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Abstract

O We propose a framework called Six-Writings (Xu S, 1997)
multimodal processing (SWMP) to enable direct integration of
Chinese NLP (CNLP) with morphological and semantic elements.
The first part of SWMP, known as Six-Writings pictophonetic
coding (SWPC), is introduced with a suitable level of granularity
for radicals and components, enabling effective representation of
Chinese characters and words.

O We conduct several experimental scenarios. The results
demonstrate that SWMP/SWPC methods effectively capture the
distinctive features of Chinese and offer a promising mechanism
to enhance CNLP with better efficiency.




Motivation

O The field of computer information science and technology, including
most Al, ML, and LLMs, has been developed based on English and
corresponding coding. Chinese language is essentially translated
Into a form that modern computers can understand.

O UNICODE serves as the foundation for Chinese informatization but
IS Insufficient for effectively calculating the similarity between
Chinese characters. To achieve accurate similarity results, CNLP
needs specialized coding approaches.

O The lack of a standardized Chinese character coding suitable for
LLMSs has resulted in the absence of a unified presentation for
prompting questions. Despite most research findings indicating high
similarity, CNLP’s actual results are less than ideal.

Unicode +7 2l mEE UTF-8 Z 3l

0000 0000 - 0000 007F 000X

0000 0080 - 0000 O7FF 110xxxxX 1OXXXXXX

0000 0800 - 0000 FFFF 1110x000¢ TOxxxxxx LOXXxXxXXxX

0001 0000 - 0010 FFFF 11110xxx 10xxxxxx 10xxxxxX 1OXXXXXX



. Framework of SWMP

O The Six-Writings of Chinese characters is a multimodal way of
understanding Chinese characters (Xu S, 1997), which was
summarized by the ancients. It takes into account how human
beings understand Chinese characters through their five senses.

O We propose a framework called Six-Writings multimodal
processing (SWMP) to enable direct integration of Chinese NLP
(CNLP) with morphological and semantic elements.

O This framework for Chinese language models consists of six parts:
(1) pictophonetic, (2) pinyin, (3) property, (4) image, (5) audio/
video, and (6) understanding (word embedding).

Pictophonetic Pinyin



. Framework of SWMP

O This comprehensive multimodal processing framework allows for
a detailed representation of Chinese characters and words in the
Six-Writings style, facilitating various language processing tasks
and enabling a deeper understanding of their structure and
attributes.

O In practical applications, different parts of the SWMP framework
can be combined based on specific task requirements.

O The second part creates the Six-Writings pinyin code, while the
first and third parts can be combined to form the Six-Writings
semantic code. Furthermore, integrating the first, second, and
fourth parts results in the comprehensive text/pronunciation/image
processing of Six-Writings.




Il. SWPC approach - pictophonetic property

O Chinese characters are logograms with a hierarchical structure
consisting of strokes and components. Strokes are the basic units
of character formation, and components are formed by combining
strokes. It is estimated that over 90% of Chinese characters belong
to the phono-semantic (J¥ =) category (Zhang B, 2008).

O Phono-semantic characters are typically composed of a semantic
component, namely the radical (J£5%) and a phonetic component
(7 5%). The semantic component represents the overall meaning or
category of the character and is commonly referred to as the radical
component (Yeromiyan, 2023).

O The phonetic component, on the other ﬂ 1‘ 7—‘
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hand, serves as a means to differentiate
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characters with similar meanings or
pronunciations.



Character by left and right components

0 Most Chinese characters are formed by combining the left and right
components.

O For example, character fi (horizontal) has the WB letter code
SAMW and the WB numeric code 14152534. According to the WB
coding rule, the key position of the left radical /X (wood) on the
QWERTY-based keyboard is S, and its position code is 14. The
code of the phonetic component 35 (yellow) is 152534.

O The normalized and augmented WB number is 17193957, with a
radical code of 17 and a phonetic code of 193957, totaling 8 digits.

O Another character fiii (ketones) has the WB code SGMK, the WB
numeric code 14112523, the normalized and augmented code
17113935, the radical code 17, and the component code 113935.
The radical codes of ## (horizontal)

and fif| (ketones) are the same. * I ;]:L N B

http://life.chacuo.net/convertxuezi



Character by left and right components

To avoid code duplication and enhance the digital representation
of the pictophonetic features, we combine the advantages of WB
and FC and modify the radical /K (wood) of character ##
(horizontal) to 1749, while keeping the phonetic 3 (yellow)
unchanged at 193957. The combination of the normalized and
augmented WB numerical code and FC numbers is called SWPC.
In this case, character ## (horizontal) is coded as 1749193957,
with a total of 10 digits.

Similarly, the FC number of character [ (ketones) is 17620, with
the radical /5 (unitary) having a code of 16 and the phonetic
component [A] (same) having a code of 720. The SWPC is
1716113935, effectively distinguishing the two radicals 7 (wood)
and 4 (unitary). This demonstrates the advantages of using
SWPC to represent Chinese characters, especially when
calculating the similarity between Chinese characters (or words)
and conducting multimodal text/image processing.



Ill. SWPC for text/image processing

O SWPC provides convenience for multimodal processing of
Chinese characters using image and text data. Drawing from the
coding process of WB, tens of thousands of Chinese characters
can be categorized into three main situations based on their
character formation rules:

e The character itself serves as a root character.

 The character’s root is a radical (semantic) of another
Chinese character, represented by a radical code (a part of
SWPCQC).

 The character’s root is a component (phonetic) of another
Chinese character, represented by a phonetic code (a part of
SWPCQC).



1) Character matrix generated by the combination of
radical and phonetic component codes

O Figure below illustrates some Chinese characters in the form of a
matrix. The Chinese character pictures in the first and third
columns are the same as those in the third row. These characters

have three identities.

Phonetic component (EM&4=13)

Character root Matrix 351100 951100 533100 977100
(FIRGER) | (/A3ENE) = & il X
R A v
H mouth A o *? name }-’r listen X sight
35353535 d 3560 | 3560351100 3560533100 | 3560977100
_ﬁ—woman (I: _9‘— ﬁn as i&_qu.arrel &ﬁ name ‘ﬁislave
95959595 - 9575 | 9575351100 | 9575951100 | 9575533100 | 9575977100
ﬁ' catty | ﬁ‘ fot catties
53515131 W= | 5372 5372533100
Z 9774
Xagain igs L Rg"dnuble
97979797 9774977100




2) Image/text multimodal processing algorithm

O With the complexity of O(n?), by combining SWPC with the image
0-1 matrix of Chinese characters.

Step 1: coding the root characters. The root characters are coded
using the SWPC method and saved in a data set. Following the WB
principle of character splitting, there are approximately 300 root
characters.

Step 2: pre-processing the images of the afore-mentioned root
characters, including radicals and phonetic components. Each root
(or radical or component) image is binarized using the Otsu
threshold method (Otsu, 1979).

[poeOOOOOOO]
[00000 0060 0]
[e61111118080]

[001111118080]
|:> [6@110011808]
0011001180 80]
[01111118086]
[001111118080]

[p6@0OOB 0060 0]
[e@0@0B 0060 0]




2) Image/text multimodal processing algorithm

Step 3: establishing a Chinese character root image/text (coding)
database. After digitizing all the images based on the coded root
characters and their SWPC (from step 1), a database of roots
(radicals and phonetic components) of Chinese characters is
created.

Step 4: similarity calculation between the image codes of Chinese
characters (image matrix). We use the HM distance similarity
(Hamming, 1950) to predict the similarity between image matrices
of Chinese characters.

5372533100 100%

533100
3372 A%
3560 83%

951100 B2%
5372533100 533100 5372

| | | | | |
0% 20% 40% 60% 80% 100%
Similarity



2) Image/text multimodal processing algorithm

Step 5. multimodal processing of Chinese character using
Image/text. Based on the root database of characters (with the
Image matrix and SWPC of radical and component), various tasks of
multimodal processing can be performed. Four roots and their
associated radicals and components are processed to generate nine
Chinese characters.

Step 6: result generation. Given a Chinese character, with the above
steps our algorithm can identify which combinations of radical and
phonetic components generate the similar character through
similarity analysis.



IV. SWPC for analogical reasoning

O Considering the pictophonetic features of Chinese characters and
the Chinese language program, we divide the question pairs in
the CAS8 data set into two categories (Li S et al., 2018).

O In standard language scenarios, new characters or words are
generated based on Chinese language regulations and customs.
If we have a question pair (A:B; C:X), where A, B, and C are
known characters or words, and X is an unknown, we can use
SWPC to encode the characters or words. Hereinafter, unless
otherwise specified, f(-)=SWPC(-). With f(A), f(B), and f(C), the
generation of f(X) of character or word X can be expressed as

follows:
f(X) = f(B)—= f(A)+ f(C).

The encoding requirement in this equation ensures that the
differences between characters or words are distinguishable by
morphological rules.



SWPC for analogical reasoning — case 2

In non-standardized language scenarios, new words are generated
with maximum similarity. Different from the aforementioned scenario,
It becomes necessary to calculate the similarity between characters
or words due to the flexibility and idiomatic nature of Chinese.

To account for uncertain language environments where exact but
similar words may not exist, we can search for characters or words
with the highest similarity to f(X)=SWPC(X) relative to the known A,
B, and C. This can be expressed as follows:

Find X:argmax{Sim(f(X), f(B) — f(A) 4+ f(C))}.



1) Analogical modes for CA8-Mor-10177

1. (A, A-P-A) mode

The CA8-Mor-10177 data subset presents several (A, A-— (one)-A)
patterns, such as i (avoid) (A) and # (make up) (X): (&, 18— &;
£b, #8—%P). The generation of a new word can be expressed as
follows:

AXPX) = Concat((fAP) — fAO) + f(X0)), f(X)),

The correctness of Eg. (4) can be verified using the HM distance:

HMDis(f(A), /(X))
— [HMDis(f(APA), f(XPX))]/2,

where HMDis(-) represents the HM distance between the two
strings of SWPC.



1) Analogical modes for CA8-Mor-10177
2. (A, A-P-A-Q) mode

The CA8-Mor-10177 data subset presents several questions: (Ui(A),
BLA)R(P) UL (A) 2 (Q)); EL(X), EE(X)R(P)EL(X)Z:(Q)), involving it
(say), >k (come), % (go), and tt (compare). Therefore, for these
Chinese word patterns, we propose a more general A-P-A-Q model,
namely (A, A-P-A-Q; X, X-P-X-Q). Using SWPC, we have

fIXPXQ) =Concat((IAAP) — f(A0) + f(X0)),
(AQ) — f(AD) + f(X0))).

where the length of O equals that of the previous word code used to
fill in the blanks.



1) Analogical modes for CA8-Mor-10177
3. (AB, A-P-AB) overlapping mode

The CA8-Mor-10177 data subset includes several questions, such
as (Fiisk(AB), Ti(A), H(P), T 5K (AB); LIE(XY); H&(X), H(P)L %

(XY)), involving fii5k (panic), H (connection), and &% (careless).
This mode can be summarized as (AB, A-P-AB; XY, X-P-XY). Like

the previous model, we have
fIXPXY) =Concat((f(AP)
— flA0) + f(X0)), (XY)).



1) Analogical modes for CA8-Mor-10177
4. (AB, AA-BB) overlapping mode

Within the CA8 Mor-10177 data subset, there are several problems:
(%4 (AB), Z%(AA) 4 (BB); AR (XY), P (XX) 5K IR (YY),
involving 4= (safety) and & (happy). The model can be
summarized as follows: (AB, AA-BB; XY, XX-YY). Like the previous
model, we have

f(XXYY) = f(AABB) — f0ABO)
+ f(0XYO0) — f(AOOB) + f(X00Y).



2) Prefix word pattern

The CA8-Mor-10177 data subset includes 21 patterns of semi-
prefixes, such as kX (big), /> (small), 2 (old), Z& (order), and .
(second), totaling 2553 questions. This pattern can be summarized
as (A, PA; X, PX), e.q., [E-ZJ& (tiger-tiger) and [&-3 J& (eagle-
eagle). If A or P represents a multi-character word, the pattern can
be extended to (AB, PQ-AB; XY, PQ-XY), e.g., & Jf-KEJH

(grassland-prairie) and #{1i7- K#B T (city-metropolis). Like the above
formulas, we have the model as follows:

fIPQXY) = f(PQAB) — f(00AB) + f(00XY).



3) Suffix word pattern

The CA8-Mor-10177 data subset contains 41 patterns of semi-
suffixes, including #& (zhe), = (shi), 4 (sex), and others, totaling
2535 questions, e.g., & (I, A), AT (we, AP); Ix (you, X), 1R11 (you,
XP). This pattern can be summarized as (A, AP; X, XP). IfAor P
represents a multi-character word, the pattern can be extended to
(AB, AB-PQ; XY, XY-PQ), e.g., FM, FME X (optimism-optimism)
and FEM, B X (pessimism-pessimism). Referring to the above
formulas, we have

f(XYPQ) = f(ABPQ) — f(ABOO) + f(XY00).



4) Prompting by using SWPC

O We devised a Chinese Q&A prompt using the CA8-SEM-7636
data set (Li S et al., 2018) to assess the performance of LLMs.
Use the following forms: (1) (XP, YP; XQ, YQ): (~7&male wolf,
JRfemale wolf; 2y fEmale bear, £} f&female bear); (2) (XP, YP; MR,
FR): (A imale wolf, £}k female wolf; i 2 male bird, M female
bird); (3) to have the correct animal name (XQ, YQ; MT, ?): (A fE,
BERE; HEfamale rabbit, ?).

O Liu PF et al. (2023) proposed Eg. (11) to search over the set of
potential answers “z” by calculating the probability of their
corresponding filled prompts using a pre-trained language model
P(:; 0):

z = search P(fan(2',2);0), 2z €Z,

where 0 is the learning parameter from LLMs. Using word
embedding to represent the characters or words (Mikolov et al.,
2013), as in Eqg. (3), we have

Find z: argmaxSim(f(z), f(MR)— f(MQ)+ f(FQ)),



Solving the analogical reasoning problem by prompt mode

All the Chinese characters (words) in the below table are represented
by SWPC, which is used for the prompting and prediction processes.
In this example, the Chinese program and habits are used to ensure
reasoning (prompting) processing. In some cases, It IS necessary to
calculate the similarity. When applying the SWPC approach, f(:)=
SWPC(-). There is z=FR; i.e., in our example, F=#ff (female), R=%
(rabbit).

Table 5 Solving the analogical reasoning problem by prompt mode*

Name Notation Example Description
Input T (~RE, BFAE; HED, BED) -> One or multiple texts
Output y (~HE, BERE; HEfR, 7) Output other text
Prompting forompt(z) (AP, BP; MQ, FQ) ->(AP, A function that converts the input into a specific form by
function BP; [X], [Z}) inserting the input = and adding a slot [Z], where z will be
filled later
Prompt z’ (AP, BP; MQ, FQ) ->(AP, [X] is instantiated by input 2’ = MR but answer slot [Z] is not
BP; MR, [Z})
Fill prompt  fgn(z',2) (MQ, FQ) ->(MR, 7R) A prompt where slot [Z] is filled with any character related to
R
Answered fan(z’,2*)  (MQ, FQ) ->(MR, FR) A prompt where slot [Z] is filled with a true answer FR
prompt
Answer z FR (M%), XR (8:%), ...  To verify the Chinese program and customs

* Using a form similar to that in Liu PF et al. (2023)



V. Conclusions

O We propose the SWMP framework for Chinese language models.
This framework integrates multi-modal information of Chinese
characters, including pictophonetics, pinyin, images, and
semantics, to enhance the effectiveness of CNLP.

O By conducting variability analysis of the pictophonetic coding of
Chinese characters, such as FC numbers, and exploring similarity

calculation methods, we propose to augment and normalize the
WB numerical coding from 11-55 to 11-99.

O At the same time, the numerical coding method of pinyin is
developed; I.e., the initial consonants are coded by GB uppercase
letters/numbers and the vowels are coded by GB lowercase

letters/numbers. Then they are augmented and normalized in the
range of 11-99.



V. Conclusions

O Under the framework of SWMP, we introduce the concept of
SWPC, which combines the expression of characters with
Chinese grammar and flexible properties. With its moderate
granularity of representation, SWPC possesses a generative and
prompting mechanism for multimodal processing of Chinese
characters.

O Considering the variability of numerical expressions of Chinese
characters and the analysis of related similarity calculation
methods, SWPC can effectively express the similarity between
similar characters and the dissimilarity between characters.

O By combining SWPC with Chinese character image processing
and other multimodal processing technologies, we propose
different methods for Chinese character generation. Our research
demonstrates how to establish a Chinese character data set
Including roots, radicals, and phonetic components, based on
their SWPC, thus forming a Chinese character generative matrix
that facilitates various CNLP tasks.



V. Conclusions

O By leveraging Chinese grammar, the phonological features of
Chinese characters, and the requirements of language models,
we establish analogical reasoning models for various word
combinations using SWPC. As a result, the processing accuracy
of word pairs, including repetition (AABB), prefix (PQAB), and
suffix (ABPQ), can achieve 100% accuracy. These models are

also used for the purpose of prompting Q&A Chinese language
models.

O The application of SWPC to data sets like CA8 (Li S et al., 2018)
enables high-precision analogical reasoning for word pairs
conforming to Chinese grammar and pictophonetic properties.

O SWPC is applied in analyzing the COS960 data set (Huang JJ et
al., 2019) to evaluate the strengths and weaknesses of various
similarity calculation methods.



VI. Future work

O The SWMP framework we propose is just the first step in
Improving Chinese language models using the concept of Six-
Writings. It still has some shortcomings that need to be
addressed. For example, to enable multimodal processing of
pictophonetic, pinyin, image, property, audio/video, and
understanding, we need to integrate SWMP into the language
model, or even establish a new Chinese language model.

O We have presented only the theory and methodology of
SWMP/SWPC and not addressed the establishment of a Chinese
character database (e.g., 3500 common Chinese characters),
which would facilitate SWPC/image coding based on roots,
radicals, and components.

O It is necessary to establish a common Chinese character root
database to realize the coding of roots, radicals, and components

by SWPC with the support from the academic community and
even the government.
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