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Abstract — We have proposed a new phoneme-based Chinese input method with low
conflict code rate, 24.7%, where the features we extract are all phonetic symbols. In this
paper, we propose a modified phoneme-based Chinese input method to further reduce the
conflict code rate significantly. We first propose a new reduction rule that will extract one
feature phonetic symbol for each of the selected extended radicals in different manners. Two
measurements will be considered to evaluate the performance of the modified input method.
First, since users must recall these selected extended radicals all the time, it is required that
the number of selected extended radicals must be small. Second, if we apply the new
reduction rule on these selected extended radicals, the conflict code rate of the modified
phoneme-based input method must be as low as possible. In the experiments, the number of
selected extended radicals, #, is defined to be a small number(n»=10). In the training phase,
we apply an n-stage hill-climbing method to select these n extended radicals. At each stage,
the hill-climbing method selects an extended radical under the constraint of minimizing the
conflict code rate. After the training phase is finished, we construct a modified

phoneme-based input method whose conflict code rate, 13.5%, is much lower than 24.7%.

Keywords: Phoneme-based Chinese input method, effective phonetic sequence, extended

radical, conflict code rate, hill-climbing method.

1. Introduction

The research about Chinese characters is very important and practical. There have been a great
deal of recent efforts in solving the Chinese input methods [1-13]. Chinese characters are

non-alphabetic and two-dimensional in structure[1]. There are thousands of commonly used



Chinese characters, in which each character is ideographically different. Besides being
ideographic, Chinese has the homophone property. That is, almost every Chinese character can
be pronounced as the phonemes of other characters. In our knowledge, there are more than

10,000 commonly-used characters but only 1,351 effective phonetic sequences[2].

Generally speaking, there are two major categories of methods to code Chinese characters. The
first category is the phonetic coding methods[3-6] and the second one is the radical coding
methods[7-12]. Like English pronunciation, Chinese has the standard phonetic spelling system.
Accordingly, the phonetic coding strategy utilizes a phonetic spelling system to encode Chinese
characters. The well-known advantage of the phonetic input method is that it is very natural,
but the method obviously suffers the problem of homonyms. That is, the Chinese phonetic input
system produces a large number of homonyms for each effective phonetic sequence. In the
worst case, there are more than 100 homonyms for a specific phonetic sequence[8,9]. Although
the phonetic method is undoubtedly very easy to learn and to use by green hand users, the
homonyms problem results in a high conflict code rate and makes the input of Chinese

characters inefficient.

The radical coding strategy[7-12] uses the fundamental components of Chinese characters as
the basic elements to encode Chinese characters. The encoding methods based on this strategy
usually have the advantage of efficiency in encoding characters. A well-designed radical coding
method usually results in a low conflict code rate, i.e. a one to one mapping between most of
the input codes and the Chinese characters. However, a small set of radicals is not enough to
construct thousands of Chinese characters properly. Thus, these methods usually divide a
Chinese character into a number of radicals by applying unnatural heuristic rules. When users
perform these Chinese input methods, they have to remember not only the radicals heuristically

defined by the designer, but also the way how a Chinese character is divided.



To resolve the disadvantages mentioned above, we propose a new phoneme-based Chinese
input method with a low conflict code rate, 24.7%, and all input factors are phonetic symbols
[13]. First, we retain at most two key phonetic symbols of a character as the first part of
features; that is, we reduce an effective phonetic sequence to a reduced phonetic sequence
whose length is not more than 2. Second, to overcome the difficulty of decomposing characters,
we define an extended radical set, which includes 5,401 frequently-used Chinese characters,
radicals, and seven primitive strokes. Third, according to the writing sequence of a Chinese
character, we extract two extended radicals which must include the first and last strokes
respectively, and then select the first phonetic symbol of each extended radical as the phonetic
feature symbol. In this way, we can obtain two phonetic feature symbols from the writing
sequence of the character. We append these two phonetic feature symbols to a reduced phonetic

sequence to form a new phonetic code, whose maximal length is therefore 4.

In this paper, we will propose a modified phoneme-based Chinese input method to further
reduce the conflict code rate significantly. By analyzing characters with the same phonetic code,
we find out that we can reduce the conflict code rate by defining a new feature reduction rule
for processing some specific extended radicals. We first describe a new reduction rule to
extract a feature phonetic symbol for an extended radical in different ways. Then, we will apply
the hill-climbing method to identify a set of extended radicals that are processed by the new
reduction rule. Two measurements will be considered to evaluate the performance of the
modified input method. First, since users must use these specific extended radicals all the time,
the number of selected extended radicals must be as small as possible. Second, the conflict code
rate of the modified phoneme-based input method must be as low as possible. In the
experiments, the number of these selected extended radicals, n, is defined to be 10. At the
training phase, we apply the hill-climbing method to select 10 extended radicals under the

evaluation of minimizing the conflict code rate. After the training phase is finished, we obtain a



modified phoneme-based input method whose conflict code rate is reduced from 24.7% to

13.5%.

In Section 2, we review the proposed phoneme-based input method. In Section 3, we propose
the modification of the input method. Section 4 applies a hill-climbing method to achieve the
modified input method with minimal conflict code rate. Section 5 discusses the performance of

the modified phoneme-based input method. Section 6 concludes this paper.

2. Review of the Phoneme-based Chinese Input Method

2.1 Reduction of Effective Phonetic Sequences

Let the 5,401 frequently-used Chinese characters be Ch;,Chy,...,Chss(=— , ¢,....g8"), and
an effective phonetic sequence(EPS) be the phonetic sequence which some Chinese character is

pronounced as. The length of an EPS ranges from one to four. For example, the phonetic

Ces = 99

1 .
~—_

sequence “Y —L \” is an EPS, because it is the pronunciation of character However,

“Y L N\ is not an EPS, because no characters can be pronounced as “ Y & \.” The homonym

set of EPS EPS;, HO(EPS,), is the set of characters with the same EPS EPS;, and the phonetic
sequence set of Ch;,, PH(Ch;), is the set of phonetic sequences which character Ch; can be

pronounced as. For example, the homonym set of EPS “{ A 2. N\ is HO({ A £~ )={#,{H,
F1}, and the phonetic set of character “fff” is PH(fH)={ K A £, K AL \}.

To improve the performance of the phonetic input method, we first reduce the length of an EPS
to not more than 2; that is, each EPS will be reduced to a reduced effective phonetic
sequence(REPS) containing not more than two phonetic symbols. Let S;...S; be the EPS of a

character, and SET,,,. be the set of tone symbols, { #,V,\, ¢ }. The reduction rule RED]I for

EPS §,...S; is as follows.

Reduction rule REDI(S;...S)):

if i =<2 then REPS remains S;...S;



else if i=3
if S; is in SET,,,. then REPS is S;S,
else REPS is §,S;

else if i=4 then REPS is S,S;

Table 1 gives some examples of reducing EPSs by applying the reduction rule. Similarly, we
define that the homonym set of REPS;, RHO(REPS,), is the set of characters whose REPSs
contain REPS;, and that RPH(Ch;) is the REPS set of Ch;. For example, the homonym set of
REPS “L 5" is RHO(L 5 )={= % & ,ﬁlﬁ}f&gﬂ, and the REPS set of “#]” is RPH(¥|)={ |

2,4t}

Table 1. Examples of reducing the length of EPSs.

character EPS REPS
= — —
i RN RN
* H P hp
& -5 Hb
P -5 YL

2.2. Decomposition of Chinese Characters

In this section, we first describe the process of extracting two extended radicals from the
writing sequence of a character. Following the idea that Chinese characters are constructed

recursively, we define that the extended radical set includes:

1. 5401 frequently-used Chinese characters,
2. standard Chinese radicals, listed in a Chinese dictionary,
3. seven primitive strokes used for the characters that can’t be decomposed properly.

Table 2 lists the radicals which are not frequently-used characters or are in different writing

style. For example, “—(I'1— \)” means that “—” is pronounced as “r1— \”, and “7 (°]5, 7

A\ V)” means that “ } ” is the alternative writing style of character “~[<” and is pronounced as



“7 A\ V.” To decompose characters properly, the seven primitive strokes shown in Table 3

are also included in the extended radical set.

Table 2. The extended radicals which are not frequently-used characters or are in

alternative writing style.

# of strokes (radicals with phonetic symbols

5 “(&EX), (M E5 ), F(@5 ), [J(MUL), —(M—N),
T 9—2L), 1CL24%), 73(92), (B, U—H7), " (I35 V)
1Ol PANY), (B V), (M=5F 7), 2 (AL), (L),

3 “CILARD), T(B), 1_(=5 V), A(F.U—=N), 2(73), 7(4N),
fe=T=5), $,7XV), 1(~R<Uzv), b (EILV)
(=, T=5), (R A), F(R2),&(7 R), T =N)(F, AT V),

4 TOLEAY V), F (TR 7)), T(PN), 7HALV), "EL,FELV),
(A ATN)

s HR=V), T (AAL ), 7(7C), FIAR 7)), k(7 ANV),
TELAANV), * ()

6 FEOTR), = (=Y \)

7 F(EN), R(7—FN)

8 K77 \)

0 [FH7—%). B4 AN, (KT 7)

13 (M= v)

17 Fr(U )

Table 3. The seven primitive strokes defined as extended radicals.
primitive stroke \ / ' | J 1 g
EPS IYN |(R—8V|7—F V| FAN KX A5 E— 7

Next, we introduce the method of decomposing a Chinese character according to its writing

sequence. We assume that the writing strokes of a Chinese character Ch; are T; , T5,..., T}. If

strokes T, , T»,..., T; and T; , Tjyy,..., T form extended radicals RAD, and RAD,, respectively,

then extended radicals RAD, and RAD, can be extracted from character Ch;. However, because

there may be many alternatives of decomposing a character according to the writing sequence,

we briefly define the extraction rules as follows.




Extraction Rule ERI(T; , T,..., T}):
if strokes T; , T5,..., T;, 1<i<k, form extended radical RAD,
and Tp doesn’t intersect with Tg, 1 <p<i,i+1<g<k
then RAD, can be extracted
else primitive stroke 77 is extracted
Extraction Rule ER2(T; , T,..., Ty):
if strokes 7}, T}4y,..., Ty, 1<j<k, form extended radical RAD,
and Tp doesn’t intersect with Tg, j<p<k, 1 <qg<j-1
then RAD, can be extracted
else primitive stroke 7} is extracted
Extraction Rule ER3(T; , T,..., T}):
maximize i+(k-j+1) where i<j, and strokes 7}, T>,..., T;and T} , Tj.,,..., T form
extended radicals RAD, and RAD,, respectively

In Table 4, we give some examples to demonstrate the three extraction rules. ERI and ER2
mean that the extracted extended radicals can’t intersect any other stroke. For example, the first

extended radical of “[[1” is not “[ I, because “[ I” intersects the last stroke “ | .” Therefore, the
first extended radical of “[[1” will be “| ”, which is a primitive stroke. Similarly, the last
extended radical of “H I”is “ | .” ER3 means that we will maximize the stroke count of these

two extended radicals. For example, the extraction alternatives of “&¥” can be “%, [ 17, «7 17,

—£ . lT 2
b

and “’F

[7,

, etc. If we apply rule ER3, “-*,F1” will be the best extraction alternative for “&¥.”

Accordingly, we will apply ERI, ER2, and ER3 simultaneously to extract extended radicals
from Chinese characters.

Table. 4. Some examples of extracting extended radicals for Chinese characters.

character first extended radical | second extended radical
I | |
o * q




Next, we define reduction rule RED2 as follows to extract the phonetic feature for each

extended radical.

Reduction rule RED2(ER)):
initialize feature set FS to be empty
for each EPS §,S,...S; in PH(ER))
if §; is not in feature set £S then add S; into S
output F§

Generally, the size of the phonetic feature set of an extended radical is equal to one. For
example, the phonetic feature set of extended radical “z}”(“{ A £.7) is {{ }. Merely a small
part of extended radicals own phonetic feature sets whose sizes are larger than one. For
example, the feature set of extended radical “fI” (“/_ AN V”, “4 XL #”)is {I,4}. For
character Ch;, two extended radicals RAD, and RAD, can be extracted from its writing sequence
by applying rules ERI, ER2 and ER3 simultaneously. Then, we apply RED2 to obtain one
phonetic feature set for each of RAD, and RAD,,. If REPS; is in RPH(Ch;) and phonetic features
S, and S, are in the phonetic feature sets for RAD, and RAD,, the phonetic code of Ch; is

S,+S,7REPS;. Table 5 gives some examples of extracting phonetic codes for characters.

Table. 5. Some examples of extracting phonetic code for characters.

character first extended |second extended radical character phonetic code
radical
i B (ZANY, T(KAL) (AL 7) LT L,
AAXL ) 4T L
el @5 7) (=t V) FI(EY) B—&Y
B - (=) T R) Fi(Z ) EEEIN
&l M=) “(I—b) B(2) —Thb

3. The Modified Phoneme-based Input Method

In Section 2, we have described a new Chinese input method, in which all input features are

phonetic symbols, and the conflict code rate is low, 24.7%[13]. In this section, we further




propose a modified phoneme-based Chinese input method to reduce the conflict code rate as
much as possible. By analyzing characters with the same code, we find that some modification

can be performed for resolving the characters with the same code. For example, characters “&%”
and “4&” are mapped to the same phonetic code “7 Y Y £ as follows.

¢ EHUP )M -L)EM -2 V)Y YL

¢ FEAVTUUE OHI(MM—4 V)P YUY 4
The first extended radicals of characters “&%” and “J&” are “£” and “ ¥, and the second
extended radicals are “%” and ““&”. We extract “ 7 for both “£” and “ ¥ ”, and “ | for both
“%” and “¥r.” Characters “£1” and “  ” are pronounced differently, but the extracted feature
symbols are the same, “”.” In this case, if we define that the feature symbol of extended
radical “F (7 X V) is “X” instead of “7”, the codes for characters “f%” and “}&” shown
below will be different.

¢ EH>UP )M -L)EM -2 V)Y YL

¢ F(PAVTIUUE OHIF(M—4 V)= XY Y &
Accordingly, we propose a new reduction rule RED3 to extract a feature symbol for each

element of the selected extended radical set, SER={ ER,'I , ERZ.2 yeens ERZ.H }, where these extended

radicals will be determined in the Section 4.

Reduction rule RED3(ER)):
initialize feature set FS to be empty
for each EPS §,5,...S; in PH(ER))
if S; is in SET,,,,. then add S;_; into feature set 'S
else add S, into feature set FS
output FS

For example, we assume that the set of selected extended radicals is {7f<,1,:& }. After we apply



reduction rule RED3 to process extended radicals “~[<”, “7#”, and “£”, we obtain feature sets
{N\N}L{A} and {&} respectively. Before we can apply the modified phoneme-based input

method, the codes of 5,401 frequently-used Chinese characters must be learned in template
database TDB in advance. Then, we can match an input code with the codes in database 7DB,
and output the matched characters. The algorithm of creating template database 7DB is shown

as follows.

Algorithm 1: create template phonetic database 7DB
Input: 5,401 frequently-used Chinese characters
Output: database TDB containing the codes of 5401 frequently-used Chinese characters
begin
TDB={}
for i=1 to 5401
apply ER1, ER2, ER3 to obtain RAD, and RAD, from Ch;
if RAD, is in SER then F'S;=RED3(RAD,)
else F'S;=RED2(RAD,)
if RAD, is in SER then FS;=RED3(RAD),)
else FS;=REDZ2(RAD,)
for each REPS; in RPH(Ch,)
for each S, in FS;
for each S, in FS,
if code S,+S,+REPS; is not in database TDB then
add S,+S,+REPS; —{Ch;} to TDB
else add Ch; to referred character set {Ch,,...,Ch,} of S,+S,+REPS;
end.

Let Code; be a code in database TDB, and the referred character set be CREF(Code;). The

10



occurrence probability, P(Code;), will be P (Code,) = ZP(Ch ;»Code,). Conflict code rate

Ch;

of the modified phoneme-based Chinese input method will be:

CCR(TDB) = Y P(Code,) where|CREF (Code, )| > 1.

Code,

4. The Hill-Climbing Method for Minimizing Conflict Code Rate

In Sectin 3, a modified phoneme-based Chinese input method has been proposed. In this section,
to determine the set of selected extended radicals SER={ ER, , ER, ..., ER, }, we propose a
hill-climbing method with the constraint of minimizing the conflict code rate approximately.
We assume that there are totally m extended radicals, ER;, ER,,..., ER,. Let the function of

evaluating the conflict code rate of an input method be CCR', where CCR'(ERl.q) means

that the conflict code rate of the input method where SER = SER U {ER, }. Initially, the set

of selected extended radicals is empty; that is, SER={}. At stage 1 shown in Fig. 1, there are m

alternatives to select the first element of SER. The best alternative is to add extended radical
ER, into SER where CCR '(ERl.q) is minimal; that is, we have SER={ ER, }. Similarly, we

can select the extended radical resulting in the lowest conflict code rate from m-1 alternatives at

stage 2. Repeating this process, we can determine the n elements of SER.

CCR'(ER ) .c CR'(ER, )

B 4
- L]

. " stage 1
@ e @ e @

e CCR(ER ), lc CR'(ER )

.. . stage 2
minimal value » ° &

CCR'(ER, ) -

»

™. CCR'(ER }
".,._.... Pom-ns1 sta g en

Fig. 1. The hill-climbing method of selecting n extended radicals out of m extended radicals.

11



Because the number of extended radicals is large(m>1000), it will be very time-consuming to
perform the n-stage process. To speed up the process, we will merely measure the effects of the
extended radicals with large occurrence probabilities in conflict codes. At each stage of the
hill-climbing process, the k candidate extended radicals with the largest probability values in
conflict codes will be evaluated. As shown in Fig. 2, an extended radical is determined from &

candidates at each stage.

e ® ~..CCR'(ER )
4 s
l Y stage 1
. o o o .
CCR'(ER )

minimal value ,--' .’ . ‘ stage 2

| . :

........... . .

) . b °

............ .
stage n

CCR'(ER, ) l"’"-~.._,.._.CCR’(ERP)

4

Fig. 2. The hill-climbing method of selecting n extended radicals out of m extended

radicals where we have k candidate extended radicals with the largest probability values

in conflict codes at each stage.

To determine the & candidate extended radicals at each stage, we will define the way of
calculating the occurrence probability of extended radicals. In the following, we show the
probability measurement by examples. In Fig. 3(a), we show some code mappings in template

database TDB. For example, code “7 Y Y 5” refers to two characters “¥5” and "fj.” We

assume that the occurrence probability of each of 5,401 frequently-used characters is

54017
iLe. PUF)=P(F5)= P(W)——l In Fig. 3(b), “F’)"Hﬂtﬁ{(ﬁyﬁfL o 2)}” means that

“#¢” and “H1” are the extended radicals extracted from character “f.” We have P(7 ]~ ¥ &,

12



)= 1 , since character “Z” has two EPSs “/7 - W&~ and “7 4 ¥ &.” Then, we define
5401%*2

the accumulative probability functions P, and P;,, concerning probability values of first and

second extended radicals respectively. In Fig. 3(c), we show the values of Pg,, and Py

calculated from Fig. 3(b). For example, we have Pr (7 U U 5,7~ )= 2 since “=” is the
5401

first extended radical of characters “¥&” and “W.”

Fred—{F
P 4w )
7 U 5 (50

(a)
PrwE—{E#i, 1L )
5401*2
P AwE—> (B Ffl, L)
5401*2
FUYB[(3E, 5, L)y, G, =g, L
UUs—((4s5 ) (= o))
(b)
P PTRE FN=_ 1 | po(Prwes,fn=_1 |
5401*2 5401*2
P PAWE F)=_ L P(FPALE,fiy=_1 |
5401%*2 5401*2

Pis(FUUB ,F)=_2_ | P(FUUSZ,E)=_L | P(FUUT, F)=—L
5401 5401 5401

(¢)
Fig. 3. (a) Codes referring to characters. (b) Code mappings involving probability
occurrence values and extended radicals. (c) Accumulative probability values of code
and extended radical.

In the following, we propose the algorithm of determining k£ candidate extended radicals at each

stage according to the occurrence probability of extended radicals in conflict codes.

13



Algorithm 2: determine k candidate extended radicals with the largest probability values
Input: selected extended radical set SER, template database TDB
Output: k£ candidate extended radicals with the largest probability values
begin

initialize P (ER,)=0 and P, (ER)=0 forall ER;

for each code Code; in template database 7DB

if size of referred set RS of code Code; in TDB>1
for each character Ch; in referred set RS
apply ERI, ER2, ER3 to extract ER,, ER;, from Ch;

Pmm (ER,)= Pmm (ER,)+ Pmm (Code, ,ER )
PLW (ER,)= PM (ER,)+ Pm (Code, ,ER,)
for each ER_/ that is not in the selected extended radical set SER

P(ER)) = Py, (ER,) + P,,,,(ER,)

ast
output the k extended radicals with the highest probability

end.

After algorithm 2 is performed, the k& candidate extended radicals of each stage can be

determined. In the following, we propose the algorithm of determining n selected extended

radicals and the code-mapping database.

Algorithm 3: obtain SER containing » selected extended radicals, and the final code-mapping

database TDB
Input: 5401 frequently-used Chinese characters
Output: SER and code-mapping database TDB
begin
SER ={}
call Algorithm 1 to create TDB

fori=1ton

14



call Algorithm 2 to obtain the & candidate extended radicals

for each candidate extended radical ER;
SER = SER U {ER,}
call Algorithm 1 to obtain database TDB'
evaluate conflict code rate CCR(TDB')
SER = SER - {ER,}
SER = SER U{ER,} where ER, results into the lowest conflict code rate

call Algorithm 1 to create the final code-mapping database 7DB
output SER and TDB

end.

5. Experimental Results

To make the input system easy to learn, we define that the number of selected extended radicals
is a small number, n=10. In the training phase, we define that the number of candidate extended
radicals at each stage of the hill-climbing process is &=80. The experimental results are shown
in Table 6. After the 10 extended radicals have been determined, the conflict code rate can be
reduced from 24.7% to 13.5%. Therefore, the proposed Chinese input method can be more
effective and practical. At each stage, the first row shows the top-15 candidate extended
radicals, the second row shows the accumulate probability in conflict codes, the third row
shows the extracted features for the extended radicals, and the fourth row shows the conflict
code rate if the extended radical is contained in the set of selected extended radicals. At each
stage, the marked extended radical results in the lowest conflict code rate and is added to the set
of selected extended radicals. Even though the top 80 candidate extended radicals are
considered, the experimental results show that the largest rank of selected extended radicals is
11, which is still a small number. It means that ~=80 will be large enough to determine the best

choice at each stage. We summarize the selected extended radicals in Table 7.

15



To evaluate whether the proposed input method is easy to learn or not, we perform the
following experiments. In Taiwan, the most popular radical coding input methods include
“Tsang—jye”(“ﬁ ?[ﬁ”), “Dah-yih”(“* };”) and “Wu-shia-mii”(“Z #5-£ ). Forty volunteers are
required to learn each of these input methods and ours for half an hour. These volunteers are
asked to write down the codes for a testing text consisted of 200 Chinese characters, and then
we measure the accuracy of these codes. Table 8 lists the average code accuracy. The code
accuracy values for “Tsang-jye”, “Dah-yih” and “Wu-shia-mii” are not more than 14%, and that
for our method is higher than 71%. It shows that our method is easy to learn even though some

modification has been involved in our input method.

6. Conclusion

Previously we have proposed a new phonetic-based Chinese input method with low conflict
code rate, 24.7%, where the features we use are all phonetics. In this paper, we propose a
modified phoneme-based Chinese input method to further reduce the conflict code rate
significantly. The paper proposed a new feature extraction rule to extract features of extended
radicals in different ways. However, which extended radicals should be processed by the new
feature extraction rule will be determined by a hill-climbing method. At the training phase, each
time we measured the first k£ extended radicals with high occurrence probability in the conflict
characters. Then, an extended radical is determined from these k& extended radicals. Repeating
the process for n times, we can determine a selected extended radicals set, where these
extended radicals are processed by the new feature extraction rule. After the training phase is
finished, the conflict code rate can be reduced to 13.5%, which makes the input method more

efficient.

16



Table 6. The top-15 candidate extended radicals with the conflict code rates at each
stage, where the selected extended radicals are marked.

Ml E e EHIE Ve L RN
Prob.(%) 2.5412.0412.0211.67]1.61| 1.5 l|.45 1.34]1.0911.05]1.01{0.9710.88]0.88
Feature XN AI X113 |5lH|lul3[L]A] £k
CCR(%) 24 124.7124.7124.8123.6124.2|124.3124.4| 24 |23.8]24.2|124.2
stage 2| ~ | # & [ = H 1S VAL (e e
PI‘Ob.(%) 1.9411.91 1.571151] 1.4 1|.35 1.241095]10.95]10.87]0.84]10.78]0.75]0.72
Feature | & | A Xl =13 |5l ]luls]lB|lAL£| AL
CCR(%)| 21 |21.1 21.8(21.8] 22 120.7]21.3|21.4]|21.5] 21 |21.2]21.4]21.4|21.5
stage 3| ~ | A | [T E ] A o I I I S N I I B
Prob.(%)] 1.84|1.81]1.47]|1.41] 1.3 1.1410.85]0.8510.77]10.6610.65]10.62]0.59]10.56
Feature | b | A | X | £ | — Ll 3l A£] A 5]T]Y
CCR(%)]19.4]19.5]21.4]20.3]20.4 19.7119.8{19.5119.4]19.8]19.8[19.9]19.8]19.8
stage 4| M [ AN E 2 E A ® I A N B N N
Prob.(%)| 1.84]1.79]1.45]1.41] 1.3 ]1.12]0.85]0.85 0.6610.65| 0.6 10.57]0.56]0.55
Feature | 0 | X | X | & | — | &5 | ¥ [u A | X | 51T Y[ A
CCR(%)|18.9]18.2]20.1]18.9]18.7]18.4]18.5|18.6 18.5/18.5[18.6[18.6]18.5]19.1
stage 5| * [rfEr =& > BEL™= 1]
Prob.(%)| 1.79 1.411.33]11.23]1.07] 0.8 0.8 | 0.6 10.55[0.51]1 0.5]10.49]0.45]0.45
Feature | O XVl -5l |UulA|5[Y [ A]ALA][A£]3
CCR(%) 19 |117.9)17.6|17.3]17.4|17.5|17.4]117.5|17.4|18.1|17.7|17.6{17.9
R RN NI - U=
Prob.(%) 1.411.33]11.07]0.87| 0.8 1 0.8 1]0.7310.55]0.51| 0.5]10.48(0.4510.45]0.45
Feature X141l -1 |lU[A]IGIATAIY[A]TF A
CCR(%) 18.1] 17 (16.5]17.1]16.6[16.7|16.5|16.7|16.9]17.5|16.5{16.8| 17 |17.4
stage 7| [ [ i - | F] el RN RIS I R T
Prob.(%)| 1.4 | 1.33 0.4510.42
Feature | X | &« A5
CCR(%)|17.2] 16 16.4[15.9
stage 8 | [ | [ &' L il
Prob.(%)] 1.4 | 1.33 0.4 10.38
Feature| X | % Al b
CCR(%)|16.5|15.3 15.3] 15
stage 9 | [ I [ Y [
Prob.(%)| 1.35]1.28 031] 0.3
Feature | X | &« A | 5
CCR(%)|15.8[14.6 15.1[14.5
stage 10] [ I ]| & [
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Table 7. The selected extended radicals with the phonetic feature symbols.

Extended| - | = FEI i 7+ . = = Fl ]
radicals

| AAL
Phonetic [P\ V|P XV|—5 s MAN O 7 AL 7 U—H U\ |NE /s
sequence ANV

Feature | ~ X 5 LN\ A L x L pes L
symbol

Table 8. The average accuracy values for codes extracted by 40 volunteers, who learn
every input method for half an hour.

Input method Tsang-jye Dah-yih Wu-shia-mii | our method
code accuracy 11.2% 13.5% 12.4% 71.2%
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