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‘ .
The objective of this thesis is to devielop a scheme to

‘generate Chineée' characters wusing the- spandérd‘ Epglish ‘

~ X ’. ‘
‘m— . bl ' ’
In order to reconstruct the Chinese characters using a
goﬁputer, it 1is necessary to ‘establish certain composition
rules for'thé computer to follow. A.structural analysis of

the' Chinese .characters will .lead to a set of composition

rules. This thesis éttempts to wuse fifteen composition

-

rules and .two formatting <codes which are considered

v 7

sUffiqientf to construct the 4864 most frequently .used

[V,

JE = - —

defined' in Appendix 1.

1

2
]

This'écheme;consists of INITIALIZATION, COMMAND INPUT,
COMMAND DéCODING and CHARACTER GENERATION. It can Se
implgpentgd on the CDC CYBER 170 computer withhi a Tektronix
graphics system or a PRINTRONIX plotter at Concordia
Uﬁiversity and the goftware is coded in PASCAL language.

»
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+  The softwaré. has® been tested with the 4864 ‘ﬁo§t

frequently wused Chinese characters with- succes&{ It is
flexible and can be eipanded' to include any Chinese
characters by redefiningasome new~ﬁaaiea;s. It is-capable.

of formibng an intermediate character whenever required since

parentheses are recognized, by the ‘'system to set up the
" . - . . 1 e
priority of the pfbcegsing sequerice of composition rules.

r ! o .
- o

“Some, statistics (the frequeﬁcy distribution of

radicals, the \t;ﬁe required to geafch for“radiééls, t he
total computer time to‘generate the 4869 character%wéﬁd the
753,9Nf ;a;bles for the voéabulary'of,ﬂ864 charaétérs, t he
fteqcency of computer rule uéaée;/fidentificafion of; those -

characters, 6 containing the same number of radicals, and the

'
re

frequency of the raaical'S'position and of'its percentage ).

~

afe presented and discussed. -
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CHAPTER I

N,

i

-

S INT RODUC T ION

The first digital computer, called Mark I was built in

1944 by a Harwvard Univer51ty professor, Howard Ai ken. The

first electronic digital computer using vacuum tubes, called

ENIAC,  was buillt at the Un iversit',y of Pennsylvania in 1946.

The mass production of computers commenced in the early

©.1850's [20]. Since then ‘the, "ipdustry has grown steadily but
.with a quantum  jump “when thg transistors were us?d to
"r_e-pl ace wvacuum tubes and the intégrafed circuits to repl ace
Adils’.crete transistor components.‘ 'fhe improvement of computer
',techno'logy has been enhanced even further by the

introduction of large and very large scale integrated

-

_circuits.

wTile' the development of this ‘technology is taking

-place.in western countries, very 1ittieydbvelopment has been
,done in other countries except Japan until the 1970's.  The
'-.dlevelopment of Chinése computers received some attention in

. the 1970 's. However, their progress is rather slow because

.

,of the limited amount of resources that can be devoted” to
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N them'hnd‘the inherent difficulties im data processing using
Chinese characters. . , i :

5. u . 0

v .4 {

Chineee and’English are entirely different .languages in

terms of thedr origin and character presentation. English'

T “words c‘ be derlved from an alphabet of twenty-six letterg
, P
‘ % These letters are placed 51de by side. Therefore to design

A

the input system ‘is_vrabher simple,,pecause,the number of
keys can be dvery limited. On the other hand, Chinese

s characters do not hawe a unique way of construction. As.a
3 N N ¢ ' . j )
<~ . resulty, the system to input Chinese characters into 'a
o , .

b -

computer can. hardly be standardized' Chinese keyboards
exist Wwith mere than 100 Reys, with 60 to 100 keys or with
Yess than 60. keys [2&. The efforp for an operator to

= operate a Chinese kgxboard depends to a large extent on the.

‘!. . . R
design of the Chinese keyboard. s

—
[RARN
-

The processing of English and Chinese characters is

l aiso differehﬁ' Slnce every letter can be. a351gned a unique
. )

%ode, the manipulatlon of the English“~¢haracter is

- 13

4

" .
"

essentially translated into the manipulation of these codes
. * °

in the .memory. -~ As it h&s been mentioned earlier, these

codes ere'one-dimensional left and right. On- the other

- hand, it is difficult to assign to a Chinese radical a code

which is acceptable as standard.' In addition, the number of
‘. radicals can only be fixed .after the igdhstry has agreed on

N a Bésic setﬁqf Chineegﬂcharacters to be included ih_ th%_

e




s 48

. & .
o . -

Chinese computer. = The establishment "of the standard

requ1res a joint effort of the differ'ent countries which are

1nvolved in the %ﬁielopment of Chlnese computers. One other'

complication of processing Chinese characters i$ that the

N »
"‘\ . » . .
manipg;ation’ of radicals 'is no 1longer  limited to one
- .'

* . :
~dimension.

0

*
¢’

The output process is similar to the inmput 'process.

Basically one has to translate the codes in the memory , into.

a lcharacter whicg is then displayed or printed by'an output’

. -
device.. In the case of English, since each letter either

"cepital or minor has 1its own cbdé, the output of English

<

. character ig the translation of this code into a displayed

character. . On the othqr hand, the output of Chlnesew,

characters depends on the scheme of charadter generation.

~

’

-

?
There are dlfferent ways of ° generating Chinese

characters in computer systems. - They 1nclude\ihe fixed -

position method the telegram code method, the Ju In Fu H&u

" method, the M ~-corner code method, the 3- ?brner code metho?r'
t

and the radical method Basically, "the Chinese charac

output device can be of three types ;‘Lhe impact type ,
nonnimpaot type such ™as theTmoprinter, ink jet prlnter, and
the matrix type or CRT. This thesis attempts to develop a

scheme to combine tﬁé radicals interﬁally and in a computer

‘system such > that the generated characters can be displayed

on a graphics terminal, a matrix printer, or a PRINTRONIX
' N ’ N ’ . A

AT




plotter. . = é . ) . ] N
\ - : .o e

' ] > .

~ In chapter II,, the :curnent‘\literature relating to

Chinese data processing will be Qriefly discussed. In

1)
<

chapter II1I, a-scheme, which is the result of this research,’
"~ will be présented along. with various examples and methods of
- implementation. T In chapter -1V, éome' Statisgicsh {(the

frequency dlstributlon of radlcals the time required to™

Y gearch for radicals, the total computer time to generate the

4864 most frequently uséd Chinese chanetters based on ‘'

- 753,941 samples [15 18], the frequencyﬂof comp081t10n rule

~usage,’and the number of radlcals in a character) will be

-
‘*

presented andf discussed. The conclusioy of this research
llvpe drawn from the results in chapter V Some of the
contents of . the file used to create Chinese .characters are

" presented in Appendices 3 & 4.

N
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CHAPTER -II
’ i \ ' .
" REVIEW OF THE LITERATURE RELATED TO D
| ’ : ,“.' ' ) - ) ) \\/
Ve . . @ ' * =\
. CHINESE DATA PROCESSING o ' \\
II.1 Intréduction ' < T ) \
Ny o \ -
" In chapter I, we have discussed the difficulties -
.encountered in Chinese data’ processing. In inputting ° '
L . . .

, . <
Chinese characters, there are nq limited radicals which' can

-

. be acceptably standardized. Although there “exists some

systems with phonetic or Chinese keybogfds, too many

dharacters with the safie -sound or codes slow down the'

computrer spéed. In processing Chinese characters, the
struct;rp of “Chinese characters . is two-dimensional and af
largeunumber of Chiﬁeie‘characters prevenﬁs easy ‘assignmenf
of a unique code-. for each- gha%hctef. The'difficultieg

encountered in the output process is similar to that of tbe-

¥
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v, ' . M .“' . ‘l
input proéess.v This chapter Will-review different methods

of generating Chinese charactersxand  some applications in

Chinese data processing.

» - L

o

II.2 Different  Methods | of * Generating Chinese
-, i , X , Q

.Characters ) .

e - .
F :

There are six methods to . generate Chinese characters
through ghonétic or Chinese Keyboard : the fixed position
method, thé telegram code method, the Ju In Fu Hau’.éethod,
. the Q-corner code ﬁethod, the 3-corner co?e!pethdd,'and the
rédical method. Théy will be discussed in, thé f&llowing

paragraphs. . \

- -

. ‘ ' e e
.(1) Fixed position method

-
3 -
o v o

This method .places the. Chinese characters in several
dxfferent areas of the keyboard ([2], according to their
frequency of wusage : often used, sometimes used, rarely

) 3, .
used. " Every character has a fixed position. The operator '

~

neéds to 1look for those positions one by one and he/she

n

needs to memorize the posiﬁion of each character.
This method was created by Kao ghur{g-Chin (;% 4‘? % )
and wés ladopted by two Japanese companies, Fuji Co. and

Jaho Intelllgence machine Association

'l')@_ ):LBE 10 ﬁj&%& S 4% /}i) to devel“op Chinese

’ N
. “
Y -~ . -
’ ‘ ’ B
- g .
, h



typewriters. Thi’s method was first applied .only to
tzpewriﬁers. « lhe fifst one to have applied- the method to
X Lo}

e computer is Yeh Chen-Hui (g éﬁ; ) [21. s

4

t

The usefulnesslpf this system comes from the fact that

it is based on the Chinese typewriter, in such a way that
]

there are almost ten thousand qualified- personnel [2] who

’ qduld operate this system. However bécause of its specially

designed key-board, the price of production is very high and

*additional operators need a specializéd training.

(2) Telegram code method : ) ’ /

) ) * L l
. This ‘method wuses the standard codes published by the

W

"Taiwan Ministry of Communication [2]. Using initially the

~numbers 0001 to 9999, altogether there were about 10,000

+ wotds: TRecently this number has been (increased to about

12,000. ~

| | A N
! The advantage of this‘methoq is thét eacﬁ character has -
.a unique code, so that there is no confusion. But the

method requires memorization, and three to nine months of
. ' "*. . .

to operate

-3

training are necessary to enable the operatérm

efficiently [2].

- (3) .Ju' In Fu Hau method (Si :g' ;q' %&J) :

e



[

"This method is based on the Chinese pronunciation

system as input code. Thg method can be implemented by

adding special function keys to a standard Keyboard.

Y

‘ /
The aavantage of this methbd 'is that éveryone knows the
pronunciation system. But therr are many words with the
same | sound or several pronunciations for the same word. For

example, the sound of "-\" represents mone ‘than. 90 words.

. n ‘ .
Five of them are " "‘T‘ ", “4% ",D".%",/ "41 " and n'% ",

This problem is a big drawback for ~this input techniqugt

[2,11]. The solution is to present all the words with the-

same sound on the screen at.the same time to enable the

operator to choose the right one. Theoretically,.this

method is very practical. However, because‘'each individual

&
has a different accent, and different regions have local
. -

dialects, it is often still necessary to describe to the

1

opérator the written form of that charactg}..

-

¥ f
(4) 4-corner. code method

This 'method was created by Wong Yu'n-Wu (f_ ’_?_ﬁ_ ).

The method uses ten numbers to represent twenty-nine kinds
Al

of strokes [2,11]. Each character is divided into four

corners, and a code is assigned to“ each of those” four

N ”
corners. In each, corner, the strokes are represented by

dictionaries. 'When applying it to input Chinese words:into

their codes. This method was originally designed for




~

t ‘.

a computer, some problems arise-because theFe arg‘ too many.
different words wlth the same code. A new method created by

Chou Chun- Liang ();l ’I& ‘&) combined thls‘method and the du

~ In Fu Hau method [2].. This combinatiorn makes 1t posslble to

Ed “
reduce significantly the repetitions of words but increases

tHie number of inpdthzodes. In addition, the problem of the
<%

correct pronunciation is still an unsdlved technical
problem.

(5). 3-corner code method : « / J

. - 5 ) ‘V‘ .

This method was .created by Huang Kao-Tung (—E E) % ).
Each word was decomposed into three parts, following the
sequence of the pattern of the nngllsh letter wzrn, The

strokes corresponding to eachr part are represented by a

two-nug?er code (00 to 99). Thus, a word can be represented

. by § numbers. '~ The rate of répetition was about 3 % [2].

-
-3

The'method was used by a combuter and several .computer
companies in Taiwan used it too. The reason why this: ‘method
pould not be used widely is that the- partition of a word
into three parts 1is quite contrary to the principles of
traditional Cpinesé ﬁriting. In addition, the deeohposiEion

rules used in a computer were'compiicated and ambiguous. An

operator needs a special training.

3

(6) Radical method .:

1

L=

o




)
- ’?
\,ﬁ

. - _One project employing this method was created by I.B.M.‘

~

and was supported by the American Air Forse Research ahd
. Development Department. The project involved a investment
of LU.S.$65,000,000. IBM's project ::i;g in 1970, but the

" idea brought about a continuous r arch by . Chinese

scientists (2,7,8,10,22,231. ., S

¥;
(L

In chapter III, we will analyze . the structure of

N
-

Chinese characters and deduce fifteen composition rules from

it. Also .a scheme to generate Chinese characters from

0

radicals and implementation of this scheme in computer will

be presented. v

I1.3 Applications

»

Some applications ‘in Chinese data processing will be

briefl§ reviewed,
4

~

v
R . 4 \

Chinese Information Processiné System

{

process Chinese character information and retrieve data in

»

Chinese [14].

Chinese Database Systems

A Chinese character Information Processing System could



,/’
/

]
7

1
- .
. ¢ N
|

1 /
i

A automatic® land ‘value déta base System had the.
‘functions ‘of on-line rinquify, land area calculation, land
value calculation and edit;gg the fand cards [4]., This
system was classified b; land number, land value records
which were clas§ified by name, and ownef'g records,

A relationa} Chinese medical database system contained .
information abouz\thiﬂese drugs and their prescriptioés for
various diseases [3]. Eleven subprograms were included in.

the working routines to create, update, copy, and list

information.

: | | :

Chinese Text Processing . : 4

A software package handling Chinese text editing and
file management was i;piemented,at Chung-Yuan University in
faiwan [9]. Chinese file naﬁes and Cﬁinese directives were
used. The editor, part of the softwarg package, could
insert, delete, replace, or modify the text by' replacing

v - ,
character strings of thé same pattern through the file.

o

Chinese Programming Language'

o

A Chinese programming language for busines data

proéessing, Chinese ' Micro-cobol, was designed for



i
- . Al

)

-

microprocessor systems [5]. It was created from a subset of.

|
Cobol. It was simple to learn but adequate for business

'data processing.
| ; ; S

|-

Chinese;Speech Recognition

1

A microprocessor-hased, design of speech "'analysis and

synthesis system were applied to Chinese data’ processing

[12]. The voice of man and woman could be distinguished,

but the speaker could not be identified. 9

.
r/h

Teaching Chinese in a Computer

f

A comguter system could teach the pronunciations

[16,17), ‘meanings, and the written form Qf characters, as

well as How to write:-them [6, 13].

9

- 12 =

~,
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' CHAPTER III b

e _
- ¥
i
N
P Ul

g T . A
A SCHEME FOR GENERATING CHINESE CHARACTERS ~

~ III.1 Introduction.
B} . N
In chapter I, we have discussed the difficulties

encountered in generating Chinese characters by a computer.

Il

‘ In chapter II, we have briefly reviewed different methods

for generating Chinese characters described in the existing '

literature and some applications %f1ated to Chinese' data

_processing. The idea underlying§£hé radical method comes

from the principle of the Chinese dictionary. It is easy

- for a persen to look up a pattern in a Chinese dictionary.

Therefore, this method does not require a specialized

training for the operators. In order to reconstruct the
Chinese characters using a computer, it 1is necessary to

establish certain composition rules for the computer to

- 13 -



Ve
follow [1]. Although one can.always tr9 to conéider as many
rules as possible, it 1is sometimes not practical to
incorporate éll of them in softwafe, due to the 1limitation
of the computing facﬂiﬁties such.as bPU processing power and

memory size.

o
This thesis attempts to develop a sScheme based on a
limited number of composition rules which are adeﬁuate to

generate the 4864 most frequently used Chinese chatracters.

i,

[§

In section‘III.2, a structural analysis of the Chinese
gharacters, wili be bresented. This analysis will lead to.a
set of composition rules. in section III.3; the composition
rules which are considered netessary to generate Chinese
~characters will be described. " In section III. 4 the

aséignﬁent of codes to each charactgr within' the L4864
characters ahd the approach to design the radicals will be

presented. In section 1III.5, the development of " the
. 1Y

software system will‘be described.

'

5

- III.2 Structural Analysis

‘Chinese characters can be composéd' from rédieals.
These radicals of diffe;ent Eiies have to be placed in
specifiq/néiiifons with respect to each other to make a
chafigger. Depending on how radiéals are chosen, codes of

»
v

i

PR

- 14 -

PR



different levels of complexity are required to generate a-

character using the.pre-defined radicals. Our analysis of
the étrqcture of Chinese characters reveals thﬁ% there are
more than 75 different combinations of relative position of
radicals and their sizes can be deduced. A sample 1list of
" the character structures is analyzed in order that the totai
number of basic radicals contained in the characters of
. Chinese dictionaries can be 1limited to at -mést 4 when
represented in thié system.’ The result is giveén in Appendix
2. Since one éan pre-define a radical of any complexity, i?
is possible to :lihit fhe number of methods of putting
radicals tggether. The analysis indicates that if one uses’
twenty-eight categories of‘?%ﬁioals, each copféining a group
of radica;s having thé same numagr of strokes, then fifteen

qg

composition rules will be sufficient to generate almost all’

the Chinese characters since one can always add radicals

into one of the twenty-eiéﬁ% groups.

The 687 radicals of the twenty-eight catogories used in

¢

this thesis are presented in FIG. 3-1. Some of them are
chosen from references [7] and (22]. The 687 radicals are

selecte in such a way that each character in the 4864
\Y .
charactérs contains at most 4 radicals.

L}
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III.3 Compoéjtion Rules

S

The following fifteen. composition fules form - the

brincipal part of the ''scheme for -.generating Chinese

»

chatacﬁers. The operation code for |each composition rule is
ghosén such that the symbol resemblés the relative positions
and. sizes of two radi;als. In the following, each
composition rule will be described with exémpleé.

/

Composition rule (1 ‘

Two radicals of equal size are placed side by side.

mvSyhBoliéally, the charaéter is. represented by *

-~

1st | 2nd | with the first radical on (fhe left and the

'second one on the right. The operatidn code for this rule

is '"' which. signifies that the first and second radicals
are of the same size. The application of this rule can be
demonstrated as follows : The radical "1&:" can be

constructed by two radicals " $ " and "!Z_" by applying this -

‘rule. Similarly, the character "ﬂ&["is composed &Hf two

»

radicals " ﬂi"‘and ".ﬂ:" respectively.

Composition rule (g)\

Two radicals of different ‘qizes are  placed side by
side.. Symbolically, the chardcter 1is represented by,
[ist]| 2nd | with the second radical on the right twice ' as

0

R
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o/

3

\,'7‘,
wide as the first one 6¢nh the left. The operation code for

this rule is '<' which signifies' the second radical is wider
than the first one. The application of this rule can be
demonstrated as follows : The character "1£ " can be
constructed by two radicals "/{ " and "i"’by applying this
rule. .Similarly, t?e\f‘haracter" " Ji " is 'composed of two
radicals " 5 " and "\i " respectively.

-

* Composition rule (3) .

This rule is similar to. Composition-rule (2) except

that the first radical is wider than the. second one.

" Symbolically, the character is represented by

with the first radical on the left twice as wide
as the second one on t,he right. The operation code for this

rule is '>' which signifies the first radical is wider than

the second one. The application of this rule can be

demonstrated as follows : ‘The charaéter " y} " can be
constructed by two radicals "9 " and " ]‘ " by applying this
rule. Similarly, the character " 37%{] "is cc;mpos'ed of two

radicals " * " and " ‘] " respectively.

Composition rule (4)

The second radical is placed immediately below the

first ope. Symbolically, the character is represented by
I st

.2,nd

. The operation code for this rule is ';' which

- 22 -




signifies the first and the sécond ragicals 'have the same
sizés. The apblication of this rule can be demonstrated .as
follows : The character " ﬂ?." can be constructed by two
radicals "ﬁb " and "—b‘“‘by applying this rule. Similarly,
the character"ﬁﬁi"ﬁs composed of two radicals "Eb" and
" @ " respectively.

- &

Composition rule (5)

The relative position of two radicals are the same as

3

in Composition rule (4), except that the second radical 1is

the twice longer than the first one. Symbolically, the
.o st
character is represented by 2 nd The operation code -

‘fogzlthis rule is '&' which signifies the second®radical is

! taller than the first one’. The application of this rule can

be demonstrated as follows : The character " ji " can be
constrqg@gg“by_two'radicals "1 " and " F " by applying this'
rule. ng}larly, the ch&raoter " " is composed of two

. radicals "= " and "3F " respectively.

Lomposition rule (6)

This rule is similar to Composition rule (5) except
that the second radical is shorter' than the first gne.

| st

2 nd]
The . operation code for this rule is '!' which signifies the

‘Symbolically, the character is represented by

LN

first radical is taller than - the second. one. The

- 23 - | | D



application qf‘ this—rule can be demonstrated as follows
The character "%" can be constructed by two radicals
"i" and "B " by applying this rule. Similarly, the
character "
£

53]

" is composed of two radicals "‘/E " and "o

respectively.

-

Composition rule (’l)\

—
"

ey

e

The second radical is enclosed in the fir"st one,

é ’ ) .

Symbolically, the character 1is represented by .
« ) .

_The operation codé for this rule is '€'. The application of

this rule can be demonstrated as follows : The character

" \a " can be constructed by two radicals "[]" and "k " by

applying this rule. Similarly, the-.character " fg] " is
s L]

‘composed of two radicals "r]" and " 'E, " respectively.

Composition rule (8)

The first radical of L shape combines with the second

radical to form a square as__shown. Symbolically, the

character 18 represented by 2

* Lt
for this rule is '?'. The application of thisrule can be

The operation codl.e

demonstrated as follows : The character " i%’ " can be
constructed by two _radicals n ]‘\:' and "'g'é " by applying this

rule. Similarly, the character " 53_" is composed of two
radicals "} _" and "? " respectively. -

-2"‘- [ 4




i

3

\

*

., Composition rule (9)

The construction of a character in. this category is -of

the form represented by placing a mirror at the bottom of

Composition rule_ (8). Symboliceally, the character is
. 3%
represent;ed by 2 nd .  The operation code for this rule

is '['. The application of this rule can’be demonstrated as
follows : -The character "7§ " can be constructed by two
radicals "> " and " ﬁ " by applying this rule, Similarly,
the character "% " is composed of two radijicals "}i " and

" X," respectively.

Composition rule (_1_0_)

The construction of a .character in this ca{:egory,is of

the form represented by placing a mirror at the right of the

Composition rule (Lg) Symbolically, the character is
1

represented by The operation code for this rule

2 ad .

is ']1°'. ‘The application of this rule can be demonstrated as
f‘ollowsl :  The vcharacter‘ " ih" can be constructed by two
radicals " 21" and "}‘K " b4 applying this rule. Similarly,
the character " i':] " is composed of two radicals " '] " and

n'ﬁ " respectively.

@mposition rule (11)

—a

The second radical is covered by the first one from the



top. The relative width of the " first and the second

radicals is shown . Symbolically, the character is
] ot

T~ 1>
n

is '$'. The application of this rule can be demonstrated as

\represented by The operation ché for this rule

f‘ollqws : The character ");62‘ " can be constructed by two

-radicals "}"36" and " -;Y‘\ " By applying this rule. Similarly,
AY \

the character "/ESQ " is composed of two radicals "]‘Xq" and

"f " respectively.

N

Composition rule (12) -

N \

This rule is similar to the Composition rule (11)

except that the relative size and width with respéct to each

otherhare different. The difference in width 1is thown in

FIG. -2.
| st )
symbol | The operation code for this rule is '°'.
. R

The = application of this rule can be demonstrated as follows

It can be described better by the

: The character " [?Pﬂ " can be constructed by two radicals
"FEJ" and "ﬁ-" by applying this ruiex Similarly, the

character " /é: " is composed of two radicals "K“ and " g "

respectively.

Composition rule (13)

This rule contains,only one radical. In other words,

the character 1itself is a radical. Symbolically, the
) ONE

character 1s represented by Rwreall . The operation code
‘ owvlY |

o
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_for ‘this rule is '''. The appiication of this rule can be

demonstrated as follows : The charac%er "-ﬁ% " jtself is a’

: - . /
radical.,- Similarly, the character}'jzs " is also a radical.

a

Composition rule (14)
. .

The radicals of equal size are fully super-imposed.

1 st
" Symbolically, the character is represented by 2+J
d n .
The operation code for this rule is "+', The application of

this fule can be demonstrated as follows : The character
" 5&." has to be constructed by fuily super-imposing these
two radicals ") % and fj{". Similarly, the character

"-?T " is fully super-imposed by these two radicals "~/ "

and "#T?.

Composition rule (15)

This rule indicates the end of operation for génerating

-

a character. The operation,code for this rule is '.'. o
3
The operation code and its symbol of the fourteen

f

composition rules are shown in FIG. 3-2. ' \ !
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Rule .Op. code

(1)

(2)

(3)

4)

(5)

(6)

(7

Symbo1l

" 1 st|2 nd
K
<  fsd 2nd
1/3 2/3
b4 1 st Pnd
2/3 1/3
1 st i
2 nd ]
1
1 st 3
&
. \ 2
2 nd 3
2
' 1 st 3
1
2 nd 3
1
Tst |§
e 2 nd
1/8

Rule Op. code
(8) 2
(9) ¢
(10) )
(11) $
(12? l“"‘a
(13) !
(14) +

i
v

i~

1/4

Symbol

2 nd .

1 st

1/8

1 st

1/8

1/4

2 nd

174

1 st

2 nd

1/

k)
o3}
k3]

"radical

only

1. st

2 nd

FIG.3-2 Operation code and its symbol of Composition rules

‘I
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For. the purpose of computing and tabul ating the

"f‘réquency of occurrence of ’ radicals to  be’ 'presehted in

chapter IV, we will assign in TABLE 3-1' a _position nunber

from 1 to 18 to each distinet radical position and the
. 5 ? 0
composition rules involved. '
k .
»
1
- . ,3 Vd
-
' “ i
\ ] .
- ‘f B
-
1) ’-
. .
' L e - T
! P ¥
- , / '
- . /7
L) ’ ‘“ £
‘ . I .
L} ' , [/ s
+ . -
[ ' “ ’ h
¢
§ : : )
j « ‘A . L
) LY \
’ ]
- e ’ )

P

&.

PN S

A
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-

-

N

\

Position Number Radical Position (X) [Compositionzxules involwld ’
1 ’ Xl 1,72, 3
T . .
: 2 X 1,.2, 3
X | K . .
3 [« 4, 5, 6 v
4 N .
4 ' x‘ 4,5, 6 R
| R | . 2 v ».
< 1.5
5 x ’ 7 '
) S oty
6! D Ix] 7
. i .J
+7 ""%h- : 8
2 l——-——l A
8 X o .
9 X 9
‘—T_-_.’ ~ . -
10 X . -9
11‘ 10 N
12 ° J ‘ 1o -
1 Ll ,
; X -
13 . . 0 . ¢ 11, 12
1483 5‘ ] 11, 12 :
L - - ‘ .
15 - X . 13 ¥
. xy;q»" . B
; 16 S 4+ . 14, .
Tl . o + . "
17 x|y 14
I3 .
TABLE 3-1 'Relative position number of radidals
‘- I y - ' R .
£ ks
N -&:?0 - '\ W N L '3
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In sum, among these fifteen rules '"' , '<' , and

'>! are concerned with Jleft and rfght combination of two-

C

radicals of different scaling factors; '&' , ';' , and '!'
ére for the up and down combination of two radicals using
different scaﬂégz factors; '€' , '2* , *'[" , ']'" , '$' , and

'“' are ‘more or less deaiing with one radical within the

confinement gf‘&ﬁe other; ''' is the*radical by itself ; '+!

~is a super-position rule for two radicals of the same size;

and, finally '+' and '.'are ‘introduced " to  add . more

fleXibility to the process of character generation.
A}

¢

“III.M Gene;ation of Chinese Characters

from Radicalis (Huang & Suen's Scheme)

Aftgr having established fifﬁeen céﬁposition rules, the

next step 1is to define twenfy-eightfgroups’of radicals. .

total éf six hundred and eightyqseven radicals are' selected
and assigned in their'éppropfﬁate groups. TABLES 3-2-(1)

and 3-2-(2) consain these six hundred and eighty-seven

' radicals as~®well as their corresponding codes. The purpgse

of t@e code is to facilitate the ggneration of digit nuéberq
where the first two digits represent the group number and
%the lé§t three ;epresent.the position of a radical within
thét group. Each -five-digit code has 5’ncorresp6nding'
radical of graphic form stored im a file TAPE9:  Each
radical is\\fgpresented in graphic form by & preé-defined

dot-matrix.

’
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For example, the corresponding number of code FO

is 05002 which means this radical has five strokes and thus

"is in group five and it is the second element in the group.

Its graphic form is " g ".’

]
1

In order to plot the graph of a fadical,) the x,y
coordinates ha&el’fo be supplied to the graphi¢s system or
the PRINTRONIX plotter. For example, 8 28, 8 8, & 28, 28
28, =28 28, 28 8‘ 8 18, 28‘18 8 8, 28 8 are the coordinates
required for the graphic. sy»stem to plot the radical " B ",
The number of sets of x,y coordiniates for each radical is
twice the number of radical group numbe;: Since the graphic
system can only draw a‘straigﬁ@ line betweéﬁ two points, a
curve can only be generated Sy‘joéning muitiple segments  of
stnaight' lines. This technique is used té.smooth the shape
of rad}cals with curvature. For example, the charaeter
"/k; " is defined as hgving two strokes 1in a Chinese
dicﬁiohary.. However, in order to present it smoéthly it 1is

considered as a character with four strokes in our system.

. The process of generating the above ré&ical " 8 " is

illustrated, as follows : o
L

A) Draw-a left vertical line by joinlng two points w1th
\

coordlnates (8,28) and (8, 8) respectlvely . .

3

L o

»

B) Draw an upper horizontal line by Joining (8, 28) and

o . . \
~ .
\
- - -
- ~ « * .
- /
: ,



- (28,8).

(28,28) .. -

et

-

4
»

’,C) Draw a right vertical line by' joining (%8,25) and
L J

F
¢

D) Draw a horizontal line in the middle by joining
(8,18) and (28,18). . " \ .
| | ) PR
E) Draw a lower horizontal line by joining (8,8) .and

(28,8). 1

§

A character is génerated by the .aéplication of
cbmﬁosiéion rules on pre-defined radicals. fhe procgss) of
generating a character can be an iterative one;l In some
cases, tﬁe combination of two radicals is considered as ' an
intermediate character which needs to be rescaled to form a

character containing one more radiczal. Ex amples of

increasing complexity are presented below.

Example 1 : The charaéter'{{rﬁb"

STEP 1
composition rule : "
first-radical : CP (11’)
Second radical : .CS ({Zﬂ

STEP 2

s A « '
A
. -t b -

- 35 -
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Note : 1) CP will become the ;eft half of the
generated'character. The width of this radical 1is reduced

by half.

Lo

4

2) €S will become the right part of the
character. .Similérly the size of this rédical is also

reduced by half ho}izontally.

3) The composition rule '." indicates that it

is the end of the current character.

]

v

. Example 2 : The character " &%"

"STEP 1
composition rule : & )
first rédicali : FO (B) B
second radieal : HF (/) )
STEP 2 ' |

composition rule : "
first radical

second radical

° g
S =S
=

_ STEP 3 . ' .

composition rule : .

'
~

Note : 1) Composition rule "&" scales the radical FO
to 1/3 and HF to 2/3 of their original sizes vertically and

combines them to form :an intermediate character "éb'h

» ' *
{
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2) In step 2, the radical 0 takes the
inter';nediatel character from STEP 1 as the second radical in
STEP 2. The intermediate character will be ;omposed witﬁ
the first radical QH by the composition rule '"' to form the

final~ chiracter' .

Example 3 : The character "-é%"

~

STEP 1
N
composition rule :
Ifirst radical - : AV (V) vV
) ‘ ‘ jw )
second radical : M (p)
STEP 2
. ' : composition rule : !
)‘[‘ first radical : 0—Ttvh) %_\
second radical I VAU EY. '
STEP 3

composition rule ¥ "

. _first-radieal P PLOED | 3
second radical : 0 (%J‘) =
STEP 4
composition rule : .

Note : 1) The above 1is an example using four
composition rules. In fact, the nux;lber of composition rules
used to generate a character is not limited. The wuser 1is

allowed to apply as many composition rules as needed.

< ‘
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2) The radical '0' can be used as the first
radical as in STEP 2 or as the second radical as in STE? 3.

. 3) The composition rule "!" scales its first

radical 0 to 2/3 of its size and second radical BP to 1/3 of
its size vertically. — /
. *nﬁ
Example 4 : The character "Eﬁi" . ‘
STEP 1 ‘
\ composition rule : ;
first radical : -1~ Ji.
second radical _ ': NT (]1 )
STEP 2 -
. composition rule : +'
+n !
~ first radical WY (PX) | 2h N

p . second radical

oo
o
~~
A d

STEP 3

composition rule

' . Note : 1) A "-1" radical is used:in STEP 1 of this
éxamﬁle. It means that there is no radiéal for the first
one in STEP 1. The second radical NT of STEP 1 is scaled
vertically to 1/2 of its size.

2) In STEP 2, the superimpose composition‘rule
is used to combine radical WY and the intermediate character

formed in STEP 1. Superimpose implies that no scaling 1is

- 38 -
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performed, the radicals are just placed one oven the other.

Example 5 : The character " EE."

“STEP 1
composition rule : @
first radical : BY ([:) EE
second radical : FS (F)
STEP 2 ”

composition rule

Note : This is an example of containment,

Y

3

\
Example 6 : The.character " %.'"

STEP 1
bémposition rule : >
¥ " first radical ‘ _+ FP (* )Bj\
. . second radical s =1
’ STEP 2 :

.composition rule : ™ -
[ ¢

j} ) first radical : =1

: ']
. second radical : UM (,% ) -@
. STEP 3 :

composition rule : +

first radical  : 0 (K) %

sécond radical :

o

~
D

N’

STEP 4

composition ruie -

- 39 -



Note : 1) This is an example of scaling the radicals
independently to desired sizes and positions, then the
superimposé composition rule is used to group them together.

\‘
- 2) There are two intermediate characters

formed before the composition rule "+" is applied. 'In STEP

2, prior to the construction of the second intermediate

8
character " 7#p ", all coordinates of the first intermediate

g

character " ;$\ " from STEP 1 are transferred from array,

"FINAL" to an auxiliary array "FIRST". Then the character
constructed in STEP 2 is stored in array "FINAL". Since
both radicals in STEP 3 are zeros, the first radical will
take the character in array "FIRST" (ie. the first
intermediate character) and the second radical takes the
;haracter fﬁom array "FINAL" (ie. the second inxermediate

character).

III.5 Implementation of the Scheme in the Computer

The scheme as described in section TIII.H4 has been
implemented on the CLC CYBER 170 coﬁputer with a Tektronix
graphics (system and a PRINTRONIX plotter at Concordia
University. The software is coded in PASCAL 1language and is
compiled by the PASCAL compiler version 3.3.0 (82/06/10).
The software implemented has basically‘four main functions

initialization, command inpht, command  decoding, and

- 40 - .
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character generation. Each function is further divided into

subfunctions which are represented by procedures.

INITIALIZATION

There are three procedures.

PROCEDURE "INITIAL" defines the symbols of the fifteen
qompoéition rples as described in section III.3 and two

format operation codes. These ¢two codes are for editing

‘purpose. One is to insert a blank character and the other

one is to skip to the next line. Symbolicaily they are |

7

representédlby "#" and "=" respectively.

PROCEDURE "INITIALTABLE" reads the translation table
from a file TAPE9 and store it in the array "TABLE". This
file contains five digit numbers for each radical input
code. The complete input codes and the translation table

are shown in Apvpendices 3 & 5 respectiygly. ‘ v

PROCEDURE "INITIALTAPE10" reads the coordinates of
radicals from a file TAPE10 and store them in array "BASE".
The complete listing of the file is shown in Appendix 4,

Ty

COMMAND INPUT

PRdCEDURE "READBUFFER" reads the input codes from the
\ - - N .

- 41 -




"INPUT" file.

COMMAND DECODING Co T \

There are eight procédures.

. PROCEDURE "GETTOKEN"; validates the lnput command. A.
command is-a string of characters which|direct the software
to follow a specific sequence of processes to generate

Chinese characters. * Each command charadter - |should have a

pre-defined radical. code, a composition rule symbol, an
operation code, a left parenthesis-or a | right parenthesisn
An error message is generated whenever the validation of the

command fails.

PROCEDURE "STATEO" checks whether & | command character
is a radical code or a left pgrenthesis.\ If a radical code

is detected, PROCEDURE "STATE1" is calhed. If a left

4

¥

¢ \ '
~parenthesis 1is detected, ; PROCEDURES "PU?HPARENTHESIS" and
"STATEO" are called.

PROCEDURE "STATE1" checks whethe the command
characters are of a composition rule ode or F left
parenthesis.. If a éompoéition ruie code except "'" and "."
is detected, PROCEDUﬁE "STATE2" is called. |If a composition
rule "'v or v mrig detected, PROCEDURE "NOPARENTHESIS" is

called. If a left parenthesis 1is detected, PROCEDURES

- 42 -
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othese three procedures can

_diagram FIG. 3-3.

Initial state

PROCEDURE ~ "STATE2"  dhecks  whether  the| command

"GENERATECObE".and "STATE1" &gre called.

—

|

. } !
character are of a radical |code or a left parenthesis.

a radical ¢ode is detected, PROCEDURE "STATE1G

If a left

"PUSHPHRENTHESIS" and " STATE

sequence for the i1nput clommand.

be

“

parenthesis

State 1

Accepting state
'(Terminal) o

l]l )

is detected,

" are called.

depicted in the

Radicai code

Comﬁosition rule

If

is called.

PROCEDURES

The relationship among

following

code

B

o

«
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1A

o

L
L 2 .

S kPRO&@DURE "GENERATECODE" stores.the ‘processing sequence -

derived from the grevious'three‘ procedures in appropriate
e , 4 - ,\ ’ A . - - '
locations. - : - 4

, <) L e
. . PROCEDURE  "NOPARENTHESIS" deals® with the arranged

°

.processing . sequence where the function of tparenthesis has

been taken into account. ‘ B . ' .

[l

B »

- PROCEDURE '"PUSHPARENTHESIS" chec¢ks whether the number °.

-

of left parentﬁesés is equal to that of right pérentheseq »

when the character '(' is encountered. , -\
¢ ' . ‘
LY *

[y
v s o . N
5 o

PROCEDURE "POPPARENTHESIS" checks whether the number of '

right parentheseg is equal to that of left parentheses when
“ ! ) L Y . .

the character ')' is encountered. A
. Q M | .

> - !

0

CHARACTER GENERATION,

-

)

- PROCEDURE ~ "CONSTRUCTOR"  initiates the character

generation _process based on the previously determined
- .,
.processing. sequefice. Each process has two radicals and one

- * -
operation code. These parameters are passed to the -

- -
' P&PCEDURE“"GENERATECODE".
»

I
s wt : 4

"PROCEDURE "GENERATOR" 1is the.principal program which

«

. i
[

perform8 the actual Chinese character g%neration. “Baseda on

the "operation code, 1i.e. the composition rule, the

{T

- by -

El N o '
: . N . C &
. . .

!

PPy

cohAN
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" 4

-

appropriate -proceduFe is called to generate a final
- ’ ‘

-character or an intermediate character. It should be noted

that two format operation codes are also included 1in this

procedure. . The procedure also has the feature of displaying
the constructed- character on the Tektronix graphics terminal
fér .verification purpose. The resultant coordinafes for a
character ;2% stored in a file called TAPES wh;Eh becomes

the inputﬁffile to the graphic display program "DISPLAYERY.

7

JJhe character generated céﬁwle shown on the Tektronix U010

/52965335_ terminal or on a PRINTRONIX plotter. The hardcopy

<

»

~

"listing is procduced by a plotter attached to it.

\

:
N

. ‘ D oW
PROCEDURE "VERTICAL" rescales vertically the size of a
character into two ‘parts éccording to the desired scaling
factors such that the first radical is on the left -and the
second radical is on the:right: Composition rules (1), (2)¥

[§

and (3) require this procedure. In the case of composition

. rule (1), this procedure mul'tiplies all x coordinates of the

fir'st radical by, 0.5 to yield numbers ranging from 0 to 18.

~ \ .
. Similarly all x coordinates of the second radical are also

multiplied Sy 0.5 and added ‘to the base 18 to yield numbers

ranging from 18 to 36. . The two modified radicals are then

"combined to form a new character. In the case .of

composiﬁibn . rule (2), the same methydology‘is used exdee}

that 0.3333 and 0.6667 are applied to the first radical _and

to the second radical respectively. The value of the x

coordinates of the first radical will lie between Q¢ and 12.

-~
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“

By adding 12 to the x coordinates of the second radkcal, the
. . ’ & ’
value will fall into the range of 12 to 36. {
™~

“

PROCEDURE "HORIZONTAL" rescales horizontally the size
of @ g¢haracter into two parts: according to the desired

scaliqg facfors sych that the first radical is on the top of '

., “the second radical. Composition rules (4), (5), and (6)

-

1

-requiréwthis procedure. The procedure is analogous to that

described in the previous paragfaph. - In the case of

‘compositioﬁ‘ rule (4), the procedure multfplies all y

4

' coordinates of the first radical by 0.5 to yield numbers

ranginé,from 0 to 18. Similarl& all y coordinates of the

. ‘ . I 1
Second radical are also multiplied by 0.5 and added to the

baseé 18 to yield ordinates ranging from 18 to 36. The two

.modified radicals are then combined to form a new character.

'"In,the”éase of composition,rule (5), the same method is_used

Ay

except that 0.3333 and 0.6667 are applied to the first
¢ A\l . ,
radical and to the second radical respectively. The value

of the y codrdinates of the first radical Qifl lie Eetﬁeen 0
,and_12. By adding 12 to the y coordinates of -the second
radical, the value will fall into ﬂﬁe range of 12 to 36.
. . _
- PROCEDURE "NATURE" suﬁefaimposes‘two radicals of edual
size\or retains the same size for a radiéal 1tseif of being

a character. Composition rules (13) and (14) require this |

procedure,

Fe t o PR N |
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PROCEDURE "CONTAINER“ divides the size of a character

into two parﬁs such that the second radical 1is cbnpained in

the first radical. Composition rules (7), (8), (9),' (10),

(11), and (12) require this procedure. The -relative
position and size are desqribed in section III.3.

C% .
PROCEDURE "DIRECTACCESSOR" gets the coordinates_ of a

. N T e
radical ‘JTom the array "“BASE" by computing the starting

position,.

Other pr cedures from the Tékgronix‘ graphics qnd the
PRINTRONIX plotter package a;e invoked . They are written in

FORTRAN language and presented below.

PPROCEDURE INITT (BAUDSINTEGER;IFILE,OF ILESTEXT;
7 IBUF , LBUF$INTEGER);

PROCEDURE SWINDO (MINX,LENX,XMINY,LENYSINTEGER);

PROCEDURE DWINDO (XMIN, XMAX, YMIN, YMAXSINTEGER);
PROCEDURE VWINDO (XMIN, XMAXU YMIN, YMAX % REAL);
PROCEDURE DRAWD (X, Y % REAL);

&

PROCEDURE MOVEA (X, Y % REAL);
2 : | *
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PROCEDURE FINITT (IX, IY % IINTEGER);
PROCEDURE ANMODE ;

PROCEDURE‘HDCQ%Y; ,
N

The describtion of these procedures can be found 1in a
e

»

Tektronix 4010 manual [19]. _
"The procedures from the‘PRINTRONIX plotter are lisf;ed
below. '
CALCL PLOTS (0.0,0.0,99) . /

‘

]

CALL PLOT (X,Y,KPEN) !
CALL MODE  (KROW,ARG1, ARG2, ARG3) o

The description of these three procedui'es can be  found

in a PRINTRONIX PLOTTING SOFTWARE ([21].

The relatiopship etween -varioué files and software

\

funetional components can be - summarized in the following

diagram FIG. 3-4.

P N o
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The. first and ‘the 1last Ppages of the complete °
listing of Chinese characters of size 36x36, generated by
this software using “the iqput commands of Appendix 5 are

presented in FIG. 3-5." The completellisfing is givén‘ in
Appendix 6. -

ki
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CHAPTER IV

ANALYSIS AND DISCUSSION OF THE SCHEME

i

IV.1 Introduction '
In chapter III, we have discussed the structure of
thinese characters. We have also ' derived fifteen

composition ~ rules and two formatting codes @ich are

.considered to be sufficient to construct Chinese characters

A\

using the tweﬁty-eight groups of radicals as defined in
Appendix 1. |
.

The software system . developed to generate Chinese
clha.racters. using the scheme described in section III.4 has -

produced the 4864 characters shown in Appendix 6.

In order to find out ?T(J'WThg scheme fares in practical

use, we have'performed,a series of analysis using the data
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from references [15,18], which gave the frequency occurrence
of the U864 most frequently used Chinese characters.

] C

IV.2 Frequency of Occurrence of Radicals

it o S e

An analysis of the frequency of occurrence of radicals

"in the 4864 most frequently used Chinese characters could be

useful ' for improving future software design because one

could place the radicals in the search table in such a way

that the tipe required to search radicals can be optimized.

In TABLE 441, the frequency of éccurrence of the radicals in

the 4g64 most frequently used Chinese characters 1is |

presented. The percentage frequency distributions of the ' 5
first, second, third, and fourth sets of fifty radicals of
the data base in descending order are presented in TABLES
f-2, 4.3, 4-4, and u-é respectively. Similar information .
for 753,941 samples for the vocabulary of the 'H864 Ty
characters which appear in references [15,18], is shown in
TABLE 4-6. TABLE 4-6 should be used as a guide for the
future design of the radical table 1in Appendix 1. The
percentage frequency distributions of the first, second,
third, and fourth sets of fifty radicals in the 753,941

samples in descending order are presented in TABLES 4-7, 4-8,

4-9, and 4-10 respectively.

An analysis' of the frequency of occurrence of the
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radical's positioﬁ and of the 1latter's percentage 1in the
4864 characters and the 753,941 samples are presented in
Appendices 8, 9, and 10, 11 respectively 1in which the
analysis of occurrence is by the position number as| assigned

in chapter III.

TABLES 4-11 and 4-12 bfesent‘the frequency distribution
of the various radicals which occur in the U864 characters
and Fhe 753,941 samples in descending order by position
unumber. These two tables are useful for identifying thase
radicals which appear more frequently in the 17 defined

positions.
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() 105 1. N0

LI

(4 0.96 3
( ]5 ) b.83 3

(Jay 0.75
(A 0.70 3

(F 0,67 3

( [::]) 0.61 %

!
(thr) 0.56 %

'

(&) 0.52 %
/) 0.19 %
"
/

()*R’ /o.u7 ]
/
ol

ARLE 4-2

,’5

I3 §
TEE
Jo (A
05\(5\)
L | .

FR (] )

cfF (W)

RANK CODE  PERCENT RANK CODE PERCENT

2,30 %,

RANK

4

20
PL]
26
32
36

"m0
T

88

CODE
cu (+)
FQ ( g )
Pz (E)
pG (O)

Ap ()

FT (R0
se- (f)
e (f7)
AR (1))
x (/)
p1 ()
oo (1)

PERCENT
2.08%
1.62 %
0.97 %
0.86 %
0.78 %
0.71%
0.69 %'
0.62;
0.57% "
0.55 %

0.5 %

.18 %
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PERCENTAGE FREQUENCY DISTRIBUTIONS OF THE SECOND SET OF FIFTY BADICALS

RANK * CODE
|
511 BA (L)
| 3
55 BE ()
59 o (d)
‘ 63 UE <E )
67 +DE (I
bl * '
71 AT (=)
75+ SJ (r‘ﬂ{
SR
794 .DF ¢ 4 )
83" &8F (3 )
_
87 NH (49>
&
91 JP (F)
95 EP (KU
39 .ofF(AL)
S
ACCUMULATION
L 4

-

yz
PERCENT - RANK CODE
0.46 52 DA
0.88 T 56 -AQ
0.43 % 60 cCY
%.uo T 64 FW
0.38 % 68 NT
b33 72 AV
0.33 4 76. DQ

.1‘
0.32 %, 80 GR
0129 2 84 NS
0.29 % 38 az
0.28 % -92 Js
0.26 % 96 GO

~

0.25 3 100 DL
= 62.88 %

[

PERCENT
() 0.46 %
({] ) 0.44 %

() 0.u0 %

(7§§.'aif39 3
G]* ) 0.26 %
K3

(V) 0.35

P

\/' "
(?) 0.32a

i1

(jEL) 0.32
eﬂé ) ©.29 %

(LY o0.28

—t .
L) 0.28 1

(ak) o0.26 1

<§§ ) 0.25 %

TABLE, 4-3 =

- 58 -

)
e

RANK CODE

53 AS ({y) 0.45

57

61

65

69

73

77

81

Ju
GJ

a

GG

GA

GU

EN

!

35

oc’

ED

Y

AE

BM

PERCENT
3
(tm) 0.4y %
(T7"\) 0.40 %
(;E ) o.3§ ]
() 0.3 %
() 0.34%
(%) 0.3
<}“> 0.31 %
(33> o.29 %
(éy ) 0.28
« 13 0.26 %
(F) 0.251%
{
.
-

RANK

54
58
62
66
10
T4
78
82
36
90
94

98

AY (=)

sSD
b 2

NN
[+%3
YG
KY
84

GB

GC

BG

s} &%

P8 f
()
(;? )
8-
G )
g
(fr)
(7}.3
E
a1

0.45
0.u4
0.0
0.38
0.36
0.34
9-32
o‘.3o

0.29

CODE PERCENT
AY

b4

]

%

(N

b

2

-«
-

s
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PERCENTAGE FREQU

! RANK CODExe PERCENT

101 KG ()
105 FY (5’}:)
109 QQ ()
113 Ha (k)
. ;17 Qz (~I§;)

121 DU (K

. 125 JHH (TT)

129 KF (%)
133 EH F )
137 om (£

11 GS ()

145 0T (E )
AN

r"w-
149 HX (I

ACCUMULATION

A

RANK CODE PERCENT

-

aL (¥) 0.25 %

-

GK (}7 ) 0.2u4 %

sV ué\) 0.23 %

ob(g) o.z:_

“BH (/\) 0.21 4

GP (7{) 0.21 %

-
f 12657 (J}Y) 0.20 %

®25 % 102
1
0,25 5 106
0:23% 110
0.22 % 114
0.22 % 118
0.21 % 122
0.20
Q.19 % ~130
]
0.17 % 134
0.17 2 138
0.17 & 142
0.i7 % 148
. v
0.16 & 150
= 287

QE (E_‘) 0.19 5
Gz (_f_ Y 0.17 %

BK (I’P Y 0.17 %

HY (}3 ) o.n\z

uv (ﬁ) D.17 %
KdJ (ﬁﬁ) 0.16 %

&
TABLE 4-4
¥

- 59 -

RANK CODE,

PERCENT

103 05 ) o0.25 %

107
111

115

147

N

QF

(g
([[_,)’
)

0.24 %
0.22 ¢

0.4 4

0.21 ¢

0.16 %

RANK

ENCY DISTRIBUTIONS OETHE THIRD'SET OF FIFTY RADICALS

CODE

. -

PERCENT

104 1 (ﬁﬁ) 0.25

108

112

116

120

124

128

132

136

140

144

148

SR
BL
wu
KT
BY
Qo
GE
w
0T
NU

EM

R

(3)

<§;,‘-)

q)\

("

(E Yy
»>

B
(- )

(-’f—)

(£3)
“()3)

g.22
0. 21
0.20

0.20

P
ot



PERCENTAGE FREQUENCY DISTRIBUTIONS OF T

L 4 .
RANK TODE PERCENT

151 0K (%) 0.16 %

.

RANK CODE PERCENT

152 <0 (/) 0.15 3

155 L (KD 0.1513 156 NJ'(i’ﬂ 0.15 3.
159 HB (} ) 0.1 3 60 oy & 0w
163 oi ()"\) 0.14 % 164 AB C \) 0.13 3
167 HG (}ﬁ) 0.133 168 HO () 0.13 3
ATLONQ T ) 0,138 172 AC ZACRER
175 kv (H) 0.13% 176 Lo () 003w
179 n,x";gok 0.13 & 180 O\A <\ﬁ3> 0.13 %
18 3T ( ) 0.12 % 184 EA 0.12

1, ']; 1 3 \ ‘(‘$ ) 3 s\
187 gu(?v. 012 188 H (FH o212
191 p!)M ) , 0.12 % 192 4 <‘{§\\> ?.12 :
195\01\(i> 6.1z 196 s (F) o2
199" VA (o vz 200 aF (). SIS RIE

ACCUl"IULATION; 79.38 1 | - N

TABLE 4-5 -
)

. 50 -

HE FOURTH SET OF FIFTY.RADICALS

RANK RANK CODE

Jx(@)'

CODE

153 GX (.ﬁ)

PERCENT

0.15 % 154

157 o1 (M) o.w s 158 HA o
161 KP (&)- 0.1 5 162 oy (RO
165 BX (X)) 0133 166 F2 O
169 KR (B ) 0.13 % ’17;> NP (?)‘
T73 B () 0.13 3 174 ER <7i~~)
17N (R 01133 78w
181 SK <£> 0.13% 182 SU '#;’l
185 ;c (-ﬁ;) .12 186 GQ‘(;'- 3
SRS 0:12 % 130 KK (]‘(3‘
‘1’93 WA 00121 o0 av (/E()A

wbs
197 8Y (-si Yo0.12 %

P

PERCENT

e

0.15
0.14 %
0.4 %

0.13 %

0.13 %
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PERCENTAGE FREQUENCY DISTRIBUTIONS OF THE FIRST SET OF FIFTY RADICALS

RANK CODE

1

[3¥]
L]

© 37

41

45

49

ACCUMULATION = U48.7T %

CK
AA

cL

cs
Af

JN

AR

cY

Ja

-AV

JP

0

(=)

( )

;
O
&

"

(42

+>

)
)

T

(g

PERCENT

2.97
2.1
1.49
1.08
0.88
0.76

0.7

0.59
9.52

0.50

-

)

kL]

»e

RANK CODE

PERCENT

2 AN ) 2.49 1

50

AQ

FQ

CN

cQ

cT

JL

CwW

FU

cz

AU

" oc

DE

(f] ) 1

(L) o.

.81
48
.03

.79

.69
.65
.65
.62
.56

.52

49

2

TABLE 4-7

- G-
RANK CQDE

3

7

23

<27

31

35

39

43

47

PERCENT

“FO(H-) 2.u8 3
Ag(\) 1.76 %
'PZ ‘}? ) 1.31 %
CO (M) 0.95 %
N .
FS (£ ) 0.77 %
CU () 0.73 %
JM%k]E;)~ 0.69 3
AQ (7)) 0.5 %
As () 0.53 %
AT (=) 0.51 %
oA (0 0.55 %
DD JJ,). 3.51 :

RANK COQE

20

24

28

32

36

40

4y

48

FP

FR

CR

FT

cv

(g)
X
(i)
)
(A
<5(}
3

e X))

SD

(Pq )

PERCENT

2.13

1.60°

1.26

0.94

0.72

0.65

0.63

o F) 0.60

»

e

»a

1 1)

e

(13



L s

55

59

63’

67
7

75

79

33

437

3

. -1

39

ACCUMULATION =

4

PERCENTAGE FREQUENCY DISTRIBUTIONS OF THE SECOND SET OF FIFTY RADICALS

* RANK CODE

PERCENT

OF (4 ) 0.49 8

AX
AY
DI

JR

Js

NJ

Ju

SG

(3)

(=)

()
(af )
()
X

=)

(¥

’

RANK CODE

PERCENT

52 oa(ﬁ) 0.49 %

0.47 8 56
0.45 % 60
0.43 % 64
0.41 3 68
0.6 8 72
0.35 8 76
0.33 5 80
0.31 1 84

o293 as
0.28% 92
0.27% 96
0.27 % 100

66.67 3%

FW

FX

NG

QC

BC

2J

QP

Jv

DK

JW

NL

GE

(73-)
(F)

(R

(g"',_)
(A
(AL
(ﬁ)‘
&)
(k>
o

0.

Q.

46

Lub

.42

.39

.35

4

.33

.30

.29

.28

(B 0.2

(&)

4

0.

26

%

1)

« TABLE 4-8

: 63-

33

RANK CODE

PERCENT

53 AW (A ) 0.49 %

57

61

65

69

73

77

81

85

89

37

DG
DY
NH

BA

FL

oL®

GD

(g )

>

()

(X3
4 )
(2
.(E>

<ﬁ)
[E X

(5)

u}v)‘

0.45

0.32

0.30

Or. 29

0.28

%

‘v

.

RANK CODE

PERCENT

54 FY ('X) 0.49 g

58

62

66

70

‘7“

78

82

86

30

34

98

o (g
sE (‘4)

Az ()L,)L

i

BB (Z.)
GA ()
cs<fr)
TR

Nk (B

0.

us

b

42

.36

.35

.33

.31

.29

.29

b)



PERCENTAGE FRE‘QUEHCY DISTRIBUTIONS OF THE THIRD SET'CF FIFTY RADICALS

RANK CODE . PERCENT “ RANK CODE PERCENT  RANK CODE  PERCENT  RANK CODE  PERCENT
101 oM (S ) 0.26 % 102 DN <l}- ) 0.25% 103 NM (@) o0.25 3 tou o (E) 0.25 3
105 o (§,) 0.25% dos oF (K 0.255 107 W& (K2 0.25% 108 GG (N) 0.2 %
109 GH (K ) 0.268 110 4z </‘}6) o.2u s 111 v (B) o.2u 3 112 KA (k) o0.24 %
. N ’ s

13 61 (.IF-) 0.24 % 114 GJ (jTy) 0.4 % 115 GK ()5) 0.24 3 116 BF () ) o0.24 %
17 %8 (BA) 0.23 % .18 BG ([]) 0.23 % 119 "BH (,\) 0.23 % 120 GL (}‘). 0.23 %

\\ ‘ .
121 ac (7)) 0.231 122 N () 0.233 123 oM GR) 0.23 % 2 oF () o221
125 KC UF) 0.223° 126 GN (R 0.223% 127 o (K> 0.223 128 NP (?‘) 0.21 %
129 6o (ak) 0.2t¢ 130 DP (fF) 0.208 131 KD (MY) 0.20% 132 o (K) 0.20%
133 ke (gh) 0.20% 13 ue () o0.20% 135 o (Fo0.197 136 ST ) 019 s

) - X N .
13T Me (T 2193 138 BI (JT) 0.19% 139 DQ (%1 0.19 % k0 DR (Y ) 0.18 %
141 UH (/%V) 0.18 % 142 sy (F) 0.183 143 KF (k) oars 1w G (FF > 0172
45 NR (JB]) 017 8 146 . KG (FR) 0.17 % 147 GR (K) 0.17 8 148 Gs (H) o0.17 3
: X ‘ '

149 NS (/é) 0173 150 NT (F) 0.7t

ACCUNULATICN = 77.32 % . . '

! N
. TABLE 4-9 '
- 6U - ¢!

~8
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PERCENTAGE FR§QU§NCY DISTRIBUTIONS OF THE FOURTH SET OF FIFTY RADICALS

RANK CODE  PERCENT  RANK CODE  PERCENT
151 sk (F) 063 152 81 (TP) 0.16 %
155 8K ('p ) 0.16 % 156 X# (JAL) 0.16 %
159 BL (T) 0.15% 160 GT (K 0.15 3
163 GV (7)) 0.15 % 168 K (ﬁﬂ}‘ 0.15 %
17 KK ) 0,158 168 BN ( Fy o151
1Mok GEY cows 172 ou (6K) 0.1u
175 oV (KO 0.t 176 GY () 0.5 2
179 VO <‘§é) 2.13 % 180 uxl(rg]) 9.13 %
183 HA () 0.v3 ot 18 B30 () 0.13 3
167 ko (B 2133 188 W8 (B 0.3
191 Ka (kO 0.1 192 W (F R
195 ks (B0 0123 196 uk () 012 %
199 KT (R ) 0.12% 200 DX (4 ) o0.12 3%

ACCUMULATION = 84.23 3
]
\ . ' TABLE ;-10
\‘ N
- 55 -
¥

RANK
153
157
161
165
169
¥13
177
'81
185
189
193

197

QI

SL

KI

DT

BN

N

jor 4

DW

uJ

£P

KR

3N

CODE  PERCENT

<g}s> 0.16 %
(&) 0.16 1
(F)Y 0.5
(-1-) 0.15 3
()") 0.15 %
Af> o0.1u g
(E) 0.
(A1) 0.13 3
\%)
)

(B o0.12 %

<>i) 0.12 %

RANK CODE
154 ds (&)

158 oy G )
162 GU ()

166 GwW (:} )

170 GX (ﬁ)
174 NU (R3)

118
78 &M CF)

1§z XN ‘R"
186 3P (1))
90 VP (%)
1;u SH (E()
198 K (F)

PERCENT
0.15. %
0.16 1
0.15 1
0.15 %
0.14 %
¢.14 %
0.14 %

0.13 %

0.133

»

0.12

0.12 1

0.12 %



FAEQUENCY OF RADICAL POSITIONS 1IN DESCINDING ORDER IN THE 386s CHARACTERS. .
Vooi o3 o4 8 6 T B 9 a0 11 12 13 w8 e 17 '

2
-
~
i
n
[
o
”
-
1]
©
I

FR NP DC CK A0 FG 3L DO QI AL CY L .
€O Ak CC FO Cw CA EB. QC OP KJ FV DG BC Ga WS &0 HG
AN ST RGO FPOBY JP Q) BS KY A3 M) KD JI UP AX AF AB

5 A JE NF FC WP CW VK ML NS DM O0C AP 3 PO €1 Q2 GO
© 4G Gk AA QR CT FP XK MM GX BA VP BF O WJ DK TC pt
TOME AU AY UG FE FS UM NI aQ & O NN PC BF FQ Ak aAM
0PI FC JO KM A0 OH UM Ul WY GF 8% OT VI EA GD v Cf

. vy Fu GB OL AP B1 Q0 JE BL GL_ X SO CL YR SH G Of R ' . '
10 DN Ch GJ <k AA AW JJ KV IL Bl ON Sk FE AE N 4Y £

14 Dl AS 04 DO AE OG AZ DU JC SR A BE BN OQ 1Y AD aQr
1S R0 DO AT Cw AF L2 FL FA LN BV AD FP JB AU K1 AG W2

19 JL GU JK JT AJ JL TU NHT AA ON
20 OH CK JS BC AK JO TI 1A AD WA AT OR AC FS ON 4w *af " v
2V CI P MONE AL XF AL UK AC DO W00 o FUOPD AN AG °

22 Ja CP b2 BD 4m ma 2A L0 AD FQNK QT AE HO GE aP Al

) ' 23 0C KP Bn A AN QT AC LXK AL FI AL SE AF PJ Of 40 AJ
2% 6D AL GC OL AP SU AD WM AG GA N AA AG RG OK A AR .
25 FO'JP XG CY M0 TL AF MR AN NO AN AD AH 3E O A3 AL i ,/,\-\\
~ 26 3V LD M 00 A2 W AG OF AL N AP AC Al UG QX AT AN oo f i
21 JT Ow CT AV 43 YT AN PO AJ O 407AD AJ aB 5L AU M !

28 KT UM EP JQ AT AR A} PIL K KF AR Al AK AP TJ AV a0
29 WD RG BC QF AU AB AJ OF AL OC A3 A7 AL AN WP AW AP ‘ ‘ ]

'(‘, 31 Cv WA 8 DR AW AD AN QI AN QD AU AM AR CN UJ &Y AR
A -’ 33 MU ML JL AS AY AF A0 ST AP AW AW M) AP EF. YC B AT .

39 0F QD SR MR BA AH AQ YA A3 CY AT Am AR GQ I BC AV

3% u¥Y Gf OY WX NC AL AU Xw AW E£2 K¢ AR AV JQ "W BC A2
&1 HA VYA OT HI &M 4% AW AN AY Fw M AT aX 20 iGC B B

83 FW CY DO JR B AP AT AD DA GE 3G AY A WU WU 8K BD
%8 ST FF B0 WM M AQ BA AL B GT O AV S NY AN BL BE

- N 4% DF NT DU DA BL AR BB AF AC_ 14 31 AX BB Ok BA WM. W
N ’ N 4c NV VG Q3 IR WX AS BC AG BD IC M AY 3D O 3D M _lc ‘
' AT 0J VU FPOGF MM AT BD Ak BE IR B AZ BT OB M1 B3O NN ,
. N ' WOAB XU GA JY B0 AU BL AI EF X 3L BA BF OF B 8P 81 .
! N €9 AU 84 1D LJ B AV BF A 3G KL DR BB BG GG P G B : -
' 30 DA 8T IS GV BG AX WG AKX B4 KO BN BC B A B S5 &K ...t*
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FENEQUENCY OF RADICAL POSITIONS IN DESCENDING ORDER OVER 753,987 SAMPLES

1"

- won

e &~ > W

AN
A
K
L
"
r
0
"
33
P
cr
b1
o
3
re

s’

(23

N

11}
8

ro
co
cx
cr
cu
AT

Al
Ju
AT
cY
o3
L B
AY
Js

Jo

~e

-

2T U

2
23
28

26
2
28
29
10
n
32
1
n
1
36
n
38
39
L[]
L 1]
a2
1)
a
s

Y]
"
1)
50

oG
QH
Fv
SF
AC
47
Qo
cY
bW

LL]
AW
KT
DX
cwW
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IV.3 Radical Search Time
p

Aﬁ analysis of the time required to search each radical
is useful since one could rearrange the radicals' positions
in such a way that the most frequently used radicals can be
placed in the optimal ©positions. The results of the
analysis for the 4864 characters and 753,941 samples are
shown in TABLE 4-13 and TABLE 4-18 respectively. The time
required of each radical in TABLE 4-18 is derived from the
time required 'in TABLE 4-13 multiplying corresponding
frequency of occurrence in TABLE 4-6. The percentage
frequency distributiéns of the first, second, third, and
fourth sets of fifty radicals in descending order analyzed
for the 4864 characters and 753,941 samples are presented in
TABLES 4-14, 4-15, 4-16, 4-17, AND TABLES 4-19, 4-20, 4-2{,
4-22 respectively. The information contained in TABLE U4-6
can be used for optimizing purpose. For example, radical QA
( fﬁ ) in group 10 has the‘occurrence of 9355 *times and QX
( ﬁh ) in the same group has the occurrence of only 771
times. The search time required for the former 1is 24 ms
while the search time for the latter"is 21 ms. Some
optimization could be 'done to reduce the total radical
search time.

The total computer time spent to generate the 4864 most
frequenily used characters and the 753,941 -samples for the

vocabulary of 4864 characters are 16.951 seconds and 7 hours
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PERCENTAGE FREQUENCY DISTRISUTIONS OF THE‘FIRST SET OF FIFTY .BAD'ICALS - .

RANK CODE PERCENT RANK CODE PERCENT RANK CODE PERC}ENT RANK CODE PERCENT

- 1oex (O 273 2 FO (B) 1.92% 3 (E) 1903 4 PZ(F) 1.64%

5 A0 ("]) 1.62% 6 FR i) 1.42% Ty 133 8 Fr KDY 1273

. L, 9 - FQ (g ) 1.20 % 10 ‘JL (*) 1.19 % 11 JM (K} 0.94 3+ 12 NE ‘3%) 0.94 %

. ] .

1308 (KD 0908 1 cL (3)-0.883 15 A (F¥) 0.85 14 16 cP (4r) 0.84 %
Jiroso (P> o0.783 18 crR (A 0.783 19 CS () 0.77 4 20 Jo (FF) o0.76 %
- )
21 cM ([:]) 0.71 % 22 @B (§) 0.70% 23 NF (M) 0TQ9 s& zf\t-'u (ruh  0.59 3
25 co(Pn) 0.683% 26 cz (f) 0.67% 27 NG (FE) 0.66 17 28 FT () o0.64 3
, 29 yuHy o6us 300 DE (L) 0.623 31 e (¥ ) 8.623 32 cN (g o611
. ‘ 3
' 33 Cv (o o.61 % 3 cQ (j) 0.611% 35‘Ga\cFI) 0.60 3 36 DC(J" ) 0.59 3
3T 2T PO 0.58 2 38 SE (4§) o0.578 39 SF(ZE) 0.57 4 40 Fs (£ o0.55 %

~

1 NI (E) 0563 %2 JS (§) 0.53% a3 QC &

I$> 0.51 4 uw Jp(FH 0511
*) 0.48 ¢ 48 Jg(H ) o.98 %

. C45 NH (g ) 0.50 % - 46 “‘ﬁ’ 0.49 % 4t sH(

49 CU (++) 0.48°% 50 UF (i) 0.47 %’ ‘

Accunuurm/hnuz.m 1 i R .
’ . .
® : ) . '
TABLE 4-19
‘ S
' Y - T6 -
A .
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4
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PERCENTAGE FREQUENCY DISTRIBUTIONS OF THE SECOND SET OF FIFTY RADICALS |

RANK CODE  PERCENT RANK CODE' PERCENT RANK CODE PERCENT RANK CODE PERCENT

'
'

51 QD (F) o.u61 52 FVTX) 0463 53 AQ () o.uss 54 DA (&) 0.46.3
55 56 (A4 0.458 56 as () 0453 5T v () 0451 58 NK () .k s
59 QE (%) 0.43.% 60 FY (Qﬂ 0,423 61 Ax () 0.u2% 62 AB( N 0.42 3

63 DG (B ) 0.40% 64 JuU (V) 0.40% 65 QH (F ) 0.38% 66 AZ (){j) 0.38 3

-

. 67 AA (=) 0.38 % 68 FI (4) 0.38 % 69 QG (R) 0.38% 70 FX(7F) 0.37 %

s TR (G[) 0.36 % 72 DJ (L) 0.36 3 73 U ‘x%) 0.36 5 78 XJ(¥) 0.35 3
75t oy (Fa~0.353 76 w (B 0358 77 cx (k) 0358 78 W (HEH 0.3 %

I3

V19 8T (4). 0.33 ¢ Bo oL (2 ) 0.23 % 31 FW () 0.33% 82 AT (}~) o0.32 %
\ ,

83 ML () 0.32% 84 G (‘*’) 0.

-~ Ly - frord
7 K (B3 0311 88 W <ff\) 0.31 89 GE (@) 0.31% 30 OF (F ) 0.301%
u .

9 oo (L) 0.308 92 w(m@) 0.30% 93 zuU Qi’) 0.30

(Y3}
n
"

b .31,
85 vo (gt) o0.323% 86 DB‘(f]\) 0.31. %

an
-
&=
s

AP (F ) 0.30
' cY ) 0.30 % 0.30 % JX 0.30 NS ¢ > 0. 4
95 ¢y () 0.3 9 sLagh) 0.30 9 ax () o308 98 s (B 0.3
I TR (3‘&) 0.29% 100 6¢ (E) 0.29 %

ACCUMULATION = 59.96 3

.

h]
L §
TABLE 4-20
‘ - 17 -
. .~
Y - 2
\
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PERCENTAGE FREQUE&CY DISTRIBUTIONS OF THE THIRD SET OF FIFTY RADICALS

RANK  CODE
101 NP (?)
105 1c (gD
109 AU ()
13 sd (g
S GA (g
121 XR (-ij)
125 DF (%)
129 UM (-%J
133 so ()
137 b1 (%)
W1 KG (V)
145 mu(#-)
149 v (;g;'))
ACCUMULATION

PERCEN

0.22
0.22

0.20

2 T1.69

T

]

"

»

RANK CODE

PERCENT

102 DH (13) 0.29 %

106

110

14

118

122

126

130

134

138

142

146

150

3

¥

NR

XxQ

NO

GL

JT

AR

AV

NV

LK)

81

NX

KX

ag))

X2

(%)
)
R
G
(/)

(;1;)

0

R
TABLE 4-21

.27
.27
.26
.24
.24
.23
.22
.21
.20
.20
.20

.19

)

- 78 -

RANK CODE

PERCENT

103 u:'(@]) 0.28 %

107

111
115
119
123

127

139
143

147

QJ
KC
VP
SK
Wy
XS
GG
KA
uJd
NZ

KH

\;Q_)

F) 0.273
()F) 0.26 %
(k%) o0.25 %

9.2 %

(ER)
(%')

0.23 3%

(eeen)

(k) o0.21°%
(;E) 0.20 %
(B o0.201
(qm) 0.19 %

ob;izﬂiﬁ 132
136 QI (3}3)*

RANK CODE

PERCENT

104 GM (A,) 0.28 3

108 VN (ﬁ)

 112‘ KE (}E)

116 KB (L)L)

0.24 % 120 GH (7'& )

I

te4 KD (19 )

128 WU (.‘?7\)

vk Of)

140 ZI \‘g )

V44 SN (X')
f

148 GX (,ﬁ.)‘

0.27

0.26

0.25

0.24

0.24

0.22

s

&



- PERCENTAGE FREQUENCY DISTRIBUTIONS OF THE

RANK CODE  PERCENT

151 AY (=)

155 YU (%y 0.18 3

(Bg) ©.18 3
I(,‘K) 0.18 %
g5 D
()
Tl
(4 cass

0.19 ¢

159 SM

163 KM

167 NW

177 %XJ

175 DN

183 k8 (&) 0.16 ;éﬂfu v

191 -GQ (-ﬁ-) 0.15 %

195 KL (JF) 0.15 ¢

199 BB () 0.15 %
ACCUMULATION = 79.93

AANK CODE  PERCENT
152 GV () ©0.19 %
0 c.18 1
]%) P18 s
<X) 0.18 %

(ALY 0.17 %

1?6‘ KK
160 VR
164 GF
168 B8C
172 UL (\ED

176 KF

fﬁBO G

)

.
~—
[&]
-
[}
an

(=)
o
».

188 NU

192 dF

—~

N
~
o
.
—_
1%
»e

196 WT

200 QL

7
rl

TABLE 4-22

(%) 0.15 %

FOURTH SET OF FIFTY RADICALS

RANK CODE  PERCENT  RANK
153 SP (.?, ) 0.18 % 154 J2
157 KU (*) 4.18 3 158 GN
161 KI CF) 0.13 5 162 NT

. 165 SR (ﬁ\) 0.17 & 166 AW

"169 DM (=) 0.17 & 170 SS
173 W (3 ) 0.7 2 T4 DO
177 °R ;5/) 0.16 3 178 .GP
1.8'1 KT (%‘ ) 0.16 %1 182 GO
185 BE (Z+) 0.16 1 186 QN
189 ok 1Ry 0.186 4 198 KP
193 QM (2)7 9.15 4 194 BD
197 34 (Kg 0.15 % “198‘ 3K

CODE

()

(K{)

(™)

(}‘.)

PERCENT

0.18 ¢

[}

.18 1
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iv.y Frequency of‘ Occurrence of - Invoking _the

Combésiﬁion Rules g .

. . | i | ‘ | \

Ar analysis "of the fr equency of invoking the

coﬁposition rules could lead. to determining thch portion of

the software codes should be optimized in order ﬁo improve
the efficiency of the software sysiemn

N

TABLE 4-23 shows that composition rules (1), (4), (5),

k]

and (éx are the most frequently invoked ones. Fur thermore,
43.91 % of the operations involve verfical operation. (rules

1, 2, and 3) and 39.35 % involve horizontal operation (rules
4, 5, and 6). , . = ’f

-80- T !

)
Al i v - . w b RTHEREN 1t x
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FREQUENCY OGCURRENC

RULE = 1 2170

RULE = 2 1218
lRULE = -'3 . 245
RULE = 4 1448
RULE =5 1255
RULE = 6 553
RUILE = 7T 117,
RUE = 8 , 163
RULE = 9 385
‘RULE = 10 ! 103
RULE = 11 21
RULE = 12 132
RULE = 13 402
RULE = 14 62
TOTAL = 8274

\

\\\

~

E, PERCENTAGE AND ACCUMULATION OF CCMPOSITION RULES

26.
1,
2,
17,
15.
6.

:

23
72
96

50

17

68

L4
.97
. 65
.24
.25
.60

. 86
.75

'
*

TABLE 4-23

]
]
)
)
)
*
]
!
]
]
)
)
]
%

26

61
76

91

.23
4o.
43.
.

95
91

.58
83.
84 .
86.
.30
92.
92.
94 .
- 99.
100.

26

67
64

54
80
39
25
00

k! '.ﬂ' >R R e R L) ko k] R k) »a >R k)
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IV.5 Number of Radicals in a Character

» ) / .A

An analysis of the number of radicals in a ‘character

from the 4864 character set can show the number of radicals

+and the composition operation required. Cne character

containing one radical or two\ radicals wuses a single
operation rule. Among the U864 characters, four hundred and
two characters _are themselves radicals. For ‘éxample, the
cﬁaracter "1’% " contains only one radical "ﬁ ", Eighteen
hundred and sixty-three characters require two radicalgt
each. Thus, the cbra/rr;lcter ";Et " contains two radicals FO
(B) and JIM (K). Seventeen hun/d;red and eighty-eight
cha’racters require three radicals (invoking composition
rules twice). For example, the character "/“a " contains
three radical%,AN (/1 ), CM (D), and JP- (E ). Eight
hundred and el even characters require four radicals
(invoking composition rules t};;ree times). For example, the
character " |‘§1 " contains fo\ur rédicals CM (D), FV ("X‘) ,
CK (O ), and AA (—). The average number of radicals per
character is found to be 2.6. In Appendix 7, characters
will be grouped according to the number ® of r’adicals-' they
contain. The number shown in each category represents the
rank of that chasacter. TABLE 4-24 shows the number of

characters which contain the same number of radicals.

- 82 -
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number of radicals number of characters

1 - 402
2 1863 ¢
¢ -3 o 1788 o .
A T | 811

e

IABLE 4-24 The number of characters which contain the same

number of radicals

4
)
*3
.
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-
o . -
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k '
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» 0
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) if required. . . N

b
-9
CHAPTER V
" ¢
- CONCLUSION

Y

-

-
/

N

Subsequent to the presentation of this scheme and its, Tﬁ;:\\

L4
implementation for generating Chinese characters in chapter

III, and the discussion Bf a ;ser}és of analysis 9f the

"scheme, the following conclusions can be drawn.
o * ]

~ ) . . -
L '

~

(1) The software system developed based,on this scheme

has demonstrated its "ability to produce the 4864 most

frequently used Chinese characters. This siystem 1is also

v

capable of generating many Jore new.characters using the

radicals-as defined. The system can further be extended to

include many more chafacters by wusing the' appropriate

operations to combine the rédicals.z New ones can be add%d

~ \ . )

- )

& t - ,°
o (2) The scheme uses two alpﬁanuneric charaq“rs to

N
LN



~

. .
J ’ L3

.~

/ -

—— N -
v

represent -a rg}cjical.j The scheme is capable of forming an
* . Fd

» RN . *
ntermediate character whenever required since parentheses

oo A

are recog‘nized by the system to set up the pfiority of the/

processing . sequence of 'compositi‘on rules and the inner-most

parenth‘ésis is executed first. .No ,priori'ty is assigned to

the composition rules,- and the console operator is noﬁt”

i
required to memorizel the priority sequence.

L}

(3) The system is implemented using the high level .

i : \ ’ .
progrémming language PB\?CAL and therefore it 'is easily
portable. ‘ ’ , 7 '
- g ' b
(4) The memory size required to store the radicals 1is
only 3.5 K-WORDS which is derived from the following

formula.

»

* - ‘ ,"7

Total number of strokes * Number of digtts to represent

' the coordinates of the two ‘end points of the strokes * *

‘Number of bits per dig." /  Number of digits ver. word /

/

K-V}ORDS £ 411163 ®g ¥ / 60 / 1024 = 3.5 K-woans\.

SUP ,
(5) No Chinese keyboard is required.

-
- -
\
\ +

(6) Thé presentation of Chinese characters can be:

f -~

improved easily by redefining /t\ne coordinéte.s' of each

. / -
radical concernéd. N , WY

: ®
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' o use the system. -0 ) S * ' . /
R Q ‘ /’.. . Lo ( ~\x\\\ 1 . /A .
/.
" , (8) /The size of outpu{\haracters can “be altered at N ,
- ) w.lll ’ ° . ' . ] ) !
. . . A . ' . /
; . ~ ’ ‘ R .
! ’ (9 Some 1mprd‘vements of the software sy\tem could be
g - made according to the analyses présented in chapter IV.~ For ‘
~ / -
‘example-.phe’?d\/es dign of the radlcal table could be changed so
that the total radical search time could, be optimlzed for . s\ oo
L the ' text of ("i\nterest. The * software code. relating to
' - - - ~
: composition rules 1-6 could] be optimized if we wish to ~
. A . : . k.
. improve the software efficiency and this improvement céuld
. e ', ’ : . ' BN
be qonsmered as a research project in the future.
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APPENDIX 1 . RADICAL TABLE
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APPENDIX 3 T%ANSLATIQN TABLE

***I******I*****************l*#*************************{*****II***

'THIS TABLE CONVERTS A RADICAL CODE INTO A FIVE-DIGIT_‘NU;‘IBER.- "

THE FIRST TWO DIGITS 'REPRESENT THE GROUP NUMBER AND THE LAST

' THREE DIGITS REPRESENT THE POSITION OF A RADICAL WITHIN THAT

‘GROUP. i

EXAMPLE , IN THE FIRST LINE, THE FIRST.FIVE-DIGIT NUMBER
"01008" INDICATES THAT 01 REPRESENT THE FIRST GROUP AND

*
*
*
*
#*
*
%
*

o
*
*
*
*
: 008 REPRESENT THE EIGHTH RADICAL WITHIN THE FIRST GROUP.
%

*
*
*
*
3*
*
*
*
*
f
*
*
*
*
*
*!*'****************I***********I***************l***!****l*.*il**?é*

01008010030100901006010020100&0100701%;00100101011010120101301005
02019050360507602016020120302502018030110302606054060770200602003
B40320201450200402020040180200103007020210201502008030040304604013
03047050130503803044030130201103029020220200502010040080200202009
04038050080201303021030220201704005040300501004023030270304503035
02007030180401406017060960504505055030170502805046030380300203032
04025030230601906047060700605104050040490400104002050560402704004 °
040510501103016030603030090300803034050770501404041040260701507049
05040050710405204042050540304807005070800500305072050070507305006
05005050510300103036061010301406055040100604006003040030400903030
-03020040290501605020050780301007032040400702005052060360304304036
05012040200301903005040060303105030030280502903006050150301505019
03033060440706105047060580703305048040310602203024070500708306071
05021060050401105074050010401504012060970601305049060480705407084
05002050330700105079060980600206099060250708107026060370607206064
06078060490607907039070510700206014040190404406009040330402805017
04016050340705207055070100604106056040340605705039050230503104039

" 7-.06032060240610207040080390607307034040220402104017050240702707011

. 05035060280705605053070410602906074040240502507029080110806206075
060800404306065070530804307062060450803407082105018100060700404007
04037050410602606061080190504306038080360403506066060340500908023
06020080290806306007080440705708040050040507510025060150502605042
0701708045070080601.6060350901808010050370601007042090070803208017
08059070140704306046080060703006059070350502708024080350604208041.
0606706052050440607607058060040600108012060210601107036070440603
08030060530802206060030120604308042110050600605022070460700705032
07037050500606806062070591000906103060180902208025060270603006012
06100080600803108027880640701607082070470702406081090030702209008
07018080140902806033100030602310004100210902011009060500610407003
07023070310902309024060390901307009070120901409011090041002210055
07013070381003606063080131001708038080201102207019090250901510016
10037100071005612005120281003090038090300800107028080040800708009
10005090260900610010100110802812006070601005710026080020800808005
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APPENDIX 4 COORDINATE TABLE

A0BR0E ll.!l'.ll‘l.ll..'ll.!i..llllI!!.Illll'!l!lll’llilllll.’.{l"

*

* THE FIRST THREE LINES PROVIDE INFORMATION OF GROUP NUMBER

* 4 .

* AND NUMBER OF RADICALS WITHIN THAT GROUP.

. - . ’ ‘
' FOR EXAMPLE , IN THE FIRST LINE 1 13 MEANS THAT THERE ARE
. 13 RADICALS WITHIN THE FIRST GROUP.

L ]

* IN THE FOURTH LINE," 4183218" ARE THE COORDINATES REQUIRED
* .

" EOR, THE TEKTRONIX GRAPHICS SYSTEM OR A PRINTRONIX PLOTTER
* TO PLOT THE RADICAL ™ = ",

L ]

* IN THE 6-TH LINE, "32321618242524 4" ARE THE CCORDINATES
* REQUIRED TO PLOT THE RADICAL " '*. .

]
»
]
*
]

NQTE ,

<,

THE NUHBER OF PAIRS OF X,Y COORDIHATES FOR EACH RADICAL

*
*
*
]
»
»
]
*
*
]
)
*
»
"
*
*
»
]
*
*
»

IS TWICE THE NUMBER OF RADICAL GROUPS. " :

Y R e Yy Y T Y Y Yy N Y Y Y E YRRy Y RTYRY Y YRYY

v

2 23 3 48 & 8 65 9
11 23 12 29 13 26 14 32 15 8 16 16 17 15 18 8 19
21 b 22 2 23 3 au 4 25 2 26 1 27 4 28 1

41832183232 418182418 81432 826183218 4221232 42832 82818182“10201630 41012 6 4
4123212 4263226 4 432 4

32821618242524 ;4 4183218183218 416161010201626101832 42418323224182218 8 4 832 8
626121230262“121630 6101222322218183018183018 6 43032302034 4241426222012 42214
43232 43232 4 4 4323232323232 4 8262826 41032101632 41820323212183218 418243016
4323232323218 4 U4323232183218 4 432 4 4 4 432 4183218 418 414 81832 u2u18323224
12241212243224 4162220 8 4 832 824321218121824 4

1432222812242u1812 L2414 41832181228121224242412 8182818183218 4 4 432 4 418 4 6
4183218321832 6 822 814183218 4181828181832 4 4183232 4 812281212281212243224 U
24 478 8 4183218 8 u428 4183218 4 4223222183218 6 4 432 8 6283028182818 8 4 832 8
8343234 B34 614 614 4 42832 8222826 816182018 41832 4 6 4 628 6261030 2 83012 6

283024 6 4 632 63032 6203024 6123014 6 4 62430242032 6 4182830 U4 4323232323218 §
101622 41432 6201026262626261412 82814 8183218 4302822 3812322432183218 4 4203220
4323032 432 4 4 o 430 4 4323232183218 418 81210183218 412262426 41632161432 4 4

10223222162224 6 432 4 4 U 432 432 43210263210281028 818 818 4 4 432 U4 u-432 ¢

32 4323218321814142410163024 6 43030 6 4 33028 428 432 4183218 418202620 4 832 4

283228 4 6182818 6 428 % 4183218103010 6243024 62832 418142414 4242424 & 4323232

183218 4182426161030101610162416243224 4 4323232123212 4243224 #1032 620 6203020

302026 4 8322832 8182818 u 432 41224201824322410241012 4 6303030303030 6 6 630 6

2830 624 624 6 6 6 6261024321228 4203220183218 4 42832281832 410102410 41832 U4 6

4 6286241032 2 428 4 4 U u32 4322832 ¥ “32 416 432323232323216 432 u 4 4323232

323232 4 43230323032 410 4303210

113 53 5 80 "6 104 7 88 55 10 59

9 20 4

!
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. 14322226 8262826102414 6262422 6 4. 432 U 4323232323232 432 426101583214121412 4

X 7 v #
- . /

#323232323232 432 4 4 4 u y @32122“2“2&2“23211/122“212121212122!1 4283228183218 &

+ 18 41210 610242218301820 420 4 6 4203220322032 62622 648 630 6 4 6 430 430,43014

183218 4 416 4 U4 4 432 4321632 42832.830 830 4 4163018 4283232 4 43232323232 4 4
42828 428 432 4 624322U4263226 426 422 81220181016342030 6303230630 618 618 4 4
832 4 4143212 4203224 4283232 4 6323032 6203020183218 6 4 432 8 4 4 432 4323232

© 323232 432 428 81232 U424 8283228322830 430 426 8 6323032 6203020183218 4 4 u32 4

8282828 8162816 4 432 4183218 4183218 418202820102010 4 4 432 4183218201820 u 4 -

. 182028 428 432 418321824 42432241024141026242210183218 418 4127101226 41420263214

6283028 6183018 4 832 8183218 4103212 412 424 424 42632 4203220 432323232323218
321820221632156 410262626702610147414321418321,8 4 42u3224143214701470 4 4223222 4
6323032303230 4 6183018 4 430 414322022 4223222 822 8 4 8§ 430 4 632303222324610
183218 42420301012322432 4243224182418 u18 412103224 418183218 U418 432 -432 43N0
2832 420 822 8 u4 8 42214181826101226 4 U412322432243228 428'432 41030202410242018
4143216243224 42832 828 42432241830 41418243214 8202820183218 4 4 832 4201630 8
102810121012 4 6718261810283228 4 830 u24 7283028 4203220183218 U 432323232321826

182618 418 41210°630303018341824 42432243232 416 4283228183218 418 412101828 4 4 -
8322832283228 4 4183218 8 428 U4 6323032 632 6 4 6 uU30 U4 4183218 8242824 4143214 -

143214 14223222 418321826 42632261420 4 4222032 4 8242824123212 4243224 4 4 432 4
1232 4 4 81818 4263218 4221832 ¥12322432 4243224183218 418 412103232 426 426 4 4
4 432 8 4183218 828 B8 3 8282828282828.8 8 828 8 828 8 8 8282828282828 8 8 828 3
18301820 420 4 6 4203220322032 6 4323232 432 4 4 4 432 4 41832181832 81614242624
262414 412181812 . .

4263226183218 41826 6 4182628 428 432 4 830 8 6 8302830283028 6 8182818 8 628
2232 616 61630 4302218101810 4. 4 222342226321028 42u3224183018 41824 4 u182432
1230 412102630263026 4 4 82228 u28 432 41232 U424 82832282828 u 4 42428 428 432
1232 424 82828282828318141814 4 4 6281814 4263226322632 432 42610143214121412 4

4263226183218181818 4 4181828 428 432 4 626 610 62630263026301030102414183218
143212181218 U4 4223222 422 432 432 43212 632303230323024 6243024 632 610610 4
18321024102414162426 6 8 6 826 8241430 U4 832283228321826182618 U418 41210 4223222

PP i~V S I ~ i - .}

4323232 822 8 6 8222822282228 6 8 628 62632 628 628 618 518 u U 6243024182418 4.

3232 41618322420242018 U418 412102420 4 & §32283228321826182618. 418 41210 4102622
18321826 42632262826 4 U 82228 428 432 4 830 422 6263026 6153015183218 4 4 u32 4
8322832 4203220123212121212 4 4243224 4 6263026302628182818 818 318 626183218 4
24321228 6243024 4163216183018 418 41210143214 4223222 4 626121030262410 4 432 4
103210 410 426 426 42632 42u322410142614 43232321232122212222422242224 424 41810
183218121426 61622263016262018121812 4 4 628 620 62030203028302018321820182010 4
12322 12232221822 6 6.6 628 62L1030 41232 424 8283028122812 U1222262212142614
4323232328232 432 4-4 4 4 4 u32 418321816321828 928282810182618182818 4 6 430 4
183218° 4 4241424 41414142224322822143214 62826282628 6 6.6 6 8 4 8 432 432 43210
6323032183218 418202620102010 4 4 432 4 832 8 8 8 8 4 4143214 414 432 432 43212
§323032 8222822282228 4183214 4 4’832 Y 428322818322212221232 U32 4321226323028
1230 422 8262826183218 u18 41210 8102418 630142430302224 8242824 4163216183218
1432 41211263226322624 U4 8202918 5142610 63230321428 42222283222 4183218183218
8263226322632 432 42610 832 310 810 4 4 4263026 432 420 4203220322032 432 426
1632 420122828282828 4 4161628 U428 432 42432 424 826 812 8122416242624102410 U
6283028302830 8 4183218 6 830 8183218 41832 826 826 8 4 8242824282428 4 4 .32
1030 426 72818281828 U 4 62618 418 432 y 4243224243224202u20 4 u 82028 428 432
4284 8 4283228322832 8182818 8 4 832 8 43232323232 U4 4 42828 428 432 414282222
10301430143018221822 4 4182228 428 432 4 62430241820 6 4183218 418 430 430 43012
183218 418 412101428 6142228302022203012 6283028 6203020183218 418 428& 8261030 §

= & S0

"1220182612241820 4143214263210 4201432 41032263210282624101626161032.10 8 6 830 3

6283028143214 8223222 8 6183018 U4 832 816302024 4243224182812 812 824 8201228 4
1832 318122318 414262826282618 4 4 432 41832 624 624 & 4 6243024302430 430 42610
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1834.430 430 4 4 u30323032303§ U o4 o832 41432 426223232262828 U 4-82828 428 432 -8
42832281832 4 4101826187181808 4 4 432 4 42632261432141814182618261826 #26 42310 -
6303030 1434142422342224 42432241822 416 8322832 8202820 U4 432 4183218 14201628 8
u2232282u322312281232 432 43212283232282232 516 61630 4302218101810 4wy 2223422
12357424 8282828282818141814 4 4 GRUIB14 4263226183218 41826 6 4182628 428 432 4
26321028 4243224183018 41824 4 4182432 4 42818281828 4 6 4 6 6 4 6 432 432 43212
632303230323018 6183018 632 610 610 4 4 832283228321826182618 448 41210 4222610
8322832283228'4 832 8 4 8 428 4 8182818 478322832282622 832 8 4 § 432 43203212
630, 6° 6 6303030303030 6 6183018183018 6 6 630 6 624 410 82410 810 826 826 82420
16242014282432101032263226321826182626242524261626161018103210,4 632 6 U 6323032
303230 4 6243024 6143014 6 430 41028101826282618183218181818 8 4181830 430 432 4
1832 624 622 6 4 6223022302230 U4 6133013 6 430 4 4283228322832103210 410 410 428"
10281210262824101228 420 8241624 1224121026281820222430214262426 1010322632 6263026
182618 418 412101422 61022223010 63230321432 414 820 8 4 8202820282028 4 § 428 4
630 & 4 6303030303028-4123014 4243022 4 .4 432- & B832283212321212243224 412262426
12202420 4123212" 628302818322212221230 430 4301022322828282418 414322228 6283028
16222822282228 428 420101828 6 418342230 8303230 830 820 820 4 4 226 820 216 820
426322618321816 816 8§ 4 8162876281628 4 8 428 4123212101210 B 412322432243224 4
24 432 432 4321216302024 4243224 816 8 4 8162816281628 4 8 428 4 432283228322820
28201428 6326 4 6 432 W32 4321218321828 62830283028 416142414 42622142014202641 4
103210 410322632263226 47024262410162616 4 432 47232 418 41812 422321418141822 4

32322418241832 4 62830281432141822322218 41832181414 4 4221432 41032263226322620 .
626302610202620203216201620 4 42234 630 63032303230322Y 6243224 630 6 8 6 8 4 4 ‘

2032 416102210 410 u18121626261026‘103u 6242416161232142824322228 6283028 6213021
4143214182818 41032102210222822283228 4 81628161016 8 8 & 8 6 4183214121412 4 4
223222 422 418 81028 4 8262432 81232162624322026 6263026 6153015182618 4 4 832 4
624 6 4 6283024302430 4 5143014183218 8 6 U430 410282628 62030201834181.81918 4 u
181828 428 432 4 4263226183218 41422 4 4 91314 4322222 4271332 4 43032301630 616
12222422242218121812 8 4122318712 628302818321820 42032201820 6 6 6 626 6241028 4
6323032303228 428 42412183216181618 6§ 41024201424341430 8242824 4183218183218 4

18 434 434 434122832 428 428 4 U 4 41210 4203222763024 42y 432121232283212321222 .

6223222203220 420 414 82022 6 6 52028262826241818301812102810 410 432 U432 43212
10322632 4223222183218201820 6 4182028 428 432 4 4323232 432 4 4 4 U432 4 4sag024
302430143014 414 632 616 632303230323016 6243024 6163016183218 4 832 8 B8 8 8°4 4
173217 4263226 826 432 43274321418321810182230221222' 4% 4 91227 327 830 830 832 8
163216101610241024102832 4223222 832 8 4 8 832 4 4323032303230203020 420 432 4 4
4432 432 43212 632303230323016 4243224 6163016183218 418 41210 826282618321820
82028202820 6 4 82026 426 430 4 42832281230122024302420°8202820Q 4143214183218 4
. 6323032303230203020 420 420 4, 4 4 032 432 #3212 4283228 6223022302230 8 1153215
6830 8183218 4 626 614 626302630263014 6203020 6143014183218 4 42842624262426.
26 432 432 43210153215101510 4 416322026 62628262826 6 6 6 6 8 4 8 426 426 432

2832°826 4223222182918181818 4 4181828 428 U32 4 6243028183218201820 6 4182026

25 430 4223228262830 820 82018182824 812 8122412241824 824 8 8 4 626302618326 -
262210 4102028 428 432 422322830 830 8310 810 4 418321822 8223022 8163016181618

4283228102810 410 4181028241818162828 428 432 42632 826 826 8 8 § 8 6 4 825302
202620 4182026123030 6 6 63030 616282024 820121624202816161220 82832 82810241012

1012 U 4782618 426282612261232 4 632303230323024 624302418321824 632 6 8 63 4 4

12816281628 4 4 42416 420283228322820 14202”'%2 4 6263026183218 41826 8 6182628 6

28 632 6223288282632.6281028162028302020 4203220183018 418 4121010321010 U 41616

1628202026322616261620 4261632 4 632303230323020 6203020 626 6 4 6 432 U432 43212°
1032 424 7283028302830 430 42h10162816121612 7 41432 828 6241624 -41818181130%1 4

11.432 432 83212 u4283228183218208 7824 4 4182428 428 432 8141420 3 832 8 4 8322832

283228 428 4221014282222 4203220 830 3 5 8302830283028 6183018 6 4183218 8§ 628 6

sEO0E

[o 00~

\ 4283228 422 410 422322232223210 4103210183218 4 4261826182618 413 430 430 43010
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1132111073110 4 41632 628624 6 8 6 8 4 4112611 4162816 416' 432 4 428182811321122
L 42218221822.4 4 42218 (U318 432 4 63230321882 8§12 812221214242824282418 4 4+ 432 U
62630261832 412 814 202020 U4 826 8 U4 8 432 4 83214282632 4 4 4243224322424 4
24 418 816182212 8321632 6263026243224 14241430 430 4301426323030 428322810321022
10222622262226 426 41810 4 422182832 B26 826 318 8183218182918 41414 4 4221432 4
4321832183218 418 u32 432323218 4183218 418 4 4143210241230243024301824 Su322u
624 610 610 ¥ 4 6263026 618301818321818 6123012 6 430 4181618 4 430 4 6 4303230
%§3032 §2426781016182810 4 632 61832 61818322818281832718122212 8§12 8 8 42u2224 U

28 812 828282828282812 8122812183218 4 u32 4 832283228321826182618 418182618

+ 101810 4 6 430 4 628302830283010 4193219 6103010183218 4 4 432 4 830 810 8302830

- 28302810 8202820 8102810 4 432 42832 828 82% 4 4 824282U2824 8 U4 82428 428 432 4
632 610 610 u 4 6322832283228 428 432 432 U3210 428322824322812281232 432 43210
28323228322424 4 624 410 82410 810 826 826 8242016242014282432102234 630 6303230
32303216 6163216 630 6 8 6 8 4 4 632303210321017303230 ,41027302710223022 4173217
4301830 830 810 810 4 4143014 U1l 432 432 43212 632263226322620 6263026 6202620
632 614 614 u 5103010201030263026302620102026201414 & 4227432 410282628 8202820
182818 4 81618 4281618 4 4 u32 4 - L . '
103210 810 8 6 410322832283228#428 422101026282610182818 434 830 430 82Y4 4201020
10204 4 4 810 410 428 428 432" 4 B2u 814 824282428242814 3142814183218 6 6 630 6

281232 41032 420 828322832282820182618181818 § 4181828 428 432 4 632323232323226"

6263226 626 618 6183218321832 432 426 B16322028 6283028}/228342024282220 4203220
6123012182018 4 832 424 6283028 4203220182818201820 6 4182028 428 432 4 4323232
10261074 10262426242624 14101424 1430323Q 430 424 81632 622 824 8 4 B14161412243024
302430 4221430147 8 430 4 632283228322822° 622282218321822°632 6 4 6 430 430 43012
183218 418 41210 4281422 410141632282022181628 628 532 61632 424 826 8 4 8262826
282628 4 8182818 8122812 8 428 41232 62410283028 6183018182818 4810 8 4 8 428 4

28 42810 8262826 4203220183218 418 414 B1820 4 8182028 828-832 B 632263226322226%

22262826282628 428 42210143210301010 4 u1&3210282232261810282628 62230221834 6 6
282230 630 634.6,82228321832181018222622 822 816 816 4°4 81624 624 632 4 6303030

< 30303018 4243224 6183018 6133013 4 832 8183218 416322028 42832281224 41624243216

3820 4 4 82028 428 432 4 43210321032 624 62410247024 4 4 416.5 65 6 6 4 6 432 4
. 4264 4 4263226322632 432 4261018321816 31626162418281% 63230321832 820 8202820
2626301670122612182018 4 6 430 4 428 U 3 4283228322832 8182818 B8 824141228242212
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22143214223222 4 43274 4 432143214321418141822182232221822323232323232 4 4323232
1832 812 812221214242824282418 4 4 432 4111825181034 622, 8283028302828 428 424)3
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1620282016122812222642 414 u30 4 4303230 826 816 826282628262816 8212821 8162816
4123212183218 410321022103226322632262210222622182218 418132613101610 4 6 u30 4
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6262126 632 6 6 6 61610 6202620142630 430 432121432 426 8282630 6182818 826 8 §
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1624 818202U2818,8162816181618 4 632 6 4 6$3228322832282428241026 82028202820 8 4
82028 428 432 4 432 4 4 432143214321418141822182232221822323232323232 432 428 &

6283028 628.6 4 6 412 824322626262630 430 430123026 426323028 830 822 8302830 -

28302822 B8222822183418161816 6,4 82028 428 432 4 632303230323026 6263026 626 620
6203220322032 632 62610183018 4 630 6 6 6303030303030 6143014181418701222302214
22142614 -6 630 6 8322832283224281832181018222622 822 816 816 4\4 81624 624 632 4
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183228222822322271324232412162416182418 4121218 4241218 4 6 430 4 6323032 624 6 4
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241810 4121828 428-432 4 330283028302818 8242824 8182818 8§30 '8 4 8. 416 828161412
101828 428 432 4 630303018341824 624 616 624302430243016 6203020 6163016 6103010
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181626161218 812 812 U4 4 812718 818 832 4 6263026183218 418 41210 6261416 6 41618
30262216201828 428 u32 422302626 6283028 628 6 4182B1821122112131221242124212411
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828 8 8 8282828282828 828 82412'8232823 8182818182818 418 432 432" 43212 6303030

. 1834182610262626 622302230223018 618301818221818 622 610 610 2 41432 82622322826

1828 4181828242224223218101810 410182618261826 410 426 4182810201424222022201816
616 6 6 61§30163QT630 630 62410221610 6181426-61430 6261028302816282024 622 56
. ‘1 R ° . .

.= 101 -

am

B

[ P SO



“»

! I

6223022302@30 6142214 6222222 6 6 630 6 u42832281232142u424322224 622 6 6-6223022
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.30 4241012221616242220161016261610102610181618 4 4303230 826 818 826282628262818
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2712321232123216 4 8 4 u14 814 422 822 432 832 416342030 4303230 626 620 6263025
302630201226152024262120 620302018201812 8161416 8§12141222162816221228121812 6 4
1014 214 218 4281224 6181228 228232 216342030 430 42U 4303230323032241828 624
v 624 616 6211421222630263026301622213021 6163016 814 U410 6123292321232 432 428 6
‘ . 6 8 6 412 812 478 818 u2u 824 4 6303030%8341826 8262826 822 818 822282228222818
8182818 41432141218141024182210 6101610161016 U416 412 u10121o\§1o 6 6°4201020 U
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4281028 832 812 812 616 828 418 8281022143210281230223010242224182818121418T412
14122212221822122628322828322812261226162828262228283218 4 8 4 4 4 832 832 832 4 §
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61830181422141022222210 6143014 u:1032101810 4 214 814 214 220 6281022 6181028 2
28 232 216342030 2303430 830 826 8262826 822 818 822282228222818 8182818 414 U4 6
46 2 2 4141014101410 210 2 8 4-4101010 4 610 6261426 22614301430:1430 230 234 2
34 234 8261030 61234143024342230 6303030 526302618301822 422322214221218 4163216
122012121216, 61212161812 61218121412 8 8 8 816 816 812 212 2 8 u2u2224 824 832 2
32 232 828203216281218 22834 832103212281633182828342628 428 422 428322832283222
1228142224282222 4223222 418161816181610 4141611 8101610 U418 4 2 4 214 u12 61672
20143214301830 230 226 4201022 6 i

8341430 6301630 830 82u14301424 4241824 620 6 ¥ 6201620162016 416 412 6 6151615
61016102030303020342026202630263026302020203020202020 420 432 432 4321220163016
2012301220 830 816342032 4323232 432.4 8 4 8 2 2 828302830283024 824302416321624
22322224 8203220322032181016 8121418147 12261226122615181622122816321210 8 8 2
12 828 828 812 210 828 228 232 2

1832 4221832322212282428 624 518 624112411241118 6181118152015181524212421242118
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24342224 224 2 4 2243428342434 B34 432 6182818 Y1024 618 61812181480 612 6121412
12141610 6 8 6 410 870 UL 814 614 614 422182212221830183018301222123012262226 6
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261032 432 4321232162610261022 4130303226 9341330 6301630 §30 82414301424 4241824
~620 614 620162016201614 61416167114 4 41714171 411 41610233427302030303022302224
28302824182u4322420202014202030203020301420113014251418 4251425 425 432 432 13210
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RANK

NN = -
NW—O-IUVIW 20 -JUNW
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EErEEEWWWWW
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oo
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OO On
W
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W\

OO\ 0000 ®~3I-I~§~I3 O
VI = WO JUTW — W~ 0N = O

f

|
f FREQ.

26738

f
L

8916
7176
6707
6631
5555

- 4482

4357
4216
3967

v 3883

3519
3385
3291

3148 -

3041
2838
2790
2727
2517
2426
2349
2262
2167
2159
1573
2079
1998
- 1945
1949
1881
1842

" 1800

1791
1720
1698
1696
1681
1617
1575
1545
1537
1518
1509
1500
1475
1457
1447

INPUT COMMA“D

K" A0+ (AB"=1)) .

FO&JM. -
AX'.

'CME(FVI(CKIAR)) .

NG'.
AW'.
AP,
SH'.
DK'. ,
FRZPZ. '
NI>AR.. '
JL"CK.
JS;DB"GM.
NH;CP. -
FO"(CY&CN).
CR&(NM;FQ).
DI"CS. :
AT&GI. - -~
PZ"((AV; CK)!AZ)
NF&KE.
JR' Coy
Jv', ‘
CP"CV.
AN"KC.
CW;CW.
QK[(=1;JQ).
CZ"NL.
DCL(VN;DF).
AN"KM.
KN'.
NH'.
FP"NQ.
Kur.
FR?2UI.
FP"(NJ;KQ).

, .

/,

QI'.
KK“(DL"FY).

GT'.
SP'.
GK"GB.
uL'.
BH;BE

. CME (DGA&(AYANR)) .

AY&DH.

JL"UF. k
JN;CK"CT.

BQ'.

UH'.

RANK
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FREQ.

APPENDIX 5 INPUT COMMANDS TO GENERATE A CHARACTER

INPUT COMMAND

AA',
QA'.
AQ[FQ.
FX'.

. ANKCS. Lo

CX'.
BB'.
AN<SD.
DM',

GD'.

AN<(CMEJP).

KB'. '
YL;CV.

GH'.

KD',

: JW'-

GN'.

C0&QG. ‘
JXr'.
DB'.

" SF"CT.

(AY;QD) !FZ.
'

cs'.
cz"(DF;DA).
DV'.

cv'.

FO'.
JZ$(ACO>=1).
udr.

DD;DD.

FW'.

HD'., ¢

UK',

GLL (- 1&DR)"FT
Vo',

DX"AS.

CQ"GE.

NY'. .
QJ?2(-1"DS). ,
NJ;CX. _—
NU;AZ. ~ .
SN'.

NK'.

CL"JV.

KA;AVIFS"CN.

BGEGA.

UF"AU.

AN<CAP.




14

Pl

97

99
101
103
105
107
109
1M
113
115
17
119

121

123
125
127
129

131

133

137

139
141

- 143

145

147

149
151
153
155
157
159

-161
163 -

165
167
169

,}11’
'1;3

177
179
181
183
185
187
189
191

1193

195
197
199
201

203

\

1412
1407
1389
1381
1369
1335
1330
1310
1298
1293
1263
1228
1205
1183
1165
1154
1131
1114
1113
1097
1097
1091
1082
1074
1065
1048
1033

. 1025
1021

1015
1006
1004
994
984
964
940
938
933
931
928
923
913
897

. 892
, 889

873
861
854
845
840
830
824
805
802

FQ'.

AN"JP>FT.

FO"FQ.

sQ'.

BP'.

DD'. !

FO&SM.

PZ"(JO;FP).
FW"(BCTBF).

BA'.

GLIAS.

DA;CK.

COLJM. :
HE"GP!GG. .
DEI e v -
FR?((JU;GA)IFZ).
SJ;KzZ.

! &CL“DE- '/.-\-J

ws'. e

"SL'. '”X
+ KA;AV; 06—

GO"AS BB.
CW;CK.

AU’

DJ&(FQ"AR).

HO!',

QH"(DA;CK).
SD"CK.
FP"(VP](AW"=1)).
FR?(DJ&NK) .
SI;Jo.

CL"JR.

zI'.

NR'.

LAY,

FS"QE.
CK<(AT&AG).
AT&JY,
BF"GR.
AN<KR.

YU,

- NPIFO.

QcC'.

DS'.

KCIFU. '
Z"((FO AA) CN).

10) N

VP](AW" 1.

KL'.

JN;FOIFU.

BNL(JK; ;D).

KG&DE .
HA;JQ.
CL<(DT;CK).

- 110

98
100
102
104
106
108
110
112
114
116
118
120
122
124
126
128
130
132
134

‘136

138
140
142
144
146
148

150

152
154
156
158

160
1162

164
166

168 -

170
172
174

176

178
180

182

184
186
188
190
192
194
196
198
200

. 202

204

1409 -

1398
1389
1377
1346
1332
1312
1303
1297
1277
1234
1208
1187
1173
1156
1134
1121
1113
1111

1097

1096
1090
1075
1073
1064
1043

1031

1021
1016

1015

1005
991
993
980
952
938
935
931
929
926
921
910
896
891

* 880
870

855
853
841
839
826
813

802"

799

UH'.

BR':
CL"(AT&JY).
vQ'.

DZ'.

CL"FY,.
NE"((AA&DU)!DE)
GX'.

.SD"GQ.

NZ"(AA&DH). °
NF;CY!CN.
CP"CK.

CW>RBS.

AU"CM.

KV'.,

GY"HF .,

AH&FS.

HJINN.
JN;FP"GB.
SI;DH.

CMecX. N
DW"(BV&KF). . -

Fu'.

FR?SE.
CZ"((FO;AA);CN).
CP"UG.
BD&QC.
JN'.

"OL.
Ok
HU'-
XQ"(BMICK).
KL"FT,
QF"UE.

" GS&OF",

CK"BU.
BC&FS. .
CR;CK.
JO;FP.

CR;AD. ‘
VR"(NW QF).
AA&JK. ‘
GZ&F2Z,
SS"HK.

NV,
AN"JN.
GW'.

P"JQ!FU
CO&CV.
HC;FQ.
DI"CS.
NE"((HPECW) IFU) .
FR? (BL&JX).
DJ&KA.



205
207
209
211
213
215
217
219
221
223
226
227
229
231
233
235
237
239
241
243
245
247
249
251
253

257

259
261
263
265
267
269
271
273
275
277
279
281
283
. 285
287
289
291
293
295
297
299
301
303
305
307

309

311

799
787
782
778
769
760
758
754
754
753
741
74k
738
734
731
72y
713
705
702
693
677
647

670

662

- 656-

654
652

64y

638
637
635
625
622
619
613
607
605
602
599
591
580
576
575
573
567
563
558
556
552
546"
544
543
538
536

co&As.
FS<QD.
AN<KQM.

HQ'.

HB" (GJ&CN) .
CO;JY!QB.
Qw'. ,
NE"(CR;CK).
WY+(-1;NT).

ANS((BO;HS);NX).

SK"FQ.

SL'.
UR?(-1"UE).
DW"(FT;FP).

DN"(GC;FQ).
GF'.

FS"QP.
GV'.
HZ'.
SK'.
SD°FO.

SD*((DF"DF);LB).

QN'.

JK'.

CQ"BT. .
CT"(CO&GVO.
FS'.
CK&AU"AR
JN;FP"QE.

'OC;JK.

JO;IA.
ORJ(-1;F8)"XS.
KF"CK.

SG'.

EB?NP.

HI;GE.

LP'.

XA,
DG<(DP[AS).

NE"((AY;BE) 1AZ).

FW"FT.

JY’',
CL"(GC;FQ).
HM'.
AN"(AE+CY).
SZIGG.
AQ[DH.
CT<UM.

XC'.
FP"UQ>CN.
JT"CY.

DY".

CO&GV.
DL"SL.

o

206

208
210
212
214
216
218
220
222
224
226

230
232
234
236
238
240
242
244
246
248
250
252
254

. 256

258
260
262
264
266
268
270
272
274

276

278

280.

282

284
. 286

288
290
292

294

=111 -

296
298
300
302
304
306
308
310
312

796 .

784
780
775

760 -

760
754

754
753

747
ThYy
740
735
734
731

‘720

709
704
698
538
675
671
666
660
655
652
650
642
637
635
626
623
618
617
609
607
602
601
598
589
578
576
574
570
563
560
557
554
547
545

"537

538
536
536

QE’.
FVI(CK!AA).
CK&QB.
DCL(GS;BA).
UF'.

AA&KS:

KT"KP.

CK'.

JL"AR.

0Q'. '
FO&JW.

SR'.

us'.

DN"HN.

OE'.

HR'.

AQ;JQICX.
QH"NL.

CO&CP.

QI'. °
CU&(AN"AS).
EF'.
SG<(001(DG;FS)).
GQ"DQ.

PZ"(DT; ).
HI'.

'xR'.

FR?((NK;KG) IFW) .
AN<EL.
FR?(GK[KJ).
AF+HG.

ut'.

((CK BZ)"(NS[BI)).

CUALE.

SD'.
WV;(BC&GW).
AN<AS.
WTIAP>GU.
UuG'. .
FR?(BD&QC) .
CZ<Xs. °

- DC[XR.

PZ"(NJ;QA).
AT&AP,
CQ"(JN;CP).
FR?((DO;AV);GZ).
NN;GP"UE.
OH;FU!DA.
cp',

SK"GB.

Yv'.
UU"(AA&NE).
PZ"(GC;FQ).
AN<QA .




I E——"

313
315

317
319,

321

© o323 .

325
327

329

331
333

335

337

339 -
© 341
343

345

To3uT7

349

351

353
355
357
359

363
365
367
369

371
373

375
377
379
381
38

532
529
525
521
506
514
513
504
499

498
495 .

A

k91

490

488"

487
486
483
480
480
478
474

470
. 466

463
461
460
457
457
454
452
450
450
yhg
345
43
uy2

*

540

- 436

434
433
nay

421

419
418
416
41y
411
409

402
401
400

396

JN;FO.
CU&JO LR.
NE"HM.

CA'.
CL<(1C;DL) .,
DC[(AN(CN)

DCL ((ANCSE); FU).

FP"JQ.

NE"KO. .
oU;BC” DQ
AN(KW.
DE<AU.
owW'.

.BO&GE.

JLM"HT.
FR?QC.

- AA&QY.

PZ"(CR; KJ)
QM'.

OH;BA.
CL(HG; EJ).
Su'.

NE“(A0+(AB" 1)

ZU"QE.
CL"(BE;CK) .

CL"HN. ‘%§§£§§
&

"AN<(SO!CN)

CQ"(AS;FO).
CT"FW.
LS"(FT;AU)

NT"((DF"DF);LB).

EC"HE;FS.

JN&QD.

PZ"((CY;Ju)!1QB).

PZ"CN.
JL"CK.
U"FT.
Clua(wurJL) .
Qu.
'

FR?(DJ&NK) ICN.
JP'. .
CQ"(FO&JINM) .
AN<(CK;FP).
LL'.

uo'. -

GO&EV.

QD!.

1336
338

LI LW
— o —
[o - Mo 08

320
322
324
326
328
330
332
334

340
342
344
346

348 .

*.350

352
354

356

358

. 360

362
364
366

. 368

370

372 -
374

376
378
380
382

" 384

386
388
390
392
394
396

398,

400
402
404
406
408

- 10

412

" 414.

416
418

420

-2 -

.530

526|

524,.

518

515
513
505
499
499

495 |

495
493
491
489
438
487
485
481
480

u79.

465
471
468
46l
462
461.
459
423’
456

453

452
450
4ijg

. 4y7

hyy

42 -

4y
437
436
433
433
424
420
418

416

415
414
410
408

- 403
- 402

401
396
396

" GO"AS.

1C;DA.
KY[LO.
NP!ON. ‘
PZ" (AT&AP).
cv'., .
ET"BK.
GY"(CY&CN).
NJ;QA.
QL"AU>QL.
NS[(- 1&(EK?BI)).
AQ[BA. :
FR?QR.
AV&KE.
SE;FP.
FR?GB.

" PZ"(GN;CK) !
_JQ‘.

UN',
NF&(LU"BK).
DL"(CK&NO) .
PZ"(KX; KS)
NQ'.

HA'.

cY'.
FR?((DO;DG)!FZ).
FQ"HK. ,
NE"(JK;GT).

*FO;AP.

FS"CB>FS.
PI"FY.

SF'.

AN"PZ.
RB]1(-1;DD).
(CR;CK);GW.
PZ"OD.

QR'.

GE':
ST"EE!GG. .
ANK(LW[ (=1&JX)).
OI;GPIOI.~ '

- JQUNL.
. BGE(EA;CK).

XB"FT.

vs'.
NE"(CYICK).
CQIN.
FO"(BJ;CK) IGG.
PZ"AP.
FR?((EI"EIL); NV}.
Q"FQ

, SW'.

SV"HL,
CLYNT.



\%'

% 517

. 471 7

473

481

483

485
487
489
i

* 1493
b95

497

499
501
503
505
- 507
509

» 513
*515

517 .

519
521
523
525

527 )'

396

395 °

393 .
392

T390

387
386
386
384
383
382
380
376
375
375
373
220,
372
370
368
366
364
361
359
358
357
355
353
‘352
- 349
346
344
342
342
. 340
339
337
332
330

329

322
32

318
322
321

T .319

- 317
316
315
312
310

" 308 .

307 -
306

NJ&UN.
KR&QD. -

KO ]

CT"(DJENX).
NF&NP. - -
CR& (DG"BK). '
JR; JR. -
FR? (AV;GH).
JPM"FT.

KI"GQ. T

FOKTC.

XQ!.
CL"JP>FQ:
CL<KW.

FR? (LM;QB) .

NW;QV.

CZI"VX>EG.
NF&II.
FS"GV.

‘LV!BH.

CR;BL"UE

FR? (FW" (AT&CY)) .

WW;FP.
DI"(JZ$(ACO~1)).
DG<(FO;IB).
NE<(SXJFO).
FP<ZU. _
CL<(EQ&FQ).
HH!BD;DH.
PZ"(EQ;FU).
KP'.,
LG'.
FP<TG:.
CL<KV.

T QH"LD.

CL<(PC"BW) .
KOo"AU. |
TA>. .
SK!DO,
DG<(CR;CK).
CcP"LK.
CP"(BE;CK),
YNIAA!BH.
DE"UE.

+

JACNQ.
JU&(NE"SE) .

LI"FO.

TH'.

PZ"DY.

FP"NL.
AN<(AF+EA).
CQ<(NS[(-14QG)) .
SG"(GU;GU).
Nﬁ"(cc FQ)

-

»

K22
42y
426
428
430

432 ..

433
436

. 438
T 40

442

Thyy

;
§

. L

Ju472

446
448
450
452

456
458
46
46
Loy
466
468
470

4T

476
478
, 80
" 482
48y,
486

488

490¥

. k92
494

H

496
498
500
502
504

506

508
510.
512

514
516

518

520
" 522

52U
526~

528"

- 113. -

395 DO'.
*393 NE"UP.
393 CZ<KW.
391 U"GR.
390 °éb"sr.
387 4QB'. ‘ :
386 KG&BP.
385. DY"FT.
376 GL[(-1&CD).
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. APPENDIYX 7

IDENTIFICATION OF THOSE CHARACTERS WHICH CONTAIN THE SAME NUMBER OF RADICALS

\\

8

- 12

2 y 5 9
20 24 .28 30 32 34 38
52 54 58 59 61 62 64 .
76 77 ‘81 84 86 93 95
10 106 107 112 115 125« 126
f 152 156 158 161  X63 165 177
N 193 206 211 214, 217 ‘220 224
236 239 241 243 244 D248 249
S 271 . 274 271 279/ 282 287 291
324 337 348 349 350 355 358
383 385 386 388 u4p2 W03 407
425 432 440 - 442, 443 U458 460
495 502 515 522 528 532 -535
573 582 583 587, 596 600 603
664 668 678 68 691 693 698
; 776 780 ° 781 783 795 806 810
! 870 897 899 . 901 923 932 939
N - 995 1003. 1038 1043 1045 1066 1072
1139 1140 1144 - 1177 1179 1208 1211
1240 1260 1272 1303 1307 1318 1324
1390 1403 1412 1414 1437 1439 1440
1534 1576 1582 1587 1640 1652 1689
1810 1817 1842 1852 1864 1871 1897
2014 2087 2104 2117 2124 2135 2172
2211 2230 2322 2324 2326 2337: 2338
2457 2462 2463 2468 2473 2479 2481
- 2574 2581 2586 2621 2700 2706 2716
6o 2885 2911 2920 2938 2942 2955 2959
s 3035 30h1 3102 31463195 3230 3236
‘ 3371 3383 -3388 3392 3395 3418 .34457
— 3589.. 3595 3612 3613 3638 3663 3703
! " 3832 3903 3960 3996 3998 4039, 4064
5 . 4163 4200 4310 4327 4331 4376 usuuq
P k753 4756. L4768 4784 4786 4814
; .
TOTAL = 492
‘ - 189 -

13"

4o
65

97 .
© 133

181
227
251
301
360
413

476 "

536
608
707
831
U6
1082

1219

1332
1442
1714

1914.
2187

2349
2482
2752
3000
3273
3461
3745
4070
4696

CONTAINING. 1 RADICAL(S)

14
U
66
.98
135
183
228

256 .

302
362
415
481
537
611
725
836
967
1087
1226
1348
1443
1719
1947
2198
2359
2488
2779

3001

3275

3510

3778
4089
4698

15 17 °°

43 46 50 .
70 71 75
100 103 104
142 143 147,
186 189 190
230 234 235-,
257 < 258 268
. 306 307 19
365 369 376
416, - 419 422 -
483 486 49U
543 554 559
625 634 _ 637
746 768 T.74
846 849 858
992 . 993 99y
1118 1123 1138 .-
1232 1234 1236
1370 1380 1388
1459 1466 1524
1749 1758 1783
1974 '"1975 2003
2201 2204 2207
2381 2404 2421
2520 2524 2559
2804 2848 2867
3007 3008, 3021
3291 3333 .3350
. 3522 3539 3574
3807 3818 3826
4108 4110 4128
4716 4725 4742
\\ o
’ \‘_ &~

o)

18 ..~



3
39
79
© 109
.- 132
164
180
. 207

245 -
285

313
336
366
397
426
448

"47h
500
530
565
606
627
650
679
705

. 736

759

788

819"

842
883
915
. 9u1
. 960
990
3020
1052

1093 .

1107
1129
1169
<1197
1243

1280 "

1314
1341
1368
*-1398

1426

1451
1473

6

42,
. '80.

114
136
166
182,
209
252
286
314

338

367

400 -

428
450
478

501"

533

567 -

609
628
653
682
708
738
760
© 792
825
847
884
917
943
963
996

, 1021

1054

1094 °
1108 .

1132
11172
1199
1249
1281
1321
1344
1371

1400

1427
1454

- 1479

10

82
117
138
167

. 184
210
253
288
316
339
370
401

4eg9.

451
hg2
507
538
570
610
629
654
684

- 713

739
762
793
826
848
885
919
9Ly
965
997
1029
1056
1095
1110
1133
1173
1200
1250
1284
1322
1347

1372 -

1402
1428
1455
1481

Y

CONTAINING

16. 19 21 .
47 49 53

83, 87 88 ~
119 120 121
141 144 148
468 170 171
185 188 194
216 218 222
262 263 265
- 292 295  -297
317 318 320
340 34 3H2
374 375 378
406 410 <414
y3e 433 434
455 U456 457
485 487 488
508 509 © 510
539 540 544
572 . 575 579
613 614 - 615
633 635 . 636
655 661 666
690 692 694
714 715 719
T41 743 T45-
763 766 767
794 797 803
827 \ 828 829
851 856 863
887" 891 892
921 926 929
945 9l g qug
966 968 972
999 1002 1005
1032 1035 1036
1057 1060 1062
1096 1097 1098
(R 1113 1116
113 1137 1146
1774 1181 1182
1202 1205 1207
1253 1254 1257
1286 1290 1293
1326 1328 1334
1349 1350 1360
1373 . 1374 1377
1404 1407 1408
1430 1431 1432
145§ 1457 1458
1483 1484 1489

2 RADICAL(S) |

23
57
89
122
150
172

196

225
266
299
326
343

384 -

417
U36
459
‘189
512
547
584

616~

638

667"

695
720
748
769

. 804

833
864
893
930
951
973
1006
1040
1063
1099

1117

1150
1185
1216
1258
1299
1335
1362
1379
1416

1433

1460
1490

< 190 -

26
60
~92
124
2151
173
198
226
269
304
327

344 .
387 .

118
437
462
490
513
549
594
618
640
670
697

727
T49.

770
807
834
866
894
931
953
979
1007
17042
1064
1100
1119
1156
1186
1217
1259

"~ 1300

1336
1363
1381

IERNA

1441
1463
1491

5
. /”
/
27 /33
63 . 67
QU ¢+ 96°
- 128 129
154, 157
174~ 175 -
199 201
232 237
272 273
305 309
329 . 330
345 351 .
389 393
b20 421 -
439 41
465 U6
492 - 493
517 518
550 556
595 601 -
619. 620
642 G4l
673 674
699 700
728 730
752 753-
77 778
814 816
835 838
871 873
896 903
935 . 936
954 955
984 985
1008 1010
1046 1047
1069" 1075
1101 1103
1122 - 1124
1158 " 1159
1187 1190
1218 1220
1273 1275
1302 + 1304
1337 1338
1364 . 1365
1382° 1385
1420 11422
1445 1447
1469 1470
1494 1499

35
72
101

130 .

159
176
204
240
275
311
333

359

395
423
4u6
468

496 -

519
560

602
622 .

645
675
703
732
755
782
817

839.

878
905
937
956
988
1012
1049
1080

1105

1125
1164
1193

%239

1276

_1306°

1339
1366
1387
1424

‘1449

1471
1500

36.

108
131
162
179

» 205'

242
278
312
335
363
396
424
byy
473
497
526
564
604
626
648

676 -

704
133

758

786
818
84 1
882
910
938
957
989
1019
1050
109h
1106
1128
1165
1196
1242
1279
1309
1340
1367
1392
1425
1450
1472
1505

B



[P — e ey Ao

1506
1539

Y1565

1600
1632
1653
1685
1711
1740
11766
1796
1826 -~
1855
" 1892
1927 -
964
1989
2012
2041°
"207Y
2120
. 2177
2212
2239
2263
2289
2313
2341 -
2379
2402
2437
2493
12528
2560
.- 2602
2628
;2663
2708
2732
2773
2812
2844
2862
2900 -
2926
2958
2984
3020
3060
3083
3113
3139
3167
<3199

1507
1540
1568

1603.

1633-

1658
1687
1712

1770
1797
1828
1857
1894
1936
1965
1990
2013
2044
2080
2129
2178

2216

2210
2266
2290
2315
2346
2380
2508
2438
2494
2531
2562

2603

2634
2669
2709
2733
2774
2813
2848
2863
2902
2927
2961

2986

3023

3061,

3089
3114
3142
3171
3201

1512

1541
.1569 ~

1604

1636

4666
1688

. 1713
1741..

1743

1775

1800

1832 .
1858 -

1895
1939
1967
1991
2017
2049
2081

2132 7

2780

2218

2242
2267

2291

2316
2347
2382

2410 -

2443
2496
»25314

2563 -

2604
2639
2670
2713
2739

-2775

2814
2849
2875
2904
2929
2963
2990
3026
3064
3091
3116

3143 -

3172
3202

- J ‘ ' . .‘:1’

- 1614 ° 1615 1616

1528

1551
1585
1621
1644

1678

IS4

1706

. 1733

1755
1785
1815

- 1847

1879
1913
1953
1979

2006

2032
2059
2107
2154
2197
2232
2253

- 2282

2305
2330
2371
2398
2425
2483
2519
2551
2594

2618

2658
2686
2727
2755

2795

2835
2857
2888
2919
2949
2972
3012
3048
3074
3105

31348

3157
3191

3222

1532
1552

1590

1622
1646
1680

" 1708

1735
1760
1786
1818
1849
1880

1916

1956
1980
2007

.2033

2062
2108
2160
2202
2235
2256
2285
2307

2331

2374
2399

2U26

2485
2521
2554
2595
2619
2659
2694
2729
2770
2799
2836
2858

2894

2922
2950
2974
3013
3049
3075
3107
3135
3161
3193
3223

1535

1554 .

1593
1627

1647

1681
1709
1737
1763
1788
1820

1850

1885
1918
1957
1983
2010
2038
2065
2116
2161
2206

- 2236

2260
2286
2308
2333
2375
2400
2431

- 2489

2526
2557
2596
2620
2661
2695
2730
2771

2808

2841
2860

2895

2924
2953
2978
3016
3050
3080
3111
3137
3163

-31

1538
1563
1595
1628
1649
1683
1710
1738
1765
1793
. 1821
1853
1887
1924
1962
1984
2011
2040
2067
2118
2170
2208
2237
2262
2287
2312
2335
2378
2401
2433
2491
2527
2558
2598
2625

2662 .

2696
2731
2772
2809
2842
2861
2897
2925
2956
2982
3019
" 3059
3082
3112
3138
3165
h 3196

320, %3225

¥



3227

3257 -

3289
3337
3377
3410

3434

3474
3501
3534
3576
3619
3649
3679
3696
3718
3741
3769

3811

3838
3865
3907
3945
3976
4015

- 4051
4102

4n32.

4168
4198
4224
4249
4297
4333
4361
4385
4422
4456
449y
4528
4553
4581
4604
4648
4688
4720
4752
4780
4801
4835
4861

7

3228
3258
3290
3344
3378
3443
3435
3477
3505

3535

3578

3620

3650
3680
3697
3719
3743
3771
3812

3839 -

3871
3910
3949
3977
4026
4054
4103
4136
4171
4199
4226
4252
4298
4336
4365
4387
442y
4458
4495
4531
4555
4583
4606
4651
4691
4721
4754
4781

4803.

4837

4862

‘3232

3260
3297
3345
3382

3414

3439
3478
3506

"3551.

3584
3621
3654
3681
3704
3726
3746
3776
3815
3840
3873

3912
3952

3978
4027
4056
4105
4138
4178
4201
4230
4253

4300

4340
4366
4389
4426
4459
k499
4532
4556
4586
621
hes52
4700
hray
4759

4783

48Q7
4838
4g6u

3237

3263.
3302

3355

3393

3419
3444
3482
3513

355}
3590

3624
3658
3686
3707
3728
3749
3785
3820
3843
3883
3916

3954

3981
4031
4078
4111
4147
4184
4206
4238
4260
4303
4343
4369

. 4400

4432
4465
4502
4534
4562
4588
4628
4660
4703

- 4730
b762.

4790
4809
4840

3240
3264
3308
3357
3394
3420
3450
3483
3515
3558
13596
3628
3661
3687
3710
3729
3754
3786
3822
3845
3886
3919
3955
3993
1036
4081
4115
1149
4186
5210
4239
4267
4304
4345
4370
4403
4433
qy77
4505
4539
4566
4590
4630

4666

4709
k732
4763
4791
4812
4842

3241
3266
3320
3363

" 3396

3422
3452
3484

*3518
3561

3597

3639:
3662

3689
3711
3730
3755
3788
3823
3850
3888
3924
3956
4000
4042
4082
4118
4152
4187
4212
42540
4269
4307
4349
4373
4407

4434
4478

4510
4540
4567
4592
4634
4672
4710

4733,
-4765
- 4792

4813
4845

‘- 192 -

.

3243
3267
3324
3366
3399
3425
3453
3491
3525
3564

3598

3640
3664,
3690

3712
3731

3758
3791
3824
3854
3889
3926 .

"3958

4001
4ouy
4085
w119
4156
4192
4213
4241
4276

4316

4356
4374
4408
Ly36
4483
4511
4543
U568
4594 .
4637
4673
4712
4737
4766
4794
4820
4gue6

3245

3268

3326

‘3370

3401
3427
3457
3492
3527
3566°
3602
3642
3667
3692
3713
3732
3760
3792
3828
3855
3891
3930 -
3959
4002 .
BOU5
4092 ¢
4120
4158.
4193
4214
4243
4277
4321
4357
4375
4410 -
Byyy
4485
4516
4545
4569
4595
4638
4675
4713
4743
4772
4796
4822
484 T

3246
3271
3327
3373
3402
3428
3460
3496
3530
3567
3609
3643
3672
3693
3715
3735
3762
3800
3830
3858
3892
3931
3963
4006
4046
4095
4127
4165
419y
4216
Yoys
4280
4326
4359
4378
Bh11
yyu8
4487
4518
4550
4573,
4598
4640
4676
4714
4yl
4776
5797
4826

4851

3250
3277

3330,
3375
3406,

‘3434

3462
3499
3531
3568
3610
3644
3679
3694
3716
3736
3766

3804

3836
3860
3896
3935
3964
4011
4047
4096
4129

4166

4195
4217
4217
4291
4330
4360
4380
4416
4452
44 88
4519
4551
4579
4600
5641
4679
4715
BTY5
4778
4799
4829
4852

3255
3278
3336°
3376
3409
3432
3469

3500

3533
3573
3618
3646
3677
3695
3717
3739
3767
3806

3837

3861
3899
3936
3974
4013

4050

4099 .
4131
4167
4197
4218
4248
4296
4332
4361
4381
4420
4ys3
Lyg1
4523
4552
4580

L4601

4646
4684
b718
b747
4779
4800
k832
4859
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22

91
145
208
255
298
346

380 .

435
472
511
545

568 .

591
632
683
722
757-
798
821
860
888
913
950
980
1023
1065
1089
S1182
1175
1203
1237
1267
1292
1315
1353
1393
1423
1467
1493
1522
1562
1591
1611
1662
1697
1731
1767
1794
1816
184 8

. 25

99
149
212
259
300
387
381
438
475
516
546
571
593
643
686
723
761
799
822
862
889
914
961
981
1024
1067
1092
1143
1176
1204
1241
1268
1264
1320
1355
1394
1429
1474
1495

1525
1564 "

1592
1620
1663
1699
1732
1768

1795

1824
1854

29
102
155
213
261
303
352
382
huy
477
520
548
574
598
bu7
688
724
764
800
824
867
890
918
962
986

11026.

1070
1102
1147
1178
1206
24y
1269
1295°
1323
1356
1397
143y
1475
1496
1529
1570
1594
1623
1664
1702
1734
1772
1798
1827
1865

1027
10731
1109
1149
1180

"1209

1245
1270

1296

1325
1357
1399
1435

1476

1498
1530
1571
1596
1630
1665
1704
1739
1773
1799
1829
1866

CONTAINING 3 RADICAL(S)

Cyy

113

169
219
276
310
354
394
Lig
480
524
552
578
605
657
701
731

172

- 802

832
869
898
.922
969,
991
1031
1074
1111
1151
1184
1210
1246
1271
1297
1327 -
1358
1401 .

1436

1477
1502
1531
1572
1597
1634

1667

1707
1744
1774
1801
1830
1870

L8
116
%78
221

280,
315°

356

398

452
L84
525
553

580"

607
660
702
734
773
805
837
872

- 900

925
970
998
1034
1076
1114

1153

1188
1212
1247
1274
1298
1330
1359
1405

1444

1478
1503
1533
1574
1598
1645
1673
1716
1747
1776
1803
1831
1872

N—l—‘
NO - O

281
321 -

361
399
453

491 |

527
555
587
612
662
706
737
175
+ 808
840
874
902
927

. 971

1000
1039
1078
1115
1155
1189
1214
1252
1277
1301
1331
1361
1406
1446
1482
1508
1543
1580
1601
1650
1675
1718
1751
1778
1805
1834
1877

- 194 -

[

1
8
1/
5

»

/

55

123
192
231
284
322
368
u4oy
L5y
499
529

557

585
621
665
709
T40
784
809
843
875
904
928
974
1001

1041
1079°

1120
1157
1191
1215
1255
1283

1305

1342
1369
1410
1448
1485
1510
1545

1581

1602
1651

-1684

1720
1752
1782
1807
1839
1881

56
134

. 195

233
289
323

371,

409
461
503

531.

558
586
623
671
711
T42

789

812

N

69

137,

197
238
'290
328
372
411
469
504,
534

58
624

. 672,

712
744
790
813
850
877
907
934
<976
1009
1051
1083
1130
1163
1195
1222
1262
1288
1311
1346
1378
1418
1453
1487
1514

1556

1586
1606
1659
1690
1725
1757
1790
1811

1844

18873

73

139 -
202

246
293
331
373
27
470
505
541
563
589
630

6TT

717
751
791
815
857
880
909
940
977
1011
1058
1084
1136

1168

1198
1227
1264
1289
1312

1351 -

1389
1419
1464
1488
1515

“1557

1588
1607
1660
1692
1726
1762
1791
1813
1845
1884

78
140
203
254
29y
332
377
431
471
506
542
566
590
631
680
721
754
£

2

1859
886
911
942

. 978

1014
1067

1086 *

1141
1171
1201
1228
1266 °
1291

1313

1352
1391
1421
1465
1492
1520
1559
1589 .
1609
1661,
1694
1729
1764

1792

1814
1846
1889

I PUT PO

-

[y,




°
4 o e s e

o e o St . e

-

o i

1891

1922~
1844

1968

2001
2031
2056
2076
2106

- 2131

2153
2175

- 2203

2241
2278
2323

2357

2397
2427
2448
2467

- 2502
12529

2561

2601

2632
2660
2692

2724

2751
2776
2811
2883
2871
2896

2937

2976

-3005

3040
3079
3108
3149
3178
3206
3233
3285
3312

3339 -

3362
3391
3443
3468
3503
3526

1902
1926
1948

. 1981

2008
2036
2061
2084
2111
2134
2157
2181
2209
2247
2292
2332
2361
2393
24130
2450
2471
2504
2533
2568

2611°

2638
2666
2698

2726

2757
2781
2817

2838 -

2873
2901
2941
2979
3011
3047

3088

3115
3158
3180
3209
3247
3287
3314
3343
3365
3407
3448

Uy

3508

3537

1903
1928
1951
1985

2015

2037
2063
2086
2113
2136
2158
2182

+2215

2251
2295
2334

2363

2394
2432
2451
2u72
2506
2535
2577
2612
2640
2667
2699
2728
2758
2787
2819
2839
2874
2903
2944
2981
3014

" 3053

3090
3119

3159

3181
3210
3249
3292
3316
3348
3367
3408
3449
3475
3509
3540

1905
1930
1952
1986
2016
2039
2066
2089
2114
L2138
2162
2183
22717
2255
2297

2339-

236
2403
oU3Y
2452
2475
2507
12536
2579
2613
2642
2673
2701
2735
2759
2791
2820
2840
2878
2905

2946 -

2987
3015
3054
3092
3120
3162
3183
3211
3251
3293
3321
3349
3368
3416
3451
3476
3511
3541

1909, 1910

1931-

1954
1987
2019
2042
2068
2091
3115

2141 -

2163
2186
2219
2257

2299,

2342

- 2370

2407
2435
2453
2476
2508
2537
2582
2615
2645

'2679

<2704,

2740
2762
2792
2822
2843
2879
2908
2947
2988
3017
3056
3095
3125
3164
3184
3212
3254
3294
3322
3351
3369
3424
3454
3479
3512

3542

1933

1955

1988
2020
2043
2069

. 2093

2121
2143
2164
2192 .
2223
2259°
2300
2344
2372
2409

2436

2454
2478
2512
2539
2583
2616
2647
2680
2707
2741
2763
2794
2823
2845
26880
2910
2948
2993
3022
3058
3096
3128
3166
3187
3213
3261
3296
3325
3352

372
Ji26
3456
3489
3514
3543

.195 -

1911
1934

1958

1993

2023

2047
2070
2094
2123
2145
2166

2290

2261
2304
2345
2373
21171
2440
2456
2480
2513
2541
2584
2617
2649
26814
2711
2742
276M
2798
2824
2846
2884
2913
2951
2994
3025
3062
3097
3129
3168
3188
3219
3269
3298
3329
3353
3380
3429
3458
3490

3516

3545

1915 . 1917

1935
1960
1994
2024
2048
2071
2095
2125
2149
2167
2195
2226
2264

2306

2348
2383
2415
2444
2460
2484
2516
2545
2587
2624
2651
2685
2712
2744
2765

2802

2826
2852
2887

.2923
2957

2995
3032
3063
3099
3131
3169
3192
3220
3272
3303
3331
3354
3381
3430
3459
3495

3517

3546

1937 °
1961
1995
2027
2050
2072
2097

c212T

2150
2171
21396
2227
2270
2310
2353
2386
2118
245
2461
2486

2517

2550
2597
2627
2652
2687
2714 ¥
2745
2767
2805
2829
28614
2889
2928
2062
2996
3033
3067°
3101
3136
3170
3197
3226

L3274

3306

© 3332

3356
3384
3433
3464
3497
3519
3547

1919
1938
1963
1996
2028
2052
2073
2103
2128
2151
2173

2199 °

2233
2271
2319
2355
2387
2422
2446

2464

2497
2522
2553
2599
2629
2655

+2688

2717

2THT

2768
2806
2830
2865
2891
2931
2965
2999
3037
3070
3104
3140
3173

3198

3229
3283
3309
3334
3358
3385
3438
3466
3498
3520

3548.

—

1920
1941
1966
1997 .,
2030
2053
2075
2105

2130

2152
2174
2200
2234
2275
2321

2356 -

2389
2423
2487
2465

© 2499

2525
2555
2600
2630
2657
2689
2723
2750
2769
2807
2832
2870
2892
2936
2973
3004
3038
3077
3106

"3141

37T
3205

3231
3284
3310
3338
3360
3390
3442
3467
3502
3523 |
3549



Nt

TOTAL

-

3559
3592,
3626
- 3657
3688
3724

3764 .
3796
3816
3859
3880
3913
3943
3970
3994
4033
4062
4086
4116
4154
4976
4211
4246
. 4268
4289
U317
4339-
4377
41402
41438
461
" 448y
4514
4538
4572
4599 ‘4602
4619 4620
~464T U649 ,
4669 A46TH
U697 -U4699
4729 4731
CHT67 4769
4802 4804
4831 4833

= 1788

. 4462

3560
3593
3629
3659
3691
3725
3765
3797
3825
3862
3881
3915,
3947

2557

3562

3594
3633
3660

. 3698

3734

3770
3798
3829

3863
3882

3918.

3948
3972
‘3999

4037 “Loyo._

4063 -
4087
4117
4155
177
4220

=4250

4271
4290
4318
4341
4382

4415

4439

4486 -
4515
4542 -
4574
4603
4622
4650
4677
4705

U735
4770

4806

"4836

4066
4090
4125
4157
4179

y221.

4251
4272

4292°

4322
434y
4386

CUUTT

4uyo

. 4463

4490
4517

454y .

4575
4605
4623
4653

"4678,

4706

- 4736
YN

4810

‘4 gu3

3565
3600 .
3634
3665 |
3699 .
3737
3773
3799
3833
3864
.3884
3920
3950
3973
4003 °
4048
T B068
4041
4126

4159 -

4181
uzgg
42
4274
4293
4323
4346

" 4388

kg
Bu82
64
- 1492
4520
S45U6
4576
4607
4629
4655
4680 -
4707
y74é *
4373
4816
4850 °

. 3577

3605
3637
3668
3702
3744
3780

3802 .
-3842
© 3868
13890
39237
. 3961

3957
3984
4008

. 4052

4071
4098
4.135

" 4161

4189
4225
4257
4279
4295
4325
4350
4391~
4423
uyY7
1467
45073

. us22

4549
4578
4609
4632

" 4662

4682
4711

U750

4785
4818
4854

.

3579
3607
3641

- 3669

3705
3751
3782
3803
3846
3869
3895
3928

3985
4016
4053
4073
4100
4140
4162
4190

4231

4258
4282
4302
4328
4351
4395

hyes.

4449
4468
4504
4524
4557
4582
4611

4633

4663

4683

4584

3580

3608

3645
3670
3714
3753

3783 °

3805
3849
3872
3897
3932
3962
3987
Jo22

- 4057

4075
4106
4142
4164
4203
4232
4261
4283
4306

4329,

4352
4396

hy28-
4450.

4471
4506
4525
4558

4oy
4635
oot
4686

BT19\U722

4751
4787

4823,

4855

475%
4788
4825
4858

’

3583 .
13611,

3648
3671
3720
3756
3784
3808 .
3851
3874
3898
3937, 7~
3965
3988
4023
4058
4076
5109
4143
4169 -
Bao4
4233 |
4262

4285
4309
4334
4358
4397
4429
4451
4472
4507
4526
4560
4585
4615
4636
4665

4687

4723
4757
4793
4827
4860-
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(4

.
3
.

e K

S

223
379
562

" 4 658

LN

T47

958
1030
,1090

~"1166
1233
1316
1396+
1509
1561
1626
1679
. 1759
1856
1893
1978
2088
2142
2314
22179
2343
2406
2492
2547
2585
2637
2690
2748
2800
2876
2952
3002
" 3055
3118
3182
3252
- 3295
3328
3398
3446
3494
3570
3617
3701%
3775

7

2u7
391
569
659
750
855
959

1104

1167
1235
1317
1409
1518

1566

1629
1682
1761

‘1859

1896
1982

2090 -
2147

2222
2283
2354
2413
2495
2552

2589,

2646
2691
2760
2801
2890
2954
3018
3057
3122
3189
3253
3299
3335
3403
3455
3521
3571
3627

3708

3779

37
250
392
576

- 663

756
861

.CONTAINING

68
260
405

/592
669
71
865

982 » 983

1037
1121
1170 -
1238
1319
1411
1519
1567
1631
1691
1769
1861
1898
1999
2096
2156
2231
2284
2360
2414~
2498
2556
2590
2648
2693
2761
2803
2893
2960
3024
3069
3123
3200
3256

13300

3340
3504
3463-
3524
3572
3630
3709
3781

1044
1126
1183
1248
1329
143
1526
1577
1635
1695
1771
186e
1899
2009

2098

2159
2238
2288
2364
2416
2500
2564
2591
2650
2702
2766
2810 -
2898
2964
3027
3073
3124
3208
3259
3304
3341

3405

3465
3528
3581
36%1
3733

3790

g

267
408
597
681
779
879
1013
1053
1137

1192

1251
1333
1438
1527
1599
1643
1698
1787

1868

1906
2018
2100
2165
2246
2302
2366
2428
2505
2566
2592
2653
2703
—2771

2827 .

2906
3966
3029

3076.

3133
3214
3265
3305
3347
3411
3471
3529
3582
3632

3740-

3793

g0
270

412

617
687
785
881

1015

1055
1134
1213
1261
1343
1461
1536
1608

1648

1700
1819
1873
1921
2034

, 2102
12168

2250
2303
2367
2439
2510
2567
2605
2665
2705
a780
2831
2914
2975

3030

3078
3145

3215,

3270
3307

3359.

3412
3473
3536
3588
3635
3742
3794

4 RADICAL(S)

110
283

463.

639
696
787
908

1016 -

1059

1145

1223
1263
1354
1462
1537
1610
1655
1727
1822
1874

1925
,2045

2110

2169

2254
2309

2389

2441
2518

2569 -
2622

2668
2710

2782
2847
2915

2980
3031
3081
3148
3221
3276

"33

3361
3415
3481
3538
3599
3647
3748
3810

-"197 =

127
296
464
641

710,

811
912
1017
1068
1148

122%

1265
1375
1468
1544
1617
1656
1728
1823
1875
1929
2046
2112
2176
2258
2311
2376
202
2523
2571
2623
2671
2720
2784
2850
2916
2983
3041
3084
3150

34
279
3315

13374

13421
3485

3544

3601
3651
3750

819

146
335
he7

646 .
716 -

823
916
1018

1073~

1152

1225
.1278-

1383
1480
1548
1618
1657
1730
1825
1876
1932
2064
2119
2188
2265
2314
2377
2470
2532
2573
2626

2672-

2734
2788
2859
2921
2985
3043
3085
3152
3238
3280
3317
3379

3423

3486
3553
3604
3§74
3

3821

52

153

334
498
649
718
845
924
1022

1077

1154
1229
1282
1384
1497
155%
1619,
1670
1736 -
1840
1886
1943
2077
2122
2191,
2274
2328
2384
247y
2542
2575
2631
2676
2736
2793
2866
2930
2989
3044
3086
3153
3239
3281
3318
3386
3436

3487

3557,
3606
3683
3759
3827

. 1386

-

187
357
514
651
726
852,
9u 7
1025
1085
1161
1230
1285

200
364
523
656
735
. 853
952
1028
1088
1162
123]
1308
1395
-1504
1560
1625
1674

-1753

1501
1558
1624
1672
1742
1841
1888 1890
1959 1969
2078 2079
2126 2137
2210 2213
2276 2277
2336 2340

, 2405

2576 2580
2633 2636
2677 2681
27374 2738
2796 \2797
2868 2869
2933 2934
2991 2992

3046 3052

3110 3117
3160 3176
3242 3248
3282 3288
3319 3323
3387 3397
3437 3441
3488 3493
3563

3614 3615
3684 3685
3768 3772
3831

r

. 1851

569 -

.

3835



AY

3844 3847

- 3902 . 3904

3941 3944
4009 .40WQ
4035 4038
4097 * 4101
B145 4146
4219 - 4227
4284 1299
4368 4371

4413 B4y

Lygz2 4489

“4554 4563

4625 4626

© U689 U690

476M
4841 UB4Y

ONE CHARACTER IS CCMPOSED OF 2.1 RADICALS AVERAGED OVER

3848
3906
3946
4012
40o41
4104

4148t

4228
4305
4379,
hu18
4496
hsou
4643
4692
4775

4848

~

3852
3908
3968
4014
o3
34127
4173
4229
4308
4383
1335
41497
4570
44 Y
4693
w777

4849,

3867

3917
3975

4017

4055
4122
5174
4235
4314
4384
4hys5
4498
4589
4645
4701
4782
4856

. e

GNE CHARACTER IS COMPOSED OF 2.6 RA

3870

3922
3982
4018
4065
l123
4183
4236
4315
4393
U446
4501
4591
4656

4r7o4-

4805
B 857

L4

3879
925
983

1019

4072

5124

1185

4259

4319

4394

1169

4512

4593

4657

“4719

4811
4863

3885

3927
3986
4020
4074

4183
.4188

5263
4320
4404
4470
4535
4610

4659 -
4734

4815

DICALS AVERAGED OVER

* o,

FOR THE VOCABULARY OF

A

3893
3929

3991

ho21
4080
4134
4191

§270

4347
4405
4473
4536
4612
4661
4738
4819

3894 °
3933
3995
1029
4084
4137
4196
4274
\ 4353
4106

474
ds37
. 46713
" 4670

¥739.
4821"

3900

3934 -

1005
4032
4088
4141

4208

4275
4354

4409

4475
4541
4616
4671
4740
4824

THE 4864 CHARACTERS.

753,941 SAMPLES
4864 CHARACTERS.

\

3901
3939 -

4007 N

4034
4o94
41y
4215
L4281
K355
412
4481
4547
4624
4685
H7H
4834 |
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