
(particles) having a translation

that is not an adjective or an adverb are removed.

There are

also adjective and adverb prefixes that include

is not

hen-, zui-, bu-, and geng-.
followed by
following these prefixes (particles) has a translation that

These particles/affixes must be
adjectives or adverbs. If any notional word

an adjective or an adverb, these ambiguous

translations are removed.

There are rare exceptions to these rules which might result
in an erroneous translation that would be corrected by hand.

Note that the list 800 does not include
the function words,

abbreviations of
particles, and affixes. Abbreviations
could be included in alternative embodiments.

If there is a remaining ambiguity in step 640, i.e. more
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than one possible notional word still exists, statistics of
the relative word occurrence in the phrase are appliéd 641
to predict the most probable word of the remaining notional
word candidates. Statistical models 641 like this are well
known in the speech recognition arts. See for example,
.usFundamentals of Speech Recognition by Rabiner and Juang,
1993, pages 447-450 which 4is herein incorporated by
reference. ' |

. In one preferred embodiment, the results are displayed 650
on thé Hanzi 1024 portion of the graphical interface 1020.
If there are words that can not be resolved unambiguously,
the remaining candidates are presented to the user on the
graphical interface 1020 for selectioﬁ by a pointing device
1031. In 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 displafed result 650 can also be Hanzi input to other
computer systems, for example, a translator 1034 that
translates the Hanzi text into another languagé. ’

By using processes 500 and 600, the system 1000 can
determine the meanings and Hanzi tranélation of constituent
words in the word input 501, even though the words were not
separated according to any generally accepted convention or
delimited at a boundary.

Given this disclosure one skilled in the art could develop
alternative equivalent 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
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.separation mark, such as that in "Xi'an", can be avoided altogether in
typing, although it should appear during display. Using the present system
1000 and process 400, the above exanpl es of shorthand typing are so
convenient that no learning is required. Wth a little |earning the nunber
of shorthand syll ables can be increased (added to the Chinese syllable |ist

700.) If an erroneous spelling is detected 408, i.e., there is not match
in table 700, the nost probable syllable ig3displayed 409. This is done by
presenting a nmenu of probable choices, i.e. best matches 1023, sel ected

fromthe Chinese syllable list 700. The user selects 409 the proper
syl lable fromthe nenu by using a selection apparatus, e.g., a nouse 1031
or a key. Ashheheterst htnconphbéer BEMHesphomstie| calphialbgt!| abl e Tea key

two-byte Vaé&&iéﬂﬁeﬁ£°£8§ £ﬁi§npﬂgﬁeg§gD£Ypﬂﬁﬁet 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
ahd in the ASCII code table. Hdwever, 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 éffix table 800 for BPMF has a one to
‘one correspondence - to the Pinyin case. The processes shown
is Figure 4, 5, and 7 still apply.

REPLACEMENY ZHE:]
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1. A Kkeyboard for entering Chinese language text into a

I claim:

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 1, 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 tone, high tone, rising tone, low tone, and
falling tone. o

4. A keyboard, as in claim 1, where the keyboard is a US
English keyboard and the set 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 grouped with a

group of "arrow"” keys on the'keyboard.

6. A keyboard, as in c¢laim 1, where a space bar of the
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keyboard is split into two or more sections and one or more
of the sections is a tone key that represents one or more
tones.

7. A keyboard, as in claim é, where the space bar sections
include one or more left sections, one or more right
sections and a middle section that is between the Ileft
sections and the right sections.

8. A kéyboard,.as in claim - 7, where the middle section is a°
' space key and one or more  of the left and right sections is
a tone key that represents one or more tones.

9. A Keyboard, as in claim 7, wheré the middle section
represents a no tone diacritic and one or more of the left
and right sections represent one or more tone.

10. A keyboard, as in claim 9 where one of the left sections
represents a raising tone, a first right section represents

a falling tone, and a second right section represents a low
tone.

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

a computer memory;

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

This Sheet Has Been Replaced:
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string of character codes marked by tone code;

a syllable list having a plurality of syllable strings each
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 representation for

the syllable string associated with the syllable string code
that matches
tone code.

the string of character codes marked by the

12. A system, as in claim 11, where the Chinese language

text is Pinyin.

13. A system, as in claim 11, where the Chinese language
text is BPMF. '

14. A system, as in claim 11, where the input apparatus is a
keyboard with one or more keys for entering diacritics.

as in

15. A system, claim 11, where the input apparatus is a

acoustic device for entering spoken Chinese.

16. A

comprises a printer

system, as in claim 11, where the
and the syllable

in the computer memory

system further
representations stored
are converted into printed syllables
that are printed on the printer.

17. A system, as in claim 11, where the system further
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comprises a graphical user interface and the syllable

- ' LITN

representations are converted to a syllable text that is
displayed on the graphical user interface.

18. A system, as in claim 11, where one or more of the
syllable string codes represents an abbreviation of the
associated syllable string.

19. A system,'as in claim 11, where the input unit provides
a list .of best matches on a graphical interface to a user if
no syllable string code matches the--string of character
codes marked by the tone code.

20. A system, as in claim 11, where 'the input wunit
recognizes the string of character codes as a non Chinese
syllable where the string of character codes is unmarked by
a tone code.

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

an input apparatus for entering a phonetic Chinese 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
between a first and second phrase 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 phonetic Chinese words with a Hanzi

This Sheet Has Been Replaced
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a morphology unit that removes one or more éffixes from the

translation; an

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 marked with diacritics and unaccénted words being not
marked with diacritics. .

23. A system, as in claim 22, where the entries include
affixes, function words, and particles, each entry having a
Hanzi translation, the syntactical unit matching the
unaccented words with one or more of the entries, the entry
matching he unaccented word being a matched entry, and the
syntactical unit using the Hanzi translation of the matched
entry as a translation of unaccented word in the phrase.

24, A system, as in claim 23, where the syntactical unit
further translates one 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 wunit 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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- Processes 500 and 600 takes full advantage of the word boundary and the
diacritics codi ccented syllables. The two processes..
t oget her handl e|REPIACEMYNT SHBEDF different styles of PRy ISHEBT HASMGEN
t heori es and habi {sT—amtachie i gh conversion accurdcy. FREPL&CEDRD| e, | f
t he Chi nese wor @is ar132cg§p o 7ed at well established boumdaries, the word
I nput 501 will lejrecogni zed asj al uni que word 511 the word, 7S
and/ or can not bel A t her "+49-€s, " +ﬂ " uLHHHE|ng
the process 500|executing on system 1000, nnrpholog nd/ or
deconposes the e invention 1is therefore able”
determ ne the constituent mnrds in the word string. This is done u3|ng
t he vocabud®ry BSRVEERM RS " | hgebaim (23 ng Wharshithe gt tand Feganded

above.  Thlerddvedél i tSrsl £1 adhP tohaIMaiE o NGRS Pidiitiiddy O

Hanzi for elé&ler, of é;t‘ae f,0| | OWI gaggnvn?gxt'lé ons @liies period, a left

quotation mark, a rlght quotation mark, a left title mark, a
right title mark, an exclamation mark, a comma, a slash, a
left parenthesis, a right parenthesis, a coldn, a semicolon,
a bullet, a question mark, and two or more strokes of a tone
key.

26. A system, -as in claim 22, where the. morphology unit
decompbses the word into constituent words if the word does
not match one of the words in the vocabulary and the
syntactical unit parses the constituent words.

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

a set of syllable input keys means, eatch syllable input key
means representing one or more characters; and

a set of tone Kkey means, each tone key means representing
one or more tone values. o

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

a computer memory means;

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

_—
This Sheet Has Been
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type of the accented syllable;

an input process means that provides a character code for

each character and a tone code for each diacritic entered by
the input apparatus means, the input process means
recognizing a syllable as a string of character codes marked
by the tone code; ¢

a syllable 1list means having a plurality of syllable
strings each assoc1ated with one - or more _syllaple string
codes, the 1nput process means matching the string of
character codes marked by the tone code to one of the
syllable string codes and storing in the computer memory
means a syllable representation for the syllable string
associated with the syllable string code that matches the
string of character codes marked by the tone code.

29. A method, of storing syllables and words of phonetic
Chinese in a computer memory of a computer system comprising
the steps of: '

a. entering one or more characters into the computer system
using an input apparatus, a syllable having one or more
characters, a word having one or more syllables, and a
phrase having one or more words, the words of the phrase
being between two phrase delimiters, the syllables being
marked with a diacritic representing 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 tone code for each diacritic

marking one of the syllables; _f_’______,_,_-———ﬁ
ot Has Been Rep;aced
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< word. For convention 1, process 500 performnms a nor phol ogi cal

analysis, i.e. fuput i ncluded in unrecogni zed words (conventloh
1) are remove mmmmmﬁﬁ
affix. In latey

g word string (root) is a a%é%eq1MAthout s
OCeSSTTIg 1 ]

nenmoved affix is treated et
Process 500 usks nnq?ggbog»7to rocess word string input.
study of word folna

on in a llanguage. Here the f rnatlon of —words—
specifically ipvblves affixesJand how t heSkeani ng !ﬂ" ,lﬂ, ted by
st European Iang I|sh

affixes. In the orthography of
garian, word neanlngs o ange dependlng on

Ger man, Spani sl

hOM/afflxes are used For exanple, in the English,  expression "Calvin and
Dor ot hy' s UEparFﬁﬁﬂgnE%bF€"°n?h@r"mgrebe?ﬁnﬁget%Y L1iables 78 fﬁg%&%?se but

i's appendegypniplaftarchbneséhyyllable being a string of one or more
character codes and a tone code;

c. matching the Chinese the string to a syllable list, the
syllable list have a plurality of syllable strings each
associated with one or more syllable string codes; and

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

30. A method, as in claim 29, vhere steps a-d are repeated
until a phrase delimiter is éntered, tpe one or more matched

syllable strings stored in the computer memory being a word
string.

31. A method where a word string is processed by a
morpholpgy process comprising the steps of:

removing one or more affixes from the word striﬁ& 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 wvocabulary having a
plurality of words, each with oche or more Hanzi

translations, the word in the vocabulary matching the root
being the root match; and

storing in the computer memory the Hanzi translation of the

-

cen Replaced
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- Process 500 first anal yzes the norphol ogy of entered words or word strings,
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32. A nethod, as in claim 31, where one or more roots are

unmatched roots,

vocabulary,

constituent words.

the unmatched roots having no match
and the unmatched roots

in the

are decomposed into

33. A method of syntactically analyzing a Chinese phrase of
phonetic syllables comprising the steps of:

pérsing'the Chinese phrase into accented words with one or

more syllables marked with a diacritic indicating a tone of

the syllable and unaccented words having no syllables marked
with a diacritic;

matching the the unaccented words with one or more
entries, the entries being 2zero or more

words,

Hanzi translation;

using fhe

respective

of the

affixes, function

and particles on an affix list, each entry having a

Hanzi translation to translate the

unaccented word into Hanzi.

34.
of:

A method, as in

claim 33, comprising the further step

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

one translation into Hanzi in a vocabulary.

35.

‘A method,

as in claim 34,

where one or more of the

heet Has Been Replaced
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words in the vo RE%ﬂﬁCENE%ﬁ‘SHEFT ni queness i s checked, 511. If there is no
anbiguity, i.e. fref-e—t+s—~onty ingle match in the vp ;%mgbﬁéﬁrﬁkgﬂrﬁhe
X

word is converted]t d displayed 550 int ep EHI O
1024. If it is )|8Lg§gﬁ%9§g? there are nore thantene .anz? Or s T N
t he vocabul ary {510, _950) corre nding to the p
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translations is deleted because the deleted translation does

is

not have a relationship with one of the unaccented words.

36. A method of inputting a phoﬁetic Chinese language string
through an alphanumerical keyboard, comprising the steps of:

inputting a phonetic representation of the Chinese language
into an input device of a computer system, the phonetic
.representatlon hav1ng one or more words each made of one or
more phonetic  syllables, one or more of the syllables being
accented syllables and one or more of the syllables being
unaccented syllables; and '

marking the accented syllables with a diacritic that
indicates a tone type of the accented syllable.

37. An program storage device readable by a computer,
tangibly embodying a program of instructions executable by
the computer to perform method steps for storing syllables
and words of phonetic Chinese in a computer memory of the
computer, the method comprising the steps of: o

a. entering one or more characters into the computer system
using an input apparatus, a syllable having one or more
characters, a word having one or more syllables, and a
phrase having one or more words, the words of the phrase
being between two phrase delimiters, the syllables being
marked with a diacritic representing 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 tone code for each diacritic

is Sheet Has Been Rep laced
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:the word input 501), the different words are stored for further
consi deration (step 540). If the word input 501 is not in the vocabulary
a nor phol ogi cal analysis is perforned on the word input (st +ﬂg}- ~Part
of the word input is conpared with the list of function nﬂﬂﬁhﬁﬁéé”'dr' i
affixes, step 522. A preferred list of affixes 800 is nrnvnﬁ@ﬁﬁQ@ l
Figure 8. If a standard affix is found, i.e., it is on the affix |ist 800,
the found affix is cut off 524 and the remm-ning part of the word input
(root) is conpared 510 with the dictionary 950 again. If the root of the
root is in the vocabulary, step 511 is applied. I'f the root is not in the
vocabul ary 510 but there are nore affixes in the root 522, step 524 is
repeat ed f arardniyngtdmey off shiwarsy ldfdhbess; remaining in the root.

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

c. matching the Chinese the string to ' a syllable list,-the
syllable list have a plurality of syllable strings each
associated with one or more syllable string codes; and

d. "storing -in the computer memory, a matched. syllable
string, the matched syllable strlng being the syllable
string that is associated with a syllable string code that

matches the string.
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+1f no standard affixes are r.écogni zed 522, i.e. no string in the word input
" B0l isinthe affix list 800, the word string/root is deconposed 530. In
one preferred enbodi ment, the root is deconposed usi ng-t-he—ofi t—TmEr¢h
met hod" above by_conparing the root to the vocabul ary |95HS SH‘EﬁF%ghBeﬂBﬁvw rd
string is conposed of nore than one constituent|_the*EHiA{iShess—531
of .each constituenffthﬁf]e dlas BegpBeplaced f g5-constituent is unique 531, the

o [N

SYSTEM AND METHOD FOR PROCESSING CHINESE LANGUAGE TEXT

ABSTRACT

Phonetic Chinese is entered into a computer system and accurately converted
into the Hanzi form. The system has a novel keyboard (1030) with diacritic keys -
(1050) that permit the user to annotate each entered phonetic text syllable with a
diacritic that indicates the tone of the syllable. A process executing on the system
determines that a syllable has been entered when a diacritic key (1050) is struck. An
entered phonetic syllable is then compared to a list of acceptable phonetic syllables and
abbreviations. If the entered syllable is on the list, the correctly spelled and accented )
syllable is stored in memory and displayed on a phonetic portion of a graphical display
(1020). The process continues for succeeding syllables until a delimiter is entered.
Upon encountering a delimiter, the word string is analyzed using morphological and
syntactical processes and/or a statistical language model to unambiguously determine

the proper Hanzi characters that represent the word(s) in the word string.

REPLACEMENT SHEET
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consi dered as a conpound word and the corresponding string of Hanzi

is displayed and recorded 550. |If the word is anbiguous 531, e.g. one

Hanzi

or more of the constituents™of the word input 501 havém E@Q

string, these different alternatives are stored fogr further |
consi deration, step 540. In step 540, the whol e phrage|(dr{cMARSI®39 of
sentence), i.e., word stri ng i nput 501, is determned 4s|that-string-o

characters that is delinited by2@hrase ‘delimters sug¢h.as

han,

ﬂrbvése D e Wbrd

transl ation and/or there are nore than one ways t

Ko

SYSTEM AND METHOD FOR PROCESSING CHINESE LANGUAGE TEXT
ABSTRACT

Phonetic Chinese (Pinyin and BPMF) is entered into a computer system and accurately
converted into the Hanzi form. The system has a novel keyboard (1030) with diacritic keys
(1050) (and corresponding ASCII coding) that permit the user to annotate each entered
phonetic text syllable with a diacritic that indicates the tone of the syllable. A process
executing on the system determines that a syllable has been entered when a diacritic (or
delimiter) key (1650) is struck. An entered phonetic syllable is th;an compared to a list of
acceptable phonetic syllables and abbreviations. If the entered syllable is on the list, the
correctly spelled and accented syllablc is stored in memory and displayed on a phonetic
portion of a graphical display (1020) The process continues for succeeding syllables until 2
delimiter js entered. Upon encountering a delimiter, the word string (defined as the string
of characters betwee'n two delimiters) is analyzéd using morphological and syntactical
processes and/or a statistical language mode] to unambiguously determine the proper Hanzi
characters that represent the word(s) in the word string. The unique Hanzi translation is

stored in memeory and displayed on a Hanzi portion of the graphical interface.
Fig. 1



punc{yat lons, carriage return, or ?551;! h;x,_/ phr ase :IBEPMGEMENT SHEET
,a’gs&v‘gned by -the user The _whol e e nal yzed to term ne the
meani ng of the See process 600 of Figure § ogv. JUR Y
step 540, the exl““mmﬂ“mm"mlw ase, clause) in Hanzi fornmlis ZI spl aye ?g
step 550. |If there fs any*eryor+, step 560, in the text displ pyed—566—om—tire
gr aphi cal |nterface 1024, the user corr&?ts the phrase, sentgnce or clause

U

‘manual |y, 561. To support the explanation of the syntactical analysrs
used by br.eseAtkeybyadtfonentgring ICHixedse lar(gnage: text ifB0 3) computerssystem,othe ddeyboard
di scovery of phonetic characteristics of acoustics of speech (tone and
accent s)gomgrisii on  words, particles, affixes, and notional words is now
pr esent ed. There is an inportant phonetic phenonmenon in spoken Chi nese

a set of syllable input keys, each syllable input keys representing one or more characters;
o a set of tone keys, each tone key representing one or more tones.
12. A key board, as in claim 11, 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.
13.  Akeyboard, as in claim 11, where there are five tones represented in the set of tone keys,
the five diacritics including no tone, high tone, rising tone, low tone, and falling tone.
14. A keyboard, as in claim 11, where the keyboard is a US English keyboard and the set of
tone keys replaces one or more punctuation keys on the US English keyboard. |
15. A keyboard, as in claim 11, where the keyboard is a US English keyboard with the set of
tone keys is grouped with a group of “arrow” keys on the keyboard.
16. A method where a word string is processed by a morphology process comprising 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, fhe
vocabulary having a plurality of words, each with one or more Hanzi translations, the word in
the vocabulary matching the root being the root match; and

storing in the cbmputer memory the Hanzi translations of the root match.
17. A method, as in claim 16, where one or more roots are unmatched, the unmatched roots
having no match in the vocabulary, and the unmatched roots are decomposed into constituent
words.
18. A method of syntactically analyzing a Chinese phrase of phonetic syllables comprising

the steps of:
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t‘ﬁere IS a great on provi ded by the acoust i chyk
addi tion to the '\mm"“m“m \““ﬂﬂjed by the nere string of %ﬁ'gﬁé% L EQ‘
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parsing the Chinese phrase into accented words with one or more sylia;lsles—marked—wiﬂ-l—a—»--—«-—.g
diacritic indicating a tone of the syllable and unaccented words having no syllables marked with
a diacritic;

matching the unaccented words with one or more of the entries, the entries being zero or
more affixes, function words, and particles on an affix list, each entry havng a Hanzi translation;

using the represented Hanzi translation to translate the unaccented word into Hanzi.
19. A method, as in claim 18, 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 one translation into Hanzi in a vocabulary.
20. A method, as in claim 19, where one or more of the franslations is deleted because the

deleted translation does not have a relationship with one of the unaccented words.



speech acoustic for the word that is often crucial in understanding the

word meaning. How syllables are grouped to forma word a1, - e
accent structure, speech acoustic, and understanding of t MWE%Q%ET

the separation of words (syllable grouping) and the comrensyrate accent
Structure of words (speech acoustic) are part of the inforjmgtip§ JdUhvigggd
I n the spoken | anguage. For the Chinese | anguage, tone, apgrt of the

'speech acoustic, 1is inportant as well. In Chinese, tdne—of—a sytt=t
is promnent only in accented syllabl @g For syll ablles _that have

no accent, the tone is ei ther substantially weakened or conpletely
| ost. Further note that in nost |anguages, including Chinese,

SYSTEM AND METHOD FOR PROCESSING CHINESE LANGUAGE TEXT
ABSTRACT

Phonetic Chinese (Pinyin and BPMF) is entered into a computer system and accurately
converted into the Hanzi form. The system has a novel keyboard (1030) with diacritic
keys (1050) (anh corresponding ASCII coding) that permit the user to annotate each
entered phonetic text syllable with a diacritic that indicates the tone of the syllable. A
process executing on the system determines that a syllable has been entered when a
diacritic (or delimiter) key (1050) is struck. An entered phonetic syllable is then compared
to a list of acceptable phonetic syllables and abbreviations. If the entered syllable is on the
list, the correctly spelled and accented syllable is stored in memory and disﬁlayed ona
phonetic portion of a graphical display (1020). The process continues for succeeding
syllables until a delimiter is entered. Upon encountering a delimiter, the word string
(defined as the string of charactérs between two delimiters) is analyzed using
morphological and syntactical process and/or a statistical language model to
unambiguously determine the proper Hanzi characters that represent the word(s) in the
word string. The unique Hanzi translation is stored in memory and displayed on a Hanzi
portion of the graphical interface.

Fig.1




there are function words and notional words. Notional words include all ..
nouns, all verbs, all adjectives, and nost adverbs in a | anguage. For
exanple, "man, run, fast, and quickly" are notional '
words include articles, prepositions, and sone conle(REPU&QENEQH’@&EﬁﬁIe,
"a, the, to, from and, but etc.," are function words.} Arfrxes 3s
separate particles have characteristics of function rds. é%ggmrg' n iwgr ds
i n Chinese are unstressed words that expygess primarilyj a gp

relationship and/or functions of other words rather thjan '

.lexical nmeaning. Function words include prepositions, auxiliary ver}bs,
conjunctions, adverbs, interjections, articles, and ce¥tatmpromoursT—Th
Chi nese, the function words (articles, prepositions, postpositions,

etc.), affixes in the formof a particle, and any affix in a multiple
syl | abl e wor $¥BWWEEM AND METHOD FOR PROCESSING CHINESE LANGUAGE TEXT

ABSTRACT

Phonetic Chinese (Pinyin and BPMF) is entered into a computer system and accurately

converted into the Hanzi form. The system has a novel keyboard (1030) wit_h d-{acritic
U keys (1050) (and corresponding ASCII coding) that permit the user to annotate each
entered phonetic text syllable with a diacritic that indicates the tone of the syllable. A
process executing on the system determines that a syllable has been entered when a
diacritic (or delimiter) key (1050) is struck. An entered phonetic syllable is then compared
to a list of acceptable phonetic syllables and abbreviations. If the entered syllable is on the
list, the correctly spelled and accented syllable is stored in memory and displayed on a
phonetic portion of a graphical display (1020). The process continues for succeeding
syllables until a delimiter is entered. Upon encountering a delimiter, the word string
(defined as the string of characters between two delimiters) is analyzed using
morphological and syntactical process and/or a statistical language model to
unambiguously determine the proper Hanzi characters that represent the word(s) in the
word string. The unique Hanzi translation is stored in memory and displayed on a Hanzi
portion of the graphical interface.

Fig.1
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. pprticle formand affixes in a nultiple syllable word) have no tone or a

' substant’ial |y weakened tone.
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Notional words are words that have a full lexical nmeaning. In Chinese,

noti onal 'words include all nouns, all main verbs, all adjectives, and
nest - adverbs. Notional words include all words in Chinese that are not
functi on words. The accent structure .of notional words depends on the

di al ect . Until now, it has not been recognized how a person
listening to a |l|anguage intuitively identifies notional words and
function words in order to understand the words of the |[|anguage. This is
particularly true in the Chinese |anguage. Since the tone of function
words and affixes is very weak or conpl epgly mssing in Chinese and because
there are a limted nunber of known and |dent|fled_LungLLeﬂ—wﬁfds—rn t he
Chi nese | anguage, function words are intuitively used—by—peiné‘TTETénlng
to spoken Chi nese to understand what is . R
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Being sai d. To further anplify the inportance of function words, notional
words, and tone in understanding the Chinese |anguage, the accent structure
of notional words and the use of function words (and affixes) is now

examn ned. The Shanghai dial ect represents the cl earest exanple of the
accent structure of notional words and function word use. Every notional
word starts with an accented syllable, which has a prom nent tone. Al

ot her syllables in the word have no accents at aII therefore the tones of

t he syl |l abl es that
3/21
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follow the first syllable are muted. For exanple, in Shanghainese,
(question) and "di anhua" (tel ephone) are always accented

The function words in the Shanghai dial ect have no

word, the function word

-36-,
t he nouns "wenti"

at the first syllable.
accent. VWhen a function word follows a notional

sonetines can be interpreted as a suffix (i.e., an

N
[3Y]
< [=2]
o o
o
(Y] &
[ \ )
- @ -— SO
= - -
= S (8 =
oI <= = [~=3
I &
- \ ) &
—_ —_— A -
- -r\ %
— — T
= -+ '/ N e [~
s \ v\ o I~8
hd - ) o) (3%}
_— e N
= 1 l_"m
= | 2 . AN =
™
[3Y] ~ N
a. .
¥\ - k 3
i L gt )
= N (%]
—_— [ A4 -
-—
" on > (3] N
~ | 8 18
- ~— — = N
& > |
Q @ -
= (=
CU — = ~
= . o
(= [re) (¥
. ~ = m
O iy — - .
L ¢
[T [ ]
| -
[ 0 T -
[an]
l‘"‘) > A~
e - o J
Ly
8 ><
[3Y] -
& = o v !
1
- == ~ =1
~t (99
- o | f3g]
- .
= o v -t N
\\ <
N
- 2 -
b o u LY S,
(=] ~—
J_ T —J N e
. . . w
= ] =% —
& s - o L <3| S
- \ [ ] haxt

2344
2345



[ t he
1 [ ticle. However, part of
Af fi ional word rather than a par ( of th
gf]csl:ii);z/e?{’) tihgttﬂg: from the point of view of human |listener,. the
[

: i ticle or as a suffix)
: ' function word being a par ' ' cts the
LGterﬁ(r)eé?“cgpzngg in substance. In the Beijing and gfagga{ Ihg g:;?} ieng
a"ent structure is slightly different. In rmstfpaste Rt AR
3icgﬁect the accent of a notional word i sI at a"i 23 a![rtshe I>/ast syl | abl e
; where the accent is |oc | |
_the[ gagr gf mti% fC?fgf one Mandarin is the standard Chinese | anguage
i ns :

In Mandari n, 5/21
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the accent of a word is usually at the first syllable. In sonme words with
more than 3 syllables, a "framed" accent structure is observed. That
is, the: first and the last syllables are accented, whereas all other
syl | abl es in between have no accent and have very weak (or no) tone. A
mul tiple syllable notional word in Mandarin has at | east one accent,
usual ly at the first syllable. For exanple, in the syllable string

"taigilai", only the first syllable "tai" (lift) has an accent. For the
remai ning two syllables, not only is the acoustic energy much reduced, but
al so the tones 6/21
FIG. 4
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¥37- . are substantially weakened or conpletely lost. In the phrase

"taibugi 'tou lai", only the two syllables “tai" and "tou" have accents. The
remaining syllables "ba", "qi", and "lai" are weak, and are atonic or
al nost atonic. (Atonic neans without tone.) Note that "lai" is an afix that

has no tone and, in this convention, is witten as a separate particle.
In both the Beijing and Mandarin dialects, the function words, as a rule,
have no accent and the tones of the function words are weak or m ssing
(degenerate).
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3

The ,discovery is that Ilisteners to the spoken Chinese |anguage
intuitively use the accent structure of notional words (syllables with
t.ene and syllables w thout tone) and untoned -function words (and
affixes) to demark word boundaries, classify words, and determne the
meani ng of words. This natural phonetic phenonenon is independent of the
differing views of |inguistic philosophy of the Chinese | anguage and/ or how
one wites words or phrases in Chinese. The present invention devel ops and
applies rules based on this phenonenon, and inplenents these rules with
appropriate processes, to inprove the accuracy of the processing
(entering, analyzing, translating, and witing) phonetic Chinese. Havi ng
conpleted the discussion of the disd2ery of phonetic relationships
that were until now unrecognized in

FIG. 6
801~
CHINESE PHAASE ] 0
| o]
610~ .
HORDS HITH , 611
|
HATCHING WITH
A LIST OF FUNCTION
HORDS? 10
520
N IO, FUNCTION
HDS s~
CHECK. SENTENCE
STAUCTURE AND
FENDVE AIGUITY [\

AMBIGUITY?

640

| STATISTICAL
HODEL

™41

FINAL
6s0—] DISPLAY




the prior art, the follow ng discussion explains how these relationships
are used in the syntactical analysis done by process 600. A novel
syntactircal analysis method is shown in Figure 6 as

-38-
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5rocpss 600. The process analyzes an entire phrase (or clause, or

sentence) using principles di scovered and di scl osed above. A word
string (clause or a sentence) 501 is delimted with phrase delimters |Iike
punctuations, a carriage return, or any input assigned by the user. In a
preferred enbodi nent, these delimters, or phrase delimters, include the
space (key 2360), phrase mark (key 2336), Chinese period 2335, left
guotation mark (key 2338), right quotation mark (key 2339), left title
mark (key 2341), right title mark (key 2342), exclamation mark (key
2311), comma (key 2312), slash (key 2313), left parenthesis (key 2314),

ri ght parenthesis (on key 2315), colon (on key 2316), Sem colon (key 2316),
bull et (key 2344) and question mark (kdg/2317). A double

LDLQ'\CQO')O""
‘\I\‘\\'\mmmmvuﬁwl\mmo«
SRS 885838 s Y
-t ey
S 5 1B VD 1S L s
=2 . O Lt Doy Jomy ’
=1 3D \D 3 e J > = = = = = = s's = S g
uuuuuuuuua'a‘a’a'aaaaa
O')o-«"umvm
mvvvvvvkﬂl\mm e N S S B oy B~ S T ]
CEEZEIZIZIZISESEEEsNa8E8S
-y ey
[ =2 B 2]
CC:D:: ’—‘HF"HCCC
tgl_glc\g)glggg):l:lglg\g)glglg\g’g
= = S =
uuuuuuuuuﬁtﬁﬁﬁﬁsgs
vmr.ol\cocno
ooooo “vamm'\
SERReEeEIIEIeeseEgs
~—t e
et et o = oTh o o
N = =
X EE8EsRE2ZESER=ES5=E8884¢8
N uuuouuuu.quSEﬁﬁﬁﬁﬁ
)
N O -~ oy = W) '
=4
Q
;.._.lc\o)olc.ols\ o
= o 4 © o
L 0 0 O .-Q-Q-Q-g IS’SIS‘S’SIS
mvt.ncsmcomoﬁ
mHmmen e ITLEIILLg e 3
o o
EESSE8 88 EsSs5s 8828
O J > S
-—-mmvmwu\como-—-mm-q—l_ngo
‘-'-—1-—1"'—"1—1‘-‘“
o o oo
o o > =
O D 0 7¢O 'lm\m)m;m|m>mlmlg\%lgl%



stroke on any of the tone keys (2310, 2320, 2330, 2340, and 2350) can al so
be a phase delimter. (The keys indicated in parenthesis here designate the
key in this enbodi nent of the keyboard 2300 that enters the phrase
delimter.) These phrase delimters unanbi guously define a word boundary,
I.e. the end of one phrase and the begi nning of another phrase 501.

Phrases with one or nore anmbi guous words, as defined in steps 511 and 531,
are input 601 to the process 600. A syntactical unit is process 600
bei ng executed on the system 1000. First, the word conponents of a phrase
601 are classified by the existence of any tone diacritics. The words with
at | east one diacritic 610 are notional words 620. '
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coul d be: notional words
non- Chi nese words, function
particles. In mxed

as i ndependent

however,
12/21

affixes witten

non- Chi nese

Wrds without diacritics 611,
or

k]

with the diacritic inadvertently omtted,

af fi xes
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words are delimted by spaces (or another equivalent character, e.g.
t he ”ESC"B and therefore are recogni zed. To determne if the words

wit hout diacritics 611 are function words, the words 611 are conpared to a
function word |ist 800. The nunber of function words is limted, under
100 according to nost linguists. If the word 611 is on the function word
list 800, it is a function word. The neani ng of each function word is

uni quely defined. A preferred function word Iist 800 is provided in F|gure
8. In simlar manner, the words without diacritics 611 can be conpared to
an affix list (also included in list 800) to determ ne whether they are
affi xes and/or affixes witten as independent particles. The neaning of
t hese independent particles is uniquely defined. One preferred |ist
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menory

i st of

|ists function words,
functi on

t he phrase/ sentence
t he

i ncl uded on the
and

havi ng under 20 entries.
defi ned,

transl ati ons are
Data structure 800 t hat
14/21

uni quel y

Hanzi

the function (and/or particle affixes) words are

Once al |
t herefore
wor ds

and affixes take relatively little space in the conputer
and

1200.)
function

i dentified,

structure is analyzed in step 630. Since the neanings
t he

parti,cle/affixes is also relatively short,

Particle affixes with their
function.words in Figure 8.
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t he

word with one or
if there are five

reduced or elimnated in step
I nst ance,
15/21

word can be further
but one of

al |

sone or

wor d,

(particle/affixes) are known, the types of words preceding and

following any particular function word (affix) are linited. Therefore,
possi ble words identified in step 540 of process 500 for an anbi guous

640 by using the relationship of the anbi guous noti onal

nore function words (particle/affixes.) For

anbi guity of any noti onal
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t hese poésible words night be elimnated by know ng the functior wor d
(afffx) ﬁreceding or followi ng the anbi guous word. For eéanp :’8 These
prepositjions 810, considered function words, are listed in Figur .

y a

| It | ation that
fol l owi ng these prepositions has a trans _
ﬁng phrase ?his anbi guous translation is renoved. Tense partLpIe2|838rd
(le, zhe gho) usual ly foll ow verbs. Therefore, any anbi guous n?flogn o
mﬁth theée particles followng is translated as a verb. y

the alternative translations for this notional word are not a verb, they

are del et ed.
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t hese conjunctions 850 are

Noun suffixes 860 are affixes that are
wor ds precedi ng these suffixes 860 are

Al ternative anbi guous translations are del eted
850 are function words that usually go between phrases.
Al ternative anbi guous transl ations are del eted. -

Y—

o

(&)
© —
— ©
(7)] [
(@]
n-w..l.

S
o 02

o ©
— -
—C C
L QS
(@]
© <

()
—uy- @©
@® O .
y— O
. — O C
c — >
S N © +— O
(@] T QO C
c — ©
msps
c n © ©
[ (]
0,0 T - T
C.— -0 ©C O
— — +—
O QO >®
S0 i—m— 0
| i D @ C
M._ntnua
O 0 —
.u_@mcu..l.

18/21

6811
1!
(LBFT
98Tt
GBTY
VeI
EBH
413!
419!
08F1
6LH

BLTY

LN

L1
GLH

743
ELHY
el

A
0LFF

B
2

2k
oA
oek
ok
oek

buek
buef
buek
buek
uek
uek
uek
uef
ek

ef
g4
S
k

unx

~

unx

-

BviF  butx
(11 butx
k11 . Burx
Gvir  uIx
PYEF  ulx
EviE uIx
¢ril  uIx
1143 S 194
0b7F  3x
6ETT  3lx
gErr 2

[ET] 0
9EiT 0
GETY
VETT
EETT buer

Q9 /¢0

(=]

(=]
kO O

-y
> >

LOFF
90H
GOTH
POFF
EOFT
cOtf
10FH
001}
6601
860%
L60F
9601
G601
v60?
£60¥
¢60¥
160¢
060%
680}
880t
(B0}
980F-

UaM
Uan
UaK
TaM

—
=

.—
@D oo
=

a—
o
=

=

1.2 JEP—
s
=

M
0
ng}
N3
no3
noj
bugy
buny
bugy

bugy

6ury
buy
mcmH
bury

v Y sar
o~
L A =

o o
2
o—t

[=]
I O wWro ¢
e

et ey

o
A A A a g

u

"0
-t

€201  upy
ceor  uey
fe0r ey
00 123
6IOF  1¢)
8I0F  18)
Ly 18y
grr 8
GHOF 8y
A1) S
ET0F  ons
ciO}  ons
1107 uns
0F0F  ups
600F  Ins
8007  Ins
L00F  Ins
900F  Ins
GO0} uens

b0OT uens

286 buenys

186 Guenys
085 uenys
6.6 uenys -
8.6 Tenys
LL6 tenys
9.6 Ttenys
GL6  enys
vl6  enys
€6  enys
¢6  nys
16  Nus
06  nys
696  mys
896  noys -
(96 noys
99 nays
696  noys
V96 tys-
€%  Ius
¢%6  Tus
16 Ius



adver b,

an
There are rare exceptions to

i ncl ude hen-,

nmust be preceded by an
or

wor ds precedi ng these suffixes
adj ective

is not an adjective or an adverb are
word follow ng these prefixes
not an
19/21

i's

suffi xes 870 t hat
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any noti onal
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There are al so adjective and adverb prefixes that

adj ective and adverb

and geng-.

adj ecti ves or adverbs.
anbi guous translations are renoved.

(particles) having a translation that
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t hese rul es which m ght
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942-_ t han one possible notional word still exists, statistics of the
relative®word occurrence in the phrase are applied 641 to predict the nost
probabl e. word of the remaining notional word candi dates. Statistical nodels

641 l'ike this are well known in the speech recognition arts. See for
exanpl e, .usFundanental s of Speech Recognition by Rabiner and Juang, 1993,
pages 447-450 which Is herein incorporated by reference. In one

preferred enbodi nent, the results are displayed 650 on the Hanzi 1024
portion of the graphical interface 1020. If there are words that can not

be resol ved unanbi guously,

21/21

FIG. 8

FUNCTION HORD, PAATICLE, AND AFFIX LIST
810. PREPOSITIONS:

an,bé,bei.bi,chau,chu.cong,dang,dao,dui, ei, gen, jiang, jiu, ju, 1i i
rang, shi, shunzhe, ti, tong, wang, wei, weile 9¢1. 9en. J1ang. J1u. Ju, Lian, ping

820. TENSE PARTICLZS:
le, zhe,-guo

830. RELATION PARTICLES:
de, zhi

840, CONJUNCTIONS:

he, ji, gen |

850. CONJUNCTIONS:

bing, binggie, budan, buguo, bulun chuféi er, erqgie, he, huo, huozhe, ji, ji

2109, b an, ' , Cnurel, er, ergie, he, huo, . i1, jiran,
11shi, jiaru, keshi, raner, ruguo, suiran, yi i, yiner, vinwei i :
hiva. 2oy, g y1ji,yinci, yiner, yinwei, yu, yuqi, yushi,

B860. NOUN.SUPFIXES:
-z,-r,-tou,-men.-fa.—jia.-pin.—qi.-sheng,-shi,-shou.-yuan,—zhang.-zhe.-zhuyi'
870. ADJECTIVE AND ADVERBS SUFFIXES:

-éide,-ran,-xixida.-yangde

880. ADJECTIVE AND ADVERB PREFIXES:

hen-, zui-, bu-, geng.

890. INTERJECTIONS:

- 3,81, aiya, i, hai, b=, 8, 0, pei, wei, ya, yi, yo



exanpl e,
| anguage.
t he neani ngs and Hanzi

-
"the remai ning candi dates are present%l‘;téat@ Js?r/on the graphi cal

~interface 1020 for selection by a pointing device 1031. ! Tt
di spl ayed, result 650, 1025 is subject to nanual cor o T

la
LI

SR T

650. In alternative enbodi nents, the final display |coul d be
printed on a printer or transnmtted ovey a networ k connectji gn 409¢anTireq
of

tufat

di spl ayed result 650 can al so be Hanzi 1nput to other congutler systens,

Qr

a translator 1034 that translates the Hanzi text |i nto—anothet

By using processes 500 and 600, the system 1000 can determ ne

language text -- no particular linguistic school is universally followed. Even by
following a narrow _deﬁnition of words (i.e., treating many compound words as phrases,
.and treating many affixes as particles), some ambiguities will remain. By making a
broad definition of words, (i.e., treating many compound words as single units, and
accepting 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 to account for every single unit word and words with all affix combinations.

Textbooks of spoken Chinese for foreigners are written in a spelling form called Pinyin,
where multiple syllable words are considered as basic units. Pinyin uses Roman
characters and has its vocabulary listed in the form of multiple syllable words. A
Chinese Pinyin Vocabulary was published in 1964. A revised edition was published in
1989 by Language Press, Beijing, China, which contains some 60000 word entries.
Rules of orthography for Chinese written in Pinyin form, that define the word

boundaries, were published in 1984,

OBJECTS OF THE INVENTION

It is an object of the present invention to ameliorate one or more disadvantages of the

prior art.

zi translation of constituent words in the word 1 nput
501, even though the words were not separated according to any general
accepted convention or delimted at a boundary.

ly




"Gven this disclosure one skilled in the art could develop alternative

the i nventor.

_equival ent enbodi ments that are within the contenplation
" For- exanpl e, a keyboard |like the one™in Figure 2D can be d
i ncl ude the 37 _ -43-
8
SUMMARY OF THE INVENTION

REPUACEMENT SHEET
10 MAR 1399

The invention is 2 system and method for accurately and efficiently entering phonetic

Chinese (Pinyin and BPMF) into a computer system and for accurately converting the

phonetic input into the Hanzi form. The system has a novel keyboard with diacritic keys

(and corresponding ASCII éoding) that




" characters in the BPMF phonetic al phabet. The key ia
this phonetic al phabet depends.on the choice of the user/ man
* ASClI | code assignments for the 37 Tharacters can be made in
regi on of Fi gure 3. Diacritics for BPMy.can al so be provi ded

keyboard and in the ASCII code table. However, sonme nodifica
necessary. For exanple, a diacritic for the h| gh tone m ght

I At 7’";; r']
ﬁu AL h‘x 'f§ C; l':r_"_.]

FgRreRt--f6f—

ufiact ur 1
t he {Jgpg ﬁiﬁ}t
dhe o]

tion may be
be - pr-ovi-gded:—mm—

The syl |Hitheewordainput or701§y constituéntcomponentsiwards have ambignowsamsiations (mabl e 800

for BPMF has a one to one correspondence to the Pinyin case.

The processes

shown | shmigueymatches in thgrdictionary)l 2 gypgactical 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 treated the same way). The function words are translated unambiguously and

also determine the structure of the remaining word string (root) input. Ambiguity of any

notional words is the_n 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 phonetic text can be entered into the system by apparatus other than the keyboard,

e.g. through a network, magnetic media, or acoustic system. Mix text, both Chinese

and non Chinese words, can be processed by delimiting the non Chinese words with a

special character, e.g. a space,

According to one aspect of the present invention there is provided 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;

a space bar at the bottom of the keyboard split into two or more sections;

a set of tone keys, each tone key representing one or more tones, at least one of the

sections being one of the tones keys.

According to another aspect of the present invention, there is provided a means for

entering Chinese language text into a computer system, the means comprising:



44 - CLAIMS | claim 1. A keyboard for entering Chinese | anquage text

keys, each syllable input keys représenting one or nore chal "
space bar at the bottom of the keyboard split into two or npre sections:

into a conputer system the keyboard conprising: a set OE%, fl‘meWEET
Dr _
- 108- 10 MAR 1999

-

a set of syllable input keys means, each syllable input key means representing one or

more characters;

a space bar means located at the bottom of the keyboard, the space bar means split into

two or more sections, and:

a set of tone key means, each tone key means representing one or more tone values, at

least one of the tone key means being one of the sections.



* a set of tone keys each tone key representing one or nore tones, at |east

one of the of the tones keys. 2. boal & nas -+
claim1l, vvhe ﬂl‘“! gi Bi ton€s represented in the g&?-fgg{‘;bne R i

t he four ton ‘tone, rising tone, low torne, and falling
t Gne. : A keyboard, as in clalnr2$ where there are flvq fioMa] 7809
represented in the set of tone keys, the five tones indgl Uding no tone,
hi gh tog& jsing tone, low tone, and falling tone. 4.1 TARTKeypoard,as
in clai &fﬁyﬁ%re the keyboard. is a US English keyboard !and_one__or_nore_ of

t he set lemirglne keys repl aces a punctuation key on the US English keyboard,

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;
a space bar at the bottom of the keyboard split into two or more sections;

a set of tone keys, each tone key representing one or more tones, at least one of the

sections being one of the tones keys.

2. A keyboard, as in claim 1, where there are four tones represented in the set of tone

keys, the four tones 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 tones including no tone, 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 one
or more of the set of tone keys replaces a punctuation key on the US English keyboard,
the punctuation key being at a side of the keyboard.

5. A keyboard, as in claim 1, where the keyboard is a US English keyboard and one
or more of the set of tone keys is grouped with a group of "arrow" keys on the

keyboard.



" the punct uatlon key being at a side of the keyboard. 5. RE LQQEMEN}MSH ]
in claim ;1S a US English keyboard apd|one nor e pf
t he set of to ﬁi’iﬂ ﬂ"lﬂ" ')"l ¢ with a group of "arrow' kéys QrﬁtMAR 1999
keyboar d. bl L T

-

6. A keyboard, as in claim 1, where a space bar sections include one or more left
sections, one or more right sections and a middle section that is between the left sections

and the right sections.

7._ A keyboard, as in claim 6, where the middle section is a space key and one or

more of the left and right sections is a tone key that represents one or more tones.

8. A keyboard, as in claim 6, where the middle section represents a no tone diacritic

and one or more of the left and right sections represent one or more tones.

9. A keyboard, as in claim 8, where one of the left sections represents a raising tone,
a first right section represents a falling tone, and a second right section represents a low

one.

10. A means for entering Chinese language text into a computer system, the means

comprising:

a set of syllable inpur keys means, each syllable input key means represénting one or

more characters;

a space bar means located at the bottom of the keyboard, the space bar means split into

two or more sections, and;

a set of tone key means, each tone key means representing one or more tone values, at

least one of the tone key means being one of the sections.



6. : A keyboard, as in claiml, “@f 3ySPac bar sections_include one or
nore left sections, one or nnrelwézk7sections and a nidIRE
is between the left sections and the right sections. 7.

in claim6, where the mddle section is a space key and ofdelor nore of t
|l eft and right sections is a tone key that represents one}o ﬁbﬁeiﬂﬂdﬁﬁ}
. 8. A keyboard, as in claim6, where the_m ddle section fegresents a no

tone diacritic and one or -nore of the |&fP and ri ght secti ons represent
one or nore tones.

process is call the "longest string match" algorithm and
examples of this are well known. See "Chinese text
segmentation for text retrieval: achievements and problems"
by Z. Wu and G Tseng, Journal of the American Society for
Information Science, Vol. 44, No. 9, October, 1993, pages
532-542 which is herein incorporated 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 are coded {(marked) and unambiguously
delimited by a diacritic. Therefore, the Chinese syllable
boundaries are unambiguously marked. This embodiment
permits Chinese syllable abbreviations to be used since the
abbreviations are also unambiguously delimited and are
uniquely identified by being added to the syllable list 700.
Use of syllable abbreviations greatly reduces the number of
key strokes required to enter phonetic Chinese text.

In step 402, used in mixed text processing, the system 1000
determines whether or not the syllable is a Chinese

syllable. If there is a diacritic (including the no tone
s diacritic) after the syllable, the syllable is Chinese 404.
If there is no diacritic, the syllable (word) is non
Chinese, e.g. English 403. Non Chinese 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 these languages.

After a tone key (either one of the four tones keys or the
"untoned” key) is pressed, the computer recognizes that the



9:

second right section represents a | ow tone. A nea qu”entetlhg
Chi nese | anguage text into a conputer system the means rrsrng a
set of syllable input keys neans, each syllable input key arfs & JUk 700
£ epresenting one or nore characters a space bar neanstl cated at the

bottom of the keyboard, the space bar negfg_split into

A keyboard, as in claim8, where one of the left sections represents a,
raising tone, a first right section represents a falllnglg§aeﬁ

preceding letters represent a Pinyin syllable 404 and the
syllable is spell checked 405, checked as an abbreviation or
alternate spelling 407, or error checked 408. These steps
(405, 407, and 408) use a Chinese syllable list data
structure 700 shown in Figqure 7.

The Chinese syllable list 700 in Figure 7 is one preferred
syllable list used for Mandarin Chinese. Because there are
altogether just over 1300 syllables in Mandarin (ineiuding
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 syllable 1list 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 searches 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
syllable 1list 700, and the entered key stroke string is
replaced with the two-syllable code of the matched word on



t:\wo or. nore sections, and, a set of tone key neans, each tone key neans

representing one or nore tone values, at |east one of the REPEA?BMENfa§ﬁEET

bei ng one of the sections.
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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 represented 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 standard
spelling is detected 405, the entire syllable is stoged 412
in memory 1010/1020 as one of the 1300 Chinese syllables (by
a two-byte code) and displayed on the monitor 411,-with the
tone diacritics correctly on top of the vowel. This Pinyin
display 411, is shown in the region 1021 of the graphical
interface 1020 that displays Pihyin.

In 1like manner, if the user enters an abbreviation or
shorthand spelling for a Chinese syllable, the ASCII codes
representing the shorthand spelling are compared 406 to the
entries in the Chinese syllable list 700. If there is a
match, the shorthand (abbreviated) syllable is converted 407
to the proper, unabbreviated Pinyin syllable form by
replacing the entered ASCII codes of the shorthand spelling
with the two-byte code corresponding to the proper,
unabbreviated Pinyin syllable. Again, abbreviations are
added to the Chinese syllable list 700 with codes that will
print the full syllable that is abbreviated.

Some example example abbreviations or shorthand spellings
of Chinese syllables follow. For example, "zi", "si", "ci",
"ji", "qgi", and "xi" can be spelled as "z", "c", "s", "j",
"g", and "x" without any confusion. Similarly, "yi", "wu”,
"yu" can be spelled as "i", "u", and "v" without confusion.




11. A keyboard for entering, Chinese |anguage text into a conputer

system the keyboard conpri sing: a set of syllable ﬁﬁ% gp
each syll abl e input keys representing one or nore characterg; '
set of tone keys, each tone key representing one or nore tore : AT
key board, as in claim1l, where there are four tones represe tnglm &hﬁpq
.set of tone Kkeys, the four diacritics including high tone, rk5|ng t one

| ow tone, and falling tone. 13. A keyboard, as in claim 1l ~where-th
are five tones represented in the set of~4&mne keys, the fiye diacritics

-..-m

4 ncl uding no tone, high tone, rising tone, low tone, and falling toné. 1%

A keyboard, as in claim1l, where the keyboard is a US English keyboard and

the set OfOther shorthands such as "shg" for "sheng"”, "xg" for "xing",
"gag" for "giang", "jo" for "jiao", etc, can be recognized

without ambiguity.

In syllables with syllable separation marks, the syllable
separation mark, such as that in "Xi‘an", can be avoided
altogether in typing, although it should appear during
display. Using the present system 1000 and process 4QQ, the

“ above examples of shorthand typing are so convenient that no
learning is required. With a little 1learning the number of

N shorthand syllables can be increased {(added to thé 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 user selects 409 the proper syllable
from the menu by using a selection apparatus, e.g., a mouse
1031 or a key. As before, the computer codes this selected
syllable as a two-byte value and stores it in the memory
412. -

N/

If a delimiter, e.g., a space bar, carriage return, or
punctuation key, is not encountered 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 delimiters is +treated as a single word when the
delimiters are entered (according to a generally accepted



tone keys replaces one or nore punctuation keys on the US.English keyboard.
15. A keyboard, as in claim1l, where the keyboard is a Eﬁﬁg' :
keyboard with the set of tone keys is grouped with a grOJléEP iMENTLsﬁégg
on the keyboard. 16. A net hod where a word string is pfofe sgggﬂ% a

nor phol ogy process conprising the steps of: renpv ng Z208brie
-affixes fromthe word string to create a root, the removef hAffix. __ being |
one of the affixes on an affix list; conparing the root to one or
nore of the words in a vocabulary to find2@ match, the vocabul ar y-havi-ng.]
-a plurality of words, each with one or nore Hanzi translations, the word in

convention) and the word will have unique word boundaries
coded or marked by the delimiters. However, the 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
generally accepted word boundaries to delimit the
constituent words.

In step 414, the text, in the coded Pinyin form, #iso can
be printed as Pinyin syllables using a printer 1080 with a
special read only memory 1081, ROM, which converts the
two-byte codes of table 700 into a string of Roman letters
with tone symbols on the proper vowel of the required
syllables. The text then becomes a continuous and readable
printout in the Pinyin form, same as in all textbooks on
spoken Chinese for foreigners. '

Figures 5 and 6 are flow charts of methods for processing
the Pinyin text that is entered into the system 1000, e.q.
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

U portion 1021 of the graphical interface 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 sees the Pinyin text 1022 (with
the diacritic placed over the proper vowel by process 400)
on the Pinyin porfion 1021 of the graphical interface 1020
and the correct Hanzi translation 1025 of the entered Pinyin
displayed on the Hanzi portion 1024 of +the graphical



t-he vocabul ary matching the root being the root match; and storlng

In the conputer nenory the Hanzi translations of the root An
met hod, as in claim16, where one or nore roots are unmat 3
unmat ched root's having no match in the vocabul ary, and tih unnatched

roots are deconposed into constituent wor ds. 18. A netlhogl pFiEH 200

ssyntactically analyzing a Chinese phrase of phonetic syll bles conpr|S|ng
the steps of: _a0- - e e

s pmemm et

interface by process 500. In alternative embodiments,
Pinyin text with diacritics can be entered 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 entered 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 theories and habits,
and achieve high conversion accuracy. For example, if the
Chinese words are delimited at well established boundaries,
the word input 501 will be recognized as a unique word 511.
If the word, is not and/or can not be delimited f£from other
"words, " a morphology unit being the process 500 executing

\ 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 described above.

The invention is also able to accurately processes Pinyin
into Hanzi for either of the following conventions affixes
included as part of the word or 2. affixes as a particles
separate from the word. In one preferred embodiment, the
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nore syllables marked with a diacritic indicating a tone of |[REPIAGHIAENE SHEET
and unaccented words having no syllables marked with a diacr}tfT;
mat chi ng the unaccented words with one or nore of the entries hg $r1ﬂm ?ﬁm
being zero or nore affixes, function words, and particles on fTiX

Jist, each entry having a Hanzi transl ation; using th
Hanzi translation to translate the unacc qLed word into Hanzi{

second type of affix (particle) is treated as a function
woxrd. For convention 1, process 500 performs a
morphological analysis, i.e., standard affixes included in
unrecognized words (convention 1) are removed and the
remaining word string (root) is analyzed without the affix.
In later processing the removed affix 1is 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. 1In the
orthography of most European languages, such as English,
German, Spanish, Finnish, and Hungarian, word meanings
change depending on how affixes are used. For example, in
the English expression "Calvin and Dorothy’s Department
Store™, the "“s" belongs to "Calvin and Dorothy", but is
appended only after "Dorothy”.

Process 500 first analyzes the morphology of entered words
or word strings, e.g., from step 414. The algorithm starts
with comparing 510 the entered word (string) 501 to a known

" vocabulary 950. The vocabulary 950 is a .table of phohetic
Chinese words and/or abbreviations (Pinyin and/or BPMF) with
their associated Hanzi translation. A dictionary 950 of
Chinese words can also be used. Such dictionaries 950 are
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.




19. .A nethod, as in claim 18, conprising the further step of: ..

transl ating one or nore of the accented words as a notional word, zero or
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If the word input 501 (word or word string) matches one or
more words in the vocabulary 510, its uniqueness is checked,
511. 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 consideration (step 540).

If the word input 501 is not in the vocabﬁlary, a
morphological analysis is performed on the word input
(string) 501. Part of the word input 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 vocabulary, step
511 is applied. If the root is not in the vocabulary 510 but
there are more affixes in the root 522, step 524 is repeated
for any other standard affixes 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
string/root is decomposed 530. In one preferred embodiment,
the root is decomposed using the "longest match method"
above by comparing the root to the vocabulary 950.

If the word string is composed of more than one
constituent, the uniqueness 531 of each constituent is
searched. If a constituent is wunique 531, the word is
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CLAIMS

I 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;
a space bar at the bottom of the keyboard split into two or more sections;

a set of tone keys, each tone key representing one or more tones, at least one of the

sections being one of the tones keys.

2. A keyboard, as in claim 1, where there are four tones represented in the set of tone

keys, the four tones 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 tones including no tone, 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 one
or more of the set of tone keys replaces a punctuation key on the US English keyboard,

the punctuation key being at a side of the keyboard.

5. A keyboard, as in claim 1, where the keyboard is a US English keyboard and one

or more of the set of tone keys is grouped with a group of "arrow" keys on the

keyboard.



6. A keyboard, as in claim 1, where a space bar sections include one or more left
sections, one or more right sections and a middle section that is between the left sections

and the right sections.

7. A keyboard, as in claim 6, where the middle section is a space key and one or

more of the left and right sections is a tone key that represents one or more tones.

8. A keyboard, as in claim 6, where the middle section represents a no tone diacritic

and one or more of the left and right sections represent one or more tones.

9. A keyboard, as in claim 8, where one of the left sections represents a raising tone,

a first right section represents a falling tone, and a second right section represents a low

tone.

10. A means for entering Chinese language text into a computer system, the means

comprising:

a set of syllable input keys means, each syllable input key means representing one or

more characters;

a space bar means located at the bottom of the keyboard, the space bar means split into

two Oor more sections, and;

a set of tone key means, each tone key means representing one or more tone values, at

least one of the tone key means being one of the sections.
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11. 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;
o a set of tone keys, each tone key representing one or more tones.
12. A key board, as in claim 11, 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.
13. A keyboard, as in claim 11, where there are five tones represented in the set of tone keys,
the five diacritics including no tone, high tone, rising tone, low tone, and falling tone.“
14. A keyboard, as in claim 11, where the keyboard is a US English keyboard-and the set of
tone keys replaces one or more punctuation keys on the US English keyboard.
15. A keyboard, as in claim 11, where the keyboard is a US English keyboard with the set of
tone keys is grouped with a group of “arrow” keys on the keyboard.
16. A method where a word string is processed by a morphology process comprising 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, each with one or more Hanzi translations, the word in
the vocabulary matching the root being the root match; and

storing in the computer memory the Hanzi translations of the root match.
17. A method, as in claim 16, where one or more roots are unmatched, the unmatched roots
having no match in the vocabulary, and the unmatched roots are decomposed into constituent

words.

18. A method of syntactically analyzing a Chinese phrase of phonetic syllables comprising

the steps of:'
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parsing the Chinese phrase into accented words with one or more syll;ﬂ)les marked with a
diacritic indicating a tone of the syllable and unaccented words having no syllables marked with
a diacritic;

matching the unaccented words with one or more of the entries, the entries being zero or
more affixes, function words, and particles on an affix list, each entry having a Hanzi translation;

using the represented Hanzi translation to translate the unaccented word into Hanzi.
19. A method, as in claim 18, comprising the further step of:

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

20. A method, as in claim 19, where one or more of the translations is deleted because the

deleted translation does not have a relationship with one of the unaccented words.



