
METHOD AND APPARATUS FOR DATA PROCESSING AND WORD PROCESSING IN CHINESE
USING A PHONETIC CHINESE LANGUAGE 5 This invention  is directed towards a
method and apparatus for data processing and word processing in the Chinese
language, and more particularly by the use of a defined   Phonetic
Chinese   Language,   which   avoids 10 ambiguities resulting from homonyms
and homotones. Modern   Chinese    is   primarily   polysyllabic.
Traditionally, each written Chinese word is made up of one   or   more
ideograms,   which   are   pictorial representations of a concept or thing.
Each ideogram has 15  a monosyllabic pronunciation.   The use of
monsyllabic words is insufficient, however, in the spoken language, since
Chinese includes a large number of homonyms, i.e., words   (ideograms  in
this  case)  that  are  written differently or have different meanings, but
have the same 20  sound.  That is, a single Chinese spoken syllable can
represent a  large  number  of different  ideograms  and therefore a large
number of different meanings.   This makes it impractical to use
monosyllabic words for oral communications. 25 30 35    -2- To overcome
this problem, an oral language has evolved which is primarily polysyllabic,
wherein a plurality of ideograms are strung together to form a single
polysyllabic word, which significantly narrows down the possible meanings
of such word.  As a result of the foregoing, oral Chinese is approximately
80% polysyllabic (75% bisyllabic).  Modern written Chinese has followed the
oral language with the result that in 



written Chinese, many ideogram compounds are used, 10 which are
polysyllabic. Approximately 8,000 ideograms are used in the modern Chinese
language.  While the total number of ideograms is somewhat greater than
50,000, most are rarely used and do not occur in the everyday language. 15
In 1981, the People's Republic of China set up a stan- dard set of 6,763
ideograms which are to be used for telecommunications systems in China.  As
a result, a base of about 8,000 ideograms will handle most practi- cal
applications of Chinese language. 20             The use of ideograms
enjoys a strong cul- tural bias in China and serves as a unifying force
within the nation.  For this reason, it is necessary that any word
processing or data processing system be capable of generating Chinese
ideograms as an output. 25 The use of ideograms as a direct input medium
is, how- ever, impractical because of the large number of ideo- grams
(about 8,000) that would be required on a key- board. Also, since ideograms
are not alphabetical, the task of processing and ordering ideograms is
difficult 30  and cumbersome.  While it is important for data and word
processing systems to output ideograms, and while such an output is
sufficient for word processing pur- poses, it is insufficient for data
processing purposes. Since ideograms cannot be alphabetized, it is impossi-
35    -3- ble to place the ideogram output of any data processing system
into alphabetical form.  This hinders the cre- ation of efficient
dictionaries, telephone directories, personnel directories and other sorted
or alphabetical 5 listings. Thus, there is a need for a non-ideographic
representation of Chinese that can be sorted, listed alphabetically, and so
forth. 



In an effort to overcome the foregoing prob- lems, the Chinese government
has developed an alpha- 10 betic representation of the Chinese ideographic
lan- guage.  This language, known as Hanyu Pinyin, is repre- sentative of
the pronunciation of Mandarin (Peking Dia- lect).  The Peking Dialect has
about 400 distinct mono- syllabic sounds. Pinyin relies on 25 letters of
the 15  English alphabet (v is not used) to phonetically repre- sent all
400 of these sounds. Pinyin is successful in achieving this result on a
purely phonetic basis. There are 21 consonant sounds and 16 vowel sounds
(the sounds "i", "u" and "u" may be added to the other vowel 20  sounds to
achieve an additional 18 compound vowel sounds) in the Chinese language.
Each of these sounds can be uniquely represented by a combination of one or
more  Pinyin letters.  Thus, systems employing Pinyin for both input and
output have led to improvements in 25 word processing efficiency and
convenience. However, for generating ideogram output, a primary drawback of
this system stems from the need to differentiate the large number of
homonyms in the Chi- nese ideographic language. Assuming a base dictionary
30  of some 8,000 ideograms, every Chinese syllable (corre- sponding to a
single ideogram) has an average of 20 homonyms (since there are about 400
distinct sound syl- lables in Chinese) with the result that on the average,
one Pinyin syllable indentifies 20 different ideograms. 35    -4- In some
cases, the number of homonyms for a given sound exceeds 150. Since the
Chinese language is about 80 per- cent polysyllabic, and since only a
limited number of 5  combinations of ideograms are employed to form
polysyl- labic words, this problem can partially be overcome in 



computer applications by storing a polysyllabic Pinyin dictionary in
computer memory. When a polysyllabic Pinyin word is entered, a limited
number of possible 10 corresponding combinations of ideograms are
identified, and often a single combination of ideograms can be uniquely
identified by the polysyllabic word. However, the use of a polysyllabic
dictionary requires a sub- stantially larger storage capacity than if a
purely 15 monosyllabic (ideogram) dictionary were utilized and also
significantly increases the processing time of converting from the Pinyin
input to the ideograph out- put. Even with the storage of a large
polysyllabic dictionary, the predominance of homonyms in Chinese 20
(approximately 40% of bisyllabic words have homonyms) prevents unique and
unambiguous mapping between Pinyin and ideograms. Since many ideographic
words have the same pronunciation, and hence are mapped into a given pho-
25  netic Pinyin word, written Pinyin also has a large num- ber of
homonyms.  Systems utilizing Pinyin as an input language generally require
special forms of spelling, or require that a character be added at the end
of a bisyllabic word to distinguish between homonyms. Other 30 phonetic
conversion systems require the operator to make manual selections from
among a choice of displayed homonyms of individual ideograms or compound
words. Pinyin has additional major drawbacks, since it disregards the most
fundamental characteristic of 35    -5- the Chinese language - the tone.
Pinyin specifies only distinct vowel or consonant sounds, i.e., phonemes.
Every Chinese syllable also has a tone, i.e., an in- flection or pitch
pattern. The tone can have any one 5 of the four pitch patterns illustrated
in Fig. 1. As 



shown therein, the four tones are the first tone (1) which starts high and
stays high, the second tone (2) which starts at an Intermediate level and
rises high, the third tone (3) which starts at a medium level, dips 10 low
and then rises high, and the fourth tone (4) which starts high and dips
low. The combination of a sound syllable and the tone associated therewith
will be referred to hereafter as a tone-syllable. Every ideogram of the
Chinese lan- 15 guage, and therefore every syllable of the Chinese lan-
guage, is pronounced as a tone-syllable. Therefore, a tone-based system
would have major advantages. Providing sound information alone is not
sufficient, because it does not provide the com- 20 plete information
required to properly pronounce an ideogram. Further, as explained above, a
sound-based system must deal with the full set of homonyms for a given
Chinese sound syllable, and can do so only unsat- isfactorily, while a
tone-based system need deal only 25 with homotones (syllables which have
the same tone as well as the same sound). By resolving at the homotone
level, rather than the homonym level, the average num- ber of ambiguities
caused by more than one ideogram be- ing represented by a given
tone-syllable is reduced 30 significantly. The reduction is about
three-fold (only about three-fourths of the possible tone-syllables are
used by the Chinese language). Recognizing the problem of homonyms, some
prior art publications have suggested that a meaning- 35    -6- indicating
letter be added to each Pinyin syllable to identify the specific ideogram
desired. Since there are 25 characters in the Pinyin alphabet, 26 different
ideograms can be identified by adding one of the 25 



5  characters (or by not adding any character) to the end of a given
syllable.  This system has not come into significant use, since in the
proposed systems the added letters have had no rational connection to the
particular ideogram to be represented, and it is diffi- 10 cult, if not
impossible, to remember which specific letter corresponds to each specific
ideogram. The deficiencies of a sound-based language were recognized in
1928 by Y.R. Chao, who proposed a phonetic system using the Roman alphabet.
This system 15  used a tone-indicating letter which was inserted in each
sound syllable to indicate the tone of the sylla- ble. The primary problem
with this system is that the extraneous tone-indicating letter prevents the
estab- lishment of a meaningful alphabetical listing of the 20 resulting
words. It is also much more difficult to read, and does not permit a unique
identification be- tween its phonetic words and individual ideograms.
Summarizing the foregoing, Pinyin is defi- cient in two major respects: (1)
it does not take tone 25 into consideration, and (2) it cannot distinguish
be- tween homonyms. While modifying Pinyin or other prior art systems to
include tone and meaning-indicating let- ters would alleviate these
problems to some degree, this would create problems of its own since it
would 30 destroy the alphabetical nature of the language and make it very
difficult to create a proper dictionary or other sorted listing.  Yet
another problem with the modifications to Chinese proposed by the prior art
is that the number of letters required to identify a par- 35    -7- ticular
ideogram  would  be  significantly  increased, thereby reducing the
readability of the language and making it very difficult to learn. 



In any practical alphabetical system, each Chinese 5 word (consisting of
one or more ideograms) must be typed as a single string of letters.  Words
are separated by spaces. In the prior art systems, there is no method for
dividing single polysyllabic words into their individual components,  with
the  result  that  a  polysyllabic 10 dictionary must be stored, thereby
increasing the memory requirements and processing time of the data
processing or word processing system. Even if means were provided for
separating  the  polysyllabic  words  into  their individual   component
syllables,   the   prior   art 15  alphabetical  systems  do  not  achieve
a  one-to-one correspondence between the phonetic representations of
ideograms and the respective individual Chinese ideograms themselves.
Thus, the alphabetical representation will often identify a plurality of
ideograms which must 20 further be distinguished manually by the operator
of the system. In accordance with a first aspect of the invention, a method
of controlling a digital computer to encode and store  the  ideographic
Chinese  language,   comprises 25  controlling the computer to carry out
the steps of: a)   selecting a set of Chinese  ideograms  to be encoded and
stored; b)   selecting   one   and   only   one   digital representation
for each selected ideogram; 30       c)   selecting  a  set of  letters
for  a phonetic Chinese alphabet (PCA) which can be formed into phonetic
Chinese   words   (PCWs)   which   fully   identify   the pronunciation of
such selected ideograms; d)   selecting   one   and   only   one   digital
35  representation for each PCA letter;    -7a- e)   storing a monosylabic
dictionary in a memory of   the   computer   which   associates   the
digital 



representations of the ideograms and PCA letters so as to identify a
one-to-one relationship between the respective 5 digital representations of
each selected ideogram and its corresponding PCW. In accordance with a
second aspect of the invention, a method of controlling a digital computer
to carry out a text processing method comprises the steps of: 10
entering  a  string  of  phonetic  Chinese  lanuage characters into a
memory of the computer, each character identifying a sound and/or tone of
the Chinese language, said string of characters including at least two
groups of characters, each group of characters defining a 15  phonetic
Chinese word of variable character length, each phonetic Chinese word
representing one and only one ideogram and providing the sound and tone
information required to pronounce that ideogram; and processing said
continuous string in the computer 20  memory so as to accurately determine
the beginning and end of each phonetic Chinese word in said string. In
accordance with a third aspect of the invention, a method of controlling a
digital computer to create an alphagrammic listing of a set of word
strings, each word 25  string including a plurality of characters which
combine to form one or more phonetic Chinese words, each phonetic Chinese
word  representing  one  and  only  one  Chinese ideogram and providing the
sound and tone information required to pronounce that ideogram, said
characters 30 having a predetermined alphabetical order comprises
controlling the computer to carry out the steps of: storing the set of word
strings in a memory of the computer; sorting the set of word strings in
alphagrammic order wherein said word strings are listed in the 35
alphabetical order of the characters in that word string,    -7b- said
alphabetical order being overriden to the extent 



that (a) all strings whose corresponding first Chinese ideograms are
identical are listed together for purposes of alphabetization and (b) all
words in the word strings 5  pronounced  with  the  same  sound  and  tone
are  listed together for purposes of alphabetization of the strings; and
all strings listed together in the steps (a) and (b) being listed in
alphabetical order with respect to one another. 10       In accordance with
a fourth aspect of the invention, a method of controlling a digital
computer to process character strings comprises controlling the computer to
carry out the steps of: a)   entering a string of letters of a phonetic 15
Chinese alphabet  (PCA)  in a memory of the computer; wherein 1)   said PCA
includes  respective  pluralities  of voweltones (V), semi-consonants (S),
and consonants (C), and including a zero consonant (Z); 20       2)   said
string of letters includes at least two separate phonetic Chinese words
(PCWs), each said PCW having the form TS+Q, wherein TS is a tone-syllable
having one of the forms CV, CSV, SV and V, and Q is a generalised
meaning-indicating modifier having one of two 25  forms, namely a PCA
letter and the omission of any PCA letter; provided that Q cannot take the
form of one voweltone (RV). which is employed to indicate the retroflex
ideogram when it occurs at the end of a character string; 30       3)
each of said PCWs represents one and only one Chinese  ideogram  and
provides  the  sound  and  tone information required to pronounce that
ideogram; and 4)   each non-initial PCW that has the form V+Q is preceded
in such string by the zero consonant, and each 35  non-initial PCW that has
the form SV+Q is preceded in such string by the zero consonant whenever
such    



-7c- last-mentioned PCW follows a PCW having one of the forms CVC and CSVC;
and b)   separating   said   string   in   the   memory unambiguously. into
said separate phonetic Chinese words 5 included therein. In accordance with
a fifth aspect of the invention, a method of controlling a digital computer
to encode and store  Chinese   ideograms  comprises  controlling  the
computer to carry out the steps of 10       a)   selecting  a  set of
letters  for  a phonetic Chinese alphabet (PCA) which is capable of
uniquely identifying all phonetic tone-syllables in Chinese; b)   selecting
one  and  only  one  7-bit  digital representation for each PCA letter; 15
c)   selecting  a set of Chinese  ideograms to be encoded and stored; d)
selecting one and only one phonetic Chinese word  PCW)   composed  of  PCA
letters   for  uniquely identifying each selected ideogram; and 20       e)
storing a monosyllabic dictionary in a memory of   the   computer   which
associates   the   digital representations of the ideograms and PCA letters
so as to identify a one-to-one relationship between the respective digital
representations of each selected ideogram and its 25 corresponding PCW. The
present invention utilises a Phonetic Chinese Language (PCL) which, in
certain aspects, uses a Phonetic Chinese Alphabet (PCA) to form Phonetic
Chinese Words (PCWs), each of which corresponds to a single ideogram. 30
The Phonetic Chinese Words are, in turn, strung together to form
Polysyllabic Phonetic Chinese Words (PPCWs). Each PPCW corresponds to a
single Chinese polysyllabic compound word consisting of a plurality of
ideograms. The  Phonetic  Chinese  Language  used  in  the  present 35
invention   preferably   has   the   following   unique characteristics:  



-7d- In divisional patent application No.8822295 [err] claim a method of
laying out a keyboard for processing phonetic *     Chinese alphabet
(PCA), said PCA comprising a plurality of voweltones  each of which
represents a vowel  sound 5 pronounced with a respective one of four tones
which occur in Chinese; said method comprising a)   laying out at least
four rows of keys defined sequentially as a top row, a second row, a home
row, and abottom row; 10       b)   determining the relative frequencies of
use of said four tones; and c)   associating   voweltones   having   the
most frequently used tone with keys in the home row. 15 20 25 30 35    1.
It utilizes a truly tone-based alphabet in which a discrete set of letters
provides all of the phonetic and tonal information to pronounce all sylla-
bles of the Chinese language (Mandarin); 5             2.  It utilizes
either a dominant-root prin- ciple or a semantic classifier principle to
select an additional character to be added to some PCWs to pro- vide a
unique one-to-one correspondence between PCWs and Chinese ideograms, such
that each PCW uniquely and 10  unambiguously identifies a single ideogram;
and 3. It enables the use of separation logic to automatically divide a
Polysyllabic Phonetic Chinese Word (PPCW) comprising an unbroken string of
PCL char- acters which together represent a polysyllabic compound 



word (a Chinese word consisting of a plurality of ideo- grams), into
individual PCWs (which correspond to ideo- grams). In PCL a given sound
syllable can be written in four different ways to indicate the four
different tones of the sound syllable.  As a result of the tonal nature of
the alphabet, the language is highly readable and automatically provides
three times greater resolu- tion than a purely sound-based system. A data
proces- sor or word processor receiving a PCL input need deal with a
average of only 6 homotones rather than some 20 homonyms as in the prior
art (assuming a set of about 8,000 ideograms). Since the tone-based
alphabet provides three times the degree of resolution of a sound-based
alpha- bet, and due to special characteristics of the PCA de- scribed
below, it is possible to achieve one-to-one correspondence between PCWs and
Chinese ideograms, even in those cases where a large number of homonyms ex-
ists. As will be shown in greater detail below, the 35    9 PCL of the
present invention can distinguish between 255 homotones (an equivalent of
1,020 (255 X 4) hom- onyms) for tone-syllables wherein the only vowel is
the Pinyin sound "i", "u" or "u"; can distinguish between 170 homotones
(equivalent of 680 homonyms) for tone- syllables ending in the Pinyin sound
"i"; and can dis- tinguish between 85 homotones (equivalent to 340 hom-
onyms) for all other tone-syllables. This one-to-one correspondence between
PCWs (which contain all of the 10  sound and tone information required to
pronounce a given tone-syllable) and ideograms is not possible with prior
art systems. A major advantage of the present invention 



is the ability to write a Polysyllabic Phonetic Chinese 15 Word as an
unbroken string of letters from the Phonetic Chinese Alphabet in a manner
which permits a computer program to separate the PPCW string into
individual PCWs without a pre-stored polysyllabic dictionary. This aspect
of the invention is extremely important. 20 As a result of this feature, in
combination with the one-to-one correspondence between PCWs and ideograms,
it is not necessary to store a polysyllabic dictionary in computer memory.
Rather, all PPCWs may be entered as continuous chains of PCL letters, which
are then 25 subjected to a separation method which divides the PPCW into
individual PCWs. The computer then refers to a monosyllabic dictionary to
convert each PCW to its cor- responding ideogram. This significantly cuts
down the storage requirements and processing time of any data 30 processing
or word processing system utilizing the present invention. Another
significant result of the use of the separation logic and unique one-to-one
correspondence between PCWs and ideograms is that a data processor can 35
- 10 - automatically produce an alphagrammic listing (AGL) from stored
PPCWs in a manner that is not possible with prior art systems. An
alphagrammic listing is one which lists PCWs in generally alphabetical
order, but 5  ensures that homotones and identical ideograms are grouped
together even when the alphabetical order indi- cates they should be
separated. A purely alphabetical PCL listing might result in words or
phrases which have the same initial ideogram being separated from each 10
other due to the presence of a semantic classifier in some words and its
absence in others. An alphagrammic listing avoids this possibility, and
groups all words 



having the same initial ideogram together.  The AGL is described in greater
detail below. As a result of the tone-based nature of the PCL, and further
as a result of the dominant-root and semantic classifier distinctions
described below, the PCL can uniquely identify all 50,000+ ideograms. Of
the 8,000 ideograms in the primary set, about 3,900 can 20 be uniquely
identified by using only three variations on  the spelling of each PCW
"root" following a defined "dominant-root' principle. These account for
about 97 percent of language usage in Chinese.  Of the remaining ideograms
in the primary set, 80 percent can be identi- 25  fied by using a semantic
classifier which is similar or identical to the Chinese radical on which
the ideogram is based. Thus, the PCL is both concise and has high
readability.  All  other ideograms in the Chinese lan- guage can also be
uniquely identified, by using a sin- 30  gle semantic classifier.  Thus,
the PCL can uniquely identify all Chinese ideograms. Thus, the PCL uses a
maximum of 4 letters and a frequency-weighted average of only 2.4 letters
per ideogram, compared to a maximum of 7 (possibly 8) 35    and an
estimated frequency-weighted average of 4 let- ters which would be required
using Pinyin. By select- ing letters for the Phonetic Chinese Alphabet
whose form is similar to a Chinese ideogram or a portion 5 thereof, the PCA
letters (even when used as semantic classifiers) can be easily understood
by individuals familiar with Chinese ideograms. This technique is used to
its greatest advantage when the semantic clas- sifiers are directly
identified with the radicals of 10 ideograms, which are basic ideogram
forms from tradi- tional Chinese. Also, when the PCL is juxtaposed with the



corresponding ideograms on a video display or print- out, either
side-by-side or in alternating lines of 15 text, each ideogram can easily
be read in conjunction with the corresponding PCW. This presents the
ideogram together with its pronunciation in a compact form, and makes the
PCL an ideal tool for teaching the ideograph- ic Chinese language. 20
The PCL also simplifies the hardware and software required for computer
handling of the Chinese language. The above-mentioned Chinese standard,
desig- nated the Code of Chinese Graphic Character Set for Information
Interchange - Primary Set" uses a two-byte 25 digital code for each Chinese
ideogram. A similar but much larger set of 13,053 ideograms, the "Standard
Code for Universal Chinese Ideographic Characters," was re- leased by the
Republic of China (Taiwan) in March 1986, and also uses a two-byte code for
each ideogram. 30              In the phonetic Chinese language described
herein, only a 7-bit code is needed to encode the en- tire 85-letter
phonetic Chinese alphabet. This 7-bit code, which will be referred to
herein as the Chinese Standard Code for Information Exchange (CSCII), is
il- 35    -12- lustrated  in  Fig.  13.   It  is  similar  to  the  ASCII
(American Standard Code for Information Exchange), in that both employ 7
significant bits. However, while the ASCII occupies the range [err]
(OOH-7FH), as shown in 5  Fig.  13,  the  present  form  of  the  CSCIJ,
including punctuation  marks,  may  occupy the  range  80H-FFH, preferably
80H-DFH,  and most  preferably  occupies  the range [err] (81H-DEH).  Thus,
the CSCII is similar to the ASCIT, with the addition of a leading "1" bit.
It 10  is therefore very convenient for use in English/Chinese bilingual
information exchange, in that it employs both a 



visual alphabet display and a digital coding system which are easily
adaptable for computers. The PCL thus avoids any need for graphical coding
of 15  ideograms.   Rather,  each  ideogram  is  represented  by tonally
spelling the ideogram as a PCW, which is coded as a unique combination of
7-bit PCA letter codes.  Thus, each ideogram is coded as a combination of
no more than 4 - and a frequency-weighted average of 2.4 - standardised 20
7-bit PCA letter codes, which  leads to a significant simplification of the
hardware and software requirements for computerised Chinese text
processing. As a result of the foregoing features, the present invention
provides complete freedom to word-process and 25 information-process data
in PCL form using the same techniques as are used in English language
processing, while  at  the  same  time  making  it  possible  to
unambiguously  output  Chinese  ideograms  and.  create alphagrammic
listings. 30       An  embodiment  of  the  invention  will  now  be
described, by way of example, with reference to the accompanying drawings,
in which:- 35    -13- Fig.  1 is a graph showing the four tones of the
Chinese language, Fig. 2 is a table showing the letters of the Phonetic
Chinese Alphabet (PCA) and how they correspond 5 to the sound domain of the
Pinyin alphabet, Fig. 3 is a sound table illustrating the Pinyin
representation of all of the sound syllables of the Chinese language, Figs.
4A-4J are tone tables showing the Phonetic 10  Chinese   Language
representation   of   all   of   the tone-syllables of the Chinese
language, Figs. 5A, 5B and 5C are tables illustrating the 



manner in which the sound syllables "i", "u" and "u", respectively,  can
each be written in twelve different 15 ways using the Phonetic Chinese
Alphabet, Fig. 6 is a table illustrating the possible forms that a Phonetic
Chinese Word can take in accordance with the Phonetic Chinese Language in
the present invention, Figs.   7A-7D   are   flow   diagrams   illustrating
20  separation logic used in the present invention, Fig. 8 is a sample of
an alphagrammic listing which can be produced by the present invention,
Figs.  9A-9B are charts  illustrating how semantic classifiers  can be used
in the present  invention  to 25  distinguish between homotones, Fig. 10 is
a schematic diagram of a keyboard layout, Fig. 11 is a chart which presents
an example of how the Phonetic Chinese Language resolves homotones, 30 35
- 14 - Figs. 12A and 12B are flow diagrams illus- trating a COMPARE routine
for use in placing lines of PCL text in alphagrammic order. Fig. 13
illustrates a 7-bit code for repre- 5  senting the PCA in digital form. A.
Phonetic Chinese Language The present invention is based on a tone- 10
based alphabet which is illustrated by way of example in Fig. 2. While this
alphabet represents the inven- tor's presently preferred embodiment, other
letter rep- resentations which carry the same or essentially the same tone
and sound information can be used. Whatever 15 specific letter
representations are used, it is highly preferable that distinct, but
related, letters be used to represent vowels having the same sound but
different tones. 



Also, as shown in Fig. 13, the PCA can be 20  encoded as a set of digital
codes having only 7 signif- icant bits, which substantially simplifies
hardware and software requirements over prior art systems. As shown in Fig.
2, applicant's Phonetic Chinese Alphabet includes 25 consonants and 60
vowel- 25 tones (a voweltone is a letter indicating both a vowel sound and
the specific tone with which the vowel is pronounced) for a total of 85
letters.  Each letter is assigned a sequential number which can readily be
used for data processing purposes.  In the chart of Fig. 2, 30 the Pinyin
sound equivalent to the PCA letter, if such equivalent exists, is indicated
below the PCA letter. Pinyin does not always distinguish between characters
pronounced with the sounds "u" and "u" by including the umlaut, and this
can lead to confusion as to how the 35    - 15 - character is to be
pronounced. However, this distinc- tion is made clearly in the PCL to
increase its read- ability. Since Pinyin letters do not include tone in-
formation, the Pinyin equivalents to the PCA voweltones 5  are set forth
only below the voweltones that are pro- nounced with the first tone (see
Fig. 1). The same sound, but different tone, is utilized for each of the
related voweltones in the columns of Fig. 2.  Thus, each of the voweltones
23-26 have the sound "a". Here- 10  inafter, the letters of the Phonetic
Chinese Alphabet will be referred to interchangeably by their Pinyin
equivalents, their assigned numbers, or by the actual PCA letters
themselves. The Chinese language includes 21 consonant 15 sounds and 15
vowel sounds. The 21 consonant sounds are listed in two rows corresponding
to the short con- sonant sounds and long consonant sounds, respectively. 



Each long consonant sound inherently has one of various basic vowel sounds
built into it. Some Chinese ideo- 20 grams correspond to a long consonant
sound; these must have a tone-indicating character included in the corre-
sponding PCW.  This is achieved by adding one of the voweltones 27-30 or
79-82, which in this situation only add tone, but do not contribute a vowel
sound. The 25 short consonants, on the other hand, do not include a vowel
sound and must be followed in a PCW by a vowel- tone indicating both the
vowel sound and the tone to be employed. In addition to the 21 traditional
consonants 30  1-21, the PCA further includes a zero consonant 22 and
semi-consonants 83-85. The zero consonant 22 (indicat- ed by the symbol 0)
is silent, and is used as a sylla- ble delimiter to separate individual
syllables of poly- syllabic words in certain specified situations de- 35
- 16 - scribed below. It is also used to distinguish between homotones
using the dominant-root principle discussed below. The semi-consonants 83,
84 and 85 are pro- 5 nounced with a vowel sound but act like consonants
since they do not incorporate any tone.  Rather, a tone must be added to
them in a PCW. The sounds of the semi-consonants 83, 84 and 85 are
identical to the sounds of the voweltones 27-30, 39-42, and 47-50, re- 10
spectively, so each of the latter voweltones may be added to its respective
semi-consonant to contribute a tone thereto.  This adds significant
flexibility to the PCL, enabling resolution between a higher number of
homotones.  More importantly, the combination of one of 15 83, 84 or 85
with another vowel forms the 18 Pinyin compound vowels.  The inclusion of
two separate sets of 



"i", "u" and "u" (83-85 versus 27-30, 39-42 and 47-50) provides an
important foundation from which the separa- tion logic is eventually made
possible. 20            The Chinese language includes 15 vowel sounds, each
of which can carry any one of the four tones illustrated in Fig. 1, with
the result that there are 60 distinct voweltones in the Chinese language.
In the PCL, each of the vowels is broken up into a family 25  of four
related voweltones, each having the same sound but a different tone. By way
of example, the voweltones 23-26 all have the same sound "a" but carry the
first through fourth tones (corresponding to the tones 1-4 of Fig. 1) 30 as
indicated. Each letter of a voweltone family has the same base character
but is distinguished with the use of an additional line added somewhere
within the base character to identify the second, third and fourth tones.
With particular reference to the family of vow- 35    -17- eltones 23-26,
for example, a line is added to the bot- tom of the base character to
identify the second tone; a line is added to the top of the base character
to identify the third tone and a line is added about one- 5 quarter of the
way down from the top of the base char- acter to identify the fourth tone.
Similar distinc- tions are made for each of the families of voweltones as
shown. The voweltones 27-30 serve two purposes. 10  When they follow the
short consonants, they are pro- nounced "i" and include both sound and tone
informa- tion. When they follow the long consonants, or the semi-consonant
83, they act as silent vowels and carry tone only. In Fig. 2 this is
indicated by a dash. In 15 the latter case, a default vowel sound is
inherently 



contained in the long consonant or semi-consonant it- self. The voweltones
35-38 also serve a dual pur- pose.  When they follow the short consonants
1-4 or the 20  semi-consonants 83-85, they are pronounced "o".  When they
follow the remaining letters, they are pronounced "e".  This dual use is
made possible by the fact that there are no tone-syllables in the Chinese
language where the sound "e" follows the sounds "b", "p", "m", 25  "f",
"y", "w" and  "Yu" and there are no tone-syllables in the Chinese language
wherein the sound wow follows the remaining consonant sounds. This
efficient use of the voweltones 35-38 reduces by four the total number of
letters required in the PCA. 30             The voweltones 79-82 serve
three purposes. Whenever these voweltones are written alone or follow- ing
the zero consonant 22, they are pronounced "er". Whenever they follow a
short consonant, they are pro- nounced "i".  Whenever they follow a long
consonant or 35    any of the semi-consonants, they have no sound and pro-
vide tone information only (the vowel sound being pro- vided by the long
consonant or semi-consonant itself). Each ideogram of the Chinese language
is de- 5  fined by a single tone-syllable which can take any one of the
following forms: CV, CSV, SV and V, wherein C is a consonant, S is a
semi-consonant (a letter having a vowel sound but carrying no tone) and V
is a voweltone ( a letter having a vowel sound and a tone). Utilizing 10
the letters illustrated in Fig. 2, the Phonetic Chinese Alphabet can
provide all of the sound and tone informa- tion required to pronounce every
tone-syllable (and therefore every ideogram) of the Chinese language.  The
manner in which these letters may be combined to pro- 15  duce the required
information is illustrated in detail 



in Figs. 4A-4J, which is a tone table showing the PCL representation of all
the tone-syllables that occur in the Chinese language.  In this table, the
consonants of the PCA are listed vertically and the voweltones hori- 20
zontally.  The Pinyin sound equivalent of each PCA let- ter, as well as the
number assigned to the PCA letter, is indicated adjacent the PCA letter.
Figs. 4A-4D illustrate all of the tone-syl- lables taking the form CV, SV
and V.  Figs. 4E-4J il- 25  lustrate all of the tone-syllables taking the
form CSV. A heavy horizontal line is drawn between consonants 11 and 12 to
separate the short consonants from the long consonants, since the
voweltones 27-30 and 79-82 are pronounced differently depending on whether
they follow 30 a short or long consonant (see above). Similarly, in Fig. 4A
heavy lines are drawn between the consonants 4 and 5 and between the zero
consonant and the semi-con- sonant 83 under the column for voweltones
35-38, to in- dicate that the different sounds assigned to the vowel- tones
35-38 depend on which consonant they follow.    - 19 - The PCA is capable
of representing about 3,000 tone-syllables.  Many tone-syllables can be
writ- ten in more than one way using the PCA. This is shown in Figs. 4A-4J
and is described further below. The 5 Chinese language incorporates only
1,292 of these tone- syllables. The tone-syllables which are not used in
the Chinese language are indicated in Figs. 4A-4J by the presence of a
blank space or a dash. While the PCA can represent all 1,292 tone- 10
syllables of the Chinese language, standard Pinyin can only represent the
410 sound syllables of the Chinese language. The full sound table of Pinyin
is shown in Fig. 3. The increased resolution of the Phonetic Chi- nese
Language compared to Pinyin will be readily appar- 



15 ent by comparing the tone and sound tables of Figs. 3 and 4A-4J. This
additional resolution of the PCL is achieved utilizing fewer letters per
syllable than the Pinyin system, thereby increasing the readability of the
Phonetic Chinese Language while providing more 20 information than is
possible using Pinyin. Employing the Phonetic Chinese Alphabet, it is
possible to phonetically and tonally provide all of the information
required to pronounce a tone-syllable taking any of the possible forms CV,
CSV, SV and V. 25 However, the sound and tone information required to
pronounce an ideogram does not in itself provide suffi- cient information
to distinguish between homotones. For this reason, if necessary, the PCL
adds an addi- tional classifying character to the tone-syllable to 30
distinguish between homotones. The particular charac- ter added to the
tone-syllable is determined either by a dominant-root system or by a
semantic classifier system. 35    - 20 - The dominant-root system is used
to distinguish between the three most commonly occurring homotones (based
on actual frequency of usage) for each tone-syllable. In accordance with
this system, a Pho- 5 netic Chinese Word (identifying a unique ideogram)
can be written in a primary form consisting of the tone- syllable (TS)
alone (if it is not necessary to distin- guish homotones), in a secondary
form consisting of the tone syllable with its vowel repeated (TS + V), and
in 10  a tertiary form consisting of the tone-syllable fol- lowed by the
zero consonant (TS + Z).  For example, primary, secondary and tertiary
forms for writing the tone-syllable   "Sha"  are:    [err]
(primary), [err]    (secondary) and   [err]        (tertiary). 



15  Utilizing this simple system, each tone-syllable has achieved three
additional degrees of resolution, and each sound syllable has attained 12
(4 X 3) additional degrees of resolution. The combined set of tone-sylla-
bles written in the primary, secondary or tertiary form 20  is sufficient
to represent approximately 97 percent of the Chinese language in terms of
frequency of occur- rence. Thus, the PCA can be utilized to uniquely iden-
tify 97 percent of the ideograms occurring in the Chi- nese language based
on frequency of occurrence follow- 25 ing the simple  dominant-root rules
alone. Since it is relatively easy for an individual to memorize the three
most frequent homo- tones for each tone-syllable, this provides a very
practical input system.  Even if the person entering 30  the Phonetic
Chinese Words (into a keyboard or other input device) does not remember
which homotone is the first, second or third most frequent in terms of
occur- rence, it is a simple and quick task to merely guess the appropriate
PCW form, observe.the corresponding 35    - 21 - ideogram shown on the
display screen and change the entry if the displayed ideogram does not
correspond to the desired ideogram. The homotones of the Chinese language
which 5 account for the remaining 3 percent of Chinese language usage are
distinguished by use of a system of semantic classifiers. Each of the
letters of the PCA can be used as a semantic classifier representing a
specific category of meaning (e.g. insects, mountains,  trees), 10 to
provide a logical indication of which homotone is desired. (This is
distinct from their use as indica- tors of sound and tone information.) The
one exception is voweltone 79, which is used only to identify a spe- 



cific ideographic Chinese character called the "retro- .15 flex ideogram"
as further discussed below. When used as a semantic classifier, a PCA
letter is attached at the end of a tone syllable, where it conveys meaning
to the reader, but not sound or tone. By way of example, the letters 72,
84, 68 20 and 3 are identical or substantially identical to the traditional
ideographic radicals for: insects, worms (72); mountains (84); earth, dirt
(68) and trees, wood (3), respectively. These letters are used as semantic
classifiers having these meanings. In the top row of 25 Fig. 9A, these
letters are added to the tone-syllable to form four different PCWs.  The
associ- ated Chinese ideograms (which incorporate substantially the same
radicals) are shown below the PCWs. Fig. 9B is another illustration of how
30 semantic classifiers can be used to distinguish between homotones.  This
figure is a dictionary listing of PCWs in alphagrammic order from left to
right, along with their corresponding ideograms. Each ideogram incorpo-
rates the radical for  "wood", and each PCW has charac- 35    - 22 - ter
(3), which is similar thereto, at its end. Note further that the four
entries in the dashed block marked 9b are homotones which in Pinyin would
not be distinguishable. 5             Utilizing a combination of the
dominant-root system and the semantic classifier system, each tone-
syllable can distinguish between 85 homotones (equiva- lent to 340
homonyms). While this is more than suffi- cient for most tone-syllables,
some tone-syllables have 10 more than 85 homotones. These tone-syllables
fall into two classes: (1) those tone-syllables wherein the only vowel is
"i", "u" or "u", and (2) those tone-syl- 



lables ending with the vowel "i". By utilizing the unique characteristics
of the Phonetic Chinese Alpha- 15 bet, the Phonetic Chinese Language is
capable of re- solving 170 homotones (equivalent of 680 homonyms) for all
tone-syllables ending in the vowel "i" and 255 homotones (equivalent of
1,020 homonyms) for those tone-syllables wherein the only vowel sound is
"i", "u" 20  or "u".  This is achieved in the following manner. As shown in
Fig. 2, the sound "i" can be written utilizing either the semi-consonant 83
or the voweltones 27-30. Similarly, the sound "u" can be written utilizing
the semi-consonant 84 or the vowel- 25 tones 39-42. Finally, the sound "u"
can be written utilizing the semi-consonant 85 or the voweltones 47- 50.
While the semi-consonants 83-85 do not include a tone, the above-mentioned
voweltones can be used to indicate tone when they follow the semi-consonant
hav- 30  ing the same sound information.  Also, the voweltones 79-82, as
mentioned above, can be used to indicate tone when they follow the
semi-consonants 83-85. This makes it possible to write each of the
tone-syllables "i", "u" and "u" in twelve different 35    - 23 - ways as
shown in Figs. 5A-5C. In the first row of each of these Figures, the
semi-consonant is used to provide sound information and the voweltone
containing the same sound is used to provide tone information. In the 5
second row of Fig. 5, the semi-consonant is used to provide sound
information while the silent vowels 79-82 are used to provide tone
information. In the third row of Fig. 5, the voweltone is used alone to
provide both sound and tone information. This unique ability of the 10  PCA
increases the flexibility and the resolution power of the PCL to a
substantial degree compared to prior 



art systems. The resolution of the PCL for tone-syllables ending in the
sound "i" is also significantly greater 15  than the resolution of prior
art systems.  This results from the fact that the voweltones 27-30 and
79-82 can all be pronounced "i" depending upon the particular consonants
they follow. When the voweltones 79-82 follow a short consonant, they are
pronounced "i". In 20  fact, there are no tone-syllables in the Chinese
lan- guage in which the sound "i" follows the consonants "f", "g", k", "h"
or "r". Thus, the voweltones 79-82 are never used following the consonants
4, 9, 10 11 or 18, so these combinations are available for distin- 25
guishing homotones. Whenever the voweltones 79-82 follow a long consonant
12-21 or a semi-consonant 83-85 (each of which has a vowel sound built into
it by de- fault), they-act as silent vowels which carry no sound but
indicate the tone of the tone-syllable. The vowel- 30 tones 27-30 are also
pronounced "i" whenever they fol- low a short consonant. Whenever they
follow a long consonant, they act as silent vowels which carry no vowel
sound but indicate the tone of the tone-syllable. As a result of the
foregoing characteristics of the 35    - 24 - voweltones 27-30 and 79-82,
the Phonetic Chinese Lan- guage has the capability of writing 170 homotones
end- ing in the sound "i":  85 wherein the base tone-sylla- ble ends with
one of the voweltones 27-30, and an addi- 5 tional 85 wherein the base
tone-syllable ends with the voweltones 79-82, with the result that the PCL
can uniquely distinguish between 680 homonyms ending with this sound. Fig.
11 shows two examples of how the PCL 10  resolves ideograms having a large
number of homotones 



and homonyms, in this case "sha", with 24 homonyms, and "shi", having 86
homonyms. Each row shows all the homotones of a given tone-syllable. For
example, the first row (marked "14" 15 on the right) shows the 14 homotones
of the tone-sylla- ble "sha" pronounced with the first tone.  Below each
PCW is the corresponding ideogram. The first three PCWs are the primary,
secondary, and tertiary PCWs according to the dominant-root system. In the
remain- 20 ing 11 PCWs, the third PCL is a semantic classifier. Referring
now to the bottom section of Fig. 11 (marked "40" on the right) there are
seen the 40 homotones of the tone-syllable "shi" pronounced with the fourth
tone. In the first 33 homotones, the vowel 25  "i" is represented by
voweltone 30.  In the last seven homotones, the vowel "i" is represented by
voweltone 82. B.  Separation Logic 30             An ideal representation
of the Chinese language has three attributes: 1. It provides all the sound
and tone information required to phonetically and tonally pro- nounce
Chinese tone-syllables; 35    - 25 - 2.  It provides a simple and efficient
method for distinguishing between homotones; and 3.  It provides a basis
for separating a polysyllabic string into its individual components, 5
each of which corresponds to one ideogram, without resorting to a
polysyllabic dictionary. As described in detail above, the Phonetic Chinese
Language of the present invention clearly pos- sesses the first two
attributes. As will now be de- 10  scribed, it also possesses the third
attribute. 



All Phonetic Chinese Words formed utilizing the Phonetic Chinese Alphabet
take one of the following two forms: PCW = TS + G        Eq. (1) 15
PCW - TS            Eq. (2) wherein TS is a tone-syllable (taking one of
the four forms CV, CSV, SV or V) and G is a single character of the PCA
which is added to the tone-syllable to distin- guish between homotones.
This additional letter is 20  selected using either the dominant-root
principle or the semantic classifier principle as described above. This
letter, whether selected using the dominant-root or the semantic classifier
principle, will be referred to as the generalized semantic classifier G. 25
Thus, the relationship of Equations (1) and (2) can be expressed more
generally as PCW=    TS + Q      Eq. (3) wherein Q is a generalized
tone-syllable modifier which is defined to include both the generalized
semantic 30  classifier G and the null set [err] (i.e., the omission of any
letter). The generalized tone-syllable modifier Q can therefore represent
either the absence of a letter or the presence of any of the letters of the
PCA (ex- cept the voweltone 79 which, as discussed more fully 35  below, is
never used as a semantic classifier).    - 26 - As described above, the
tone-syllable.can take any of four forms: CV, CSV, SV and V.  The gener-
alized tone-syllable modifier Q may assume any one of the five forms [err],
C, Z, V, or S (Z representing the 5  zero consonant 22).  Thus, PCWs may
assume any one of the twenty distinct forms shown in Fig. 6. When strung
together, the forms of the first two columns (CV, CSV) are totally
distinguishable from one another.  The third and fourth columns (disregard-



10  ing the asterisks for the present) can, however, be confused with the
first and second columns if the PCWs of the third and fourth columns form
part of a PPCW wherein the immediately preceding PCW ends in a conso- nant.
More particularly, if a PCW of the third column 15  follows a PCW taking
the form CVC or CSVC, the PCW of the third-column can be confused with a
PCW of the second column.  Similarly, if a PCW of the fourth col- umn
follows a PCW taking the form CVC or CSVC, it can be confused with the PCWs
of the first column. 20             To avoid this possibility, the zero
consonant 22 is to be added by the writer of PCL text to the beginning of
the PCWs of columns 3 and 4 whenev- er one of these PCWs forms part of a
PPCW and the imme- diately preceding PCW takes the form CVC or CSVC. This
25 is indicated by the presence of an asterisk in front of each PCW in the
third and fourth columns. By following this simple entry rule, it is
possible to create a simple computer program which can unambiguously divide
a PPCW into its individual PCW components and then 30  identify the
specific Chinese ideogram corresponding to each separated PCW. Another
special technique is necessitated by the nature of the retroflex ideogram.
The retroflex ideogram (also referred to as the retroflex vowel) is 35    -
27 - the sole Chinese ideogram which modifies the sound of a prior ideogram
to make the prior ideogram end in the sound "er".  This is the only case
where two consecu- tive ideograms combine to form a single syllable (end- 5
ing in "er").  As a result, the retroflex ideogram will always appear at
the end of a polysyllabic string and therefore at the end of a PPCW. As
described above, the voweltone 79 is one of those that are pronounced wer" 



when they stand alone or follow the zero consonant 22. 10  Since the
retroflex ideogram is pronounced "er" in Chinese, the voweltone 79 is
defined to represent the retroflex ideogram. This designation is important
in enabling the computer program to unambiguously divide a PPCW into its
individual PCW components and then iden- 15  tify the specific Chinese
ideogram corresponding to each PCW. As will be described below, the program
treats the retroflex ideogram differently than the remaining ideograms. The
program identifies it by looking for this ideogram before otherwise
separating 20  the PPCW into individual PCWs. A flow chart setting forth a
method for separating PCWs is illustrated in Figs. 7A-7D. This method may
be implemented as a computer program, which can be carried out by any
general purpose computer. 25 The illustrated flow chart presents the manner
in which entered PPCWs are converted to Chinese ideograms uti- lizing a
separation logic and a monosyllabic dictionary which uniquely relates each
PCW to a single ideogram. This program can be used in connection with a
larger 30 data or word processing program as desired. While one specific
program is being illustrated, the invention is not limited to this pro-
gram, and a programmer of ordinary skill will be able to design many other
programs utilizing the same prin- 35    - 28 - ciples and achieving the
same result as in the present embodiment of the invention.  In addition,
the de- scribed program identifies an ideogram and then dis- plays it on an
output device. A display of the ideo- 5 gram is not absolutely necessary
and the PCL and sepa- rating logic can be used simply to identify an
ideogram without displaying it. Broadly, the invention can be 



considered to include the use of separation logic to separate a
polysyllabic string. 10             Turning now to Figs. 7A-7D, the program
begins at instruction block 10 wherein the arrays STRING (J), SEG(M), and
PCW(X) are cleared and the flags RV, Z and E and the variable JMAX are set
equal to zero. The array STRING(J) is used to store consecu- 15 tive
letters of a PPCW. The first letter of the PPCW will be stored in element
STRING(1), the second letter of the PPCW will be stored in element
STRING(2), etc. The array STRING(J) is dimensioned to have a sufficient
number of elements to store the largest PPCW which the 20 system is
designed to handle. In most cases, a 20 element array is of sufficient
size. If desired, the array STRING(J) can be made very large in order that
a continuous string of PCA letters (comprising a plurali- ty of PPCWs) can
be entered without depressing a space 25 bar to separate PPCWs (compound
Chinese words). The array SEG(M) is a five-element array which will
temporarily store a portion of a PPCW string which is examined to determine
how many characters of that string define a PCW.  The array PCW(X) is used
to 30  temporarily store a PCW so that its corresponding ideo- gram can be
identified. When the arrays STRING(J), *  SEG(M) and PCW(X) are cleared,
each of their elements is set to zero. 35    -29- The flag RV is the
retroflex vowel flag and is set equal to "1" whenever the final character
of a PPCW represents the retroflex vowel 79. Whenever the flag RV is set to
zero, this indicates that the last letter of a PPCW does not represent the
retroflex vow- el. The zero consonant flag Z indicates whether 



the first letter of a PCW is the zero consonant 22.  If the first letter is
the zero consonant, the flag Z is 10  set equal to "1". The flag E is the
error flag and is set equal to "1" whenever the separation logic determines
that a string of PCA letters takes an improper form. The variable JMAX is
incremented with the 15  counter J as a PPCW is loaded into STRING(J), so
as to track the length of the PPCW. Once the arrays have been cleared and
the flags set to zero, the first operation to be carried out by the
separation logic is to identify a single 20  PPCW and to store it in the
array STRING(J).  This is achieved in logic blocks 12-23 of Fig. 7A.
Proceeding first to instruction block 12, the program sets the variable J
equal to "1".  The program then determines if there is a character in an 25
input data buffer register REG A (block 14). For the purpose of this
disclosure, it is assumed that input characters have been placed one at a
time in the buffer register REG A at a speed which is lower than the pro-
cessing speed of the computer so that only one charac- 30  ter is in
register REG A at any given instant.  If desired, the program can be
revised to accept a previ- ously stored listing, including a plurality of
PPCWs with or without spaces between them. In such a case, the program may
first divide the listing into separate 35    - 30 - PPCWs and then process
each PPCW in the manner de- scribed below. Returning to decision block 14,
the program continues polling register REG A until the first char- 5  acter
of a PPCW string appears in the register.  At that time, the program
proceeds to decision block 16 



and determines if the character in register REG A is a space (as opposed to
a letter of the alphabet). If it is not, the program proceeds to decision
block 18 and 10  sets the first element of the array STRING(J) (J is
originally set equal to 1) equal to the numerical value of the PCA letter
in REG A. The register REG A is then cleared (instruction block 20) and the
variable J is increased by 1 (instruction block 22).  The variable 15  JMAX
is also incremented so as to track the length of the PPCW that is
ultimately loaded into STRING(J).  The program then returns to decision
block 14 and waits for a second character to be placed in the register REG
A. If this character is not a space, it will be placed in 20  the second
element of STRING(J) since J has been in- creased to 2 in block 22. The
program will continue looping through elements 14-23 until the character in
register REG A is a space.  Once this occurs, an entire PPCW will have been
placed in STRING(J) with each char- 25 acter of the PPCW being stored in a
consecutive element of STRING(J).  The value of the variable JMAX, that is,
the length of the PPCW, is also stored. Having com- pleted the entry of a
single PPCW into STRING(J), the program proceeds to decision block 24. 30
.    Having placed a PPCW in array STRING(J), the program must determine if
the last character of the PPCW represents the retroflex ideogram, also
referred to as the retroflex vowel. This is done in logic blocks 24-30.
Proceeding to logic block 24, the pro- 35    - 31 - gram first determines
if the final character in STRING(J) is the voweltone 79. If it  is not, the
final character in the PPCW does not represent the retroflex ideogram and
the program can immediately proceed to 5 decision block 32. 



If the final character in STRING(J) is the voweltone 79, further
investigation must be made to determine if it represents the retroflex
ideogram.  In accordance with the rules set forth above, voweltone 79 10
cannot be used as a semantic classifier.  For this reason, it cannot follow
a voweltone as part of a tone- syllable. If the voweltone 79 follows
another vowel- tone, it must represent the retroflex vowel. Similar- ly, as
shown in Fig. 4D, it cannot follow the conso- 15  nants 1, 3, 4, 7-11 or 18
as part of a tone-syllable. (While the combinations 3-79 and 8-79 do form
tone- syllables which occur in the Chinese language, to avoid ambiguity
these are specifically excluded from those letter combinations which form
permissible tone-sylla- 20  bles.  See Fig. 4D.)  Thus, if the voweltone 79
follows either a vowel or one of the consonants 1, 3, 4, 7-11 or 18, it can
unambiguously be determined that the voweltone 79 represents the retroflex
vowel. The pro- gram examines the second to last character in STRING(J) 25
in decision block 26 to determine if that character is a vowel (V) or one
of the consonants C' = 1, 3, 4, 7-11 or 18. If it is not, the voweltone 79
does not repre- sent the retroflex vowel and the program proceeds to
decision block 32. If the second to last character in 30 STRING(J) is a
vowel (V) or one of the consonants C', the voweltone 79 does represent the
retroflex vowel. In this case, the last character in STRING(J) is set equal
to zero and the retroflex vowel flag RV is set equal to 1 (see blocks 28
and 30). 35    - 32 - Having determined whether the final character in
STRING(J) represents the retroflex vowel, the first PCW of the PPCW string
stored in STRING(J) must be identified.  This is done in the subroutine 



5  consisting of logic blocks 32-76 (Fig. 7B). As noted above, a PCW takes
the generalized form TS + Q.  A tone-syllable can take the form CSV, CV, SV
or  V and therefore can be either 1, 2 or 3 letters long. Since the
generalized tone-syllable modi- 10  fier Q is either zero or one letter
long, the total PCW can be either 1, 2, 3 or 4 characters long. The actual
length of the first tone-syllable in STRING(J) is de- termined in
accordance with the subroutine of logic blocks 32-42. 15             Once
this determination has been made, the length of the PCW  can be
unambiguously determined by examining the two characters immediately
succeeding the tone-syllable. This is achieved in accordance with the
subroutine of blocks 44-76. More particularly, these 20  characters are
examined to determine if they take any one of the forms CS, CV, SV or VP (P
=[err], C, V, Z, or S) which corresponds to the first two letters of the
permissible tone-syllable forms CSV, CV, SV and VP. If they do take on the
forms CS, CV, SV or VP, then these 25  two letters define the beginning of
a second tone-syl- lable in STRING(J), Q is equal to the null set, and the
length of the PCW is equal to the length of the tone- syllable. If they do
not take one of these forms, then Q is the generalized semantic classifier
G, and the 30  length of the PCW is equal to the length of the tone-
syllable plus 1. Turning to Fig. 7B, the subroutine for determining the
length of the first tone-syllable in STRING (J) begins at decision block
32.  The computer 35    - 33 - first determines if the first character of
the PPCW located in STRING(J) is a semi-consonant. If it is, the
tone-syllable must take the form SV and therefore 



has two letters. For this reason, the program proceeds 5 to block 34 and
sets the variable n = 2. The variable n indicates the number of letters in
the tone-syllable. If the first element of STRING(J) is not a
semi-consonant, the program proceeds to decision block 36 and determines if
the first element of STRING(J) is 10  a vowel. If it is, the tone-syllable
consists of a V, and the variable n is set equal to 1 (block 38). If the
first element in STRING(J) is neither a semi-conso- nant nor a voweltone,
it must be a consonant. In such case, the tone-syllable can take the form
CSV or CV, 15 depending upon whether the second character in STRING(J) is a
semi-consonant or a voweltone. To make this determination, the program
proceeds to decision block 40 and determines if the second character in
STRING(J) is a semi-consonant. If it is, the tone-syl- 20 lable takes the
form CSV and the variable n is set equal to 3 (block 42). If the second
element is not a semi-consonant, the tone-syllable takes the form CV and
the variable n is set equal to 2 (block 34). Once the subroutine comprising
blocks 32-42 25 has determined the number of characters in the tone-
syllable and set the variable n equal to that number, a string n + 2
characters long must be examined to deter- mine whether the generalized
tone-syllable modifier Q is equal to the null set or equal to G. This is
done 30 'in the subroutine including blocks 44-76. Beginning at instruction
block 44, the program sets the variables N = n + 2, M - 1 and J = 1. The
variable N defines the number of characters which will be placed in the
array SEG(M), the variable M 35    - 34 - defines the specific element of
the array SEG(M) being examined and the variable J determines the specific 



element of the array STRING(J) being examined. Before the two characters
immediately succeeding the tone- 5 syllable can be examined, the first N
characters of STRING(J) must be copied into the array SEG(M). This is done
in accordance with logic blocks 46-50. Once this has been completed, the
program proceeds to the subroutine including decision blocks 10  52-76
wherein a determination is made as to whether the PCW includes n or n + 1
characters (i.e. whether the generalized tone-syllable Q is a letter or the
null set). This is achieved by looking at the last two characters in the
array SEG(M) and determining whether 15 the two characters take the form
CS, CV, SV or VP and therefore which of those two characters is the first
character of a second PCW in STRING(J). If the second to last character in
array SEG(M) is the first charac- ter of a second piece of PCW in
STRING(J), then it is 20  not a semantic classifier and the length of the
PCW is equal to the length of the tone-syllable. If the last character of
the array SEG(M) is the first character of a second PCW in STRING(J), then
the second to last character in SEG(M) is a semantic classifier. In such 25
a case, the first PCW in STRING(J) is one character longer than the
tone-syllable. Beginning at instruction block 52, the program determines if
the last character in SEG(M) is a voweltone (it should be remembered that
the variable M 30  has been increased to the value N in the subroutine
encompassing blocks 46-50).  If the last character in SEG(M) is a
voweltone, a determination is made as to whether the second to last
character in SEG(M) is a voweltone. If it is, an error condition exists
(the 35    - 35 - entry rules of the PCL prevent a second PCW of a string 



from beginning in a voweltone). If an error condition exists, the program
proceeds to instruction block 56. and enables a bell or other error
indicator. The pro- 5 gram then proceeds to instruction block 58 where the
error flag E is set equal to 1 and the variable p is set equal to N. As
will be described below, this will cause the entire string stored in SEG(M)
to be dis- played on the display screen so that the individual 10  entering
the PCW can examine it and determine where the entry mistake was made. If
the second to last character of SEG(M) is not a voweltone (block 54), the
program proceeds to decision block 62 and determines if it is a zero conso-
15  nant.  If it is, the zero consonant flag Z is set equal to 1 and the
variable p is set equal to n (blocks 64 and 65). If the second to last
character is not a zero consonant, the program proceeds directly to
instruction block 66 and the variable p is set equal to n. In 20 either
case, a determination has been made that the generalized tone-syllable
modifier Q is equal to the null set and p has therefore been set equal to
n. This identifies the PCW as being equal to the tone-syllable alone. 25
Returning to decision block 52, if the last character in SEG(M) is not a
voweltone, the program determines if it is a semi-consonant (decision block
68). If it is, the program next determines if the sec- ond to last element
in. SEG(M) is.a consonant (block 30 70). If it is, the second PCW begins
with the second to last character in SEG(M) and the first PCW is there-
fore n characters long.  For this reason, PCW length variable p is set
equal to n (block 66).  If the second to last character in SEG(M) is not a
consonant, the 35    - 36 - 



semi-consonant located in the last position of SEG(M) is the beginning of
the second PCW in STRING(J) and therefore the first PCW in STRING(J) is n +
1 charac- ters long.  For this reason, the program proceeds to instruction
block 76 wherein the PCW length variable p is set equal to n + 1. Returning
to decision block 68, if the last character in SEG(M) is neither a
voweltone nor a semi- consonant, it must be either a consonant or the zero
10 consonant. In such a case, the first PCW in STRING(J) is n + 1
characters long and the PCW length variable p is set equal to n + 1 in
instruction block 76.  Before proceeding to instruction block 76, the
program pro- ceeds to decision block 72 to determine if the last 15
character in SBG(M) is a zero consonant.  If it is, the zero consonant
variable Z is set equal to 1. As will be shown below, this will result in
the zero consonant being removed from STRING(J) later in the program. At
this point, the program has unambiguously 20  determined how many
characters are in the first PCW in STRING(J).  This PCW is then placed in
the array PCW(X) in accordance with the subroutine comprising block 78- 84.
Proceeding to decision block 86, the 25 computer determines whether the
error flag E is equal to 1. If it is, the program proceeds to instruction
block 88 and displays information stored in SEG(M) on a display to enable
the keyboard operator to determine what his or her entry error was. 30
If the error flag is not equal to 1, the program proceeds to instruction
block 90. The computer will have a monosyllabic dictionary which uniquely
equates each possible PCW to one and only one ideogram. The program
looks..at the ideogram identified by the PCW 35    



- 37 - in array PCW(X) and displays this ideogram on the dis- play. At this
point, the next procedure to be performed is to examine the next PCW in
STRING(J) to 5  identify its ideogram and display it on the display. As
described above, the subroutine consisting of blocks 32-90 analyzes the
first PCW indicated in STRING(J) and assumes that the letter located in the
first element position of STRING(J) is the beginning of the first PCW 10
in STRING(J).  In order for the program to analyze the second PCW in
STRING(J), each of the characters in STRING(J) must be shifted over to the
left by a suffi- cient number of positions to ensure that the first letter
of the second PCW in STRING(J) is located in the 15  first element position
of STRING(J).  This procedure is carried out in blocks 92-104 of Fig. 7D.
As discussed above, a PCW length variable p is set in blocks 58-66 and 76
equal to the number of letters in the first PCW in STRING(J). The letters
20  must be removed from STRING(J) in order for the program to evaluate the
second PCW in STRING(J). One addition- al letter must be removed if the
zero consonant has been used as a syllable-separating letter between the
first and second PCWs in STRING(J). Two additional 25  letters must be
removed if an error condition was found to exist since p + 2 letters have
already been dis- played on the display to enable the keyboard operator to
determine his error and correct the same. This result is achieved in the
subroutine comprising blocks 30  92-104 (see Fig. 7D). Beginning with block
92, the program determines whether the zero consonant flag Z is set equal
to 1. If it is, the PCW length variable p is set equal to p + 1 and the
program proceeds to instruction 35   



-38- block 100.  If the zero consonant flag is not set equal to 1, the
program proceeds to decision block 96 and determines if the error flag is
set equal to 1.  If it is, the PCW length variable p is set equal to p + 2
(block 98) and the program proceeds to instruction block 100.  If the error
flag is not set equal to 1, the program proceeds directly to instruction
block 100. In accordance with instruction block 100, the variable j is set
equal to 1 and the program enters 10  the loop including blocks 102-106.
Each of the ele- ments in STRING(J) is effectively moved to the left by p
characters to insure that the first letter of the second PCW in STRING(J)
is located in the first element position of STRING(J). At decision block
104, this 15  process is continued as long as J is less than JMAX, which is
set at block 23 to be the value J at which a space is first detected at
decision block 16 (see Fig. 7A). Once this has been done, the program
proceeds to instruction block 108 and determines if array STRING(J) 20 is
empty. At this point in the program, the first PCW in STRING(J) has been
analyzed and displayed and the letters in STRING(J) have been shifted to
the left to place the first letter of the second PCW in STRING(J) 25  in
the first element position of STRING(J).  If there are any additional PCWs
in STRING(J) (block 108), the program returns to decision block 32 (Fig.
7B) and analyzes the first PCW now located in STRING(J) follow- ing the
procedures described above. Once this PCW has 30  been analyzed and
displayed, the characters in STRING(J) are again be moved to the left to
ensure that the first letter of the next PCW in STRING(J) is locat- ed in
the first element position of STRING(J). This process is continued until
all of the PCWs in STRING(J) 35  



- 39 - have been evaluated and displayed (until STRING(J) is empty). Once
STRING(J) is empty, the program proceeds to decision block 110 and
determines if the 5 retroflex vowel flag RV is set equal to 1. If it is,
the retroflex ideogram is displayed on the display (block 112) and the
program returns to instruction block 10 to await the first element of the
next PPCW string. If the retroflex vowel flag RV is not set 10   equal to
1, the program proceeds immediately to block 10. An important feature of
the foregoing program (which is shown only by way of example) is that a
string of PCA characters (preferably, but not neces- 15  sarily,
representing a PPCW), can automatically be divided into individual PCWs and
then converted unam- biguously into the appropriate ideograms utilizing a
monosyllabic dictionary of PCWs to ideograms. This avoids the need for
polysyllabic dictionaries and per- 20  mits the PCL to follow the
ideographic nature of the written Chinese language. C.  Alphacrammic
Listing Another major feature of the PCL is that it 25  can be used to
simply and directly create alphagrammic listings of both monosyllabic and
polysyllabic words. An alphagrammic listing is one which is substantially
in alphabetical order but also ensures that polysyllab- ic words or phrases
beginning with the same ideograms 30  are grouped together, even if a
straight alphabetic ordering would separate these common ideograms. This
can best be understood with reference to Fig. 8, which is an alphagrammic
dictionary listing created utilizing the PCL of the present invention. In
Fig. 8, the left- 35  



- 40 - most column comprises PPCWs, and the next column com- prises the
corresponding ideograms. In any alphabetical representation of the Chinese
language, the number of letters utilized to 5 represent a given
tone-syllable will vary as a function of the form of the tone-syllable
(CSV, CV, SV or V) The use of a semantic classifier will also vary the
number of letters in a PCW.  A purely alphabetical listing would cause some
Chinese compounds having the 10  same first ideogram to be separated.  For
example, in Fig. 8, the words    [err]            and [err]  would be moved
down to the position indicat- ed by the dashed line, since the letter [err]
is assigned number 83 and the letter [err] is assigned number 35. 15 This
would result in ideographic words in the second column having the same
first ideogram being separated from one another. The present invention
avoids such a separation by utilizing a modified form of the separa- 20
tion logic described above to insert a virtual space between PCWs of a PPCW
before sorting the PPCWs to be listed in alphagrammic order.  The virtual
space is assigned the number  "0" and is therefore treated by the sorting
routine as being a letter before the letter 1, 25 and before all PCA
letters. Virtual spaces can be inserted by a modified form of the
separation logic of Fig. 7B-7D, particular- ly blocks 32-84 and 92-108. To
use the separation logic for the purpose of inserting a virtual space into
30  a PPCW to enable an alphagrammic listing, the separa- tion logic can be
modified as follows. Blocks 54-64 and blocks 72-74 are not required and can
be removed. In lieu of the blocks 82-90 of the flow chart of Fig. 7C, the
PCW stored in string PCW(X) can be placed in a 35 



- 41 - holding array which holds the entire string of letters (this can be
more than one PCW) into which a virtual space is being added.  After the
PCW is placed in the holding array, a virtual space is placed in the next 5
element of the holding array.  Thereafter, the program returns to block 92
and keeps looping through the sepa- ration logic until all of the PCWs of
the string are placed in the holding array. At that point, the entire
string is removed from the holding array and placed in 10  mass-storage for
subsequent sorting.  When all of the strings to be sorted have been passed
through the sepa- ration logic and placed in mass-storage, they are sort-
ed in alphabetical order and the virtual space is treated as the letter
preceding the letter 1. This 15 will automatically generate the type of
alphagrammic listing illustrated in Fig. 8. As a further exception to
purely alphabetical order, the alphagrammic listing should also keep
together PCWs having the same tone. For 20  example the word LMNV, where V
is the silent vowel 27, should be followed by the word LMNV', where V' is
the silent vowel 79, since LMNV and LMNV' are homotones both being
pronounced with the first tone. The next two words listed should be, for
example, LMNV" and 25 LMNV''', where V" and V"   are the vowels 28 and 80,
respectively. The latter two words have the same sound as LMNV and LMNV',
but are pronounced with the second tone. This is achieved as follows. Figs.
12A and 12B are flow diagrams' 30 illustrating a COMPARE routine for use in
comparing pairs of PCL text lines, word-by-word or syllable-by- syllable,
to determine which of the lines should be placed first in alphagrammic
order. COMPARE has the further feature that English text lines are placed
in 



35    - 42 - normal alphabetical order. COMPARE is applied within an
overall sorting procedure referred to herein as SORT, which rearranges the
text lines after the COMPARE routine identifies the proper order. 5
Before applying COMPARE, an entire text file is loaded into a working
memory. Each field containing a word, phrase, etc., to be ordered is placed
on a separate line.  The SORT program builds up an array of pointers to the
beginning of each line of text; that 10 is, an array containing the address
of the first char- acter of each line.  The end of each line is also marked
with a detectable character. COMPARE receives the addresses  of pairs of
lines to be compared; that is, COMPARE has two argu- 15  ments, ARRAYLINEl
and ARRAYLINE2, each of these argu- ments being an address from the array
created by SORT. COMPARE processes the indicated lines at these address- es
and returns a value which indicates whether they are in the correct order
to form an alphagrammic listing 20  If the lines are found to be out of
order, SORT prefer- ably switches the pointers of the two lines, rather
than the lines themselves. In the following, the two lines to be compared
by COMPARE will be referred to as Line 1 and 25 Line 2.. At block 210,
COMPARE sets two counters 11 = 12 - 0. Il and 12 are indexes to the current
character in the word or syllable being examined in Line 1 and Line 2,
respectively.  In this algorithm, Il is ordinarily equal to 12, as
discussed further below. 30             At blocks 220-230 it is determined
whether data remains to be compared in both line 1 and line 2. If not, then
either previous processing has reached the ends of both lines without
detecting any difference, or 



else for some reason neither line contains any data. 35    - 43 - At
decision block 220 it is determined whether end-of- line characters are
detected for both of Lines 1 and 2. If so, then at instruction block 222
the COMPARE algo- rithm returns a value of 0. A value of 0 indicates 5 that
no difference has been detected between the two lines so as to require
switching of iress pointers. If it is not true that the ends of both Line 1
and Line 2 have been reached then at decision block 224 it is determined
whether the end of Line 1 has been reached. 10  If so, then at 226 the
routine returns -1, since Line 1 is shorter than Line 2 but is otherwise
the same, and thus no switching is to be performed. If Line 1 has not
ended, then at 228 it is determined whether Line 2 has ended.  If so, a
value of +1 is returned at 230.  A 15 returned value of +1 indicates that
Line 1 and Line 2 are to be switched, since Line 2 is shorter than Line 1.
If neither line is determined to be shorter, then COMPARE examines the next
word or syllable in 20  Lines 1 and 2 to determine their proper
alphagrammic order. If it is not true that both words are PCL words, for
example if one is an English word, then they are placed in order in steps
240-250. At instruction 25  block 240, pointers END1 and END2 are set at
the ad- dresses of the spaces following the current words in Lines 1 and 2,
respectively. By convention, words in the PCL are separated by spaces.
Thus, spaces serve as convenient delimiters for a word-by-word comparison
of 30 the contents of Line 1 and Line 2. Multiple blanks, control codes,
the zero consonant used as a syllable delimiter, and other irrelevant
characters are ignored. 



I1 or I2 can be incremented to bypass such characters, in which case these
two counters might not remain 35  equal.    - 44 - At decision block 242
the current words are examined to determine whether they are both words
from the Phonetic Chinese Language.  If not, then at block 244 a function
COMPARETEXT is applied to the two cur- 5 rent words. COMPARETEXT examines
each character in the portion of Line 1 from the current position,
indicated by II, to the end position indicated by END1.  Similar- ly,
COMPARETEXT examines the content of Line 2 from 12 to END2. These two words
are compared strictly alpha- 10 betically; for example, according to the
standard ASCII or CSCII (see Fig. 13) sorting order. COMPARETEXT returns a
value CMP, which equals 0, -1, or +1 accord- ing to whether the word in
array line 1 is equal to, less than, or greater than the vord in Line 2,
accord- 15 ing to the usual lexical conventions. At 246 it is determined
whether CMP=0. If so, the current words are identical, and no switching is
required  At 248 the routine advances to the next word by setting Il-END1
and 12=END2.  Next, at block 20  205, I1 and 12 are each incremented by one
to begin the examination of the next word. If 04P does not equal 0, then at
block 250, COMPARE returns CMP, that is, either -1 or +1, accord- ing to
whether the Line 1 current word is less than or 25  greater than that in
Line 2.  In the latter case the lines are to be switched. If it is
determined at decision block 242 that both current words are PCL words,
that is, PCWs or PPCWs, then they must be compared syllable-by-syllable 30
(ideogram-by-ideogram). This is carried out in steps 260-284. 



Referring to Fig. 12B, at instruction block 260, the end of the first word,
or the first syllable of the current PPCW, is found using the separation 35
- 45 - logic discussed previously. The SEPARATE subroutine returns values
ENDSYL1 and ENDSYL2. ENDSYL1 represents the index of the end of the first
syllable in Line 1 that occurs between I1 and END1.  Similarly, ENDSYL2 is
5 the index of the end of the next syllable in Line 2. After the syllable
ends have been found, then at block 262 the current syllables are compared
with respect to tone. This is performed by a subrou- tine referred to as
TONECOMPARE. TONECOMPARE is simi- 10  lar to COMPARETEXT, but is modified
according to the rule described hereinabove that homotones must appear
together in an alphagrammic listing, and further must be placed in
alphabetical order with respect to one another. It also disregards final
characters that 15  could cause PPCWs having the same initial ideogram to
be separated. One advantageous feature of TONECOMPARE is that it transforms
all homotones of a given tone- syllable into a single predetermined form
having the same particular pronunciation, and then applies COM- 20
PARETEXT. TONECOMPARE returns a value CMPT, which is 0 if the current
syllables are homotones, and is -1 or +1 according to whether the current
syllable of Line. 1 is less than or greater than the current syllable of
Line 25  2.  At block 264, if CMPT does not equal 0, then TONE- COMPARE
returns the value CMPT at instruction block 266. If, however, CMPT is equal
to 0, then the two current syllables are homotones and it must be deter-
mined whether they are in the correct order alphabeti- 30  cally.  To
accomplish this, COMPARE then applies the 



COMPARETEXT subroutine, described above, to the current syllables. In
comparing PCL letters COMPARETEXT fol- lows conventions similar to standard
ASCII or CSCII (see Fig. 13) sorting. The system assigns digital 35    - 46
- values to PCL characters that are above the values assigned to the ASCII
character set, so SORT places PCL letters alphabetically after English
letters.  At in- struction block 268, COMPARETEXT returns a value CMP in 5
a manner similar to that described above.  At 270 it is determined whether
CMP is equal to 0. If not, then at 272 COMPARE returns the value CMP, which
is either -1 or +1. If, however, CMP is equal to 0, then in 10  addition to
being homotones the two current syllables are alphabetically identical. At
274 the routine then advances to the next current syllable by setting
I1-ENDSYLl and I2-ENDSYL2. At 276 the routine tests to determine 15 whether
the end of either word has been reached. That is, it is determined whether
I1 is less than END1 as well as I2 being less than END2. If neither word is
ended, then the system returns to block 260 to deter- mine the end of the
next two syllables in Lines 1 and 2 20  and to apply TONECOMPARE. If,
however, at decision block 276 the end of one word has been reached, it is
then determined at block 278 whether the ends of both words have been
reached.  If so, the routine passes to instruction 25  block 205, where I1
and 12 are both incremented by one and the comparison of the next two
current words is continued. If it is determined at decision block 278 that
the end of only one word has been reached, then at 



30 block 280 it is determined whether it is the end of the current word of
Line 1 that has been reached. If not, that is if I1 is less than END1, then
the current word in Line 1 is longer than the current word in Line 2 and
the two lines should be switched.  Accordingly, at 35    - 47 - block 282
the routine returns a value of +1.  If, on the other hand, I1=ENDl, then it
is the end of the current word in Line 1 that has been reached, so no
switching is required.  Accordingly, at block 284 a 5  value of -1 is
returned. D. Keyboard A keyboard which is particularly efficient in
entering the PCA into a computer system, word pro- 10 cessor, or the like,
is illustrated in Fig. 10. The physical arrangement of the keyboard is
identical to a standard QWERTY keyboard and the standard QWERTY sym- bols
are shown in the left portion of each key posi- tion. The PCA letters which
correspond to each key 15  position are shown on the right side of each
key.  Two PCA letters are shown with respect to each key posi- tion. The
upper right-hand letter corresponds to the uppercase position of the
keyboard (where the shift key has been depressed) and the lower right-hand
letter of 20  each key position corresponds to the lowercase position of
that key position. This keyboard arrangement maxi- mizes the efficiency
with which a typist or keyboard operator can enter PCL information into a
data or word processing system. 25             There are many published
studies concerning efficient keyboard layouts.  Perhaps the most famous is
entitled Typing Behavior, American Book Company, New York, 1936, by A.
Dvorak et al. This study suggests that the placement of characters on a
keyboard should 



30 be determined on a statistical basis so that the typist moves his
fingers from the home keys (the keys "a, s, d, f, j, k, 1, ;" on the QWERTY
keyboard) as little as possible.  To this end, the most frequently used
group of keys are located in the home row (the third row of 35    - 48 -
Fig. 10), the second most frequently used group of keys are located in the
row immediately above the home row (the second row of Fig. 10), the third
most frequently used group of keys are located in the row immediately below
the home row (the fourth row of Fig. 10), and the least frequently used
group of keys are located two rows above the home row (the top row of Fig.
10). Within each row, the most frequently used keys are the index finger
keys, the second most frequently used keys 10  are the middle finger keys,
the third most frequently used keys are the ring finger keys and the fourth
most frequently used keys are the little finger keys. While the Dvorak
system is usually the most efficient, it does not take into account the
desirabil- ity of alternately typing with the left and right hand as much
as possible. The keyboard shown in Figure 10      achieves this result by
placing all of  the consonants, and preferably all of the semi-consonants,
on the right side of the keyboard so that they are 20 typed by the right
hand of the operator. The most frequently used voweltones are located on
the left-hand side of the keyboard. Some voweltones must be located on the
right-hand side of the keyboard since there are more voweltones than keys
on the left-hand side of the 25  keyboard.  As used herein, the left-hand
side of the keyboard refers to those keys to the left side of the dark
lines in Fig. 10.  These keys are struck with the left hand. The right-hand
side of the keyboard refers 



to those keys of the keyboard located to the right of 30  the dark lines in
Fig. 10.  These keys are struck by the right hand. 35    - 49 - Since the
PCA contains 85 letters, they cannot all be placed on the lowercase of the
keyboard. Only 43 can be placed on the lowercase of the keyboard. By
select- ing the particular letters shown in Fig. 10, 74% of the letters
used based on frequency of usage are contained in the lowercase. The
keyboard of Figure 10 also determines the location of the letters on the
keys as a function of the tones the voweltones carry. The most 10
frequently occurring tone is tone 4, so the voweltones carrying the fourth
tone are all located on the home row (row three of Fig. 10).  The second
most frequently used tone is tone 1, and all of the voweltones carrying
this tone are located on the second row.  The third 15  most frequently
used tone is tone 2, and all of the voveltones carrying tone 2 are located
on the bottom row of the keyboard.  The least frequently used tone is tone
3, and all tone-syllables carrying this tone are located in the top row of
the keyboard. 20             To make it easier to learn the location of the
letters on the keyboard, the keyboard of Fig. 10 also groups voweltone
families together so that to a substantial extent all voweltones of a given
family are entered using the same finger. Referring to Fig. 10, the
voweltone family 47-50 are all typed by the left little finger, the
voweltone family 51-54 are all typed by the left ring finger, the voweltone
family 71-74 are all typed by the left middle finger, and so on. 30 35 



-50- CLAIMS 1.   A method of controlling a digital computer to encode and
store the ideographic Chinese language, the method comprising  controlling
the computer to carry out the 5 steps of: a)   selecting a set of Chinese
ideograms to be encoded and stored; b)   selecting   one   and   only   one
digital representation for each selected ideogram; 10       c)   selecting
a  set  of  letters  for a phonetic Chinese alphabet (PCA) which can be
formed into phonetic Chinese   words   (PCWs)   which   fully   identify
the pronunciation of such selected ideograms; d)   selecting   one   and
only   one   digital 15  representation for each PCA letter; e)   storing a
monosyllabic dictionary in a memory of   the   computer   which
associates   the   digital representations of the ideograms and PCA letters
so as to identify a one-to-one relationship between the respective 20
digital representations of each selected ideogram and its corresponding
PCW. 2.   A method as in claim 1, wherein said PCA letters represent the
following language elements: a)   a plurality of vowels; 25       b)   a
plurality of tones with which said vowels are pronounced; and c)   a
plurality of consonants. 3.   A method as in claim 2, wherein said vowels
include a)   a  plurality  of  voweltones,  each  of  which 30 represents a
give vowel sound pronounced with a given tone, and b)   a plurality of
semi-consonants, each of which represents a given vowel sound irrespective
of tone. 35 



-  51  - 4.  A method as in claim 3, wherein said plurality of tones
includes four tones. 5.  A method as in claim 4, wherein each of 5  said
voweltones comprises a base character and an indi- cia incorporated therein
which indicates the tone. 6. A method as in claim 2, wherein said
consonants include 10     a)   a plurality of short consonants, each of
which represents a respective consonant sound; b)   a plurality of long
consonants, each of which represents a respective consonant sound pro-
nounced with a respective vowel sound; and 15             c)   a silent
zero consonant. 7. A method as in claim 2, wherein each such PCW has the
form TS+Q, wherein a)   TS is a tone-syllable having one of the 20  forms
CV, CSV, SV, and V; C being a consonant, S being a semi-consonant, and V
being a voweltone; and b)   Q is a generalized tone-syllable modifier which
indicates meaning for distinguishing between homotones. 25 8.  A method as
in claim 7, wherein Q has one of the forms [err] and G. wherein a) [err] is
the null set; and b)   G is a generalized semantic classifier 30 comprising
a PCA letter added to the tone-syllable TS to the extent necessary for
distinguishing between homotones. 35    -52- 



9. A method as in claim 8, wherein G has one of the forms C, V, S and Z.
wherein Z is the zero consonant. 10.  A method as in claim 4, wherein a
vowel sound "i" is represented by three groups of distinct PCA letters. 11.
A method as in claim 10, wherein a 10  vowel sound "u" and a vowel sound
"u" are each repre- sented by two groups of distinct PCA letters. 12. A
method as in claim 11, wherein the PCA can distinguish between 255
homotones for PCWs 15 wherein the only vowel sound is "i", "u", or "U"; 170
homotones for PCWs ending in the vowel sound "i"; and 85 homotones for all
other PCWs. 13.  A method as in claim 6, wherein said 20 plurality of tones
includes four tones; said vowels including a plurality of voweltones, each
of which represents a given vowel sound pronounced with a given tone, and a
plurality of semi-consonants, each of which represents a given vowel sound
irrespective of tone; 25  four of said voweltones respectively representing
the four tones; and further representing the vowel sound "i" when they
follow one of said short consonants. 14. A method as in claim 13, wherein
four 30 of said voweltones respectively represent the vowel sound "e"
pronounced with said four tones; but repre- sent the vowel sound "o" when
they follow the sounds "b", "p", "m", and "f" and the semi-consonants. 35
- 53  - 15.  A method as in claim 14, wherein four of said voweltones
respectively represent the four tones; and further represent the vowel
sound "er" when they are written alone or following the zero consonant; and
further represent the vowel sound "i" when they 



follow the short consonants. 16. A method as in claim 9, comprising
selecting a primary set of at least about 8000 ideo- 10  grams  which are
those most frequently used in the Chi- nese language. 17.  A method as in
claim 16, wherein at least about 3900 ideograms of said primary set, which
15  account for at least about 97 percent of usage, are uniquely identified
by PCWs having one of the forms [err] TS+V*, and TS+Z, V* being the same
voweltone as that in the tone-syllable TS. 20             18.  A method as
in claim 17, wherein all of the remaining ideograms of the Chinese language
are uniquely identified by PCWs having the form TS+G, where G is a PCA
letter other than V* or Z. 25             19.  A method as in claim 18,
wherein at least about 80 percent of the remaining approximately 4100
ideograms of the primary set are each uniquely identified by employing a
semantic classifier G which is a PCA letter similar to an ideographic
radical hav- 30 ing a meaning similar to that of the ideogram to be
identified. 20.  A method as in claim 1, wherein each PCW comprises no more
than 4 PCA letters. 35    -54- 21. A method as in claim 20, wherein each
PCW comprises a frequency weighted average of 2.4 PCA letters. 22. A method
of controlling a digital computer to carry out a text processing method
comprising the steps of: 5       entering  a  string  of  phonetic  Chinese
lanuage characters into a memory of the computer, each character
identifying a sound and/or tone of the Chinese language, said string of
characters including at least two groups of characters, each group of
characters defining a 



10  phonetic Chinese word of variable character length, each phonetic
Chinese word representing one and only one ideogram and providing the sound
and tone information required to pronounce that ideogram; and processing
said continuous string in the computer 15  memory so as to accurately
determine the beginning and end of each phonetic Chinese word in said
string. 23. A method according to claim 22, further comprising referring
to  a  stored  monosyllabic  dictionary  to unambiguously determine the one
and only one ideogram 20  corresponding to each such phonetic Chinese word.
24. A method of controlling a digital computer to create an alphagrammic
listing of a set of word strings, each word string including a plurality of
characters which combine to form one or more phonetic Chinese words, each
25 phonetic Chinese word representing one and only one Chinese  ideogram
and  providing  the  sound  and  tone information required to pronounce
that ideogram, said characters having a predetermined alphabetical order,
the method comprising controlling the computer to carry out 30  the steps
of: storing the set of word strings in a memory of the computer; sorting
the set of word strings in alphagrammic order wherein said word strings are
listed in the alphabetical order of the characters in that word string, 35
said alphabetical order being overriden to the extent that (a) all strings
whose corresponding first Chinese    ideograms are identical are listed
together for purposes of alphabetization and (b) all words in the word
strings pronounced with the same sound and tone are listed together for
purposes of alphabetization of the strings; 5  and all strings listed
together in the steps (a) and (b) being listed in alphabetical order with
respect to one another. 25.  A  method  of  controlling  a  digital
computer  to 



process   character   strings,   the  method   comprising 10  controlling
the computer to carry out the steps of: a)   entering a string of letters
of a phonetic Chinese alphabet (PCA) in a memory of the computer; wherein
1)   said PCA includes  respective pluralities  of 15  voweltones (V),
semi-consonants (S), and consonants (C), and including a zero consonant
(Z); 2)   said string of letters includes at least two separate phonetic
Chinese words (PCWs), each said PCW having the form TS+Q, wherein TS is a
tone-syllable 20  having one of the forms CV, CSV, SV and V, and Q is a
generalised meaning-indicating modifier having one of two forms, namely a
PCA letter and the omission of any PCA letter; provided that Q cannot take
the form of one voweltone (RV) which is employed to indicate the 25
retroflex  ideogram when  it occurs  at  the  end  of a character string;
3)   each of said PCWs represents one and only one Chinese  ideogram  and
provides  the  sound  and  tone information required to pronounce that
ideogram; and 30       4)   each non-initial PCW that has the form V+Q is
preceded in such string by the zero consonant, and each non-initial PCW
that has the form SV+Q is preceded in such  string  by  the  zero
consonant  whenever  such last-mentioned PCW follows a PCW having one of
the forms 35 CVC and CSVC; and    -56- b)   separating   said   string   in
the   memory unambiguously into said separate phonetic Chinese words
included therein. 26. A method according to claim 25, further comprising 5
referring  to  a  stored  monosyllabic  dictionary  to unambiguously
determine the ideogram corresponding to each such phonetic Chinese word. 



27. A method according to claim 25 or claim 26, further comprising 10
a)   defining a predetermined alphabetical order for said PCA letters; b)
entering, at least two  of said strings of PCA letters in the computer
memory; and c)   sorting said strings in the computer memory in 15
alphagrammic order wherein 1)   said strings are listed in the alphabetical
order of the letters in that string, 2)   said alphabetical order being
overriden to the extent that 20       i)   all strings whose corresponding
first Chinese ideograms are identical are listed together for purposes of
alphabetization, and ii)  all PCWs in the strings pronounced with the same
sound and tone are listed together for purposes of 25 alphabetization of
the strings; all strings listed together in steps 2i and 2ii being listed
in alphabetical order with respect to one another. 28. A method of
controlling a digital computer to encode and  store  Chinese  ideograms,
the  method  comprising 30  controlling the computer to carry out the steps
of a)   selecting a set of  letters  for a phonetic Chinese alphabet (PCA)
which is capable of uniquely identifying all phonetic tone-syllables in
Chinese; b)   selecting  one  and  only  one  7-bit  digital 35
representation for each PCA letter;    -57- c)   selecting a set of Chinese
ideograms  to be encoded and stored; d)   selecting one and only one
phonetic  Chinese word   (PCW)  composed  of  PCA  letters  for  uniquely 5
identifying each selected ideogram; and e)   storing a monosyllabic
dictionary in a memory 



of   the   computer   which   associates   the   digital representations of
the ideograms and PCA letters so as to identify a one-to-one relationship
between the respective 10  digital representations of each selected
ideogram and its corresponding PCW. 29.  A method as in claim 28, wherein
said 7-bit digital representation for each PCA letter is within the range
80H-FFH. 15 30. A method as in claim 29, wherein said 7-bit digital
representation is within the range 80H-DFH. 31. A method as in claim 28,
wherein said 7-bit digital representation is within the range 81H-DEH. 32.
A digital computer which is programmed to carry out 20 a method according
to any of the preceding claims. 33. A method of digitally encoding and
storing the ideographic    Chinese   language,    substantially   as
hereinbefore described with reference to the accompanying drawings. 25 34.
Apparatus for digitally encoding and storing the ideographic    Chinese
language,    substantially   as hereinbefore described with reference to
the accompanying drawings. 30 35    


