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lNVENTICN Entering (inputting) and processing Chinese |anguage text on
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mwltlng system of Chi nese here are 3000 to -6000 commonly used Chi nese
characters (Hanzi). Including the relatively rare ones, there are nore than
ten thousand Hanzi . Adding to this. difficulty there

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

This invention relates to an improved system and method of
using a conmputer to process Chinese language text,

specifically phonetic Chinese text and Hanzi.
BACKGROUND OF THE INVENTION

Entering (inputting) and prodessing Chinese language text
on a computer is a very difficult problem. The shear
numbers of Chinese characters illustrate this difficulty.
-In the squaré—character (Hanzi) writing system of Chinese,
there are 3000 +to .-6000 commonly used Chinese characters
(Hanzi). Including the relatively rare ones, there are more
than ten thousand Hanzi. Adding to this difficulty there
are problems in the Chinese language with text
sfaqdardization, multiple homonyms, and ill defined word
boundaries that impede effective text processing of Hanzi
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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are problens I n t he - Chi nese | anguage w th t ext standardi zation,
‘mul tiple hononyns, and ill defined word boundaries that inpede effective
text processing of Hanzi with conputers. In spite of intensive studies for
several decades and the existence of hundreds of different nethods,
conput er i nput and pr-ocessing of Hanzi is a major stunbling block
preventing the use conputers in China, particularly for text processing.
The conmputer systens avail able today for inputting and processing Chinese
| anguage text may be divided into three categories:
- 2- The first category is based on a deconposition of the square
characters into el enentary graphical conponents. Different keys on the

keyboard are mssi diathd CdE@SENtis digd 88 dn €l £ M SEMp@EPPIGE AL the
conponents of a Hanzi.. Then, each character, can be k g%%gn with a few
éﬁ%f I

key strokes SHRTS HFIHRTTH HFtPe 2l NSHRTGr VI TRF CIMPORBRES -

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 graphical 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
compoﬁents is artificial. In both the Changji and
Five-Stroke methods, the assignment of the codes has to be
mechanically memorized. Memorizing the keys représenting the
components is difficult and time consuming. Besides, the
decomposition of a Hanzi into its elementary components in
many cases is not wunique. 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
popq}ation.

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

The second category is phonetic input, (é.g. Pinyin for
mainland China and "phonetic symbols"” or BPMF for Taiwan)
which is the most commonly used method for everyone except
professional typists. The Hanzi writing system of Chinese
language 1is a conceptual and practical barrier to this
method. |
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Exanpl es of this approach include Changji in Taiwan and the Five-Stroke
met hod in mai nl and China. The nmj or drawback of such nethods is that the

assignment of the keys to Hanzi conponents is artificial. In both

the Changji and Five-Stroke nethods, the assignnent of the codes has to
bé nechanically nmenorized. Menorizing the keys representing the

conponents is difficult and tine consuning. Besi des, the deconposition
of -a Hanzi into its elenentary conponents ifi. many cases is not unique.

Al t hough these nethods are used by professional input operators, and

hi gh speed is denonstrated by well-trained typists, they are not used
much by conputer experts and other professionals, |let alone ordinary
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nmet hod for every%'ne e%%gg?x%?%lf%ts%a?r%#s é‘sélélﬁe nzyfwr%i *r’lléntsi%g &m
of Chinese |eawyerrespendontepet 100 Hanzii caThbarereates ambioudthes.

when translating the phonetic syllables into Hanzi.

To address this "homonym problem," most of the phonetic
input systems use a multiple-choice method. See for example,
Cerman patent 3,142,138, issued 5/5/83, by J. Heinzl et al.;
UsS Patent 5,047,932, issued 8/10/91, by K. C. Hsieh; and
Chinese patent 1,064,957 issued 3/8/91, by Tan Shanguang.
After a phonetic syllable is keyed in, the computer displays
all possible Hanzi with the same pronunciation. In some
cases, there is not enough space on the screen to display
all possible chgracters with the same pronunciation. . These
cases redgquire .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 disclosed 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.



< 3- Since there are only about 1300 different phonetic
syllables, in contrast to tens of thousands of characters, one phonetic’
syllable may correspond to many different Hanzi. For exanple, the
pronunciation of "yi" in Mandarin can correspond to over 100 Hanzi. This
Creates anbiguities when translating the phonetic syllables into Hanzi.

To address this "honmonym problem "™ nobst of the phonetic input systens use
a rmultiple-choice nethod. See for exanple, _gGerman patent 3,142,138, issued
5/5/ 83, by J. Heinzl et al. US Patent 5,047,932, issued 9/10/91, by K C.
Hsi eh; and Chi nese patent 1 064, 957 i ssued 3/ 8/ 91. by Tan Shanguang.
After a phonetic syllable is keyed in,- the conputer displays all possible
Hanzi w t h tNensphenptdoudeitdieren. ah:-le added Casethel pRohdtSi 1011 LEEEE to

space on the, | sply SSIb| characters wi.th t same
pronunC|at|on§E ggegilgses §¥35§| ?broFﬁ amyléﬂwwxghqher%ﬁ%$e,
t hese phonePrenﬁﬁﬁhéﬁsonbasedEanmpﬂ¢BV|dnaﬂu@ﬁ pwmna;iquespeﬁhdnglcwmth

An i ”prOVe”EPEdiealhﬁam{lst I(Blrevc&ea goa&@ﬁtth dag%a%% Oflssql%rd b, Do/85, by,

probability of the adjacent tthe prior "a
exanpl e, Bri%ttshCpatBan) 2a248P9286tlpss§§91éﬂn47FF@@-m@mhenN Ehratarokahe

probability @phRinesd 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 processipg the Chinese langﬁage. '

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 contrast with all
European 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 at 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. 1In 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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can further be conbined with granmatical constraints. See for exanple, K

*T. Lua et al., Conputer Processing of Chinese and Oriental Languages, Vol .
6, Num 1. page 85, June 1992. However, the conversion accuracy (phonetic
to Hanzi) of these nmethods is typically limted to around 80% The

third category conbines a phonetic-character input method wth the
addition of non-phonetic | etters.

-4-: Non- phonetic letters are added to the phonetic letters to
artificially discrimnate characters wth the sanme pronunciation.
Exampl es include phonetic spelling wth radical marks (British patent
2,158,776, issued 11/20/85, by C. C Chen) and phonetic spelling with

nuber of Std.gkase ( QbMSSEeRal €5 20AR6. 518ombssied AdURD/ 92orbY efam¥i@),
These nethods require nmenorizin artificial _rules or counting nunber

of strokes WHRFERIKE Woviethbespaied. obs i ipuEnglbshantPRFrgversy exists

about whether these compound strings should be treated as
one word or two words. Because there 1is no denerally
accepted precedence in China, controversy about compound
nouns is much more severe. For éxample, the word
"nanguangboyuan™ (male announcer), as listed in Chinese
Pinyin 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 "syntax 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
appear as individual words called particles. Different
schools of linguists treat these syntax units differently.
Some schools treat these syntax units as "proper",6 affixes,
i.e. part of the word to which they -are attached. Other
schools treat them as individual particles, i.e., ' separate
words.

An affix is part of a word while a particle is an
individual word. For example, while the noun endings -hua,
-jia, -yuan, -xing, and -zhuyi are considered by most
linguists as affixeé in single 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, etc. Those "divisible" verbs can use infixes,
-zu- and -ge-, to become infinitives or past participles.
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In addition to the "homonym problem ™ a "word boundary probl eni exists when
processi ng the Chi nese | anguage. Al t hough nore than 80% of words in
nodern Chi nese have nultiple syllables (thus two or nore Hanzi), there is
no word separation in its witing system (in contrast with all European

| anguages, and even Korean). Further, input of phonetic Chinese is usually
performed syll able by syllable w thout accounting for word boundari es. I n
spite of the wide recognition of multisyllagle words and the Iack of a
standard way 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 ofdi AREHeER, NESEMRERSORBOABEBNAOLRBYE canC! BakveCAnERie®f Wat a
"word" means. In many cases, It I s unclear where a wqrd boyndary. or
ﬁ%pqﬁ?es are,

delinmiter, e°§. ~BUspack® sMEAPd "G8PFPAced. °XThES%d " ove
exenplified thygihaif olfraisay ,co#heéech heapeescinasns.of rtaBrEdislyi t wpcan
Lndependentl¥a¥%g5dt99£%%ilai (cannot raise), very similar to the above
Cerman verbs. Moreover, the phrases "taigi tou lai”, taideqi
tou 1lai™, and “taibugi tou 1lai" are similar sentence
structures using compound verbs (such as "ziehen dein Kapf
auf”.) From this point of view, "taiqgilai" 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 language 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 wunits, or
mo;phemes, such as: (1) nouns "gada", "putao", "feiji",
etc.; (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 foﬁr-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 1lack of wuniversally 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



can be conbined to form a conpound noun, for exanple, blackboard or.
*rattlesnake. As in English, controversy exists about whether these conpound

strings should be treated as one word or two words. Because there is no

general |y accepted precedence in China, controversy about conpound nouns

Is much nore severe. For exanple, the word "nanguangboyuan"” (nale

announcer), as listed in Chinese Pinyin Vocabul ary, nay be consi dered as

two words (nan guangboyuan), or even three;%prds (nan guangbo yuan) by

di fferent people. Affixes. Al Chinese verbs can be appended with "syntax

units" -le, -guo, or -zhe, which nmake them past, present prefect, or

pr-ogressi ve tense. adj ecti ves can. be appended with -de. However, these
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-jia, -yuan, rem@ng- b rmaltis:quarae dmma@ledeﬂubytmm ¢fngupstds, afi.e.,

affixes ing mg@; on&ag,g % u% &félaﬁitgheghandh&@%hng »

particles (separate endi ngs such as -z, -r,
-tou are al RARY afflxes 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 Chlnese 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.
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treated as suffixes for nouns and not as individual particles.

* Conpound verbs. There is a class of verbs in Chinese which is very simlar
to the divisible verbs in German (die zerbrechbar Zeitwort), such as
auf zi ehen, heraufzi ehen, etc. Those "divisible" verbs can use infixes, -zu-
and -ge-, to becone infinitives or past participles.

-6- I n Chinese, simlar- conpound verbs can have infixes, -de- or -bu-,
to.mean "capable" or negative. Exanples are, taigilai (raise), which has
versions of taideqilai (can raise) taibugilai (cannot raise), very simlar
to the above German verbs. Mreover, the phrases "taiqi tou lai", taideqi
tou lai", and "taibuqgi tou lai" are simlar sentence structures using
conmpound verbs (such as "ziehen dein Kapf auf".) Fromthis point of view,
"taigilal" shq ge r ver, many |inguists consider those

syl | abl es as”°SEHAR t&ﬁag?ﬁgiﬁﬁgﬁgyﬁw§ lai), and wite them separately. As
illustrated above, in the Chinese |language it is often

’ The invention is a system and method for accurately and

efficiently entering phonetic Chinese (Piﬁyin and BPMF) into
a computer system and for accurately convérting the phonetic
input into the Hanzi form. The system has a novel keyboard
with diacritic keys (and corresponding ASCII coding) that
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uncl ear where word boundari es shoul d be placed. In spite of the
*controversy, many nultiple-syllable words are universally recogni zed as

mnimal linguistic units, or norphenes, such as: (1) nouns "gada", "putao",
"feiji", etc.; (2) wverbs "zhuanyou™, "xingw", etc.; and (3)
adj ectives "heised", "pangdad", etc. Al so, many phrases are universally

accepted that consist of nultiple words. For exanple, although sonetines
"di.anzi gongye" can be consi-dered as one, wogd, no one would consider the
phrase "fazhan di anzi dongye" as a single rd. There are popul ar
four-syllable idions that are universally considered as words, although in
different witing styles of Pinyin, hyphens may or may not be used. For

these classeg h\&or%ﬁ uws%'fetqum ra]%@r' %acﬁreeﬁ%'ewdsyﬂ&ﬁéﬁ%ogn&éﬁé

As descrlbed a ove uni versal ly accepted orthographic rules and
the lack a mﬁﬂ&l§8é§raWFGh ﬁabﬁﬂaFéﬂt@ﬁlﬁ§§§ FRKkd catege teditanie ulQf tighe

devel op a eagihiyavied shapddicdsiOkxeeiRYnG onNkhle Y HNORLEM s Ghhdese
_7_, a syllable has been entered when a diaéritic (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.
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
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.



| anguage text -- no particular linguistic school I's universally
“followed. Even by following a narrow definition of words (i.e., treating
many conpound words as phrases, and treating many affixes as particles),
sone anbiguities will remain. By naking a broad definition of words,
(i.e., treating many conpound words as single units, and accepting many
affixes as part of words), the accuracy of identification wll

i mprove, but the volune of.vocabul ary reqU|isd to be stored in the conputer
menory woul d be too |large to account for every single unit word and words
with all affix conbinations. Text books of spoken Chinese for foreigners
are witten in a spelling formcalled-Pinyin, where nultiple syllable words

are consi dereﬂfaéhéaﬁbfdumh{aﬁt PbBYth“éSﬁsBQﬁﬁBn‘éhébﬁﬁbﬁéﬁt@?@o'&&% hlal®
vocabulary listed in the form of "nultiple syllable mo ds A Chi nese

Pinyin Voca®fPhFYousds pEBPP§ﬁ§HlPH3196ﬁn°K r e¥PigHCedPRtEReRas fitbl | ShEd

in 1989 by lLaﬂeﬂﬁaﬁaPWSSa Bghithogickhi Nnanalpbis Gentiahes sower8e0QH: wered
entries. Rules

f in f
ot | ne- i ho WP EELBERBAR: cBrcuEt BRRRLFanGE Fiei6hs, Puns)pirudelerigtiose
| NVENTI ON | ¢nis &unobjient wotdyhffpredtnt andehtvongt noatehedr ayd labd eer)

more di sadvagiagfst@bnhfe QbLAS 2(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
unambigquously and also determine 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 1is 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.

o~ E

BRIEF DESCRIPTION OF THE 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. )



SUMVARY OF THE I NVENTION  The invention is a system and nethod for _

v accurately and efficiently entering phonetic Chinese (Pinyin and BPMF) into
a conmputer systemand for accurately converting the phonetic input into the
Hanzi form The system has a novel keyboard with diacritic keys (and
correspondi ng ASCI | coding) that

-11-

Figures 2C and 2D show alternative preferred embodiments of
keyboards used with the present system where each keyboard

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 diacfitics in the lower 7
bits and all usable 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. '

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

Figure 6 is a flow chart showing a préferred 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



-9- permt 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 determ nes that a syllable has been entered when a diacritic (or
delimter) key is struck. An entered phonetic syllable is then
conpared to a |ist of acceptable phonetic syllables and abbreviations. |If
t he entered syllable is on the list, the correctly spelled and accented
syl-l able is stored in nmenory and dlsplayed 18/L a phonetic portion of a
graphi cal display. The process continues for succeedi ng syl lables until a
delimter is entered. Upon encountering a delimter, the word string
(defined as the string of characters between two delimters) is

prog(es)sed t@rdph%gilne iR rFRRer 1mmzi R ergE t msydwmntcmmese
word(s) in the word stri trln wora I n
string) is Sg‘ﬁﬁg,"&?ﬁs@ radlE&q}]&rf\i’fD g“f?gf ]coe‘&seoradénaln PPN 33?8’

string hasaadunmgmer&ambor@m&nﬂZﬂo(N]Atkayhdand nraﬁtﬂenl@ﬂ0|ss5$boeddin

memory and dhsRhaV Bl RN AVG | Wnclod AP R add! eLSGE | ThE

t he word r|ng pho oglcal
anal ysi s i ssysitem 1080 hasy atroiddrihafdeviase (Jéiﬁl,desmh @%I @ﬁnqmsaffand

ist) are reqaved Uedfleddd YA 2 Hddpiiy 109 I ORI NN RYPECOS! Lk NGne

(root) is re-analyze he root still has no natches I n
di cti onary, empPREimesnd: °(frerﬁ’+%| §FU Wt 0sst mMemPTY i s HDmpokeeC) i nt a3nd
consti t uent grapbiR@leAnterFaise 1020f the constituent conponents have

uni que matches I n t he

Also 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
tone keys 1060A,B are also possible. Tones keys 1060A can
be placed on a split space bar. Tone Lkeys 1060B can be
added above the standard arrow keys. Alternative preferred
embodiments of the novel keyboard are discussed in the
description of Figures 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. registered,
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 is 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



_dictionary, the Hanzi translation of t hese uni que consti tuent
conponent s/ wor ds Is stored in menory and di splayed on the Hanzi
portion of the graphical interface.

-10- If the word input or any constituent conponents/words have

anbi guous transl ations (non unique matches I n the dictionary), a
syntactical analysis is done. Wrds in the word string are classified
as -either function words (those on a functjizan word/affix |ist and having
no toned syllables) or notional words (those having at |east one
toned syllable.) (Note that for the purposes of this invention,
function words, particles, and affixes are used and treated the sane
way.) The wifthoutti odossoreds gegregralittyans! atferbcagmBfdQuiciis|y methed sfor
determne t r t ]EHEI d t (r t

Ambi gui ty H\? ar?&gglr%cc)ﬁlo Q&,a S 1 sgnt%'qrn r}r,&(i:golucefcsml %ﬁ&enrmv{}%&%/géeﬁé%n use
of the not d@ﬁ@lrmmedsmmm tHr?élZ'tlr dranglatianfot iRreafasiL00 igya mekhedi ng

anbi'guity ob M @yndRIt M 10% S YAV By pricldsd | Bdo mstel .resolving
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 respectively.
Processes 400, 500, and 600 are described in Figures 4, 5,
and 6, respectively.

Typically, the wuser uses the keyboard 1030 to enter Pinyin
text input with appropriate diacritics (see belo#) 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 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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The phonetic text can be éentered into the system by apparatus other than
“the keyboard, e.g. through a network, magnetic media, or acoustic system
M x text, both Chinese and non Chinese words, can be processed by
delimting the non Chinese words with a special character, e.g. a space.
BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a block diagrama
preferred enbodi nent of the present system Fi gure 2A shows one preferred
enbodi ment of a keyboard used in the presenjgsystem Fi gure 2B shows an
alternative enbodi ment of part of a keyboard with tone keys.

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 diacritics can
also be entered into the system 1000 using other well known
methods including magnetic media 1032, e.qg. diskettes.f

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 represents a tone of a syllable. In the present
invention, syllables of words that have a tone are annotated
with a diacritic that indicaﬁés 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 (diacrific) 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
cod;pg or demarkation, the difference between notional words
and _function .words, particles, and affixes immediately
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 thé.non Chinese text is
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Figures 2C and 2D show alternative preferred enbodi nents of keyboards used.
with the present system where each keyboard has split sections of the space

bar used as tone keys. Figure 3 is a preferred enbodi nent of an ASCI
code data structure which includes the tone diacritics in the lower 7 bits
and all usable vowels with tone diacritics in the higher 7 bits. Figure 4

is a flow chart showing a preferred process for keyboard input that
praduces a Pinyin word registration in theygnory. Figure 5is a flow
chart show ng a norphol ogi cal anal ysis and deconposition process for

Chi nese words witten in Pinyin form Figure 6 is a flow chart show ng a
preferred syntactical nmethod for processing Pinyin input with anbi guous
word stringancodedur Qunhidrked taflth Wtdh aligquwefeided Il ofhikbkaese

syl I abl es havi ne .code form for. each syll ahl e. Figure. 8 is a table

with a prefSPAE%A%Q;;%ﬁiﬁﬁﬂdﬂﬁﬁ¥qquﬂégh) %ﬁﬁ%ﬁflﬁﬁuﬁqéﬁﬁéén%hgh%f?P gye

treated as fimctriidric) can be distinguished from the unmarked non
T Chinese text. Non Chinese text is also delimited with

special delimiters, e.g. with spaces between the words..

During further language processing, 1i.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 procesées 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 memory 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
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wor ds. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Figure 1 shows a bl ock

* di agr am of

one preferred enbodi nent of the present system 1000. The

system 1000 includes a -12-

gr aphi cal

i nterface 1020 capabl e of displayi ng Chi nese characters and

English text, a CPU 1010, a main nenory 1100, and nmenory storage 1200. A
keyboard profile 1070 is stored in the main nenory 1100 and/or nenory
starage 1200. The system 1000 has a poiditg-ng devi ce 1031, such as a
nouse, and can be connected to a network 1090. An |IBM RS/ 6000 is one

enbodi ment
I nterface
keyboar d

of the CPU 1010, nenory (1100, 1200), and graphi cal
1020. Also shown is the- novel keyboard 1030. The
be determined.

Again, for the 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 list of function words,
particles, and affixes is stored in the system meméry (1100,
1200) and is presented below in Figure 8.

One novel feature of the present invention is a new
keyboard designed specifiCaliy for Pinyin Chinese input
and/or for mixed text processing (Pinyin Chinese together
with non Chinese languages, e.g. English.) The keyboard
provides a way of inputting 'Pinyin syllables with
diacritics. Figures 2A-2D are examples of altefnative
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 _P;nyin input and also does not provide the ability 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. 1In
this particular preferred embodiment, some of the keys are
used as tone (diacritic) keys 1050 while other keys 1040 are
used 1in the traditional way as syllable keys 1040 for entry
of Pinyin and other language (English) characters. In one
preferred embodiment, some of the rarely wused punctuation
keys are assigned as the tone keys 1050. As a non limiting
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I ncl udes tone diacritics keys 1050 and the syllable i nput keys 1040 t hat
are standard Roman characters. Alternative tone keys 1060A B are al so
possi bl e. Tones keys 1060A can be placed on a split space bar. Tone keys
1060B can be added above the standard arrow keys. Alternative preferred
enbodi nents of the novel keyboard are discussed in the description of
Fi gures 2A-2D. I ncl uded in nenory storage 1200 and/or in main nenory .1100
s a novel data structure -300 used for conwerting key strokes of the
keyboard 1030 to encoded (e.g. ASCI1) characters and diacritics that are
stored, i.e. registered, in the nenory (1100, 1200). Data structures 700,
800, and 950 are also stored in nenory 1200. They include a Chinese

syl | abl e | i séxafi}fl e af'f Gyt 130 amyicthedd ias [4lsd W0 tonk a Chiassetic§tkegary
or vocabul ar. 0. Navel,..pr ocess 400, _ 500, . 60 i |
menmory (110 ,0‘&%’200?})"' %boig'e’sse}sﬂ%eyi st® aa%elt%gi fagef a&geﬁt gﬂﬁgﬁg t8ne
(inputting) (hamitichikere050 tthe st gl 1000 draptIvedl &y thef Lawng
word  boundagd&s. (qi dd¥HE d Natey | RddB S LS cmsur o phonetik&y i ngsgivhkh be

referred to as Pinyin _. ]
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
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 example, one of the "alt kéys" 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
seéond "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
mod@fied 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 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



o 13- w thout |oss of generality.) Process 500 is a nethod for _
nor phol ogi cal |y analyzing strings of Pinyin text/words to determ ne uni que
Hanzi transl ations. Process 600 is a nethod of syntactical analysis used by

process 500 for resol ving anbi guous strings/words, i.e., those that have
nore than one Hanzi translation. The data structures 300, 700, and 800
are described in Figures 3, 7, and 8 respectively. Processes 400,

500; and 600 are described’in Figures 4, 5-18sd 6, respectively.

Typical ly, the user uses the keyboard 1030 to enter Pinyin text input with
appropriate diacritics (see below) into the system 1000. Using the data
structure 300_and process 400, the system 1000 displays the Pinyin
characters 18330(weHaf Pet pdded gpacmireds teplindoTanitder)ebroceassind. rst.
section 1021 of a split screen on -the graphical interface 1020. Using

processes 500_and 60 the s sten11000 anal yses_the Pinyin input, converts
the Pinyin iangFﬁﬁzgc afidad §BV&9§ t RE RBnPothsraaldern fG?QP

séction 1024embodlnmegta2]200abfl ther kagboa@a010B0te whdls ummm@oo
and 600 and [ r at | r tu 0 4 e syst.e 000
ggg L apa gpgeagg gﬂgb R+ ABRICAENS 110 25 Bd

can convert e ent or narke mnth
ot her | anguag®s, PFkEWEthﬁshhe UReEngdieh kegboeard amaqutﬁllﬂﬂo to be

conmponents 0j:88¢ EH@QtheIhe¥ﬂgab§ekg§9eﬁh@hbgaﬁﬁbhtth%h%n%#%ég ﬁé?“2270

e.g., a string can etransmtte over the network
18 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 large section 2260 next
to it is wused as the space bar 2260. The two smaller
sections (2240,2250) on the right hand side aré“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 input. The
new space bar 2260 is located at the center of the keyboard,
nam?}x;-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. 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
reversed from their common linguistic order (the third and



.include conmponents 1033 for audio text input. These conponents
woul d have the appropriate drivers to connect to system 1000. See U. S.

Pat ent Application Nunmber 08/404,786 entitled STATI STI CAL ACQUSTI C
PROCESSI NG METHOD AND APPARATUS FOR SPEECH RECOGNI TI ON USI NG A TONED
PHONENME -14- SYSTEM t o Chen et
al. filed on March 15, 1995 which is herein incorporated by reference in
its entirety. Strings of Pinyin coded or nmeilled with the appropriate
diacritics can also be entered into the system 1000 using other well known
met hods i ncl udi ng magnetic nedia 1032, e.g. diskettes. When entering
text, diacritjcs are used to demarcate stressed syllables (and in sone

enbodi nent s GRSt r E88&Ehs Forgses Pesauseon£aldings tomea fifonatses about a
represent at i Gacebrt hﬁfmw&dﬁngm%]ueh%% RhAGES £HE00.TovA tREr i tinghis a
synbol that nﬁgresents“a syllable. In the present invention

t, f
syl | abtes of Wor&&=thet H&3 65%9825 §P§a§ﬁﬁﬁﬁaﬁe&nﬂiPWR%Qﬁ%nﬂﬁﬁ¥Q§%qﬁﬂ-

i ndicates the syllable has a tone.
For mixed text processing (Chinese together with non
Chinese), and some preferred 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 keyboard 2200. However, in
this keyboard 2300, the center, largest portion 2310 of the
space bar 2370 is assigned +to the un%one 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. The other
"alt_key" is assigned the high tone (diacritic) 2320. Again
one“.gﬁ the "control keys" is reassigned as aﬁ "alt key"
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 quotation 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, apéstrophe 2345, and decimal



Al so, the diacritic indicates the type of tone. There are four tone

*types in Mandarin (standard Chinese). They are: high, rising, |[|ow, ahd'
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. Wth this coding or
demar kation, the difference between notional words and function words,
particles, and affixes inmmedi ately beconmes_glear in further processing of
the text (500, 600). (Wrds with accented syllables are notional words and
function words, particles, and affixes are all |isted 800.) I n an

al ternative enbodi nent, a "no tone" di-acritic is added after each

unaccent ed (p@iﬁﬁeﬁ33thne&eséyhh&kbea&bnchudbngsbuewhnnctbmnemmnt;mixed

particles, a d %ffgﬁ %gaThbggﬁhgﬁgkrgﬂggF %efuhewqgﬁt o %6d o 1ﬁ%§e is

Ianguage/tex Xts e non I nese
i ncl uded wi talsbhepChvided hekey ApghatiSnnce the non Chi nese text S

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, typically 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 wuser enters a
Chinese (Pinyin) syllable, the user enters the appropriate
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 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



uncoded (unmarked) W th a diacritic, t he Chi nese words/ syl | abl es
(marked with diacritics including the untone diacritic) can be

di stingui shed fromthe unmarked non Chinese text. Non Chinese text is
also delimted wth special delimters, e.g. with spaces between the

wor ds. During further |anguage processing, 1i.e., translation,

anal ysis, and/or printing, diacritics demarking the accented syl{ables in a
syl lLabl e string and indicating the type of bRe tone of each accented
syl l able, are used by the invention to parse the phonetic representation
(Pi.nyin) of Chinese into words and sentences. (See processes 500 and
600.) Rules are applied to parse the phonetic representation
by divi di ng ilpuphbaeehcodedr éaeahaRSeIIoForhatChi N@seteeidamT A1 1 hode

ts wh d [ d/ ff
T syt ent iB6otARE, HENP8Rg 264" mpol Tk, EheTacialy FnaRy iidie veay
smal | nunberGB2332+ SQnHenzloolSom0ﬂmdwndan&0|denﬂuﬂheddﬂaunmtncawwdsn(&ﬂd
particles/ afﬁi‘éféi‘réa eanBo&iinag e @h@l eﬁ&g%%_h% ;e 9ﬁge 3 ! atzimf ]?fm

anount of conputer nenory 1S nee usef ul
words and %???%Fbgﬁaﬁ¥9x§§dsdof°r Tﬁbes}mpém 2000 loven sesies de:tﬁareacies

wor d meani ngsoienE¢NAEBERLEH UGhiEE. seseehakocgﬁigéﬁqa@ﬂt@@) cdn " He

the function morg %ggﬁ Eagtlcle/afflxes t hat “have a unlque and

unanbi guous THERERE riRted, nfVEF ntBRi nYO¥Edeinand t SHEPLRNRS/ Pripted

transl ated. Pin¥iwe sylheblen words (and particles/affixes) are also used

to define the sentence structure. Using the translation of the function

wor ds (and
. Figure 3 1is one preferred embodiment of a data structure

300 for the ASCII coding for Pinyin or 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 contrel function is
assigned to a memory location. For example, the upper case
Roman . letter "B" is assigned location 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 dr
mark. In a preferred embodiment, each of the five (or four)



particles/affixes) and the defined sentence structure, neanings of
“the other (notional) words in the sentence can '
-16- be det erm ned. Agai n, for the purposes of this invention,
function words, particles, and affixes are wused and treated in the
same manner. This 1is because often in Chinese witing no
distinction is nmade because there is no clear word boundary. Function
words, particles, and affixes also have asgimlar tone structure. A
preferred list of function words, particles, and affixes is stored in
the system nenory (1100, 1200) and is presented below in Figure 8. One
novel feature of the present invention is a new keyboard desi gned

speci ficall ycéne Ptoses (aapre¢ | apdt asdighelioton mefolrgxlopadtiRasi MELth

(PLoyi N O NS 08CLREETY LBae) EnRhE® 8 ve k- AIYRISY o810 end M doad e
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, and falling) that the
vowel can have. The no tone case can use the English vowels
that are 1located in thé 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



~provides a way of inputting Pinyin syllables wth diacritics. ,
"Figures 2A-2D are exanples of alternative preferred enbodinents of
keyboar ds 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

i nput and al so does not provide the ability to input tones/diacritics.
Figure 2A is a draw ng of a novel keyboard_ 3030, 2000) that is a novel

nodi fication of a US English keyboard. In this particular preferred

enbodi nent, some of the keys are used as tone (diacritic) keys 1050 while
ot her keys 1040 are used in the traditional way as syllable keys 1040 for

entry of Pi Wifehaaﬂacgi’eﬁesl JAoHaEe GERALkER: 80O aGaitiond NEe 5y efeksed
enbodi ment, sone of _the rarely used punctuati ogn keys are aiia.qu as the

tone keys 10§®St§§ L0081k AP Fn§° print/display Pinyin s es in the
-17- exanpreditikryli wagssi-gpedhas thhedibghtittdre ovdiradhid ivijwedey For

example, the Pinyin syllable entered with key strokes Pin~
will be displayed/printed as Pi’'n.

The advantage of this arrangind 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 Pinyin vowels with diacritics 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 syllablé (here either
Chinese or non Chinese) through the keyboard 1030 with key
strokes. If the syllable is Chinese, a diacritic
representihg 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



2040; the "&bt., }" key 1is assigned as the rising tone (diacritic)
‘key 2050; the "[err], |" key is assigned as the |ow 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 because untoned Pinyin syllables and function
words (and particle affixes) would be coded or marked with no diacritic.
However, in enbodinents that are used tojprocess Pinyin text in
conbination wth non Chinese (English) text (and other preferred

enbodi nents), another diacritic key, the untone (diacritic) key 2010, is
added. For exanple, one of the "alt keys" 2010 can be used for this

function. SLOFeédaRsOCERSYNIrEl d8UiMEXEQ(BYt Bpebingsaedifliters,Ci.npSa&

together) the untone key wll be wused frequently, a second untone
key 2020 can"®¥“@uded at the second "alt key" location on the standard
Engl i sh keyboard to provide additional flnger access. In this

enbouinentkeys 5%%t°§§¥ OEOELQ? gﬁiﬁ ggg t?to § QBnEPgsg%?Mfyﬂ(%ome

"contr ol tan e easi ed 1
i ncl ude equismibedinenterhat i eretassdgnm;mtscm akber no ﬁpaﬁu deydiladrlias or

I nput's 1050. gyn &t Qo SR kS aﬂl%h&66§a£b¥e Péﬁﬁﬁiéadlﬁ ﬁQb”@ﬁEﬂ%H@Jﬁéxéi
nodi fi ed Engllsh keyboard 1030 as diacritic keys 1060QB for .the entry

of diacriti®Rt¥¥ PFYRGERMt 8RPOpREEBEIFHGLIMPFAVER| EYenﬁeaFﬁéﬁfz sedgmiters

diacritic keﬂérloﬁ&rar epbédfladriast Betkaehi Sbhkﬁ&béardoi:QEO ahete tdhe yell

standard "arro g% Agai n tge dia%ritic éeﬁs thag woul.d b added i_pncl ude

The high t oreStabLirhedcSohBenETon' “EPL: HGroHEPEAREAPE: L8 BEP ra0 This,

tone (diacric¢an)béeyd@idObyaadtentngahbl i dglimheetdiiakei ti cppates) dreyathide

optional untogge (gsagli tyGdnk8Ydiacritic, "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
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 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 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 entered string matches the longest string, that
matched 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



2110 woul d be added for m xed text (or other) processing. Figure 2Cis a .
“drawi ng of an another alternative preferred enbodi nent 2200 of the keyboard
1030. This enbodi rent 2200 has a split space bar 2270 that allows all keys
(or all but one or two) of the US English keyboard | ayouts 1040 to be kept
intact. In one preferred enbodi ment, the space bar 2270 is split into four
sections (2230, 2240, 2250, 2260). The |eftnost section 2230 of the space
bar, is assigned to the "rising" tone (diacr#Prc) 2230. The large section

2260 next to it is wused as the space bar 2260. The two smaller
sections (2240,2250) on the right hand side are assigned to the "falling"

2250 and "l ow' 2240 tones lagritics), respectively. The high ta

(i acritic) B9Bere oL8 gabd : hone ohuphE " BFring, batth®s atberitn ana
arrangenent ésampied oofer ghienm ave Thellhukhsware theeenst'Chipersteanttext
g S one  kEURRERKE B, £BHY HUEN YRTREeUhh LT AEH: bUhYAAT anll" ST AU Of
t he Chinese Keyboard w il

- by 2. 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 embodiﬁents 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
unigquely 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
syliaﬁie. If there is a diacritic (including the no tone
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



~utilize the thunbs nmuch nore efficiently in tone input. The new space bar .
"2260 is located at the center of the keyboard, nanely, between "F' and "J"
keys. Both thunbs can be used to press it confortably. Thus, the size

reduction of the space bar will not affect typing of English at all in
m™xed text processing. By curving a thunb 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. In this enboggrent, the "space bar" key 2260
acts as the "untoned"” key for the Pinyin only input. 1In Figure 2C the
position of the falling tone 2250 and the | ow tone 2240 are reversed from
their common |inguistic order (the third and
-19- t he prrrdedingnbsitdes ausepfaténing t ohinydn usetlabbeat 484f aendr thef
two more  fregipnlly {halhet NeondOIed 0865, olbdRed’ £¥CAA! BBD UL heiBAUCE
the fatigue | nmpr ove ?lClency.
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 used for Mandarin Chinese. Because there are
altogether just over 1300 syllables in Mandarin (including
different tones), it is convenient to code those syllables
with a small portion of a +two-byte code space (65536
spaces). Each of the syllables is assignea 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 7814." Each sylléble 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""yguld 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 memofy
(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 Xkey stroke string is
replaced with the two-syllable code of the matched word on



For m xed text processing (Chinese together with non Chinese), and sone
*preferred enbodi nents of pure Chinese text processing, the untone key

2210 is added. In this preferred enbodi nent, the untone key (diacritic)
2210 is assigned to the other "alt key." One of the control keys 2280 is
reassigned as the "alt key." Fi gure 2D shows anot her preferred enbodi nent

2300 of a keyboard 1030. This enbodi ment uses a split space bar 2370 with
rising 2330, falling 2350, and |ow 2349_ 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 the ofhih&ee"s8yilkpYye. listThDO. i Boesprampley nfethe Thénelske

keyboard 2300 se gnte e Th h - al '
asglgned t he® %l%%bgﬁngl?dlé%r £%fe§ Bﬁ Aﬁ%?ﬁe%ngogé ?%grgg%ﬁﬁgﬁ|hﬁey
reassi gned astankéalvlkhythe388CIIThodeeabnungenﬁsﬁoslﬂﬁonélothé}untoﬁ@ekey
2310 in a Vef‘i/ pgvesi ;ﬁiigéoﬁﬁ&bﬁﬂn%o{:hécéﬁﬁegé ?g%{ﬂagﬂénﬁisthb% IRy a

hel pful when t e syste eSS|n%hn1xe ) ecause the untone
key 2310 wi | papehf #@auenthy ayéaem fiagpobhat2ibbscaRhrbBIeRRAKESROBESad@ ng

addi-ti onal ”Pikﬁ OﬁhhﬁelkeYSe E@éeﬁﬁé&pb9 tﬁechwaeﬁﬁtetheoHQfquUOtaEb@ﬂ

oy Loft 238AT4AR 7gh AhoB ko 2008 2rs dhlheren PERg henARCHs rede °

2344, apostrsph£n§3£5r thilsdegiliable 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 code) and displayed on the monitor 411, with the
tone diacritics correctly on top of the vowel. This Pinyin
display 411, is shown in thé region 1021 of the graphical
interface 1020 that displays Pinyin.

In like manner, if the user enﬁers an abbreviation or
shorthand spelling for a Chinese syllable, the ASCII codes
representing the shorthand spelling .are comparéd 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
witﬁf fhe 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", "¢, “s", "j",

"q", and "x" without any confusion. Similarly, "yi”, "wu",

- "yu" can be spelled as "i", "u", and "v" without confusion.



- 20- poi nt 2337. These marks are al so used when entering mxed text. A .
* phase mark 2336, used as a delimter in Chinese is also provided a key

| ocati on. Key assignments and reassignnents are perforned using well
known met hods. For exanple, the profile of the keyboard 1030 is a file
1070 in the nmenory (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 asg&gns a character, typically in

ASCI| code, or a control to each key on the eyboard 1030. By changi ng the

assigned key codes in this table 1070, the functions of the keys on the
keyboard 1030 change. The user enters (inputs) Pinyin or mxed text into

the system bytwergHAeH W anthl Q3. " Mdrerrdhe disigent etg” aFrdhi neseg”
(-Pinyin) syllable, fhe user enters he appropriate diacritic associated
Wh the syl I'G8%, SRfen TSP nAa: | SOnCGHRP" e fadiah iKe (recognized
al ternati vel wixhayac eymbisneitiyer ed for unaccented syllables (and function
wor ds) . When m xed text is entered (or in alternative preferred _

enbodi nent s -
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 1learning the number of
shorthand syllables can be increased (added. to the Chinese
syllable list 700.)

If an erroneous spelling is detected 408, i.e., there is
not match in table 700, the most probable syllable is
displayed 409. This is done by presenting a menu of probable
choices, i.e. best matches 1023, selected from the Chinese
syllable list 700. The 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

Vo 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 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



used to enter Pinyin), the user enters an untone diacritic after each
unaccented syl lable (and function word). Spaces (or equival ent word
boundary delimters) are entered after non Chinese words. Spaces delimting
Pinyin (Chinese) words with generally ~accepted word boundaries

I nproves the accuracy of the system 1000. However, it is not necessary to
delimt Chinese words for the invention to operate. See process 400. The
Pinyin (or mxed text) input is stored in idwe- system 1000 nemnor y (1100,
1200). In a preferred enbodinent, the

-21- i nput is encoded in an ASCI| format. A standard ASCI| code table
t hat has codes for English characters-and/or codes for GB2312-80 Hanzi is
nodi fied teoonveniden)dizasti tiihs woﬂdl awip]r]eflmvedne'xmmji meontd béandaghes

(1sing, | oW Biath 1ol ikl 6 A€ Y 00880 Yo M iPPELe ALk OUEE 165 eS

of each commonly acceéen VO proper acritfic
di spl ayed/ prild e@aéx/émq]l’mie/ovwo i P R E| KexfHr{eergtituents) and/or

affixes if the delimiters were mnot placed at each of the
conétituent 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
be printed as Pinyin syllables using a pfinter 1080 with a
special read only memory 1081, ROM, which converts the
two-byte codes of table 700 into a string of RGman letters
with tone symbols on the pfoper 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 ébove_ 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 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 graphical



Pinyin syllable. Figure 3 is one preferred enbodi nent of a data structure
300 for the ASCII coding for Pinyin or mxed input. The bl ock of

menory 300 has 256 nenory |ocations. These | ocations are nunbered
from O to 255. The nunber is also the ASCII code that is assigned
to each of the |locations/ASCII| codes. The ASCI| code is nade of a

single bytes of information, a |ower 7-bit section (representing |ocations
0-127) and an upper 7-bit section (represen%bn | ocations 128-255). A
single character, punctuation, or controf® function is assigned to a
menory | ocation. For exanple, the upper case Roman letter "B" is assigned

| ocation 66, the “escape” function is-assigned location 27, and the "!" is
assigned to '%@é 9&33? %f@@é‘?# §'§ ocodi ag 051%@%5@%@ '%mb%Eﬁ ents,
punctuati ons, nunera % I ned, "there are many optional spaces

in the ASC I &mnlwvumhﬁh @b@ﬁnn@scaﬁaasbegﬁn§$€eﬂann§9nﬁbles &ysthasse

opt Ik oni'il SDamfm bﬁa:@aaﬂé t@@h&’faﬁﬁ%ﬁ' ?ﬁhéskéﬁﬁbﬁﬁanlegoby a.goneckrde @f
mar na pGEaQ££§k efggglnggéloeggstgm 50?3 |g§ with a %agnetlc 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 Dbe entered into known languagg 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 from other
"words, " a morphology unit being the process 500 executing
on system 1000, morphélogically 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 1is 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



-22- tone codes (marks) are assigned to nenory |ocation wth nunbers
"(ASCI| code) in the lower half of all the ASCII code data structure 300
(the seven bits from 0 to 127.) These nenory | ocations are used for
comuni cation. Therefore, by assigning the diacritics ASCII codes with
nunbers between 0 and 127, the tone codes can be communi cated over a
network 1090. In this non |imting exanple shown in Figure 3, the tone
code (mark) no tone 301, hi.gh 302, rising 3% ,_ low 304, and falling 305 are
assigned the |locations with the ASCII code 27 3, 4, 5, and 6, respectively.
These are the |ocations of the Pokers in US ASCI| coding. In this
préeferred enbodinent, a location and an ASCI| code is al so assigned to each

vowel (both geRRhdARPJOWIE GaFa)x f(Parddh ddi a6l tiredtddh. ad i $i NBunéOYon
and falling) that the vowel can havé. The no tone case can use the English
vowel s that ¥P&%-ocatedOfn RVIEREECY bikr sePHGEIF tsrpg) ASESTEYHRS ~  #n
addi ti on, upperphadedilcal amthlyiey, cdse . Ustsrndard acffiies almcDidédetn
stnce no phonetic s Llagfe begjns with %pese Viowel s, Accordi ngly
there are 35 SCPSETesWIFAT odSME % r it c&5%% BFEIREYnetPAscHie
codes. Theserewaimling word sdirdord t(iret)ar ds asslyzadl wiSGIdut choesaffix.
(128-159) i nItnhe 14 %Jcegsi%%ar%ﬁo%@rea&qg 1€ treated as a

function word.

Process 500 uses morphology to process word string input.
Morphology is the study of word formation in a language.
Here the formation of words specifically involves affixes
and how the meaning of words is affected by affixes. In the
orthography of most European languages, such as English,
German, Spanish, Finnish, and Hungarian, word 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
P 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
well known. For example, see "Hanyu Pinyin Cihui" by the
language ~publishing -house "Yuwen Chubanshe, " 1s89.
Dictionaries such as this can be improved by combining other
known dictionaries and/or adding Chinese words with their

Hanzi translations from other sources.



bet ween nunbers 128-255. G ving vowels with diacritics a unique ASCI| -
"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 followng diacritic (301-305)
to display/print a correctly spelled syllable with the diacritic properly
over the vowel of the syllable. Therefore, by using the vowel s assigned

- 23- with diacritics in .data structure 300, ocations 128-159, the system
1000 is able to print/display Pinyin syllabl€s in the traditional way --
with the diacritic over the vowel. For exanple, the Pinyin syllable

enfered with key strokes Pin' wll be.displayed/printed as Pi' n. The

advant age of tiy S Al N bbe YOYelworh Lo dibGFd1 tiESind) LRSLURRET ofidl b rOf

the data structure 300, with ASC I . .
more words in the wvocabulary 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 vocabulary, 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 repeatéd
for_any other standard affixes remaining in the root.

If no standard affixes are recogﬁized 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 unigue 531, the word is



codes 128 to 159, is that the GB code only uses the upper half of ASC
*code data structure 300 from 160 to 255. Therefore, the Pinyin vowels with
diacritics can be stored and transmtted 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 nedia |like a conputer nenory
(1100, 1200) or a display (1020). In a preferred enbodi nent, process 400
provi des a spell checker and an automatic erfypr detection and correction
process that is used to check the syllables entered into the system 1000 by
key strokes (or other nethods.) Process 400 also allows a mxture of
Chi nese and non Chinese (e.g., English) text to be entered, treated, and

stored with gohdiRlerdfd ad . A nddrd Satde tHoWoPFres §ﬁdﬂﬁg Q%Q?cﬁfged

by the system . S the user enters syl | here i t her
Chi nese or rflgﬂ%nr'ﬁé'se)lﬁ r#%ﬁ%b’ﬂ% lﬁe‘}f:g '\5/§9h ke?Pst ﬁe‘é"’r | £8
the syll abI ambigrudds &3k, e ay. achecrom mon‘eep:rﬁstdm | eonshettentsof ofhéhe
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used in text entry lacritics are entere non nese wWor
e.g. EnglishthRne fegre moraithmse ane dayartbelecmpe$e cthe 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 determined as that string of
characters that is delimited by phrase delimiters such as
punctuations, carriage return, or any other phrase
delimiters assigned by the wuser. 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 (phrgsé, 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 explanation of the syntactical analysis used
by'prgsent 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. 1In
Chinese, each word has an accent structure that results in a



.- 24- 402 because they are delimted by special delimters, e.g. a space..
In the case of pure Chinese text, it is unnecessary in sone enbodi nents to
enter diacritic after no tone syllables or function words. Al though not
required in pure Chinese text entry, system 1000 accuracy inproves by
entering delimters for word boundaries between Chinese words where a wel |
establ i shed convention for word separation is known. This can be done by
entering a delimter like a space or other _gade (e.g. double diacritic,
"esc") at the word boundary. In this case, a |list of Chinese words with
wel | established word separation can be referenced in 403 to distinguish

t hem from non Chi nese syl | abl es/ words.- When the end of a syllable (or non

ghl nese \é\ordkpeE&hr geohedict hEForySthle 140edr elewlﬁta i a@rﬂ'ﬁe’md cﬁ:LG:J.aéIL\Ah in
epressed tone .ke pace.). | n_sqne a nat i odi ment s er
pure Chinese Pgﬁf ?n ér‘% &gocé’gé)gd meATEds t O di® ?&&{iﬁg cﬂ%§ C_’upeg
elimnated. to tliezm aasuprdsomanumﬁﬁne¢ ( xhet uRcTEIieStydiuats .es sapdeécibe
appended to he T I 4, the string is

gegl n@RetNehng n&%r%géba}n'ggﬁo%% Lt?;he lo‘&’

conpared to a dictionary o syll ngest syllables in the
dictionary 700 are conpared to the entered string first. If part of-the

entered stringqgE@hcheset RRpa2AFASH Sl T dst R@yllable grouping) and the
commensurate accent structure of words (speech acoustic) are
part of the information conveyed in the spoken language.
For the Chinese Jlanguage, tone, a part of the speech
acoustic, is dimportant as well. In Chinese, tone of a
syllable 1is 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 néuns, all wverbs, 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 include prepositions, auxiliary verbs,
conjunctions, adverbs, interjections, articles, and certain
pronouns. 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



mat ched string is used as a syllable input and deleted fromthe entered

“string. The process is repeated on the remainder of the entered
string. If no match is found on the | ongest strings in the dictionary of
syl | abl es 700, the next |ongest syllable strings in the dictionary of
syllables 700 is conpared. The process is repeated until all the
syllables of the entered string have been matched. Thi s
- 25- process is call the "longest stringmtch" algorithmand exanpl es
of this are well known. See "Chinesé™ text segnentation for text

retrieval: achievenents and problens” by Z. Wi and G Tseng, Journal of the
Anerican Society for Information Science, Vol. 44, No. 9, Cctober, 1993,

pages 532- 5431%3%*] NOTNE LRldariHaeOr POT 2ttt ehRSANCe (dhd t SaOpikést Yin
| n_sone preferre enbaodi ments of entering pure Chinese text and in_m xed

text processPAFLICAE FOToné@ntepifdXpsdnt & MIEIRS e ls vt bshave
Chinese. |n hbegenembediam@tibstantially weakened tone.

Notional words are words that have a full lexical meaning.
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 notional words depends on the
dialect. ' '

Until now, it has not been recognized hdw 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 known 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 gyllables that



all Chinese syllables are coded (marked) and unanbi guously delimted by a
“diacritic. Therefore, the Chinese syllable boundaries are unanbiguously
mar ked. This enbodi nent permts Chinese syllable abbreviations to be

used since the abbreviations are al so unanbi guously delimted and are
uni quely identified by being added to the syllable list 700. Use of
syl | abl e abbrevi ations greatly reduces the nunber of key strokes required

to enter phonetic Chinese text. In step 40 used in mxed text
processi ng, the system 1000 determ nes whether or not the syllable is
a Chinese syllable. |If thereis a diacritic (including the no tone

diacritic) after the syllable, the syllable is Chinese 404. If there is no
Chi nese. wor e oa. ol g be et i o a0s oyt e e Vo s L O il
words can be>P@nd anﬁtst?cesé’&, YRS spafqn '"eck@‘,esbiiﬁ'%vﬁf‘%ysl\‘?‘g' 'ﬁ?j
process thesgtedephatey. areAfdlemye tavveridsd (i tthey finestofsyhkatbbeir tones
keys or the "untoned" key) is pressed, the conputer recognizes that the
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 being 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
instead 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 1is 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"
(1lift) has an accent. For the remaining two syllables, not
only is the acoustic energy much reduced, but also the tones



- 26- 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 Chi nese syl | able
list 700 in Figure 7 is one preferred syllable list used for Mandarin

Chi nese. Because there are altogether just over 1300 syllables in Mandarin
(including different tones), it is conveniegé 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 Ly@- %MBStaﬁQ.dt‘él 15(“weta§l‘érxg§h erE%mﬂlelt%ti%F ldéf?t In? chn? ph:!;é)ée

exampl e, the arin Pinyin’s Pi n is assigne code

"814. " EachtaéppﬁabFéu cé?#esp@ﬁéy the §W§t§ﬂ&éﬁ@¥ﬁﬁﬂ1§%kffcﬁﬁé “tou™

i ncl udi ng t hgpatengcdeatsi.t roe eemtaealat; t Be1nEeNRs e, "piadand "1aiv
abbreviations to thg list 700, the ab reV|g§|ons are aSS|gne t he sane

two- byt e codBFEsYERE> syPPEhPES: RECTRS aBBr BHIREEd. AN 1Sca NG e Mmeans
abbr evi ati onwi dhommutdnbe)asmbgeedh&tz"lhhe cace atn dffiex BHdaMes InSttoRé

t hat represe Ba "gg"t ﬁ? c%%bl e that 6f%6% %fb%bf%?é%gééﬂgi§%%§i%700

takes a rela 'vély anoun ﬁenor ace
Chi nese syl |l able 404 S encountered, t he system 1000 searches the Chi nese

syl labl e |ist1400pbenf kRd ap@RLGAy and Mandarin dialects, the function
Wwords, as a rule, have no accent and the tones of the
function words are weak or missing (degenerate).

The discovery is that listenere 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
language and/or how one writes words or phrases 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
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



»

If a match is found, the syllable 404 was entered with a standard spell

405, i

. €.

the spelling on the Chinese syllable Iist 700, and the entered

key stroke string is replaced with the two- syl | abl e code of the matched

word on

-27- t he Chi nese

syl lable list 700. For exanple, if the Chinese syllable Pin is entered,
system 1000 represents the key strokes with the ASCI|I code string {80,
105, 110, 6}. See Figure 3. Wien checking the Chinese syllable |ist 700
for a match 404, the systemfinds 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 ASCI| code string for this syllable in
nmemory. Ther gho@sd f sdost andajd %ﬁ%O/éﬁyéoarfalqﬁg@&t%%lﬁ@e Cﬁﬂﬂaéé (o

syllable is stored 412 in eI y 01

as one of. the 1300

syl | abl es (bfl&YSfe- bPfe cSROESRFE i B R IHSIRAI t SF299VeHPEN PR
tone diacrit disca@seectabsvan top of the vowel. This Plnyln di splay 411,
shown in the region 1021 of the graphical interface 1020 that displays

Pi nyi n.

ng .

t he

r

g

S

A word string (clause or a sentence) 501 is delimited with

phrase delimiters like punctuations, a carriage return, o

r

~any input assigned by the user. In a preferred embodiment,

these delimiters, or phrase delimiters, include the spac

e

(key 2360), phrase mark (key 2336), Chinese period 2335,

left quotation mark (key 2338), right quotation mark (ke
2339), left title mark (key 234l1l), right title mark (ke

Y
Y

2342), exclamation mark (key 2311), comma (key 2312), slash

“(key 2313), left parenthesis (key 2314), right parenthesi
(on key ' 2315), colon (on Kkey 2316), semicolon (key 2316)
bullet (key 2344) and question mark (key 2317). A doubl

S

£

stroke on any of the tone keys (2310, 2320, 2330, 2340, and

2350) can also be a phasé delimiter. (The keys indicated i

n

parenthesis here designate the key in this' embodiment of the

keyboard 2300 that enters the phrase delimiter.) 'Thes
phrase delimiters unambiguously define a word boundary, i.e
the end of one phrase and the beginning of another phras
501.. '

Phrases with one or more ambiguous words, as defined i
steps 511 and 531, are input 601 to the process 600.
syntactical unit is process 600 being executed on the syste
1000.

First, the word components of a phrase 601 are classifie
by the existence of any tone diacritics. The words with a
least one diacritic 610 are notional words 620.

e

e

n
A
m

d
t



Jn like manner, if the user enters an abbreviation or shorthand spelling
“for a Chinese syIIabIe the ASCI|I codes representing the shorthand

spel lingare conpared 406 to the entries in the Chinese syllable |ist 700.
If there is a match, the shorthand (abbreviated) syllable is converted 407
to the proper, unabbreviated Pinyin syllable form by replacing the
entered ASCI| codes of the shorthand spelling with the two- byte code
corresponding to the proper, unabbreviateg, Pinyin syllable. Again,
abbreviations are added to the Chinese syllable list 700 with codes that

will print the full syllable that is abbrevi ated. Sonme exanpl e exanpl e
abbreV|at|ons or shorthand spelllngs of Chinese syllables follow For
exanpl e, " Words' wlﬁHoutJdlacriﬁlcsfﬂﬁil>“howéﬁﬁkt“%éﬁ¥ﬂ|3@ asno%lonai
- R o b ggp " X" mnthout any__confusi on. Sim] arhx g "wu' hi "yu"
can be spel | #prgs with SHPoRAtiG AAveARsl brpmittéd, ‘non-Chinese
- 28- words, functlon 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 1list 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 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 1is 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



. O her shorthands such as "shg" for "sheng", "xg" for "xing", "qag" for
"giang", "jo" for "jiao", etc, can be recognized w thout anbiguity. I n
syl l ables with syIIabIe separation marks, the syllable separation nark,
such as that in "X 'an", can be avoided altogether in typing, although it
shoul d appear during dlsplay Usi ng the present system 1000 and process
400, the above exanples of shorthand typing are so convenient that no
learning is required. Wth.-a little Iearnlnq t he nunber of shorthand
syl 1 abl es can be increased (added to the Chinese syllable list 700.) | f
an erroneous spelling is detected 408, i.e., there is not match in table
700, the nost probable syllable is displayed 409. This is done by

presenting a ﬁswleiepaehihge)Ca%csiﬁowh e. thestyPalCles whddd THaLSthg

fromthe Chlnese syl labl e Iist . The user sel ects 409 the proper
syl | abl e froﬁF@hefﬁ%ﬁﬂwbygus?ﬁy aP§§FéEPFGH E9pstices, verg | é R’

or a key. Asihmfieeda. rhere@opul er thedambtgusi tyebec ang syﬂdt&lm&mlaswcﬁrd can
t wo- byt e val

t .
Space bar . clbr | S4ECPBF uPROUGE B PURPRBRCEEy 1P SH6P EaShuRorist 45 ne
process 400 repedtonship bdrthehambmgnbusyhbabbaal womﬂ.m1t®ehnatqr mose

enoount or ed EIRCEIbH Gosbel "qpkeikeensdn ey’ drsh | Mathhcd i ers

nonitor, the correc rd string 1s |spla ed I'n
the Pinyin p8kei GhVEOZIPoéﬁle@ yoxgli ddentifdetacdm eiePr RGle thatPJtQ%e%rd

string 414 bgbpeeBrdghi Bhbegtous ! hedliehads wdrd, N@omeyrd ahebutle one of
these possible words might be eliminated by knowing the
function word (affix) preceding or following the ambiguous
word.

For example, prepositions 810, considered function words,
are listed in Figure 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
Ve following 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, zhi) usually follow nouns or
adjectives. Therefore, any ambiguous notional word with
these particles following 1is 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 notiocnal
word on either side of these conjunctions 840 is translated



.delimters are entered (according to a generally accepted ,
- 29- convention) and the word will have uni que word boundari es coded or
mar ked by the delimters. However, the word string 414 can include two or
nore words (constituents) and/or affixes if the delimters were not placed

at” each of the constituent word boundaries, e.g., when there are no
generally accepted word boundaries to delimt the constituent
wor ds. In step 414, the text, in the codeg, Pinyin form also can be

printed as Pinyin syllables using a printer 1080 with a special read only
menory 1081, ROM which converts the two-byte codes of table 700 into a
string of Roman letters with tone synbols on the proper vowel of the

required syldald afoun . Theat€sind 165 REGIIMRIEs AN SIUBLSorE Ch ¥ € a@l@Db Bed .
printout in the Pinyin form sanme as in all textbooks on spoken Chinese for

f orei gners.
Conjunctions 850 are function words that usually go between

phrases. Notional words are either side of these

conjunctions 850 are considered as part of a phrase.

Noun suffixes 860 are affixes that are usually are part of
a noun. Notional words preceding these suffixes 860 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 removed.

. ._.I

There are also adjective and adverb prefixes that include
hen-, zui-, bu-, and geng-. : These particles/affixes must be
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 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 abbreviations of
the function words, particles, and affixes. Abbreviations
could be included in alternative embodiments.

If +there is a remaining ambiguity in step 640, i.e. more



_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
enbodi nent, Pinyin text 1022 is entered by key strokes on the keyboard 1030
of the system and di spl ayed, as di scussed 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 into Hanzi form
and_di spl ayed 1025 in the Hanzi portion 1024,0f the graphical interface
1020. Therefore, the user entering Pinyin téxt and diacritics through the
keyboard 1030 sees the Pinyin text 1022 (with the diacritic placed over the
proper vowel by process 400) on the Pi.nyin portion 1021 of the graphical

interface 10£9aﬁn6néhposgibmetnbamahalraﬁékatsemlioaﬁletstheta&hs&Q@st&yln
di spl ayed on, t he F? L _portiqQn 1024 of the
Ee ﬁ§ 1vg

a0 Yt erhe ChbEaootgagranes  ifl ERALSRTase ABSARRIEEd PSHH 1
text with diesrptrédsctathbemestepedbable twerdysfethéOR6mby ndeanfhodtileral

than the keyboand.1030qaged . S¥&Ei8tical 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 is herein incorporated by
reference.

In one preferred embodiment, the results are displayed 650
on the 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 selection 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 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.

By wusing processes 500 and 600, the system 1000 can
determine the meanings and Hanzi translation 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



_network 1090, audio system 1033, or with a nagnetic nmedi um 1032 |ike

di skette. . Process 500 translates the Pinyin input into Hanzi. The
system 1000 can process Pinyin and Hanzi in other ways. For exanple, 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 | anguage translators 1034 and translated into other |anguages |ike
Engl i sh. Processes 500 and 600 takes full idvantage of the word boundary
and the diacritics coding (marks) on the actEnt ed syl | abl es. The two
processes together handle a large variety of different styles of Pinyin
writing theorles and habits, and achi eve high conversion accuracy. For

example, if ¢ gg$ Wprdgﬂﬁge m ﬁ%hé@l&ﬁlél éﬁ@%lshed ?ggndﬁé&e

t he word |nput 501 e recogni ze a uni que mo 511. If t
not and/or(ﬁﬁﬁ%ﬁﬁmQﬁicﬁﬂﬂrﬁh%ﬁiPhQFﬁFﬁ¢m?1Ph@P%% ,dependgremotagy shpice

bei ng the praxeagse %ﬁﬁﬁ%ﬁuﬁfé@t@fbﬁyﬁmﬁﬂ%d@%%ﬂbﬂﬂéﬁﬁé'foﬁn@h¥23$
and/ or decogﬂfses t he is theref abl e

ﬂ? stri e i nventi on
£ 0 ot or m nEHRAGEIR (SRS - IR LR RS SRR &Pt hg TeomR coF of haRge
usi ng t he vaabwisrgrO&El-anfb it mMFOcEmsalscb rbélgpm:‘:@eahgﬁnatnerkéybbard

described ahgye.s, (e JQUPNILOR, 15,80 aBlGoL 0, AcCULaleLy, PIOCESSES oy

Pi nyin into "HanZi for Wi Ny convent ons a es Irnc
as part of e waaksgary. affoxesxample paraidiacribparfere fthenhidk tond.

I'n one pref gy atk IO IPHeq! Ne The syllable table 700 and function
word, particle, and affix 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.



.- 31- second type of affix (particle) is treated as a function word.

For convention 1, process 500 perforns a norp ' “s,
i.e., standard affixes included in unrecogni zed words Hmmlmllmm le
renoved and the remaining word string (foot) is analyzed wthHout" t e affi x.
In later processing the renoved affix is 44 eated as a function word.
Process 500 uSBAIMS phol ogy to process word string input. Mrphology is the
study of word formation in a | anguage. Here the formati on of words

speci fical |y jnvol Xxesmphfer ¥ptera fish provesiing ONBRE¢ RagadgeiOttddmipsisiif ect ed by
affixes. In the orthography of nost European |anguages, such as Engli sh,
Ger man, Spani LN nd Hungari an, word neani ngs change dependi ng on
how af fi xes aafibmués:detg}h%g?ryzxanpl e, in the English expression "Calvin and
iDgn g;ggn?iegegﬁlr ;n'géﬁ érﬁwpép%rg%gefor € tenlﬂgl Y '}Jﬂfraltit(gf o%h\{ﬂe@e ap'?lcojng?cr ?a{[n%%age but

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 thé 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 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 ssrllable string codes and storing in the

computer memor5" 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.

2. . A system as in claim 1, where the Chinese language text is Pinyin.

3. A system as in claim 1, where the Chinese language text is BPMF.

4, A system as in claim 1, where the input apparatus is a keyboard with one or

more keys for entering diacritics.

5. A system as in claim 1, where the input apparatus is an acoustic device for
entering spoken Chinese.

6. A system as in claim 1, where the system further comprises a printer and the
syllable representations stored in the computer memory are converted into printed

syllables that are printed on the printer.



.Process 500 fir r phol ogy of entered words or word strings,
e.g., from step]i’lgﬂmamllmimx mstarts with conparing 510 the entered
word (string) 50k te acknmwns vocabul ary 950. The vocabul ary 950 is a table
of phonetic Chi nese words and/ or abbreviations (Pinyin and/or BPMF) with
their. associated Hanzi translation. Asdi ctionary 950 of Chinese words
can al so be used. ASugiterli astih @laimi kg whtbdthersysteml furthaovemprises acgraphitad userce
"Hapyu Pinyin C hui" by the | anguage publishing house "Yuwen

Chubanshe, " jAQ8@ce BheithORMARS rptedentiSiondiafe CarivapRdi 8P4 QYIAb1OYex@ORI I NQ
ot her known dictionaries and/ or addi ng Chinese words with their Hanzi
transl ati ons f§; t : ; '

- 32- | f tiﬁéﬂ%(ra ﬁﬁ%gﬁﬂéfgl S&/{)lrnaergarce'mrd string) matches one or nore
words in the yocabyl ary 510, i upi ess, | C i .there is no
anbiguity, i .86. , t‘%esryé%fns%% ?fﬁazms?’ng'ﬁgr%rréﬁec ﬂis iﬁ\oqghége@'?)csi'%?lgrisnéﬁﬁ? S?ﬁm
word is converted to zi .formand display ? 50 .in the Hanzi portion
1024. |f it "SPEMBHHLIROTE RN qidhe py5p01 e&?@ YPgan one Hanzi forms in

t he vocabul ars/ (510, 950) cor rpsE)ondi n%ht.o t he phonetics of
. A system as in claim 1, 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.
10. A system as in claim 1, where the input unit recognizes the string of character
codes as a non Chinese syllable where the string of character codes is unmarked by a
tone code.
11. 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 translation; and

a morphology unit that removes one or more 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.



.the word input 501 rent words are stored for further _
consi deration (st ﬁlﬂgﬂ"!l“ﬁ ﬂ vvord input 501 is not in the vocabul ary,
a nor phol ogi cal ormed on the word input (string)
501. Part of the word input 1s corrpared with the list of function

nor phi nes, or affixes, step 522. Apreferred Iist of affixes 800 is
provided in Fpgur e\ Systdni aginsélaind a1,duahdri conmipsisingunehntactiCal unit] tHeSsy@tactieg
affix list 800, the found affix is cut off 524 and the remai ning part of

the word i npﬂhit(p%%%g thle%o&qm&&téci@oi‘&stﬁdtxﬂﬁcé@n&@\961@5)%95@%%95@' Rordsf the
root of the root is 1n the vocabulary, step 511 is applied. If the root is

not in the V?g@%ﬁ%@gﬁd 51&8 d?aléhu% m&&f,@w&oxfa& Béﬁﬁgﬁo’c Hxaﬁé&ﬁ vﬁﬁpcﬁlaa%@cs. step

524 is repea her | Xes renm e roo | f
no .st andard tflxes are recogpize no st n t rd | ut
501" 1o i n thddatt fhoTEn 500 SRR gttt e B e %E%Snﬁwgﬁ”

one preferred enbodi nent, the raqot i.s deconposed using the " gest natch
mét hod" abovén%yaré@}?ﬁwhgn%éa%sﬁ Hegzi transipgiensthe sysragicel anit chingathewor d
string is conposed of nore than one constituent, the uniqueness 531

of each consunaasented |ve)résawtb e or more of:he eufries,itheientry mgtching thegna®gedtedt he
word is

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.

14. A system as in claim 13, where the syntactical unit further translates one or
more of the accented words as an ambiguous notional word, the ambigyous 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 in the phrase. |

15. A system as in claim 12, where the first and second phras:e delimiters are any
one of the following: a carriage return, a si)ace, a phrase mark, a Chinese period, a
left quotation mark, a right quotation mark, a left title mark, a right title mark, an
exclamation mark, a comma, a slash, a left pareﬁthesis, aright parenthesis,l acolon, a
semicolon, a bullet, a question mark, and two or niore strokes of a tone key.

16. A system as in claim 12, where the morphology unit decomposes 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.

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

a computer memory means,



.~33- consi dertmlmmmjmmmlword and the corresponding string of Hanzi
I's displayed the word is anbiguous 531, e.g. one
or nore of the constftuents 6f the word input 501 have nore than one Hanzi
translation and/or there are nore than one ways to deconpose the word
string, these different alternatives 48re stored for further

consi deration, st e ibg&-meank forsneRing4Cluraliey s CHigesephosetic(lafiguaka splabley

sentence), i.e., word string input 501, is determned as that string of
characters thal iR Setdnl td aanaeiar Riing ®hk Nir! fiofe SHAMCHES, Rh@qltguﬁt ﬂn@ﬁ%
carriage return, or any ‘other phrase delimters assi gne

o on ol ie é&éﬁgfg'e@stﬁ%%%%‘*éyﬁaﬁéé S Sk Fﬁm{*&@%ﬁ%& t he
entire sentence rase _in Hanzi formis displayed, step 550. |If
there is an éﬂg?acce@te @%gg in the text displayed 560 on the

gr aphi cal |nterface 1024, the user corrects the phrase, sentence or cl ause

manual |y, 561. P8 lgalﬁ;mp%e% meapshpbprayidss a&hmiaﬁfér §9dt f0F epchnhazacigryands

used by present invention given bel ow (process 600), a discussion of a

di scovery of aghonheedecfor banhadiaaiticemtered by thejopis pparatys means, the input process
means reco;gnizing a syllable as a string or character codes marked by the tone code;

a syllable list means having a plurality of syllable strings each associated with
one or more syllable string codes, the input process means matching the string of
character codes marked by the toné 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.

18. 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;

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;



EN e

.Speech (tone anﬁmm ction words, particles, affixes, and
notional words is mnmnm”m There is an inportant phonetic
phenomenon in spoké&n Chitnede of ten overl ooked. In Chinese, as in all spoken
| anguages on the world, there is a great deal of information provided by

t he acoustics of speech in addition to tH8 i nformati on provided by the nere
string of individual syhatehingsthe |Chifdsenhs estrirgnod aveylldblealistatheasyimible list
structure that results in a - 34-
speech acousthagingd plul@ity\of §1labRtstrifs@htlefss6Eibet it dshetmciﬁbz%ts?n%legtﬂdge
word meani ng. How syl | ables are grouped to forma word can affect the
accent structypyss ;gpeech acoustic, and understanding of the word. Agai n,
the separation of words (syllable grouping) and the conmensurate accent

structure of words; (SPeggh AGRURL Gmfth RAlord"a ‘Michd QMBI RiSgnHeY o

in the spoken | anguage.
matched syllable string being the syllable string that is associated with a syllable
string code that matches the string.
19. A method, as in claim 18, where steps a-d are repeated until a phrase

delimiter is entered, the one or more matched syllable strings stored in the computer

memory being a word string.
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. For the Chinese |anguage, tone, a part of the speech acoustic, is -
* inportant as well. In_ﬁfﬂiﬂgingLgne of a syllable is promnent only

in accented syllables— or syllables that have no accent, the
tone is ei t her sub ' mm]ed or conpletely | ost. Further note
that in nost IanguageE\! m‘“’m“' ese, there are function words and
noti-onal words. Notio words 1 nc ude all nouns, all verbs, al
adj ectives, and nost adverbs in a |anguage. For exanple, "man, run,
fast, and quickly" are notional word? Function words include
articles, prepositions, and sone conjunctions. For exanple, "a, the, to,
from and, but etc.," are function woerds. Affixes denoted as separate
particles have characteristics of function words. Function words in
Chi nese are unstressed words that express primarily a grammti cal
rel ati onship and/or functions of other words rather than expressing a

| exi cal nmeani ng. Function words include prepositions, auxiliary
ver bs, conjunctions, adverbs, interjections, articles, and certain

pronouns. | mo.CA fRsthod dfhendutittinir pHYrEtid THiNe £S5, 1 PGRAGET E8RSng

POSTPOS! 1 0N ol o mef ISl I Helilanth P S) £ 89 RDY s RLLLX o0 2

inputting a phonetic representation of the Chinese language
into an input device of a computer system, the phonetic
representation having 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.

21. An program storage déviEe 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 cbmprising 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



__,*55- al ways NOT accented. Function words (and affixes in
“particle formand affixes in a nultiple syllable word) have no tone or a

substantially weakened tone. Not i onal words are words that have a ful

| exi cal meani ng-—tmn—Chinese, notional words include all nouns, al

mei n verbs, all ' ' ul\ﬁumrmst adver bs. Not i onal words include
all words in Chi nawm“mm function words. The accent structure of
notional words depends on the %di al ect. Until now, it has not been

recogni zed how a person listening to a | angggge intuitively identifies
notional words and function words in order understand the words of the
| anguage. This is particularly true. in the Chinese |anguage. Since the

t one of funcb’b‘g&i\p@rﬁlea%qf e & lia%l&%r;y weak or conpletely mssing in

Chi nese and becaus ere are a I'imted nunber of known and identified

function words in the Chinese |anguage, function words are intuitively used
by people |isgeni R@doynSRAkRN defdl RAS tdre Undenfiansy M1é$ besng CRifese
To further anplify _the inpartance qf fLinCtIOI’I wor ds, n,otlonfal words, and
tone in ungg ’n@ quﬂqiiigb e 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 fhe syllable
string that is associated with a syllable string code that
matches the string.



-

~.“anguage, the accent structure of notional words and the use of function
words (and affixes) is now exam ned. The Shanghai di al ect represents the
cl earest exanple of the accent structure of notional words and function
word use. Every notional word starts with an accented syl{able, which has a
prom nent tone. Al other syllables in the word have no accents at all,

. therefore the tones of the syll ables that

- 36- follow the first syllable are nutsgd. For exanple, in Shanghai nese,
the nouns "wenti"™ (question) and "di anhua" (tel ephone) are al ways accented
at the first syllable. The function words in the Shanghai dial ect have no

accent. Wen a function word follows a notional word, the function word
sonetimes can be interpreted as a suffix (i.e., an affix) of that notional
wor.d rather than a particle. However, part of the discovery is that from
the point of 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 phohetic 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

S

the proper Hanzi characters that represent the word(s) in the word string.
Fig. 1



view of human |istener, these two interpretations (a function word
being a particle or as a suffix) have no difference in substance. In the
Beijing and Mandarin dialects the accent structure is slightly different.
In_nobst 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

| ocated at the |ast syllable instead of the first one. Mandarin is the
standard Chi nese | anguage. - In Mandarin, the accent of a word is usually
at the first syllable. In sone words with nore than 3 syllables, a "framed"
accent structure is observed. That is, the first and the |ast
syl l abl es are accented, whereas all ot.her .l abl es i n between have no
accent and have very weak (or no) tone. A ﬂtiple syl | abl e notional word

i n.Mandarin has at |east one accent, usually at the first syllable. For
exanple, in the syllable string "taiqgilai", 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

FIG. 1
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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
-remai ning 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). The discovery is that listeners to the spoken Chinese

| anguage intuitively use the accent str pre of noti-onal words (syllables
wi-t h tone and syl l ables without tone) and untoned function words (and
affixes) to demark word boundaries, classify words, and determ ne the
meani ng of words. This natural phonetic phenonenon is independent of the
di-ffering 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 phenonenog, ang inplenments these rules with
appropriate processes, to inprove &he gccuracy of the processing

(entering, analyzing, translatjng, and-xwithkng) phonetic Chinese. "
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Having conmpleted the discussion of the discovery of phonetic

rel ati onships that were until now unrecogni zed in the prior art, the

foll owi ng di scussion 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 - 38-
process 600. The process analyzes an entire phrase (or clause, or
sentence) wusing principles di scovered and discl 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
pr-ef erred enbodi ment, these delimters, or3/phrase delimters, include the
space (key 2360), phrase mark (key 2336), Chinese period 2335,
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I'eft quotation 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), right
parent hesis (on key 2315), colon (on key 2316), sem col on (key 2316),
bull et (key 2344) and question mark (key 2317). A double 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
t hi s; enbodi ment of the keyboard 2300 that enters the phrase delimter.)
These phrase delimters unanbi guously defifle a word boundary, i.e. the end
of one phrase and the beginning of another phrase 501. Phrases with one
or nore anbi 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
t he system 1000. First, the word conponents of a phrase 601 are
classified by the existence of any tone diacritics. ThHe words wth at

| east one diacritic 610 are notional words 628. =X
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- 39- Wrds w thout diacritics 611, however, could be: notional words:
with the diacritic inadvertently omtted, non-Chinese words, function
-words, affixes or affixes witten as independent particles. 1In

m xed text entry, non-Chinese words are delimted by spaces (or
anot her equivalent character, e.g. the "Esc") and therefore are

recogni zed. To deternmine if the words without diacritics 611 are
function words, the words 611 are conpared to a function word |ist 800.
The nunber of function words is |imtedspjunder 100 according to nost
l'inguists. If the word 611 is on the function word Ilist 800, it is a
function word. The neaning of each function word is uniquely defined. A
preferred function word list 800 is provided in Figure 8. In simlar
manner, the words wthout diacrjtics 611 can be conpared to an affix |ist
 {(al so |ncluded in |ist 86&¥3t0u determ ne whether they are OfIXES and/ or
affixes witten as independent particles. The neaning o hese

_i.ndependent particles is _uniguely defined. One—preferred lis of
particle/affix&f|is |alsjo,rela |vely or avighg urld nteiles.
Particle affi x¥s ﬁfthith? raHanz :tr§ﬂ<léti§nbga b ﬁc ﬁdedfcngthé i st of
functi on words IW TIOUT BB o | PALa|stnuctuce T fioncrTon
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menory (1100, 1200.) Once all the function (and/or particle affixes)
words are identified, and therefore uniquely defi ned, t he
phrase/ sentence structure is analyzed in step 630. Since the nmeanings and
the. function of t he function wor ds

-40- . (particle/affixes) are known, the types of words precedi ng and
follow ng any particular-function word (affix) are limted. Therefore, the
anbi.guity of any notional word can be further reduced or elimnated in step
640 by using the relationship of the anbi guous notional word with one or
nore function words (particle/affixes.)6/Fpr instance, if there are five
possi ble words identified in step 540.0of process 500 for an anbi guous
notional word, some or all but one of these possible words m ght be

elim nated by knowi ng the function word (affix) preceding or follow ng the
anbi guous word.

FIG. 4
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For exanpl e, prepositions 810, considered function words, are listed in
Fi.gure 8. These prepositions nust be followed by a noun or a noun phrase. _
| f. any notional word follow ng these prepositions has a translation that is
not. a noun or a noun phrase, this anbiguous translation is renoved. Tense
particles 820 (le, zhe, guo) usually follow verbs. Therefore, any anbi guous
notional word with these particles followwing is translated as a verb.

If .any of the alternative translations for this notional word are not
a verb, they are del eted. Rel ation particles 830 (de, zhi) usually foll ow
nouns or adjectives. Therefore, any anbi guous notional word with these
particles following is translated as a nounyey adjective. Alternative

anbi guous transl ations are del et ed. Conj unctions (he, ji, and gen) 840
are function words and usually go between nouns. Therefore, any anbi guous
notional word on either side of these conjunctions 840 is translated
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-41- as a noun. Alternative anbiguous translations are del et ed.

Conj unctions 850 are function words that usually go between phrases.

Not i onal wor ds are either si de 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 860 are
transl ated as nouns. Alternative anbi guous transl ations are del et ed.

There are adjective and adverb suffixes 870 that nust be preceded by an

adj ective or an adverb. Any notional words preceding these suffixes
(particles) having a translation that is not an adjective or an adverb are
r enoved. There are also adjective and adverb prefixes that include
hen-, zui-, bu-, and geng-. These particl 8sfjaffixes nust be foll owed by
adj.ectives or adverbs. [If any notional word follow ng these prefixes
(particles) has a translation that is not an adjective or an adverb,
t hese anbi guous translations are renoved. There are rare exceptions to

t hese rules which nmight result

FIG. 6
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in an erroneous translation that would be corrected by hand. Not e t hat .
the list 800 does not include abbreviations of the function words, '
‘particles, and affixes. Abbreviations could be included in alternative
enbodi nment s. If there is a remaining anbiguity in step 640, i.e. nore
-42- t han one possible notional word still exists, statistics of the
relative word occurrence in the phrase are applied 641 to predict the npst
probabl e word of the remaining notional word candi dates. Statistical nodels
641 like this are well known in the speech -recognition arts. See for
exanpl e, .usFundanental s of Speech Recognition by Rabi ner and Juang, 1993,
pages 447-450 which is herein incorpgﬁgied by reference.
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In one preferred enbodi ment, the results are di splayed 650 on the Hanzi
1024 portion of the graphical interface 1020. If there are words that can -
not be resol ved unanbi guously, the renmaining candi-dates are presented 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 the wuser 650. In alternative enbodi nents, the
final display could be printed on a printer or transmtted over a network
connection 1090. The displayed result 650 can al so be Hanzi input to other
conputer systens, for exanple, a translator 1034 that translates the Hanzi
text into another | anguage. By using processes 500 and 600, the system
1000 can determ ne the nmeani ngs and Hanzi 1prgnsl ati on of constituent words
i.n the word input 501, even though the words were not separated according
to any generally accepted convention or delimted at a boundary. G ven
this disclosure one skilled in the art could devel op alternative equival ent
enbodi ments that are within the contenplation of the inventor. For exanple,
a keyboard like the one in Figure 2D can be designed to include the 37
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- 43- characters in the BPMF phonetic al phabet. The key

assi gnnent for this phonetic al phabet depends on the choice of the

‘user/ manufacturer. ASCI| code assignnments for the 37 characters can be nade
in the upper 7 bit region of Figure 3.  Diacritics for BPMF can al so be
provi ded on the keyboard and in the ASCII code table. However, sone

nodi ficati on may be necessary. For exanple, a diacritic for the high tone
m ght be provided. The syllable table 700 and function word, particle,
and affix 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.
44-CLAIMS 1. A conputer system far processing Chinese | anguage text
conprising: a conputer menory; an input apparatus for entering a

plurality of Chinese phonetic | anguage 11/21
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syllables into the system each syllable having one or nore characters, the
i nput apparatus marking one or nore of the accented syllables with '
diacritic that indicates a tone of the accented syll able; an i nput
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 nmarked by tone code; a
syllable Iist having a plurality of syllable strings each associated with
oné or nore 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 conputer nenory a syllable representation for the
syl l able string associated with the syphgble string code that matches the

string of character codes marked by the tone code. 2. A systemas in
claim1l, where the Chinese | anguage text is Pinyin. 3. A systemas in
claim1, where the Chinese |anguage text is BPMF. 4. A systemas in
claiml1, where the input apparatus is a keyboard with one or nore keys for
entering diacritics. 5. A systemas in claim1, where the input
apparatus is an acoustic device for ' "
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entering spoken Chinese. 6. A systemas in claim1, where the system
further conprises a printer and the syllable representations stored in the
‘conmputer nmenory are converted into printed syllables that are printed on
the printer. ? 45 7. A
systemas in claiml1l, where the systemfurther conprises a graphical user
interface and the syllable representations are converted to a syllable text

that is displayed on the graphical user interface. 8. A systemas in
claim1l1, where one or nore of the syllable string codes represents an
abbrevi ation of the associated syllable string. 9. A systemas in claim

1,"where the input unit provides a li.st 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. 13/. A systemas in claim1,
where the input unit recognizes the string of character
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codes as a non Chinese syllable where the string of character codes is .
unmar ked by a tone code. 11. A conputer system for processing Chinese"
| anguage text conprising: an input apparatus for entering a
phoneti ¢ Chi nese | anguage phrase, the:  phrase having one or nore words,
each word having one or nore syllables, each syllable having one or nore
characters, the phrase being a string of the characters between a first

and second phrase delimter; an affix list having a plurality of
entries being phonetic Chinese affixes; a vocabul ary of Chinese
wor ds, the vocabulary being a list of a plurality of phonetic Chinese
words with a Hanzi translation; and . a norphol ogy unit that renoves

one or nore affixes fromthe phrase to create a root, the renoved affix
bei ng one of the affixes on the affix [1421 the norphology wunit conparing
the root to one or nore of the words in the vocabulary to find a match,
and storing in a conputer nenory the Hanzi translation of the word in the
vocabul ary that matches the root.
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e

46 12. A systemas in claim1l, further conprising a syntactical unit,
the syntactical wunit parsing the root into accented words and unaccented
-words, the accented words being marked with diacritics and unaccented

wor ds being not marked with diacritics. 13. A systemas in claim12,
where the entries include affixes, function words, and particles, each
entry .having a Hanzi translation, the syntactical unit nmatching the
unaccented words with one or nore of the entries, the entry matching the
unaccented word being a matched entry, and the syntactical unit using the
Hanzi translation of the matched entry as a translation of unaccented word
i n.the phrase. 14. A systemas in.claim13, where the syntactical unit
further translates one or nore of the ggggnted words as an anbi guous
notional word, the anbi guous notional word having an anbiguity because of
there is nore than one Hanzi translation of the anbiguous notional word in
the vocabul ary, and the syntactical unit renoving the anbiguity by using a
rel ati onshi p of the ambi guous notional word with one or nore of the
unaccented words in the phrase. 15. A systemas in claim12, where the
first and second phrase delimters are any : N
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one of the following: a carriage return, a space, a phrase mark, a Chinese
period, a left quotation mark, a right quotation mark, a left title mark,
*aright title mark, an exclanmation nmark, a comma, a slash, a left
parenthesis, a right parenthesis, a colon, a semcolon, a bullet, a
guestion mark, and two or nore strokes of a tone key. 16. A systemas in
claim 12, where the norphology unit deconposes 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. 17. A conput er system
for processing Chinese | anguage text conprising: a conputer menory
nmeans; 47 an i nput

means for entering a plurality of Chinesk/phonetic |anguage syllables into
the system each syllable having one or nore characters, the input neans
mar ki ng one or nore of the accented syllables wth a diacritic that

I ndi cates a tone type of the accented syll abl e;
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e ——————ree

an i nput process neans that provides a character code for each character
and a tone code for each diacritic entered by the input apparatus neans,
“‘the input process nmneans recognizing a syllable as a string or character
codes-marked by the tone code; - a syllable Iist neans having a
plurality of syllable strings each associated with one or nore syllable
string codes, the input process neans matching the string of character
codes marked by the tone code to one of the syllable string codes and
storing in the conputer nmenory neans 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. 18. A net hod of
storing syllables and words of- phonetic Chinese in a conputer
nenory of a computer system conprising tRé&/2teps of: a. entering

one or nore characters into the conputer systemusing an input apparatus,
a syll abl e having one or nore characters, a word having one or nore
syl l abl es, and a phrase having one or nore words, the words of the phrase
being between two phrase delimters, the syllables being marked with a
diacritic representing a tone of the syllable and the syll abl es bg&ing
between two diacritics, the,, entering beihg.the storage_of, a charagter code
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b. recogni zing one or nore of the syllables as a Chinese syllable, a
Chinese syllable being a string of one or nore 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 associ at ed mnth one or nore
syl | abl e string codes; and d. storing in the conmputer nmenory, a matched
syl lable string, the matched syllable string being the syllable string that
is associated with a syllable string code that matches the string.
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FIG. 8

rUNCTION WORD, PARTICLE, AND AFFIX LIST
810. PREPOSITIONS:

an, ba, bei, bi, chao, chu, cong, dang, dao, dui, gei, gen, jiang, jiu, ju, lian, ping,
rang, shx shunzhe ii, tong, wang, wei, waile

820. TENSE PARTICLZS:
le, zhe, quo

B30. RELATION PARTICLES:
de, zhi

840, CONJUNCTIONS:

he, ji,gen

B50. CONJUNCTIONS:

bing, bingqie, budan, buguo, bulun, chure1 er, ergie, he, huo, huozhe, ji, jiran,
jishi, jiaru, keshi, raner, ruguo, suiran, yiji, yinci, yiner, y:nwel yu, yugi, yushi,
Zhiyao, zhiyou

860. NOUN.SUFFINES:

-2, -r, -tou, -men, -f3, -jia, -pin, -qi, -sheng, -shi, -shou, -yuan, -zhang, ~zhe, -zhuyi
870. ADJECTIVE AND AOVERBS SUFFIXES:

—éide,—ran,—xixide,-yangde

880. ADJECTIVE AND ADVERB PREFIXES:

hen-, zui-, bu-, geng.

B890. INTERJECTIONS:

3,31, aiya, ei, hai, hz, @, 0, pei, wei, ya, yi, yo



