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Abstract: Authorship profiling is a subtask of authorship identification. This task can be regarded as
an analysis of personal writing styles, which has been widely investigated. However, no previous
studies have attempted to analyze the authorship of classical Chinese poetry. First, we provide an
approach to evaluate the popularity of poets, and we also establish a public corpus containing the
top 20 most popular poets in the Tang Dynasty for authorship profiling. Then, a novel poetry author-
ship profiling framework named multidimensional domain knowledge poet profiling (M-DKPP) is
proposed, combining the knowledge of authorship attribution and the text’s stylistic features with
domain knowledge described by experts in traditional poetry studies. A case study for Li Bai is used
to prove the validity and applicability of our framework. Finally, the performance of M-DKPP frame-
work is evaluated with four poem datasets. On all datasets, the proposed framework outperforms
several baseline approaches for authorship attribution.
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1. Introduction

With the application of computer science and technology in humanities, digital hu-
manities has become a new interdisciplinary research trend. It abandons the approach of
carefully reading classical pieces in humanistic research, which has been conducted for
centuries, and it regards historical materials; documents; the literature; artistic works; and
other texts, images, and even audio and video materials as data. With the help of computer
and visualization measures, people can analyze and calculate large amounts of data using
different diagrams, which introduces a new perspective for humanistic research [1].

Authorship profiling is a subtask of authorship identification. This unique task is both
related to personal writing styles and text classification, which means the individual’s writ-
ing activities unconsciously reflect their stylistic “fingerprint” and can credibly provide a
deduction of the language structure used in documents [2]. Authorship profiling is an im-
portant application field of digital humanities. Research is mainly focused on controversial
authorship or literary style analysis [3]. Authorship profiling has been widely studied in
many languages. However, in terms of Chinese, except for the Dream of Red Mansion [4],
no previous studies exist for Chinese authorship profiling studies.

Researchers who pay attention to classical Chinese poetry, such as literature collation
and translation appreciation, have become an important basis for the modern research sys-
tem of Tang poetry. The development of information science facilitates the digital preserva-
tion, retrieval, and analysis of ancient documents. Research on corpus construction, poetry
generation, automatic word segmentation, automatic subject classification, and knowledge
mapping provides new approaches for the intelligent application and knowledge discov-
ery of Tang poetry. However, the authorship profiling of Tang poetry remains in the tradi-
tional field. Researchers only qualitatively describe the poetry style of a single poet, period,
or subject, and they fail to comprehensively describe the writing style of poets from multi-
ple dimensions.

In this research study, we summarized our major contributions as follows.
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(I) A novel poetry authorship profiling framework named multidimensional domain
knowledge poet profiling (M-DKPP) is proposed, which combines the knowledge
of authorship attribution and the text’s stylistic features with domain knowledge de-
scribed by experts in traditional poetry studies.

(2) We proposed an evaluation system to rank poet popularity and a public corpus called
20 Poets in the Tang Dynasty is established for authorship profiling.

(3) A case study for Li Bai (%> ) is used to verify the validity and applicability of the
M-DKPP framework.

(4) Different combination levels are tested in the process of designing the M-DKPP frame-
work, and the results illustrate that the proposed model of our framework is effective.

2. Related Works
2.1. Research in Traditional Humanities

Studies on Chinese ancient style criticism can date from over hundreds of years ago.
The first experiment of this is The Literary Mind and the Carving of Dragons (30 JZ) [5].
Then, Zhong Rong’s ShiPin (1 ##) [6] described poets from the aspect of physical appear-
ance and focused on revealing their writing styles. The Forewords of Jiang Yan’s Thirty
Miscellaneous Poems (%4441 =+ ) [7] created a precedent for regional style theory. In
later dynasties, the discussion of style generally includes genre, works, times, schools, and
regions. For example, the Twenty-Four Styles of Poetry (. VU #sift) [8] created by Si-kong
Tu (7] %* &) roughly described different types of poetry styles.

Recently, researchers focused on the discussion of singular imagery, period, or poetry
theme of a specific poet. Famous poets such as Li Bai (%% 1), Li Shanyin (% &), and Du Fu
(kL) are still the primary focus of style criticism research. For example, Li Zhonghua [9]
analyzed the writing styles of Wen Tingyun (ifi.i£#j) and Li Shanyin (Z*#f&) in the late
Tang Dynasty and summarized this writing style as the three-sixteenth form. Yang Yi [10]
expounded the writing styles of Du Fu (1) and Li Bai (%*H) from three dimensions,
namely syntax, rhythm, and poetic structure. Wang Yunxi [11] introduced the influence of
the time factor. He proposed that the poetry of the prosperous Tang Dynasty had magnifi-
cent power and rich atmosphere, which is very different from the poetry in the middle and
late Tang Dynasty. Via the description of specific poems of the four well-known poets in
the Tang Dynasty (Bai Juyi ()& %), Wang Wei (F4£), Du Fu (#1 ), and Li Bai (2 H)), Lin
Geng [12] systematically expounded the rhythm, themes, language, and other contents of
Tang poetry. Yu-Kung Kao and Tsu-Lin Mei [13] also creatively adopted the method of
structuralism linguistics to analyze the semantics, rhythm, imagery, and intricate vocabu-
lary of Du Fu’s poetry.

Some researchers also described the writing style of poets in the Tang Dynasty from
the perspectives of genre, age, life experience, occupation, historical events (such as the
Rebellion of An Lushan), political background, and literary themes. All aforementioned
works provide valuable suggestions for this paper.

2.2. Research in Digital Humanities

The study of digital humanities for poetry in the Tang Dynasty is in the ascendant
phase. The early stages of the project were mainly committed to database construction and
text digital application. In 1992, the Chinese Academy of Social Sciences developed an en-
tire Tang poetry database system, which establishes a substantial foundation for this field.
“The computer-aided research system of Chinese ancient poetry”, developed by Peking
University, realizes the functions of statistical analysis based on vocabulary and poetry
similarity retrieval [14]. The Ten Thousand Rooms Project [15] by Yale University, taking
advantage of the community characteristics of the Internet, provides scholars with a plat-
form for collaborative research on publicly published documents. Chen [16] carried out
text mining research on A New Account of the Tales of the World and poetry in the Tang
Dynasty. Jason [17] analyzed the GIS network of Buddhist poets in the Song Dynasty. Hu
Junfeng [18] developed a concept based on intelligent search engines for Chinese ancient
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poetry on top of word similarity relations. Hu Renfen [14] applied text classification tech-
nology on poetry in the Tang Dynasty and realized the automatic classification of Tang
poetry themes, which also helped establish the datasets of poetry in the Tang Dynasty.

The domain knowledge service for poetry in the Tang Dynasty is a trending issue in
both digital humanities and computer science. With the aid of text mining, the study of
intelligent knowledge services of Tang poetry mainly focuses on three aspects: poetry gen-
eration, automatic word segmentation, and knowledge mapping. The most well-known
poetry generation approach is the automatic poetry generation platform “Jiu Ge” based on
deep learning proposed by Sun Maosong of Tsinghua University [19]. In automatic word
segmentation, based on the systematic definition of “words” and “compound words”, Yan
Wei and Yang Xiumei [20] proposed a word segmentation model by fully utilizing the met-
ric characteristics of Tang poetry. Yuan Hui [21] established the segmentation annotation
corpus for the Collection of Tang Poetry. Zhang Jingxiang [22] calculated the popularity
index of the Collection of Tang Poetry via an analysis of word frequency entropy, which
provides a language reference for the compilation of graded Chinese language textbooks.
The emergence of knowledge mapping technology provides a new method for knowledge
services in the field of Tang poetry. Zhou Lina [23] modelled the ontology of Tang po-
etry in three dimensions: poetics, philology, and history. She further constructed a poetry
knowledge map and built an intelligent knowledge service platform named “Known Po-
etry”. “Garden of Tang Poetry” [24], developed by Beijing Normal University, realized
semantic retrieval and the visualization of a knowledge atlas. K Vision Laboratory of the
Department of Information Management of Peking University [25] developed an academic
inheritance knowledge map of the Song Dynasty, extracting the academic inheritance rela-
tionship and some kinship relationships between the characters of the Song Dynasty from
the Chinese biography database (CBDB) [26]. In addition, it applied the knowledge map
to display and query the data and provided dynamic and visual exploration of histori-
cal knowledge.

3. Corpus

In contrast to their counterparts on Twitter and blogs, poets in the Tang Dynasty were
far more famous and technical, which means that their writing styles acquired more train-
ing to become more remarkable and achieved higher performance. Simultaneously, as a
special literary form, a certain number of named entities exist in the poems, especially an-
cient places, names, and literary quotations. It is difficult to recognize these named entities
due to the lack of appropriate annotation datasets. Another feature of classical poetry is
varying subjects. Generally, Cen Shen (%%) and Gao Shi (i) prefer to write frontier
poems, while the delegates of pastoral landscape poems are Meng Haoran (##5#8) and
Wang Wei (£4£). Consequently, the subject features are useful for poet authorship profil-
ing. Nevertheless, there are no poetry datasets with themes.

To address both limitations of existing poetry datasets, we constructed a new dataset
containing 20 poets in the Tang Dynasty based on their popularity. For each poem in the
dataset, we marked the named entities both in the titles and in the poems. At the end of
each poem, we added a tag to distinguish themes, as shown in Figure 1.

First, we followed the three rules mentioned in Zhou Ai [27]. Then, to give a proper
weight for each rule, the entropy weight method was used in this corpus. Shannon [28]
innovated the concept of entropy in the field of informatics in 1948 from the second law
of thermodynamics. Information entropy is the basic concept of information theory. The
uncertainty of each possible event of the information source is described. According to
the definition of information entropy, an entropy value can be used to judge the disper-
sion degree of an indicator. The smaller the information entropy value, the greater the
dispersion degree of the indicator, and the greater the impact of the indicator on the com-
prehensive evaluation (i.e., weight). If the values of an indicator are all equal, the indicator
will not play a role in the comprehensive evaluation. Therefore, information entropy can
be used to calculate the weight of each indicator, which provides a basis for comprehen-
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sive evaluation of multiple indicators. For poets” popularity, three rules represent three
indicators. The information entropy of one rule, for example, “the number of each authors’
poems” [27], can illustrate the information source provided by this rule in inverse. When
there is less information entropy, more information and a higher weight are provided.

Rules Popularity Rank

Annotation

20 poets m the
Tang Dynasty

Figure 1. The overall view of the data collection process.

Because the measurement units of various indicators are not uniform, they should be
normalized before calculating the comprehensive weight; that is, the absolute value of the
indicators should be converted into the relative value.

X11, %12, ++ s X1n
. . . X21,X22, ..., %
For each poet, there is a normalization matrix, X,-j = 21,222 n m, represent-

Xmls Xm2s - - -7 Xmn
ing the poems created by poet X, and 1 represents three rules in this paper. x;; represents
the evaluation value of poem i under the j;;, rule. Then, we calculate the feature weight
value, p;j, which denotes the possibility of the iy, poem appearing on the jy, rule. We gen-
eralize this as follows. %

pij = 1)

m
i=1%if
Then, we can summarize the information entropy value of parameter X; as follows.

1

N
Ei=—1 Y. pijlnp; 2

If pij = 0, we define lim p;;Inp;; = 0.
pij—0

Finally, because the higher information redundancy or lower information entropy
provides a higher weight, we calculate the information entropy weight W; with the help
of the entropy value for the j;; parameter:

R 3
i n——ZE] ®)
where 1 represents the number of rules.

Annotation: The selected poems were annotated by two annotators with backgrounds
in Chinese literature and prior experience with linguistic annotation. For each poem, we
manually annotated the named entities, themes, and times.

The annotation of the named entities was divided into two parts: names and other
entities. For names, different forms in the poems may represent the same person. For
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example, both “QuPing” and “LingJun” delegate the same person: “QuYuan”. Therefore,
we added a tag to illustrate common names. For other entities, except for place, we also
annotated clothes, plants, animals, architecture, music, and literary quotations.

For themes, there was no authoritative conclusion regarding the total number of themes.
In this paper, we summarized 30 themes, aside from traditional themes such as “Fron-

a7

tier fortress”, “Landscape and pastoral”, and “Farewell”, as well as “Reply” “Scene”, and

V77

“Object-Chanting”, even including some special themes such as “Wall-Poetry”, “Compli-
ment”, and “Elegies”. The overall proportions of the top 10 themes are shown in Figure 2.

Theme Distribution

Elegies
Story

History

Others

Wall-Poetry

Reply
Homesick Scene
Farewell

Pastoral
Object-Chanting
Homesick
Wall-Poetry
History

Object-Chanting

Story
Elegies
Others

il

Reply Pastoral

Farewell

Scene

Figure 2. Theme distribution of 20 poets in the Tang Dynasty.

For times, we did not simply search for the chronology of poetry but dated the po-
ems based on the named entities and historical events existing in the poems. For example,
a poem created by Meng Haoran (#i#i#%), for which its title is “A Message From Lake
DongTing To Premier Zhang” (il K214 7k ZX #H]); here, Premier Zhang represents ZhangJi-
uling, who became prime minister in BC 733. Therefore, this poem could not have been
produced before BC 733.

Final Dataset: The final dataset contained 10,279 works created by 20 famous poets in
the Tang Dynasty. The annotation model is as follows: Poet Model (20 poets) = (Author,
Year of Birth and Death, Title, Names in Title, Common Names in Title, Other Entities in
Title, Poem, Names in Poems, Common Names in the Poems, Other Entities in the Poem:s,
Times, Themes). Figure 3 shows an example for a poem annotation.

Author : ‘424 (DuMu)’

Year of Birth and Death: (803.852)

Title: +f AF

Names in Title: None

Common Names in Title: None

Other Entities in Title: - A

Poem: M LYy 4 148, @ % B RHKLH Mo
LA XD A RW, 40K AT Ko

Names in Poems: J& QE oS
Common Names in the Poems: J& #, = &
Other Entities in the Poems: % A, 48k

Times: None
Themes: History

Figure 3. An example from 20 poets from the Tang Dynasty. Different types of named entities are repre-
sented by different colors and symbols: red for names, yellow for location, and green for literary quotation.
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4. M-DKPP Framework Design

As a special literary form, Chinese poetry in the Tang Dynasty is quite different from
its counterparts in general texts. First, apart from song-form poems, such as “Everlast-
ing Regret (KIR#k)” and “Song of the conscripts (E£&47)”, most poems comprise less
than 50 characters. In the largest proportion of cases, for classical poems, a common phe-
nomenon is polysemous. Moreover, Chinese classical poetry in the Tang Dynasty can
cause grammar structure confusion due to some restrictions: for example, the tonal styles,
the number of characters in a sentence, and the number of lines in a poem. Finally, theme
is the most valuable character for distinguishing a poet.

The construction of poet profiling in the Tang Dynasty is performed not only on the
premise of using deep learning to identify the poets” writing styles but also on the basis
of constructing an intelligent service platform for Tang Dynasty poetry. Therefore, we
construct the M-DKPP framework from three perspectives: the authorship attribute, text
style, and domain knowledge of Tang poetry.

4.1. Authorship Attribution Component

The authorship attribute includes both natural and social attributes. Natural attributes
contain the name, gender, birth, region, nationality, and age, and the social attributes con-
sist of occupation, education level, social class, social network, etc.

The description and extraction of the authorship attribute for poetry in the Tang Dy-
nasty are different from those of its general text counterparts. In terms of natural attributes,
ancient Chinese scholars not only had names but also aliases, style names, and pseudonyms.
For example, the famous poet Xin Qiji (3 7¥#%) had the style name You’an and pseudonym
Jiaxuan. In the Tang Dynasty, in addition to the style name and pseudonym, friends also
referred to each other by ranking, region, and official position. For example, Liu twenty-
eighth refers to Liu Yuxi (X ##%%), Liu Liuzhou refers to Liu Zongyuan (#°%7t), and the
assistant prefect of Jiangzhou refers to Bai Juyi ()& %). Therefore, when describing the
characteristic information of poets’ names, in addition to their names, style names, and
pseudonyms, they should also include aliases that often appear in their poems. When de-
scribing the characteristics of gender, birth, and regional attributes, it is necessary to not
only describe the birthplace of the poet but also describe the space-time track of the po-
ets according to the chronological map of Tang and Song literature constructed by Wang
Zhaopeng [29]. In addition, according to the development stage of Tang poetry, we should
supplement the ages attribute. For example, Li Bai (%*), Wang Wei (14£), and Du Fu
(FLHY) belong to the prosperous Tang Dynasty, while Li Shangyin (ZiF&) and Du Mu
(FL4%) belong to the late Tang Dynasty. The specific description of the knowledge on au-
thorship attributes of Tang poets is illustrated in Table 1.

Table 1. Description of the authorship attribute component.

Attribution ~ Character Description
Name Name, Alias, Style Name Pseudonym, e.g., Li Twelfth
Gender
N | Birth
atura Region Birthplace, Poet Footprints
Nationalities
Ages Early Tang, Prosperous Tang, Middle Tang, and Late Tang
Occupation e.g., Emperor, Personnel Minister, Law Enforcement Official
Ofﬁc;ialltgareer e.g., Imperial Examination, Recommendation, Military
Social Background Aristocrats, Ordinary People
Religion Confucian, Buddhism, Taoism

Social Class
Social Network Friend relationships extracted from poetry




Electronics 2023, 12, 656

7 of 16

The particularity of the social attribute is reflected in all aspects. In occupation, with
the exception of describing official positions such as the minister of personnel and imperial
law enforcement official, emperors, monks, or even women’s crowns are also described.
For example, Jiaoran (f#8), a famous poet monk (470 poems now exist) and Yu Xuanji
(. ZH1), a famous woman’s crowns poet (50 poems now exist), both made great contri-
butions to the prosperity of poetry in the Tang Dynasty. People could not only become
government administrators via imperial examination but also via recommendations (simi-
larly to Li Bai (% 1)), joining the army (similarly to Gao Shi ({i&)), or becoming a secretary
in a garrison command (similarly to Li Shangyin (%)), etc. The methods for selecting
officials are also reflected in the poet’s writing. The description of the family background
is mainly divided into two categories: aristocrats and ordinary people. The continuous
reform of the imperial examination system in the Tang Dynasty promoted the decline of
aristocrats and the boom of ordinary people, which contributed to the creation and reform
of poetry styles. In terms of religion, we mainly described the influence of Confucianism,
Taoism, and Buddhism on the poet’s writing style. The description of the social networks
among poets is established by the statistical citation of Tang Dynasty poets in the CBDB
corpus [26]. For example, the citation relationship between Li Bai (%* 1) and Meng Hao-
ran (248 )can be obtained from Li Bai’s “Seeing Meng Haoran Off at Yellow Crane Tower
(EESMEIX A IEIR 2 T B)”, and a visualization of the citation network is generated to gain
the description of the poets’ social network.

4.2. Stylistic Text Component

Stylistic characteristics refer to the characteristics in pronunciation, vocabulary, gram-
mar, rhetoric, and other aspects under the comprehensive restriction of subjective psychol-
ogy, environment, and other factors. Various features have been proposed and are proven
to represent the style of works, including word length, word richness, word frequency [30],
punctuation [31], function words [32], and word n-grams [33]. As demonstrated in Figure 4, we
extracted features with respect to five levels, namely characters, words, sentences, paragraphs,
and chapters, constructing the poet’s profile from the perspective of stylistic text features in the

Tang Dynasty.

Richness

\ :
Complexity )
Frequency Misspellings

Strokes

POS

Cliaracter Verb Function

P I
Complexity / IR

Allusion
Content s

Length ,Frequency
Emotion
Imagery ~Richness
Genre
Theme Text Stylistic
. Complexity

Rhetoric
Paragraph Sentence
Numbers

Structure

Length

Characters  ords

Figure 4. Description of stylistic text features for poetry in Tang Dynasty.
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For characters, we mainly described and captured the statistics of common characters,
number of character strokes, character richness, and misspellings. In terms of words, apart
from traditional word frequency, word length, word richness, parts of speech, and other
features, we also describe common images, idioms, and allusions and creatively extracted
names and places from both the poem’s title and content. For sentences, apart from the
sentence length and sentence complexity, the sentence structure and rhetorical style are
also important factors affecting the poet’s writing style because of some restrictions: for
example, the tonal styles, the number of characters, and the number of lines. In terms of
paragraphs, poems in different genres have different requirements with respect to the num-
ber of paragraphs and characters. For example, metrical poetry is limited to 8 sentences,
40 characters for 5 syllables, and 56 words for 7 syllables. However, five-character and
seven-character ancient verses have no particular restrictions on the number of characters
and lines. Therefore, the number of paragraphs, words in each paragraph, and characters
in each paragraph all need to be counted and described. For chapters, we mainly describe
the genres, themes, and emotions of Tang poetry. The genres of Tang poetry are mainly di-
vided into five categories: ancient poetry, Yuefu poetry, songs, metrical poetry, and Jueju.
In terms of themes, as shown in Figure 2, “Reply”, “Frontier fortress”, “Landscape and
pastoral”, and “Farewell” are the most common themes of Tang poetry.

4.3. Domain Knowledge Component

The construction of poet profiles must satisfy the requirements in the domain knowl-
edge service. Based on the requirements of the traditional domain knowledge and in-
telligent knowledge service of Tang poetry, we constructed the poet profile of domain
knowledge features with respect to three aspects: text, text acceptance, and background
(as shown in Figure 5).

Domain Knowledge

) |

I ]

Text Acceptance Background Text

Politics History

I
| - Rima] |
~[Fmin H{
rofmnciai on m l
I
I
I

|
Fwerts Emperors Ided |
l - "
— Iregdar
People | | Activities Career '
|

—' Setnantics '—-—I Arfistic Sllls |J

Figure 5. Description of domain knowledge for poetry in the Tang Dynasty.

As a special literary form, Tang poetry is quite different from other modern Chinese
literary works in terms of the text. For example, it has strict requirements on rhyming and
tones with respect to phonetics and syntax, and the emphasis is on the antithesis. In terms
of the creation background, the political and historical backgrounds of poetry creation,
such as the relevant events mentioned in the poetry, relevant people, the emperor during
the creation period, and relevant activities, as well as the poet’s political ideas and offi-
cial career, are all important descriptions. For text acceptance, relevant research in later
ages, the citation of the poetry among other poets, the spread of poetry editions, poetry
notes, and the collection of anthologies of previous dynasties are all important concepts
for identifying a poet’s writing style.
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Therefore, as shown in Figure 6, we constructed the overall framework for poet pro-
files in the Tang Dynasty with three dimensions: authorship attribute, text style, and do-
main knowledge from traditional Tang poetry studies.

' Poets Profiling |

! Authorship Attribution | ' Text style Characters | ! Domain Knowledge |

—— - = m— oEmn cEEm L )
[ ] | 1 ) ‘ J ’ | Back |
| Charac Word Sentenc patagea Chapter ‘ Accep ‘ groun Text |

- ter ¢ b I “ rh tance |
\r ) =I — 'T’g' Ij -

Strokes e Rhyme
Common Genrfa Tones
Character Enzmo Antithe
False sis
Character
Richness
Complexit
y

Figure 6. Overall view of the poets’ profiling framework.

5. Case Studies

To verify the science and applicability of the M-DKPP framework in this paper, we
conducted a case study to profile Li Bai’s writing style. Li Bai (2F), as the greatest ro-
mantic poet in Tang Dynasty, has a magnificent and unrestrained style, with abundant
romantic spirit and rich emotional expression. At the same time, his poetry is full of imag-
ination, peculiar conception, and magnificent momentum. Moreover, Li Bai’s poems have
an impact on later generations. From Han Yu (#:#) and Li He (Z*%%) in the middle Tang
Dynasty to Su Shi (77%) and Lu You (Fiili¥) in the Song Dynasty, or even Gong Zizhen
(32H%2) in the Qing Dynasty, Li Bai’s poems provide inspiration, and the poets integrate
Li Bai’s style into their own poetry creation. Therefore, the poet profiling of Li Bai (¥ )
can show the applicability of the proposed poet-profiling framework.

5.1. Authorship Attribution (AA) Component

Poet profiling based on authorship attribution can not only provide more accurate,
faster, and more intelligent knowledge content resources but also support related knowl-
edge acquisition and analysis. As shown in Figure 7, we described Li Bai’s name, alias,
style name, pseudonym, gender, birth, and other natural attributes. At the same time,
with the exception of describing traditional social attributes such as occupation, religious,
and background, we also define the citation relationship between poets, build Li Bai’s so-
cial network, and comprehend the intimate or unfamiliar relationship between poets. As
shown in Figure 7, poets who have a citation relationship with Li Bai (% 1) include Du Fu
(kLHY), Gao Shi (id&), and He Zhizhang (¥{41%). Via the chronological map of Tang and
Song literature constructed by Wang Zhaopeng [29], it can be observed that although Li
Bai was born thousands of miles away, most areas dominated by the Tang Dynasty were
covered with his footprints.
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Name: Li Bai Tai Bai QingLian

Nickname: Hanlin, Li Twelve,
Immortal Poet

Gender: Male

Year of birth and death: 701—762

Birthplace: Shu

Nationality: Han

Age: Prosperous Tang Dynasty

Figure 7. Li Bai profiling for authorship attribution. The bottom-left part represents the location map
of Li Bai and the bottom-right part represents the citation relationship with Li Bai.

5.2. Stylistic Text Component

In the stylistic text component, we focused on the poetry text’s theme and discussed
the style features of the poetry text in terms of characters, vocabulary, images, genres,
themes, and so on. It is the basis of the identification task of the poets in Tang Dynasty, and
it also provides support for the intelligent knowledge service of Tang poetry. As shown
in Figure 8, we have provided detailed quantitative statistics on commonly used words,
names, and place names in Li Bai’s poetry, as well as the genre and subject distribution of
Li Bai’s poetry.

Figure 8 suggests that “moon”, “man”, “go”, “Jinling”, and “Chang’an” often appear
in Li Bai’s poems. Due to the prevalence of Taoism in the prosperous Tang Dynasty, poets
integrate their admiration for Taoism into their poems and yearned for a reclusive life in
the Eastern Jin Dynasty. Therefore, the most frequently mentioned characters in Li Bai’s
poems are Tao Yuanming, Xie an, and Xie Lingyun. Unlike other poets in the prosperous
Tang Dynasty, Li Bai is more willing to mention himself in his poems (as many as 15 times),
only after Tao Yuanming and Xie an. In terms of place names, in addition to Jinling and
Chang’an shown in common words, Luoyang, Jiangxia, Changsha, and the Yellow River
are all at the top of the list. This is consistent with the poet’s space-time track described
in Figure 7, which covers most territories of the Tang Dynasty, and it also conforms to Li
Bai’s unique romantic writing style. In terms of genre, Li Bai is different from Du Fu. He
preferred to create Yuefu poetry and songs but was not good at metrical poetry, especially
seven-syllable poems. Among his 1017 poems collected in the Collection of Tang Poetry,
there are only ten seven-syllable poems. In terms of theme, Li Bai also has his characteris-
tics. Although the top three themes—reply, farewell, and landscape and pastoral —are also
the most common themes of poetry in the Collection of Tang Poetry. Li Bai created more
rational poems and allegorical poems, which also reflected his romantic writing style.
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Figure 8. Li Bai profiling for stylistic text (a): names; (b): genres; (c): words (Use different colors to
distinguish); (d): places; (e): themes.

5.3. Domain Knowledge Component

The domain knowledge of Tang poetry involves the intersection of poetics, philology,
and history. Poetic research mainly focuses on metrical forms, grammar, antithesis, and so
on. Philology research focuses on the edition’s origin, compilation and collation, content
authenticity, and so on. The research of history mainly excavates the political, economic,
cultural, folk, and other backgrounds of the Tang Dynasty. As shown in Figure 9, from the
perspective of poetics, we counted the rhymes of Li Bai’s poetry and found that Li Bai’s
poetry was not limited to the limitations of conventional thymes and the rhymes of Tang
poetry, but he changed rhymes frequently, which not only reflects Li Bai’s superb language
application ability but also reflects the romantic characteristics of his poetry. From the per-
spective of philology, we conduct a quantitative analysis of the acceptance of Li Bai’s poetry
with respect to posterity from four perspectives—ancient anthologies, modern antholo-
gies, comments of previous dynasties, and thesis research—and the results are shown in
Figure 9. The most widespread and studied poetry is the “Sichuan Road” (%ji& ). From
the perspective of historiography, we not only described the creative background of Li
Bai’s poetry, including the emperor, the historical events, and the activities at that time,
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but also described the impact of Li Bai’s poetry on later poets, such as Li He (%), Meng

Jiao (#4F), and Han Yu (¥ %) during the Tang Dynasty; Xin Qiji (¥¢37#), Lu You (Ftiii#),
and Su Shi (#) during the Song Dynasty; and Yang Shen (#1H), Gao Qi (%)), and Gong
Zizhen (32 HE) during the Ming and Qing Dynasties.

Emperor: Li Longji

Acceptance of Li Bai's Poetry HIStory Event: )
. . An Lushan Rebellion
B Ancient Anthologies . . 2
B odern Anthologies Activities: Advocating
B Comments of Dynasties Taoism, Court Banquets

I Thesis Research

Impact: Han Yu, Li He,
Su Shi, Lu You,

e LB s

Rhyme of Li Bai's Poetry

Shift Rhyme

0 50 100 150 200 250 300

Figure 9. Li Bai profiling for domain knowledge. (The left part represents the title of each poem).

6. Experiments

To demonstrate the effectiveness of our M-DKPP framework, we provide several base-
lines and compare the achievement to our proposed framework. Besides accuracy and pre-
cision, we also choose the F1-score and recall for evaluation. Finally, we present the results
analysis and related ablation study.

6.1. Datasets

We estimated the proposed framework on a group of datasets named the Top Fam
Group, which is in accordance with the ranking of 20 poets in the Tang Dynasty corpus.
Furthermore, according to the development stage of Tang poetry, we annotated the age
and vocation of each poet in the corpus.

For all datasets, we chose 80% of them for training, and the others were chosen for
testing. Since it is a new dataset for poet occupation profiling, we randomly choose 10%
from the training set to establish the development set. An early stopping mechanism was
adopted on this set, and we used the Adam optimization with shuffled minibatches (batch
size 16) to improve the effectiveness of our model. L2 regularization and 25% dropout
were employed to avoid overfitting. We use standard cross-entropy errors for optimization.
Table 2 illustrates the statistics of the datasets.

Table 2. Dataset statistics.

Dataset TopFam2 TopFam5 TopFam10 TopFam20

Authors 2 5 10 20

Poems 2407 6210 7994 11,289
Train 1684 4347 5586 7902
Dev 241 621 800 1129
Test 482 1242 1598 2258

Average Poems 1204 1242 800 565
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Moreover, as shown in Figure 10, transformer [34] and some domain knowledge fea-
tures (themes, named entities, ages, and vocations) selected from our framework were used
to measure the dataset’s performance compared with the following common AA models:

naive Bayes [35], SVM [36], and CNN [37].

Authorship
A

Deep Learning Layer | |

Scaled Dot-Product Attention

Heady Head, Head,| [Head Head; Head,| |HeadyHead; Head,|
B B A N
N N N N . .
K, K, K Ik, A K, K K

O Co [0 O o 0O CO 0o £
Yo A v Yo A vy Yo A vz

[ N N N N N |
Q=K=\’1 [self-attention: Q=K=V | self-attenti Q=K=\"

1f.

Transformer Module

| Text preprocessing Layer

7A’g? & Vocation
Tages

Figure 10. An illustration of our transformer model.

6.2. Experimental Results

Table 3 presents the results on each dataset. All methods achieved acceptable per-
formances. Firstly, the achievement for the approach of deep learning is higher than the
machine learning achievements, and with an increasing number of authors, the advantage
becomes more significant. Figure 9 also directly shows how the performance on different
datasets declines with the growing number of authors. Therefore, similarly to other AA
datasets, not only the number of authors but also the number of author samples influences

the achievement of authorship attribution.

Table 3. Experimental results on four datasets.

Datasets Model Accuracy Precision Recall F1-Score
NB 93.29% 93.34% 93.29% 93.37%

TopFam2 SVM 91.19% 86.35% 86.19% 86.42%
P CNN 95.70% 95.45% 95.70% 95.45%
Ours 97.60% 97.42% 97.60% 97.23%

NB 75.75% 75.08% 75.75% 75.50%

TopFams SVM 76.26% 75.62% 76.26% 75.74%
P CNN 84.60% 84.13% 84.60% 84.53%
Ours 90.55% 89.96% 90.55% 90.17%

NB 73.56% 73.65% 73.56% 72.53%

SVM 66.16% 66.16% 66.16% 65.83%

TopFaml CNN 75.40% 75.32% 75.40% 75.18%
Ours 86.37% 85.71% 86.37% 85.10%

NB 58.79% 58.43% 58.79% 58.51%

SVM 61.42% 61.07% 61.42% 60.65%

TopFam20 CNN 68.02% 67.85% 68.02% 67.90%
Ours 80.98% 80.25% 79.98% 80.36%
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6.3. Ablation Study

To demonstrate the effectiveness of each component in the annotation corpus, in these
experiments we tested four simplified datasets by dropping the theme (norS), named en-
tities in poems (norE), ages (norA), and vocations (norV) on the TopFam10 datasets with
the CNN model.

Figure 11 suggests that both the age and vocation annotations enhance the perfor-
mance of the CNN model, which contributes to 1.18% and 0.36% of the accuracy, respec-
tively. Thus, the AA component is an important component of our framework. Similarly, it
can be observed that the named entities in poems are relatively important in our corpus. A
certain number of named entities existing in poems, especially some famous names, stated
the age and society of the poets, increasing recognition accuracies. We can also find that
the themes play a relatively important role in our framework, which increased accuracies
by 2.55%, illustrating the effectiveness of text style characters on our framework.

76.00% —

74.00%
72.00%
70.00%
68.00%
66.00%
64.00%
62.00%
Total norA norV norS norE

AA Text Style
m Accuracy  75.40% 73.98% 74.80% 72.61% 69.24%

HPrecision  74.92% 73.61% 74.54% 71.62% 68.12%
Recall 75.40% 73.98% 74.80% 72.61% 69.24%
F1-score 75.27% 73.13% 74.16% 71.31% 67.78%

m Accuracy ®Precision ®Recall = F1-score

Figure 11. Effectiveness of different annotations.

6.4. Text Acceptance Component Results

In the text acceptance component, the higher the level of acceptance, the better re-
ceived the poets were. Apart from the number of authors and the number of author sam-
ples, popularity also impacts authorship attributions. High popularity means that their
writing styles required more training in order to become more remarkable and achieve
higher performances.

First, according to the rank of the number of poems, we divided four datasets with
the name “Top Num Group”. Table 4 illustrates the descriptive statistics of the datasets.
Compared with the abovementioned Top Fam Group dataset, there are more poems cre-
ated by the same number of authors in the Top Num Group. In traditional cognition, this
is supposed to achieve more successful performances. However, Figure 12 shows differ-
ent results. With the exception of the Top 2 Group, the performance of the Top Fam Group
is always higher than that of the Top Num Group considering the same number of authors.
Therefore, the text acceptance also influences the achievement of the authorship attribution.

Table 4. Statistics of the Top Num Groups.

Dataset TopNum2 TopNum5 TopNum10 TopNum20

Authors 2 5 10 20

Poems 4294 6922 10,189 15,177
Train 3006 4846 7133 10,624
Dev 430 692 1019 1518
Test 858 1384 2037 3035

Average Poems 2147 1384 1019 759
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Figure 12. Effectiveness of the text acceptance component.

7. Conclusions

In this paper, an M-DKPP framework was proposed for poet profiling in the Tang Dy-
nasty, which combined the knowledge of authorship attribution, the stylistic text features,
and domain knowledge described by experts in traditional poetry studies. A case study of
Li Bai clearly visualized the applications of our framework. Via this analysis, we developed
a multi-dimensional framework that helps practitioners better understand poet profiling
and that offers a strong theoretical foundation upon future studies. In addition, the experi-
mental results show that the features proposed in our framework improve the accuracy of
the poets’ attribution. In this work, with the restriction of NLP tools, only several domain
knowledge features were applied by our model. Moreover, as a special literal form, the
features applied on poetry authorship profiling are transferred to other datasets. We will
consider applying more poetry-related features, such as rhymes, tones, and genres—on
one side—and designing more effective representations for these features—on the other
side—to reinforce attribution accuracies in the future.
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