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Shu Dao: A Calligraphy Score Framework Linking
Calligraphy, Music, and Performance

Lican Huang ?!

Abstract

This paper introduces Calligraphy Writing Score
Representation (CWSR) and proposes Shu Dao as
a framework that interprets East Asian calligraphy
as a performative art rather than a static visual ar-
tifact. Inspired by traditions such as Japanese Shodo
and embodied cultural practices such as Chadao, the
framework models calligraphy as a structured perfor-
mance analogous to musical notation.

Instead of representing characters as fixed images,
the proposed approach encodes each brush stroke as an
ordered and executable action, forming a calligraphy
score. Characters are organized within a structured
spatial grid, and strokes are annotated with attributes
including stroke type, execution order, spatial coor-
dinates, trajectory, compositional role, and dynamic
properties such as brush pressure and pacing. This
representation captures temporal and expressive as-
pects of calligraphic writing that are typically absent
from image-based representations.

The paper makes three main contributions. First, it
introduces CWSR as a structured notation system for
representing calligraphy across multiple levels, includ-
ing strokes, character structures, and compositional
organization (e.g., layout and zhangfa), together with
their rhythmic and performative dynamics. Second,
it conceptualizes Shu Dao as a score-mediated frame-
work that models calligraphy as structured perfor-
mance. Third, it establishes a computational foun-
dation for the analysis, visualization, and executable
generation of calligraphic works by Al-based calli-
graphic agents.

Together, these contributions bridge calligraphy,
musical notation, and performative cultural practices,
supporting human—AI co-creation in computational
calligraphy and digital humanities research.

Keywords— Shu Dao , Calligraphy Writing Score
Representation , Calligraphy Score, Music Score,
Chadao, Al-based calligraphic agents

I. INTRODUCTION

East Asian calligraphy is an inherently performa-
tive art that integrates brush pressure, speed, direc-
tion, rhythm, and full-body movement into a tempo-
rally unfolding creative process. Although the result-
ing characters appear as static visual artifacts, they are
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fundamentally traces of embodied actions shaped by
discipline, intention, and expressive modulation. Con-
ventional representations—such as printed images or
vectorized outlines—collapse the dynamic writing pro-
cess into static forms. While such representations al-
low limited image-based modeling and visual repro-
duction, they omit critical procedural information, in-
cluding stroke order, rhythm, gesture trajectory, and
brush dynamics. As a result, they cannot fully support
process-level computational modeling, reproducibility
of writing actions, or performative interpretation.

Existing digital approaches to calligraphy have pri-
marily focused on visual reconstruction, stroke extrac-
tion, or stylistic imitation. While these methods can
reproduce the appearance of written characters, they
often fail to encode higher-level structural intent, tem-
poral organization, and performance logic. As a con-
sequence, essential dimensions of calligraphic practice
—such as stroke hierarchy, compositional organization,
rhythm, and embodied execution—remain implicit or
inaccessible within computational frameworks.

To address these limitations, this paper intro-
duces Calligraphy Writing Score Representation
(CWSR) and proposes Shu Dao as a notation-based
conceptual framework for interpreting calligraphy as
structured performance. In this work, Shu Dao is de-
fined as a score-based paradigm that views calligraphic
writing not merely as visual composition, but as a time-
based sequence of expressive actions whose meaning
emerges through ordered execution and rhythmic struc-
ture.

Within this perspective, characters are treated as
performable units analogous to musical measures, and
calligraphic writing is interpreted as a score-mediated
practice in which brush actions unfold over time accord-
ing to both structural constraints and expressive inter-
pretation. This conceptualization draws parallels with
musical notation as well as embodied cultural practices
such as Chadao, where structured actions are performed
through disciplined yet expressive sequences.

CWSR operationalizes this paradigm through a uni-
fied notation system that encodes calligraphy across
multiple structural levels. Rather than representing
characters as static images, the framework models writ-
ing as a structured score composed of ordered brush
actions and spatial relationships. Specifically, CWSR
captures:

e Stroke-level representation, including stroke
type, execution order, trajectory, and start and end
positions;

e Character-level structure, encoding spatial re-
lationships and structural organization;
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¢ Compositional organization, including layout
and calligraphic composition principles such as
zhangfa;

¢ Dynamic and rhythmic attributes, including
brush pressure, pacing, and expressive variation.

By transforming calligraphy into a structured and
interpretable score, CWSR provides a symbolic inter-
mediary between static inscription and embodied per-
formance. This representation enables computational
analysis, visualization, and executable generation of cal-
ligraphic works while preserving the temporal and ex-
pressive dimensions of writing.

CONTRIBUTIONS

This paper makes three primary contributions:

1. Tt introduces Calligraphy Writing Score Rep-
resentation (CWSR), a structured notation sys-
tem that represents calligraphy across multiple
levels, including brush strokes, character struc-
tures, compositional organization (e.g., zhangfa),
and their rhythmic and performative dynamics.

2. It proposes Shu Dao as a score-based conceptual
framework that interprets East Asian calligraphy
as structured performance rather than static visual
form.

3. It provides a computational foundation en-
abling analysis, visualization, and executable gen-
eration of calligraphic works by Al-based calli-
graphic agents, supporting new forms of human—
AT collaboration in computational calligraphy and
digital humanities research.

Through this framework, calligraphy can be under-
stood not only as a visual art but also as a dynamic
notation system that bridges artistic tradition, perfor-
mance practice, and computational creativity.

II. RELATED WORK AND MOTIVATION

Research on calligraphy, performance, and embod-
ied aesthetics spans multiple disciplinary traditions, in-
cluding art theory, cultural studies, musicology, and
computational modeling. Across these fields, a recur-
ring theme is the recognition that artistic meaning often
emerges not solely from static artifacts but from tem-
porally unfolding, embodied action.

From a cultural and philosophical perspective, East
Asian practices such as Chinese calligraphy and the tea
ceremony are frequently understood as embodied arts in
which technique, rhythm, discipline, and moral cultiva-
tion are inseparable. Towler characterizes Cha Dao as a
lived aesthetic system in which form, temporal aware-
ness, and disciplined practice converge into a unified
way of life [4]. Similarly, Wilson analyzes the Japanese
tea ceremony as a pancultural art form, arguing that
its artistic value resides not in material artifacts but

© 2026 Authors.

in ritualized performance and shared embodied mean-
ing []. These perspectives provide an essential con-
ceptual foundation for viewing calligraphy as a process-
oriented and performative practice rather than a purely
visual product.

Within the broader East Asian calligraphic tradition,
writing is often understood not merely as textual in-
scription but as a cultivated “way” or disciplined prac-
tice. In China, this perspective is associated with the
philosophical and artistic understanding of calligraphy
as a structured, expressive path. In Japan, this no-
tion is formally expressed in the practice of Shodo (&
jH), meaning “the way of writing,” which emphasizes
spiritual cultivation, aesthetic discipline, and embod-
ied execution. In both traditions, the act of writing
integrates rhythm, brush control, and full-body engage-
ment, producing works that are simultaneously visual
and performative.

In this work, the concept of Shu Dao is reinterpreted
in a computational and representational context. While
Shodo traditionally emphasizes cultural and spiritual
discipline, Shu Dao extends this notion by interpret-
ing the “way of writing” as a structured, score-based
performance system. This reinterpretation does not re-
place traditional practice but highlights temporal struc-
ture, rhythmic organization, and performative execu-
tion, providing a foundation for the proposed Calligra-
phy Writing Score Representation (CWSR), which en-
codes calligraphy as an executable sequence of expres-
sive actions.

This interpretation aligns closely with performance-
centered theories in musicology. Cook argues that mu-
sical meaning is not fully contained within written no-
tation but instead emerges through performance, inter-
pretation, and bodily engagement [2]. Musical scores
thus function as mediating structures between compo-
sition and execution, specifying order and constraint
while allowing expressive variation. Calligraphic works
may be interpreted analogously: written characters act
as traces of temporally unfolding actions, preserving
structural intent while remaining open to interpretative
realization. Such insights motivate representational ap-
proaches that seek to recover or encode the dynamic
processes underlying static inscriptions.

Within calligraphy-specific scholarship, Chiang pro-
vides a foundational aesthetic and technical analysis
of Chinese calligraphy, emphasizing stroke structure,
brush control, balance, and expressive modulation as
core evaluative dimensions [[l]. This work remains in-
fluential in framing calligraphy as a synthesis of disci-
plined technique and expressive variation, continuing to
inform pedagogical traditions and analytical discourse.
However, these principles are typically conveyed de-
scriptively or visually rather than through formal sym-
bolic representations capable of supporting computa-
tional modeling or systematic reinterpretation.

Computational modeling of calligraphy and hand-
writing has developed along several complementary di-
rections. Early systems emphasized stroke-based mod-
eling and simulation, incorporating brush dynamics and
haptic feedback to digitally reproduce calligraphic skills
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[b]. Generative approaches explored the automatic syn-
thesis of artistic Chinese calligraphy using rule-based
or learning-based methods, primarily targeting stylistic
imitation from exemplar works [7]. In parallel, hand-
writing recognition research established frameworks for
online and offline writing analysis, including stroke seg-
mentation, trajectory modeling, and shape abstraction
[B]. While these studies provide essential technical foun-
dations, their primary objectives often prioritize recog-
nition accuracy, reconstruction fidelity, or visual simi-
larity over interpretability grounded in traditional cal-
ligraphic aesthetics and performance logic.

As a result, most existing digital calligraphy systems
focus on image-based analysis or vectorized stroke re-
construction. Although effective for reproducing vi-
sual appearance, such approaches rarely encode per-
formance intent, temporal modulation, rhythmic orga-
nization, or compositional flow. In contrast, musical
notation explicitly separates composition from execu-
tion while preserving interpretability across performers,
contexts, and realizations [2]. A comparable symbolic
intermediary has largely been absent in computational
treatments of calligraphy.

Motivated by this gap, the present work situates East
Asian calligraphy within a broader framework of em-
bodied performance and score-mediated interpretation.
By drawing conceptual parallels with music and tea
practice [4, 6], and grounding representational design
in established calligraphic aesthetics [1], this work in-
troduces a score-based representation that operates be-
tween static image and embodied act. Rather than
replacing existing stroke-based or handwriting mod-
els [B,B,[1], the proposed framework complements them
by elevating interpretability, rhythm, temporal struc-
ture, and expressive coherence to first-class analytical
dimensions.

This motivation leads to the development of the
Shu Dao framework and its operational representa-
tion, Calligraphy Writing Score Representation
(CWSR), which reinterpret East Asian calligraphy as
a structured, score-based system capable of supporting
both human interpretation and computational execu-
tion.

III. CALLIGRAPHY WRITING SCORE

REPRESENTATION (CWSR)

In this framework, Shu Dao, as reinterpreted here, is
fundamentally a temporal and embodied art. Ev-
ery gesture, individual stroke, character, and line of
characters unfolds through time, guided by rhythm,
bodily control, and expressive intention. The Callig-
raphy Writing Score Representation (CWSR)
models this unfolding process as a structured, time-
based score, capturing not only visual form but also
execution, rhythm, and artistic performance. Inspired
by musical notation and performative practices such as
Chadao, CWSR, treats calligraphy as a multi-layered,
executable performance rather than a static image.

© 2026 Authors.

A. TEMPORAL FLOW AND THREE IN-
TERWOVEN DIMENSIONS

CWSR represents calligraphic writing as a continuous
temporal flow in which three dimensions are encoded
simultaneously:

e Rhythm: the temporal organization of writing
actions, including gesture timing, stroke dura-
tion, character pacing, tempo variation, expressive
pauses, and transitions of energy.

e Calligraphy Actions: the structured execution
of writing from preparatory gestures through in-
dividual strokes, characters, and lines, specify-
ing spatial layout, stroke types, stroke order, and
structural relations.

e Artistic Performance: the expressive and em-
bodied qualities of execution, including brush pres-
sure modulation, ink density, gesture style, emo-
tional intensity, and whole-body engagement.

These three dimensions are inseparable: every ges-
ture, stroke, character, and line is simultaneously
rhythmic, structurally organized, and expressively per-
formed.

B. SEQUENTIAL AND HIERARCHICAL
ORGANIZATION IN THE CALLIGRA-
PHY SCORE REPRESENTATION

CWSR organizes calligraphic writing through a com-
bination of sequential preparatory stages and a hi-
erarchical structure of writing actions. The first
stages establish the performative and artistic context of
writing, while the subsequent layers describe the hier-
archical structure of calligraphic execution.

Sequential preparatory layers

1. Preparatory Layer: establishes the performative
state prior to writing, including posture, breath
control, mental focus, and ritualized gestures that
align body, mind, and medium.

2. Whole/Art Layer: defines the global artistic
context, including paper or silk selection, brush
and ink choice, composition, margins, and overall
aesthetic direction.

Hierarchical writing layers

3. Line Layer (Zhangfa): organizes characters into
coherent lines, specifying spatial direction, rhyth-
mic pacing, compositional balance, and expressive
flow across the work.

4. Character Layer: treats each character as a
structured unit composed of multiple strokes,
encoding internal balance, spatial relationships,
stroke order, and structural constraints.

5. Stroke Layer: represents the elemental writing
actions, including stroke type, trajectory, start and
end points, sub-stroke decomposition, and expres-
sive modulation such as pressure, speed, and ges-
ture style.
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Across these layers, rhythm, structural organization,
and artistic performance remain tightly coupled, en-
abling CWSR to represent calligraphy as a unified
temporal and performative system that can be inter-
preted and executed by both human practitioners and
AT agents.

C. STROKE RELATIONS AND CHARAC-
TER INTEGRITY

CWSR explicitly models relational and hierarchical
constraints among strokes and characters in order to
preserve structural integrity while supporting expres-
sive variation during performance.

e Adjacency and connectivity: relationships
among stroke start points, end points, midpoints,
and directional flow, ensuring coherent transitions
between writing actions.

e Layering and overlap: visual hierarchy and in-
teraction among intersecting strokes within a char-
acter, reflecting traditional brush ordering and
compositional logic.

e Proportionality and balance: spatial harmony
and compositional stability at both the charac-
ter and line levels, maintaining visual equilibrium
within the evolving structure.

e Character coherence: constraints ensuring that
grouped strokes form well-structured characters,
preserving legibility, internal balance, and in-
tended rhythmic flow.

Through these relational constraints, CWSR main-
tains the structural logic of calligraphy while allowing
expressive variation in timing, gesture, and pressure.
The representation therefore bridges static visual form
with the embodied and temporally unfolding perfor-
mance of writing.

D. ZHANGFA: LINE-LEVEL
MANCE STRUCTURE

PERFOR-

At the line level, Zhangfa defines the performative or-
ganization of writing, governing how characters unfold
in space and time within a continuous line.

¢ Line direction: vertical or horizontal orientation
that shapes both visual composition and the ges-
tural trajectory of writing.

e Rhythmic pacing: temporal spacing, variation
in writing speed, and distribution of energy across
characters, producing a dynamic rhythm along the
line.

e Compositional coherence: alignment, propor-
tional balance, and expressive tension that connect
individual characters into a unified visual and per-
formative structure.

© 2026 Authors.

Through Zhangfa, characters are not treated as iso-
lated units but as elements within a continuous tem-
poral and expressive sequence. The line thus becomes
a higher-level performance structure in which rhythm,
spatial composition, and embodied gesture interact to
shape the overall flow of the calligraphic work.

E. PERFORMANCE ANALOGY WITH MU-
SIC AND CHADAO

CWSR situates calligraphy within a broader land-
scape of performative arts, emphasizing its nature as an
embodied and executable practice rather than a purely
static visual artifact. From this perspective, writing
can be understood as a temporal performance whose
structure emerges through execution.

Within this analogy:

e Stroke sequences correspond to musical notes as
discrete events unfolding in time.

e Variations in brush pressure and movement speed
function analogously to musical dynamics and
tempo.

e Characters form structured groupings comparable
to musical phrasing or measures.

e Preparatory gestures, posture, and breath par-
allel the ritualized bodily engagement central to
Chadao.

This analogy highlights how calligraphy, like music
and tea practice, integrates structure, rhythm, and em-
bodied action within a unified artistic performance.

F. SUMMARY OF THE CWSR FRAME-
WORK

The Calligraphy Writing Score Representation
(CWSR) provides a unified framework for modeling cal-
ligraphy as a structured and temporally unfolding pro-
cess. Rather than representing calligraphic works solely
as static images, CWSR captures the dynamic logic
of writing through a multi-layered score that encodes
rhythm, structural composition, and embodied execu-
tion.

The framework organizes calligraphic practice
through sequential preparatory stages and hierarchi-
cal writing layers, ranging from preparatory actions
and global artistic configuration to line organization
(Zhangfa), character structure, and elemental strokes.
At each level, CWSR integrates three inseparable di-
mensions: temporal rhythm, calligraphic structure, and
artistic performance. These dimensions describe how
writing unfolds through time, how characters are struc-
turally formed, and how expressive qualities—such as
pressure, speed, and gesture—shape the resulting work.

By explicitly modeling stroke relations, character in-
tegrity, and line-level composition, CWSR preserves the
structural logic of traditional calligraphy while allowing
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expressive variation in execution. The resulting repre-
sentation functions analogously to a musical score, pro-
viding a symbolic intermediary between artistic concep-
tion and performative realization.

Through this score-based representation, CWSR
reinterprets Shu Dao—the “Way of Writing” —as
a computationally representable and executable sys-
tem. This perspective bridges traditional calligraphic
aesthetics with modern computational methods, en-
abling reproducible analysis, digital preservation, and
Al-assisted interpretation of calligraphic performance.

IV. FROM STATIC CALLIGRAPHY TO
PERFORMABLE SCORE

Traditional Chinese calligraphy is often preserved
through completed works, rubbings, and model books.
While visually precise, such representations obscure es-
sential aspects of the writing process, including stroke
timing, rhythmic pacing, pressure modulation, and the
embodied gestures of the calligrapher. As a result,
calligraphy is frequently perceived as a static visual
artifact, even though its creation unfolds dynamically
through time, motion, and expressive intention.

In the philosophy of Shu Dao (the “Way of Writing”
), calligraphy is understood as a performative art in
which rhythm, bodily movement, and expressive energy
play a central role. From this perspective, the written
form can be viewed as the visible trace of a temporally
structured sequence of actions.

Building on this idea, the CWSR framework recon-
ceptualizes calligraphy as a performable score. Similar
to musical notation or ritual sequences in Chadao, the
score encodes ordered actions, spatial structure, and
expressive parameters while allowing multiple interpre-
tations. This score-based representation enables both
human artists and computational systems to interpret
and perform the same underlying calligraphic structure.

A. FROM SCORE TEMPLATE TO HUMAN
AND AI PERFORMANCE

Within the CWSR framework, the calligraphy score
functions as a symbolic intermediary between concep-
tual design, executable representation, and artistic per-
formance. The overall process can be understood as
a multi-stage transformation pipeline, as illustrated in
Fig. [ll, which shows how a calligraphy score is instan-
tiated, interpreted by human and AT artists, and ulti-
mately realized as diverse visual calligraphic outcomes.
First, a Score Template defines the structural schema
of the calligraphy score, including hierarchical layers,
stroke attributes, rhythmic parameters, and relational
constraints. This template establishes the formal struc-
ture for representing the writing process.

Second, the template is instantiated as a machine-
readable Score JSON, which encodes the ordered se-
quence of calligraphic actions, temporal rhythm, spatial
relations, and expressive parameters. The Score JSON
serves as the central representation of the CWSR frame-
work.

© 2026 Authors.

From this representation, two parallel interpretation
paths emerge.

Human interpretation. The Score JSON can be
rendered as a symbolic calligraphy score for hu-
man artists, presenting the structural information in
a human-readable format analogous to musical nota-
tion. The symbolic score and the Score JSON encode
the same underlying structure but differ only in rep-
resentation. Using this score, human calligraphers can
interpret and perform the work with individual expres-
sive variation while preserving structural and rhythmic
coherence.

Different human artists may produce distinct calli-
graphic realizations from the same score. Variations in
skill level, training traditions, stylistic preferences, and
embodied brush control naturally lead to diverse visual
outcomes, even when the underlying structural instruc-
tions remain identical.

Al interpretation. In parallel, the same Score
JSON can be processed by computational systems to
generate multiple AI-Artist-Generated Executable
Score JSON variants. In this context, an AI artist
refers to a computational model or generative system
capable of interpreting and transforming the calligra-
phy score according to specific stylistic or algorithmic
principles.

Different Al artists may employ diverse generative
algorithms, learned style models, or parameter configu-
rations to produce alternative executable scores. These
generated scores may introduce stylistic, temporal, or
expressive variations while maintaining the structural
constraints defined by the original Score JSON.

Both human-performed and Al-generated score real-
izations can subsequently be rendered into visual cal-
ligraphy generation, producing distinct visual or an-
imated representations corresponding to different inter-
pretations of the same underlying score.

Consequently, a single CWSR score may give rise to
multiple calligraphic realizations, produced either by
different human performers or by different Al artists.
In this sense, the score functions similarly to musical
notation: it defines the structural and temporal logic of
the work, while the final visual form emerges through
interpretation and performance.

From this perspective, CWSR may be interpreted as
a computational formulation of Shu Dao—the “Way of
Writing” —where the essence of calligraphy is captured
not as a static image but as a structured sequence of
temporally organized actions that can be interpreted
and performed by both human and AT artists.

V. EXAMPLE EXPERIMENT: A SIMPLE
DEMO OF CWSR

To demonstrate the practical implications of CWSR,
we conducted an exploratory experiment in which a cal-
ligraphy score was used to generate visual output com-
putationally. This experiment highlights how a tem-
poral, performable representation can fully encode ex-
pressive, embodied brushwork.
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[ Score Template }

h

Symbolic Score 1
(Human Readable)f

{ Score JSON }

b

L Human Artist }

Performance

b

L Human Visual }

Calligraphy

AI-Artist Generated
Executable Score JSON

b

{ AT Artists }

(Different Models / Algorithms)

b

{ AT Visual }

Calligraphy Generation

Figure 1: CWSR calligraphy score pipeline. A score template is instantiated as a machine-readable Score JSON.
From this representation, two parallel interpretation paths emerge. Human artists interpret the symbolic score to
produce diverse calligraphic performances, while different Al artists (models or algorithms) generate executable
score variants that lead to computational calligraphy generation.

A. FROM SCORE TEMPLATE TO SCORE
JSON

A CWSR score for the canonical characters “jiK /L
4E” was manually specified, capturing grid-based stroke
positions, execution order, and adjacency relationships.
The spatial structure of each character is defined within
a 9 x 9 reference grid, which provides normalized coor-

SCORE_METADATA = {
"descriptive": {
"Beginning": {
"title": "Shu Dao Score",
"style": "Wang Xizhi"
}
3,
"Art/Whole": {
"paper": {

dinates for stroke placement and structural constraints.

No reference images were used; the final visual forms
emerge entirely from the score description encoded in
the CWSR representation. An example for the char-
acter “jK” is shown below, illustrating how strokes are
specified using grid positions, ordered execution, and
relational constraints.
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"type": "silk imitation",
"texture": "fine fiber",
"absorbency": "medium-low"
# Optional: margin can be auto-filled by generator
},
"layout": {
"direction": "top-to-bottom",
"line_direction": "right-to-left"
# Optional: line_length, paragraph_gap auto-filled
1},
"brush": {
"type": "traditional_chinese_brush",
"size": 6.0
3,
"ink": {
"type": "carbon_ink"
3,
"rhythm": {
"time_basis": "continuous",
"self _rhythm_time": 100
s
"performance": {
"gesture_style": "controlled_fluid",
"motion_origin": "wrist_elbow",
"force_profile": "variable_controlled"
s

"pre_performance_expression": {
"vocalization": {
"type": "chanting_or_exclamation",
"intensity": "low_to_moderate"
s
"body_engagement": "whole_body",
"breath_state": "deep_regulated"

3,

"performance_effect": {
"energy_flow": "coherent",
"expressiveness": "restrained_intense",
"momentum": "internally_driven"

X

X
}
# _____________________________
# Example strokes per character
# _____________________________

example_strokes_characters = {

nﬂ‘(n: {
"strokes": [
{ "type": "dian", "start": [3, 5], "end": [3, 5] 1},
{
"type": "heng-zhe-gou",
"segments": [
{ "subtype": "heng", "start": [4, 4], "end": [4, 5] },
{ "subtype": "zhe", "start": [4, 5], "end": [7, 5] 1},
{ "subtype": "gou", '"start": [7, 5], "end": [6, 4] }

"type": "heng-pie",
"segments": [

© 2026 Authors. Licensed under CC BY 4.0. https://creativecommons.org/licenses/by/4.0/
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{ "subtype": "heng", "start": [5, 3], "end": [5, 4] },
{ "subtype": "pie", ‘'"start": [56, 5], "end": [7, 4] }
]
1,
{ "type": "pie", "start": [4, 6], "end": [5, 5] },
{ "type": "na", "start": [5, 5], "end": [7, 7] }

])

"Structure": {

“comment": "W 'E %, MIEMAE",

"character_size": 1.0,
"connections": {
"end_start": [[4, 5]],

"middle_end": [[2,4]],
"middle_start":[[2,5]]

+,

"hint": {
"motion": "flowing",
"pressure": "crescendo",
"gesture": "press-lift-turn",
"emphasis": "central"

X

X
by

e { ...},

The annotated strokes were then compiled into a
hierarchical JSON-based CWSR score file (see Ap-
pendix A.1).

B. FROM SCORE JSON TO
SCORE

The JSON-based CWSR scores can be rendered as
a human-readable symbolic score, analogous to musical
notation. While the Score JSON provides a machine-
readable representation of the calligraphy score, the
symbolic score presents the same underlying structure
in a visual format suitable for human interpretation.

This representation makes temporal, rhythmic, and
performative aspects of calligraphy explicit, visualizing:

SYMBOLIC

e Stroke sequence: the ordered execution of
strokes within each character.

e Temporal rhythm: inter-stroke intervals, phras-
ing, and suggested pauses.

e Gestural cues: mapping strokes to wrist, arm, or
whole-body motion.

o« Expressive intent: pressure variation, ink mod-
ulation, stylistic emphasis, and emotional tone.

e Line-level organization: Zhangfa, guiding the
spatial and temporal arrangement of characters.

The symbolic score therefore acts as a bridge be-
tween abstract score representation and performable
calligraphic practice. It allows the same underlying

© 2026 Authors.

score to be interpreted by human calligraphers or com-
putational systems, enabling multiple realizations of the
work (see Appendix A.2).

C. FROM SCORE JSON TO AI-ARTIST-
GENERATED EXECUTABLE SCORE
JSON

Beyond manual authoring, CWSR scores can also
be generated by an AI artist operating directly at
the symbolic score level. In this setting, the AI artist
does not synthesize pixels or vector outlines; instead,
it produces an executable CWSR score—a structured
sequence of performable calligraphic actions that can
be rendered, interpreted, or executed by downstream
systems.

Conceptually, the AT artist functions analogously to
a human calligrapher. It selects stroke features, deter-
mines execution order, assigns spatial relations within
the grid, and modulates dynamic attributes such as
rhythm, pressure, and pacing. The resulting output is
a complete executable Score JSON that preserves
character identity while allowing expressive variation,
making the generation process both interpretable and
controllable.

Importantly, Shu Dao supports multiple AT artists
rather than a single generative model. Fach Al artist
may embody distinct stylistic tendencies, learning his-
tories, and evaluation thresholds, analogous to different
calligraphic schools or masters. These thresholds define
acceptable ranges for balance, stroke tension, rhythmic
regularity, and expressive deviation, enabling diverse
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yet structurally valid score realizations.

Unlike human artists, Al artists provide repro-
ducibility. Given the same initial conditions, con-
straints, and random seed, an Al artist will produce
the same executable score. This property enables sys-
tematic comparison, analysis, and iterative refinement,
with variation introduced through explicit parameter
adjustments rather than uncontrolled visual random-
ness.

Furthermore, Al artists may optimize directly at
the score level. Through repeated generation and
evaluation, an agent can refine stroke sequencing, tem-
poral pacing, and expressive modulation, improving ex-
ecution quality while remaining grounded in the sym-
bolic structure of CWSR. Learning thus occurs in terms
of how strokes are performed, rather than merely how
final images appear.

By enabling AT agents to generate executable callig-
raphy scores, CWSR provides a principled foundation
for interpretable and reproducible Al artists capable
of stylistic development. Because the representation
encodes calligraphy as structured performable actions
rather than static images, it naturally bridges human
calligraphic practice, computational modeling, and per-
formative generation (see Appendix A.3).

D. FROM AI-ARTIST-GENERATED EXE-
CUTABLE SCORE JSON TO VISUAL
CALLIGRAPHY GENERATION

Given an executable CWSR score, a visual calligra-
phy rendering can be produced by reconstructing the
spatial form of the characters from the structured in-
structions encoded in the score.

In the current implementation, rendering relies pri-
marily on the grid-based spatial coordinates specified
in the executable Score JSON. Other features automat-
ically filled by the AT agent—such as motion hints, pres-
sure curves, and expressive gestures—are only partially
utilized or currently omitted.

e Stroke reconstruction: strokes are plotted ac-
cording to grid coordinates, with complex strokes
decomposed into ordered sub-strokes.

e Stroke ordering: strokes follow the execution
sequence specified in the executable Score JSON,
preserving structural integrity.

e Spatial composition: characters are positioned
according to the grid layout and line-level arrange-
ment.

e Line-level coherence: characters are arranged
according to Zhangfa, maintaining compositional
balance and flow.

The Appendix A.4 shows Python code that demon-
strates how characters can be rendered in SVG format
directly from an executable Score JSON. It interprets
stroke order, spatial layout, and optional stylistic hints
produced by AI agents. While the current implementa-
tion primarily uses grid-based spatial information, the

© 2026 Authors.

code structure supports the inclusion of additional per-
formative attributes such as rhythm, pressure, and ges-
ture dynamics.

Figure P illustrates generated calligraphy for the
characters “7Kf1” and “JL4”, produced entirely from
an executable Score JSON without the use of reference
images.

Three independent AI agents were used to generate
executable CWSR, scores from the same initial Score
JSON. Each agent produced a distinct executable
Score JSON, encoding its own interpretation of the
calligraphic actions. All three outputs are stored in the
experiment directory, which is displayed on the left side
of Figure P. On the right, a representative rendering il-
lustrates one of the generated calligraphies.

This demonstration highlights three key capabilities
of CWSR:

¢ Reproducibility: each executable Score JSON
produces a consistent visual outcome.

e Interpretability: the executable Score JSON ex-
plicitly encodes stroke order and spatial layout,
making the generative process transparent.

e Generativity: multiple AI agents can produce
distinct executable Score JSON files for the same
text, supporting stylistic variation.

Even though the current rendering focuses on spatial
reconstruction, the framework is designed to incorpo-
rate additional performative attributes such as rhythm,
pressure, and gesture dynamics in future visualizations

VI. DISCUSSION

This work frames calligraphy not merely as a visual
artifact but as a time-based and embodied practice. By
introducing Calligraphy Writing Score Representation
(CWSR), we propose a new perspective for analyzing,
preserving, and computationally modeling calligraphy.
This section discusses key design choices, interpretive
implications, practical applications, and future direc-
tions.

A. STROKE TYPE TAXONOMY

CWSR builds on canonical calligraphic strokes, in-
cluding simple forms (dian, heng, shu, pie, na) and
compound strokes (e.g., heng—zhe—gou). Stroke types
function as structural primitives analogous to musical
note classes: they define the skeleton of a character
while allowing expressive variation in execution, includ-
ing speed, pressure, curvature, and stylistic emphasis.

B. GRID RESOLUTION AND SPATIAL DE-
SIGN

Traditional calligraphy pedagogy often employs a
3 x 3 grid to guide character balance, organizing strokes
around a central axis with roughly balanced spatial
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Figure 2: Example calligraphy rendering of “7k1” and “JU4E” generated from one AT agent’ s executable Score
JSON . The figure also shows the experiment directory on the left, containing the three executable Score JSON
files and the three corresponding calligraphy renderings produced by independent AI agents , demonstrating

multiple stylistic outputs from the same Score JSON.

quadrants. In CWSR, this idea is extended into a con-
figurable grid-based coordinate system. For example, a
9x 9 grid may be used to provide finer spatial resolution
while preserving the structural principles of traditional
practice.

Rather than imposing rigid geometry, the grid func-
tions as a symbolic coordinate system that supports
spatial reasoning while remaining style-agnostic. The
grid resolution is configurable: lower-resolution grids
provide greater interpretive freedom, while higher-
resolution grids enable more precise spatial encoding
of stroke placement.

C. IMPLEMENTATION
TIONS

CONSIDERA-

CWSR scores may be authored manually, captured
via digitizing tablets, or inferred from handwriting
datasets. The JSON-like serialization used in this work
prioritizes readability and interoperability, but the rep-
resentation itself is not tied to a specific format; graph-
based, tensor-based, or other structured encodings can
be used within the same conceptual framework.

D. INTERPRETIVE DEPTH

Unlike conventional calligraphy datasets that store
only static images, CWSR captures multiple layers of
performative information:

e temporal rhythm and pacing across strokes and
characters,

e embodied gestures associated with wrist, arm, or
whole-body movement,

© 2026 Authors.

o material affordances such as brush type, paper ab-
sorbency, and ink behavior,

e expressive states during execution, including hesi-
tation, acceleration, and pressure modulation.

As with a musical score, the representation does not
prescribe a single visual outcome. Meaning emerges
through execution and interpretation rather than from
a static form alone.

E. IMPLICATIONS FOR COMPUTER VI-
SION AND MACHINE LEARNING

CWSR provides a structured intermediate represen-
tation between raw visual data and high-level seman-
tic interpretation. By explicitly encoding stroke order,
temporal dependencies, and performative dynamics, it
enables:

1. supervisory signals for generative models that en-
courage style-consistent synthesis,

2. compact representations for style comparison, clus-
tering, or authorship analysis,

3. evaluation metrics that assess performative cor-
rectness beyond simple visual similarity.

These capabilities allow learning systems to reason
not only about what a character looks like, but also
how it is executed.

F. PERFORMANCE
KNOWLEDGE

AND EMBODIED

A central contribution of CWSR is the reframing of
calligraphy as a performative art. Similar to music
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performance or Chadao, calligraphic mastery involves
timing, rhythm, and bodily awareness in addition to
visual precision. By encoding these dimensions ex-
plicitly, CWSR enables the transmission and computa-
tional analysis of embodied knowledge that is otherwise
difficult to capture.

G. AI ARTISTS AND EXECUTABLE CAL-
LIGRAPHY SCORES

Within the Shu Dao framework, Al systems oper-
ate not merely as image generators but as AI artists
that produce executable calligraphy scores. Instead of
synthesizing pixels directly, an AI artist generates a
executable Score JSON describing how a piece of cal-
ligraphy should be performed. The final visual result
emerges only through interpretation and execution of
the score, mirroring the role of a human calligrapher.

This distinction has important implications.
Whereas most computational approaches treat cal-
ligraphy as a problem of visual synthesis or style
transfer, Al artists in CWSR engage with calligraphy
as a temporal and embodied process. Stroke
order, rhythm, pacing, and expressive modulation are
explicitly represented in the generated score, making
the generative process interpretable and inspectable.

The framework naturally supports multiple AI
artists. Different agents may embody distinct stylistic
tendencies, learned constraints, or evaluation criteria,
analogous to different schools or masters in traditional
calligraphy. Consequently, the same textual content
can produce multiple structurally valid but stylistically
distinct score realizations.

Unlike human practitioners, Al artists also provide
reproducibility. Given identical initial conditions and
random seeds, an Al artist produces the same exe-
cutable score. This property enables controlled experi-
mentation, systematic comparison of stylistic strategies,
and reproducible evaluation.

Finally, AI artists may evolve through score-level
optimization. Rather than learning solely from visual
similarity, generative systems can refine stroke sequenc-
ing, rhythmic structure, and expressive parameters di-
rectly within the CWSR representation. This opens a
path toward computational models that internalize cal-
ligraphic knowledge as performative rules rather than
implicit visual patterns.

H. APPLICATIONS

CWSR enables a range of practical and research ap-
plications:

1. Computational Analysis: quantitative investi-
gation of structural balance, stroke connectivity,
rhythmic pacing, and temporal flow in calligraphic
composition.

2. Generative Systems: controllable synthesis of

calligraphic writing through interpretable struc-
tural representations and explicit style parameters.

© 2026 Authors.

3. Pedagogy: teaching calligraphy as a struc-
tured and embodied practice, emphasizing rhythm,
stroke sequencing, and compositional organization.

4. Digital Preservation: capturing dynamic and
performative aspects of calligraphy that are not
preserved in static images alone.

5. Performative Media: real-time visualization,
sonification, or robotic execution of calligraphy
scores in interactive or artistic environments.

I. FUTURE DIRECTIONS

Several directions may further extend the CWSR
framework:

o Integration with modern generative models as a
controllable structural or conditioning layer.

e Development of score-based similarity metrics that
compare calligraphic works based on execution
structure rather than visual resemblance alone.

o Extension of the framework to other embodied
writing and drawing practices, including cursive
handwriting, sketching, and ritualized inscription.

e Exploration of real-time interactive systems for
teaching, digital preservation, and live artistic per-
formance.

e Further development of computational agents ca-
pable of generating executable CWSR scores, en-
abling systematic exploration of stylistic variation
and performative strategies.

VII. CONCLUSION

This work introduces Calligraphy Writing Score
Representation (CWSR) and articulates Shu Dao
as a performance-centered conceptual framework for
East Asian calligraphy. Rather than viewing calli-
graphic characters as static visual artifacts, Shu Dao
reframes writing as an embodied and time-based prac-
tice in which meaning emerges through ordered action,
rhythm, and expressive control.

CWSR operationalizes this perspective by encoding
each stroke as a performable unit within a symbolic
score. Stroke type, spatial placement, execution or-
der, trajectory, and dynamic attributes such as pressure
and pacing are explicitly represented, enabling both hu-
mans and computational systems to interpret, execute,
and regenerate calligraphy from the same structured
description. In this way, structural identity is sepa-
rated from expressive realization, analogous to the re-
lationship between musical notation and musical per-
formance.

By making temporal structure and performer inten-
tion explicit, CWSR exposes dimensions of calligraphic
knowledge that are traditionally transmitted implicitly
through practice and apprenticeship. The framework
enables interpretable computational analysis, control-
lable generative modeling, pedagogical visualization,
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and digital preservation that extend beyond conven-
tional image-based representations.

More broadly, this work positions Chinese calligra-
phy and related East Asian traditions alongside mu-
sic and ritual performance as score-mediated art forms.
Through Shu Dao and its implementation in CWSR,
calligraphy is presented not only as visual composition
but also as a structured, performable, and generative
practice. This perspective provides a foundation for fu-
ture research in computational analysis of writing ges-
tures, generative calligraphy systems, and Al-assisted
calligraphy.

VIII. DECLARATION OF GENERATIVE AI
AND AI-ASSISTED TECHNOLOGIES
IN THE MANUSCRIPT

PREPARATION PROCESS

Statement: During the preparation of this work the
authors used ChatGPT in order to prepare and writing
the draft paper. After using this tool, the authors re-
viewed and edited the content as needed and take full
responsibility for the content of the published article.
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A. EXAMPLE CALLIGRAPHY WRITING
SCORE REPRESENTATION (CWSR)

This appendix presents a complete example of a
Calligraphy Writing Score Representation (CWSR) in
both machine-readable and human-readable forms. The
score encodes not only stroke geometry, but also

© 2026 Authors.

rhythm, gesture, material properties, and performance-
related attributes. It is designed to function analo-
gously to a musical score or a Chadao (tea ceremony)
procedural script: a structured specification that en-
ables interpretation, reenactment, and computational
generation.

The example corresponds to the phrase “FK il JL4E",
rendered in a style inspired by Wang Xizhi. It demon-
strates how static calligraphic forms can be extended
into a temporally grounded representation that cap-
tures the performative dynamics of calligraphic writing.

A.1 MACHINE-READABLE SCORE (JSON
REPRESENTATION)

This JSON-based representation provides a precise
and unambiguous encoding of the CWSR score in a
machine-readable format.
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{
"descriptive": {
"Beginning": {
"title": "Shu Dao Score",
"style": "Wang Xizhi"
}
}

aragraph": [
"oan
"o
1
"Art/Whole": {
"paper": {
"type": "silk imitation",
"texture": "fine fiber",
"absorbency": "medium-low"
b
"layout": {
"direction": "top-to-bottom",
"line_direction": "right-to-left"
h
"brush"; {
"type": "traditional_chinese_brush",
"size": 6.0
b
"ink": {
"type": "carbon_ink"
}

"rhythm": {
"time_basis": "continuous”,
"self_rhythm_time": 100
h
"performance": {
"gesture_style": "controlled_fluid",
"motion_origin": "wrist_elbow",
"force_profile"; "variable_controlled"
h
"pre_performance_expression™: {
"vocalization": {
"type": "chanting_or_exclamation",
"intensity": "low_to_moderate"

}

ody_engagement": "whole_body",
"breath_state": "deep_regulated"

h

"performance_effect": {
"energy_flow": "coherent”,
"expressiveness”: "restrained_intense",
"momentum": “internally_driven"

}

}

ines": [
{
"line_number"; 1,
"Zhangfa": {
"line_direction": "vertical",
"rhythm_beats": 2,
"gesture”: "smooth"
h
"sequence™: [
{
"type": "character",
"character": "0 ",
"Structure": {
"comment:"000000O0O0O"
"character_size": 1.0,
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"connections": {

"end_start": [
[
4,
5
1
1
"middle_end": [
[
2,
4
1
1
"middle_start": [
[
2,
5
1
1
L
"hint": {

"motion": "flowing",
"pressure”; "crescendo”,

"gesture"; "press-lift-turn”,
"emphasis"; "central"

}
h
"strokes": [
{
"index": 1,
"rhythm"; 1,
"stroke_type": "dian",
"art": {
"emotion": "restrained elegance”,
"ink_state": "dry-wet transition",
“artist_style": "wangxizhi"

h

"artist_action": "slow press-lift",
"start": [

"index": 2,
"rhythm"; 1,
"stroke_type": "heng-zhe-gou",
"art": {
"emotion"; "restrained elegance”,
"ink_state": "dry-wet transition",
“artist_style": "wangxizhi"
h
"artist_action": "slow press-lift",
"segments"; [
{
"subtype": "heng",
"start": [

© 2026 Authors. Licensed under CC BY 4.0. https://creativecommons.org/licenses/by/4.0/


https://creativecommons.org/licenses/by/4.0/

L.Huang A Calligraphy Score Framework / Journal of Advances in Information Science and Technology, 4(2), pp. 1@, March 2026

5

]
3
{

"subtype": "zhe",
"start": [

usubtypen: "gOU",
"start": [

"index": 3,

"rhythm"; 1,

"stroke_type": "heng-pie",

"art": {

"emotion": "restrained elegance",
"ink_state": "dry-wet transition",
“artist_style": "wangxizhi"

h
"artist_action": "slow press-lift",
"segments": [

{

"subtype": "heng",
"start": [

"subtype": "pie",
"start": [

"index": 4,
"rhythm"; 1,
"stroke_type": "pie",

© 2026 Authors.
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"art": {
"emotion": "restrained elegance”,
"ink_state": "dry-wet transition",
“artist_style": "wangxizhi"
h
"artist_action": "slow press-lift",
"start": [
4,
6
1
"end": [
5,
5
1
b
{
"index": 5,
"rhythm"; 1,
"stroke_type": "na",
"art"; {
"emotion"; "restrained elegance”,
"ink_state": "dry-wet transition",
“artist_style": "wangxizhi"
h
"artist_action": "slow press-lift",
"start": [
5,
5
1
"end": [
1,
7
1
}
1
b
{
"type": "interval",
"rhythm": 0.5,

"gesture": "soft_smooth",
"meaning": "breath-continuation"
%

{

"type": "character",

"character": "0 ",

"Structure": {

"comment: " OO0 OO ooong®",
"character_size": 1.0,

"connections": {

"start_start": [

[

1,
3

]

4
5
1

[

6,
7

1
]

nd_start": [
[
7,

© 2026 Authors.
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1
"end_end": [
[

7

8
1

1
h
"hint": {
"motion": "balanced",
"pressure”; "peak_middle",
"gesture": "press-lift"

}

}

trokes": [

"index": 1,

"rhythm"; 1,

"stroke_type": "pie",

"art": {
"emotion": "restrained elegance”,
"ink_state": "dry-wet transition",
“artist_style": "wangxizhi"

h

“artist_action": "slow press-lift",
"start": [

"index": 2,

"rhythm"; 1,

"stroke_type": "heng",
"art": {

"emotion"; "restrained elegance”,
"ink_state": "dry-wet transition",
“artist_style": "wangxizhi"

h

"artist_action": "slow press-lift",
"start": [

"index": 3,
"rhythm"; 1,
"stroke_type": "shu",
"art"; {
"emotion"; "restrained elegance”,
"ink_state": "dry-wet transition",
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“artist_style": "wangxizhi"

}

"artist_action": "slow press-lift",
"start": [

"index": 4,
"rhythm"; 1,
"stroke_type": "pie",
"art"; {
"emotion"; "restrained elegance”,
"ink_state": "dry-wet transition",

“artist_style": "wangxizhi"

}

"artist_action": "slow press-lift",
"start": [

"index": 5,

"rhythm"; 1,

"stroke_type": "longdian",

"art": {

"emotion"; "restrained elegance”,
"ink_state": "dry-wet transition",
“artist_style": "wangxizhi"

h

"artist_action": "slow press-lift",
"start": [

"index": 6,

"rhythm"; 1,

"stroke_type": "shu",

"art": {

"emotion"; "restrained elegance”,
"ink_state": "dry-wet transition",
“artist_style": "wangxizhi"

h

"artist_action": "slow press-lift",
"start": [

© 2026 Authors.
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5

]
h
{

"index": 7,

"rhythm"; 1,

"stroke_type": "heng-shu",
"art": {

"emotion"; "restrained elegance”,

"ink_state": "dry-wet transition",

“artist_style": "wangxizhi"

}

"artist_action": "slow press-lift",
"segments"; [

"subtype": "heng",
"start": [

"subtype": "shu",
"start": [

"index": 8,

"rhythm"; 1,

"stroke_type": "heng",
"art": {

"emotion"; "restrained elegance”,
"ink_state": "dry-wet transition",
“artist_style": "wangxizhi"

h

"artist_action": "slow press-lift",
"start": [

"line_number"; 2,
"Zhangfa": {

"line_direction": "vertical",
"rhythm_beats": 2,

© 2026 Authors.

Licensed under CC BY 4.0. https://creativecommons.org/licenses/by/4.0/


https://creativecommons.org/licenses/by/4.0/

L.Huang A Calligraphy Score Framework / Journal of Advances in Information Science and Technology, 4(2), pp. 1@, March 2026 20

"gesture”: "smooth"

h

"sequence™: [

"type": "character",
"character": "0 ",
"Structure": {
"comment: "0 00 O0O0COOO"
"character_size": 1.0,
"connections”; {
"start_start": [
null,
null
1
"start_end": [
null,
null
1
"end_start"; [
null,
null
1
"end_end": [
null,
null
1
"middle_start": [
null,
null
1
"middle_end": [
null,
null
1
"start_middle": [
null,
null
1
"end_middle™: [
null,
null
1
"stroke_order": [
0,
1
1
h
"hint"; {
"motion": "angular",
"pressure": "even",
"gesture": "sliding-flick",
"emphasis”: "left-heavy"
}
h
"strokes": [
{
"index": 1,
"rhythm"; 1,
"stroke_type": "pie",
"art": {
"emotion"; "restrained elegance”,
"ink_state": "dry-wet transition",
"artist_style": "wangxizhi"
h
"artist_action": "slow press-lift",
"start"; [
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"index": 2,
"rhythm"; 1,
"stroke_type": "heng-zhe-heng-gou",
"art"; {
"emotion"; "restrained elegance”,
"ink_state": "dry-wet transition",

“artist_style": "wangxizhi"

}

rtist_action": "slow press-lift",
"segments": [

"subtype": "heng",
"start": [

"subtype": "zhe",
"start": [

"subtype": "heng",
"start": [

"subtype": "gou”,
"start": [
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h
{
"type": "interval",
"rhythm": 0.5,
"gesture": "soft_smooth",
"meaning": "breath-continuation"

2
{

"type": "character",
"character": "0 ",
"Structure": {
"comment:"0 00000 QoQog,
"character_size": 1.0,
"connections”; {
"end_start"; [

[
3,
4

1
[

5,
6
1
1
h
"hint": {}
h
"strokes": [
{
"index": 1,
"rhythm"; 1,
"stroke_type": "pie",
"art": {
"emotion": "restrained elegance”,
"ink_state": "dry-wet transition",
“artist_style": "wangxizhi"
h
"artist_action": "slow press-lift",
"start": [

"index": 2,

"rhythm"; 1,

"stroke_type": "heng",

"art": {
"emotion"; "restrained elegance”,
"ink_state": "dry-wet transition",
“artist_style": "wangxizhi"

h

"artist_action": "slow press-lift",

"start": [
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"index": 3,

"rhythm": 1,
"stroke_type": "heng",
"art": {
"emotion": "restrained elegance”,

"ink_state": "dry-wet transition",
“artist_style": "

: "wangxizhi"
h
"artist_action": "slow press-lift",
"start": [
4,
3
1
"end": [
4,
6
1
h
{
"index": 4,
"rhythm"; 1,
"stroke_type": "shu",
"art": {
"emotion": "restrained elegance”,
"ink_state": "dry-wet transition",
“artist_style": "wangxizhi"
h
"artist_action": "slow press-lift",
"start": [
4,
3
1
"end": [
5,
3
1
h
{
"index": 5,
"rhythm"; 1,
"stroke_type": "heng",
"art": {

"emotion"; "restrained elegance”,
"ink_state": "dry-wet transition",
“artist_style": "wangxizhi"

h

"artist_action": "slow press-lift",
"start": [

"index": 6,

"rhythm"; 1,

"stroke_type": "shu",

"art": {

"emotion"; "restrained elegance”,
"ink_state": "dry-wet transition",
"artist_style": "wangxizhi"

h

© 2026 Authors.
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"artist_action": "slow press-lift",
"start": [
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A.2 HUMAN-READABLE SYMBOLIC
SCORE

This section presents the same CWSR score shown in
Appendix A.1, but in a human-readable symbolic nota-
tion. While Appendix A.1 provides a machine-readable
JSON representation for computational processing, the
symbolic score is designed for direct human reading,
interpretation, and performance.

Like a musical score, it exposes stroke sequence, spa-
tial structure, and dynamic emphasis in a visually in-
terpretable form, allowing practitioners to understand
and perform the writing without requiring computa-
tional execution.
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A.3 AI-AGENT-GENERATED SCORE

This section presents an executable calligraphy score
in JSON format generated by an Al agent based on the
CWSR score shown in Appendix A.1. The agent pro-
duces a complete Score JSON that encodes the writing
process as a sequence of temporally ordered actions, in-
cluding stroke types, relative timing, directional flow,
pressure profiles, and gesture-level constraints.

The resulting representation is directly executable by
a rendering or simulation system, allowing the score to
be interpreted, visualized, or performed without refer-
ence to source images.
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{
"descriptive": {
"Beginning": {
"title": "Shu Dao Score",
"style": "Wang Xizhi"
}
h
"paragraph™: [
"oan
"o
1
"Art/Whole": {
"paper": {
"type": "silk imitation",
"texture": "fine fiber",
"absorbency": "medium-low",
"margin™: {
"top™: 80,
"bottom": 80,
"left": 80,
"right": 80
}
}

ayout": {

"direction": "top-to-bottom",
"line_direction": "right-to-left",
"line_length™: 12,
"paragraph_gap": 2

"brush": {
"type": "traditional_chinese_brush",
"size™ 6.0
h
"ink": {
"type": "carbon_ink"
h
"rhythm": {
"time_basis": "continuous”,
"self_rhythm_time": 100
h
"performance": {
"gesture_style": "controlled_fluid",
"motion_origin": "wrist_elbow",
"force_profile"; "variable_controlled"
h
"pre_performance_expression™: {
"vocalization": {
"type": "chanting_or_exclamation",
"intensity": "low_to_moderate"

}

ody_engagement": "whole_body",
"breath_state": "deep_regulated"
h
"performance_effect": {
"energy_flow": "coherent”,
"expressiveness": "restrained_intense",
"momentum": “internally_driven"
}
h
"lines": [
{
"line_number"; 1,
"Zhangfa": {
"line_direction": "vertical",
"rhythm_beats": 2,
"gesture”; "smooth"
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h

"sequence™: [

"type": "character",
"character": "0 ",
"Structure": {
"comment: "0 00 O0O0OCOOO"
"character_size": 1.0,
"connections”; {
"end_start"; [
[
4,
5
1
1
"middle_end": [
[
2,
4
1
1
"middle_start": [
[
2,
5
1
1
h
"hint": {
"motion": "flowing",
"pressure”; "crescendo”,
"gesture": "press-lift-turn”,
"emphasis”; "central”
}
h
"strokes": [
{
"index": 1,
"rhythm"; 1,
"stroke_type": "dian",
"art": {
"emotion"; "restrained elegance”,
"ink_state": "dry-wet transition",
“artist_style": "wangxizhi"
h
"artist_action": "slow press-lift",
"start": [

1

"pressure_curve": {
"start": 0.581513097071294,
"peak": 0.7828908477738279,
"end": 0.21039304108903234

h

"width_variation": [
8.26283065910154,
9.571303321697123,
3.7682896241363366

1

"ink": {
"wetness": 0.7604896231971461,
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“feibai": 0.09398716984967403
}

esture_trajectory": "press-lift",
"step": 1.7368802297370234

2
{

"index": 2,

"rhythm"; 1,

"stroke_type": "heng-zhe-gou",

"art": {
"emotion"; "restrained elegance”,
"ink_state": "dry-wet transition",
“artist_style": "wangxizhi"

}

rtist_action": "slow press-lift",
"segments"; [

"subtype": "heng",
"start": [

"subtype": "zhe",
"start": [

"subtype": "gou”,
"start": [

1

"pressure_curve": {
"start": 0.6473369072609081,
"peak": 0.8320678654858026,
"end": 0.285894647650607

h

"width_variation": [
8.42841887528207,
9.771796398089032,
3.5826602287187055

1

"ink": {
"wetness": 0.8150350093741394,
"feibai": 0.1466907251520267

h

"gesture_trajectory"”; "press-lift",

"step": 1.695948367551924
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2
{

"index": 3,

"rhythm"; 1,

"stroke_type": "heng-pie",

"art": {
"emotion"; "restrained elegance”,
"ink_state": "dry-wet transition",
“artist_style": "wangxizhi"

h

"artist_action": "slow press-lift",

"segments"; [

"subtype": "heng",
"start": [

usubtypen: "pie“,
"start": [

1
"pressure_curve": {
"start": 0.5525501071447148,
"peak™: 0.7614662118299106,
"end": 0.38242681787762156
h
"width_variation": [
8.378327187096104,
9.74724581190161,
3.435835108003166
1
"ink": {
"wetness": 0.750754329747664,
“feibai": 0.07672342423700379
h
"gesture_trajectory": "press-lift",
"step": 1.9490730362159896
h
{
"index": 4,
"rhythm"; 1,
"stroke_type": "pie",
"art": {
"emotion"; "restrained elegance”,
"ink_state": "dry-wet transition",
“artist_style": "wangxizhi"
h
"artist_action": "slow press-lift",
"start"; [
4,
6
1
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"pressure_curve": {
"start": 0.5650736502510668,
"peak": 0.8573461141057224,
"end": 0.23026432134901811

}

idth_variation": [
8.22877104473737,
9.598007400880908,
3.4685621994858726
1
"ink": {
"wetness": 0.821256338265937,
“feibai": 0.07657633915835294

}

esture_trajectory": "press-lift",
"step": 1.6316639844020449

h

{

"index": 5,

"rhythm"; 1,

"stroke_type": "na",

"art": {
"emotion": "restrained elegance”,
"ink_state": "dry-wet transition",
“artist_style": "wangxizhi"

}

rtist_action": "slow press-lift",
"start": [

"pressure_curve": {
"start": 0.583858873353469,
"peak": 0.7321482193453305,
"end": 0.34388697893214937

}

idth_variation": [
8.586010023254147,
9.566006573006959,
3.655410531811085
1
"ink": {
"wetness": 0.8258859988080602,
“feibai": 0.10425416031858861

}

"step": 1.9097041441034053

}
1
h
{
"type": "interval",
"rhythm": 0.5,

"gesture": "soft_smooth",
%
{

"type"; "character",
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"character": "0 ",
"Structure": {
"comment: "0 00000000
"character_size": 1.0,
"connections”: {
"start_start": [

[

1
3

—

4,
5
1
[
6,
7
1
1
"end_start"; [
[

7,
8
1
[
6,
8
1
1
"end_end": [
[
7
8
1
1
h
"hint"; {
"motion": "balanced",
"pressure”; "peak_middle",
"gesture": "press-lift",
"emphasis": "central”
}
h
"strokes": [
{
"index": 1,
"rhythm"; 1,
"stroke_type": "pie",
"art"; {
"emotion"; "restrained elegance”,
"ink_state": "dry-wet transition",
“artist_style": "wangxizhi"
h
"artist_action": "slow press-lift",
"start": [

1

"pressure_curve": {
“start": 0.6361697952057206,
"peak": 0.8802480583190375,
"end": 0.23112118485216393
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}

idth_variation": [
8.505018067351104,
9.642319981542311,
3.5625719831712965
1
"ink": {

"wetness™: 0.7661519736489021,

“feibai": 0.07061475720339962
}

esture_trajectory"”; "press-lift",
"step": 1.9293114624479581

h

{

"index": 2,

"rhythm"; 1,

"stroke_type": "heng",

"art": {
"emotion"; "restrained elegance”,
"ink_state": "dry-wet transition",
“artist_style": "wangxizhi"

}

rtist_action": "slow press-lift",
"start": [

1

"pressure_curve": {
"start": 0.6711630730562836,
"peak": 0.8335060518008831,
"end": 0.30392121822697304

h

"width_variation": [
8.58640696631368,
9.738873766277768,
3.7504816851938956

1

"ink": {
"wetness": 0.7933781588444846,
"feibai": 0.09584112258202256

h

"gesture_trajectory": "press-lift",

"step": 1.609686397112128

h

"index": 3,

"rhythm"; 1,

"stroke_type": "shu",

"art": {
"emotion"; "restrained elegance”,
"ink_state": "dry-wet transition",
“artist_style": "wangxizhi"

h

"artist_action": "slow press-lift",

"start": [
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"pressure_curve": {
“start": 0.6010852491517183,
"peak": 0.7540993105898909,
"end": 0.32014653523322467

}

idth_variation": [
8.20918899176695,
9.75235762884921,
3.4094183190196663
1
"ink": {
"wetness": 0.7663108622429056,
“feibai": 0.0716938244160062

}

esture_trajectory"”: "press-lift",
"step": 1.6282094674932048

2
{

"index": 4,

"rhythm"; 1,

"stroke_type": "pie",

"art": {
"emotion"; "restrained elegance”,
"ink_state": "dry-wet transition",
“artist_style": "wangxizhi"

}

rtist_action": "slow press-lift",
"start": [

"pressure_curve": {
"start": 0.523451990600972,
"peak": 0.7516088320700748,
"end": 0.2593775108390278

h

"width_variation": [
8.309957497642676,
9.456930031552783,
3.7291550340549557

1

"ink": {
"wetness": 0.7940241305235849,
"feibai": 0.059406532188113974

}

"step": 1.9418206375456486
h
{
"index": 5,
"rhythm"; 1,
"stroke_type": "longdian",
"art": {
"emotion"; "restrained elegance”,
"ink_state": "dry-wet transition",

}

rtist_action": "slow press-lift",
"start"; [

4,

3
1
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"pressure_curve": {
"start": 0.6893728413575494,
"peak": 0.8906999726044925,
"end": 0.3910103607635233

}

idth_variation": [
8.460783574858393,
9.640474328662517,
3.6728519718813715
1
"ink": {
"wetness™: 0.7920369017603173,
“feibai": 0.06553213542594583

}

esture_trajectory": "press-lift",
"step™: 1.7352002716086787

h

{

"index": 6,

"rhythm"; 1,

"stroke_type": "shu",

"art": {
"emotion": "restrained elegance”,
"ink_state": "dry-wet transition",
“artist_style": "wangxizhi"

}

rtist_action": "slow press-lift",
"start": [

"pressure_curve": {
"start": 0.5708708562100219,
"peak": 0.8008770960618226,
"end": 0.3476253446184191

h

"width_variation": [
8.56247759640117,
9.457446811769735,
3.6375401910020457

1

"ink": {
"wetness": 0.750107369809565,
"feibai": 0.09028221202318157

}

"step": 1.6072742399959423
h
{
"index": 7,
"rhythm"; 1,
"stroke_type": "heng-shu",
"art": {
"emotion"; "restrained elegance”,
"ink_state": "dry-wet transition",

}

rtist_action": "slow press-lift",
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"segments": [

"subtype": "heng",
"start": [

"subtype": "shu",
"start": [

"pressure_curve": {
"start": 0.5046637447220539,
"peak": 0.7855802395237163,
"end": 0.3552153223948695
h
"width_variation": [
8.528296218280431,
9.517548563134032,
3.4066905345920837
1
"ink": {
"wetness": 0.7643239942921312,
“feibai": 0.05105599222033938
h
"gesture_trajectory": "press-lift",
"step™: 1.73448446977473
h
{
"index": 8,
"rhythm"; 1,
"stroke_type": "heng",
"art": {
"emotion"; "restrained elegance”,
"ink_state": "dry-wet transition",
“artist_style": "wangxizhi"
h
"artist_action": "slow press-lift",
"start": [

1

"pressure_curve": {
"start": 0.6912290977620837,
"peak": 0.700774903812579,
"end": 0.274311682356546

h

"width_variation": [
8.585402823966536,
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9.54211865726103,
3.6623160088936797
1,
"ink": {

"wetness": 0.8173428623086417,
"feibai"; 0.05037379197938298
%
"gesture_trajectory": "press-lift",

"step": 1.772135631697468

"line_number"; 2,
"Zhangfa": {
"line_direction": "vertical",
"rhythm_beats": 2,
"gesture": "smooth"
h
"sequence™: [
"type": "character",
"character": "0 ",
"Structure": {
"comment: "0 00 0O0OCOOO"
"character_size": 1.0,
"connections”: {
"start_start": [
null,
null
1
"start_end": [
null,
null
1
"end_start"; [
null,
null
1
"end_end": [
null,
null
1
"middle_start": [
null,
null
1
"middle_end": [
null,
null
1
"start_middle": [
null,
null
1
"end_middle™: [
null,
null
1
"stroke_order": [
0,
1
1
h
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"hint": {
"motion": "angular",
"pressure”: "even”,
"gesture": "sliding-flick",
"emphasis": "left-heavy"
}
h
"strokes": [
"index": 1,
"rhythm"; 1,
"stroke_type": "pie",
"art": {
"emotion"; "restrained elegance”,
"ink_state": "dry-wet transition",
“artist_style": "wangxizhi"

)

rtist_action": "slow press-lift",
"start": [

"pressure_curve": {
"start": 0.5582729668249836,
"peak": 0.8880425084835374,
"end": 0.29967801596808147
h
"width_variation": [
8.561007913805776,
9.73770746903121,
3.5808526793188884
1
"ink": {
"wetness": 0.7623193117776761,
"feibai": 0.13061219427906204
h
"gesture_trajectory": "press-lift",
"step": 1.928426553063317

2

"index": 2,
"rhythm"; 1,
"stroke_type": "heng-zhe-heng-gou",
"art": {
"emotion"; "restrained elegance”,
"ink_state": "dry-wet transition",
“artist_style": "wangxizhi"
h
"artist_action": "slow press-lift",
"segments"; [
{
"subtype": "heng",
"start": [
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"subtype": "zhe",
"start": [

"subtype": "heng",
"start": [

"subtype": "gou",
"start": [

"pressure_curve": {

"start": 0.5506696945795235,
"peak": 0.8877208736379341,

"end": 0.30101657366573237
%

"width_variation": [
8.23116470659011,
9.554532339632647,

3.6489107097303415
1

"ink": {
"wetness": 0.7687835916963346,

“feibai": 0.10828351637698161
%

"gesture_trajectory": "press-lift",
"step": 1.8969040877086012

}
1
h
{
"type": "interval",
"rhythm": 0.5,

"gesture": "soft_smooth",
"meaning": "breath-continuation"

h
{
"type": "character",

"character": "0 ",

"Structure": {

"comment:"0 00000 Qoog",
"character_size": 1.0,

"connections”; {

"end_start"; [
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[

3,
4
1
[
5,
6
1
1
h
"hint": {
"motion": "flowing",
"pressure”; "medium”,
"gesture": "press-lift",
"emphasis”; "central"
}
h
"strokes": [
"index": 1,
"rhythm"; 1,
"stroke_type": "pie",
"art": {
"emotion"; "restrained elegance”,
"ink_state": "dry-wet transition",
“artist_style": "wangxizhi"

)

rtist_action": "slow press-lift",
"start": [

1

"pressure_curve": {
"start": 0.6085433498614233,
"peak": 0.811828882039624,
"end": 0.2848816814647449

}

idth_variation": [
8.4461613356515,
9.534324095306715,
3.599126635074609
1
"ink": {
"wetness": 0.8085682957504151,
"feibai": 0.0618067587250427
h
"gesture_trajectory": "press-lift",
"step": 1.8764065016751676
h

"index": 2,
"rhythm"; 1,
"stroke_type": "heng",
"art": {
"emotion"; "restrained elegance”,
"ink_state": "dry-wet transition",
“artist_style": "wangxizhi"
h
"artist_action": "slow press-lift",
"start"; [
3,
3
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"pressure_curve": {
“start": 0.6013367488883393,
"peak": 0.7659325882654374,
"end": 0.28939655245241813

}

idth_variation™: [
8.484458479606058,
9.70513122325492,
3.63236506446216
1
"ink": {
"wetness": 0.8280454406620947,
“feibai": 0.10491843923182288

}

esture_trajectory"”: "press-lift",
"step": 1.756332758790463

2
{

"index": 3,

"rhythm"; 1,

"stroke_type": "heng",

"art": {
"emotion": "restrained elegance”,
"ink_state": "dry-wet transition",

h
"artist_action": "slow press-lift",
"start": [

"pressure_curve": {
“start": 0.5301745822139785,
"peak": 0.7337028707443758,
"end": 0.23888017011246385
h
"width_variation": [
8.52176445807991,
9.711682623295578,
3.7946043223537673
1
"ink": {
"wetness": 0.790667383848813,
“feibai": 0.08933777798344815
h
"gesture_trajectory": "press-lift",
"step": 1.630621356111826
h
{
"index": 4,
"rhythm"; 1,
"stroke_type": "shu",
"art": {
"emotion"; "restrained elegance”,
"ink_state": "dry-wet transition",

h
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"artist_action": "slow press-lift",
"start": [

"pressure_curve": {
"start": 0.6047070976754867,
"peak™: 0.7636626248802177,
"end": 0.33979300504821075

h

"width_variation": [
8.442641947413957,
9.63122448760637,
3.4806250989230936

1

"ink": {

"wetness": 0.7959856356559951,
"feibai": 0.08902153139015423
h
"gesture_trajectory": "press-lift",

"step": 1.6762340868213277

2
{

"index": 5,
"rhythm": 1,
"stroke_type": "heng",
"art": {
"emotion": "restrained elegance”,

h
"artist_action": "slow press-lift",
"start": [

"pressure_curve": {
"start": 0.5273736382503615,
"peak": 0.8726377297661851,
"end": 0.3251141259640551
h
"width_variation": [
8.396122139341129,
9.490072183825136,
3.5841526164513935
1
"ink": {
"wetness": 0.8061572650322322,
"feibai": 0.056887782484826246
h
"gesture_trajectory": "press-lift",
"step": 1.7638643805818186
h
{
"index": 6,
"rhythm"; 1,
"stroke_type": "shu",
"art"; {
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"emotion": "restrained elegance”,
"ink_state": "dry-wet transition",
“artist_style": "wangxizhi"

}

rtist_action": "slow press-lift",
"start": [

"pressure_curve": {
"start": 0.6508844237050652,
"peak": 0.7304765703165468,
"end": 0.33558911074980247

}

idth_variation": [
8.334780112835722,
9.699063384202088,
3.503587277563969
1
"ink": {
"wetness": 0.7740427160834529,
“feibai": 0.09289327077453494

}

esture_trajectory"”: "press-lift",
"step": 1.770485423766192
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A.4 CHARACTER RENDERING FROM EX-
ECUTABLE SCORE JSON

The following Python function illustrates how an ex-
ecutable Score JSON, produced by an Al agent, is ren-
dered into SVG calligraphy. The rendering uses both
the structural information (strokes, connections) and
Al-provided stylistic hints (motion, pressure, gesture,
emphasis, and ink), which are automatically filled if
missing.

For brevity, we show the implementation for only one
stroke type (heng). Other stroke types (na, dian, etc.)
follow a similar approach.

Listing 1: Drawing a character using Al-enhanced fea-
tures from the executable Score JSON.
def draw_character(svg, x, y, size, item):
nnn
Draw a character in SVG at (x, y) with
given size.

Uses strokes and optional AI-provided '
hint' features

(motion, pressure, gesture, emphasis,
ink), automatically filled if
missing.

nnn

g = SubElement(svg, "g", transform=f"
translate ({x},{y})")

# Optional character bounding box for
debugging
SubElement (
g,
"rect",
x="0",
y="o0",
width=str(size),
height=str(size),
fill="none",
stroke="#ccc"

)
structure = item.get("Structure", {})
connections = structure.get("connections

", A

# Extract AI hints or use defaults
hint = structure.get("hint", {})

motion = hint.get("motion", "flowing")

pressure = hint.get("pressure", "medium"
)

gesture = hint.get("gesture", "press-
1ift")

emphasis = hint.get("emphasis", "central
"

ink = hint.get("ink", {"wetness": 0.8, "
feibai": 0.13})

for stroke in item.get("strokes", []1):
# Merge stroke-level hints if
present; fallback to character-

level
width_variation = stroke.get("
width_variation", {"start": 2, "

peak": 2.4, "end": 0.8})

stroke_gesture = stroke.get ("
gesture_trajectory", gesture)
stroke_ink = stroke.get("ink", ink)

stroke_width = stroke.get ("
stroke_width", 2.0)

stroke_pressure = stroke.get ("
pressure_curve", PRESSURE_MAP.
get (pressure, PRESSURE_MAP["
medium"]))

# Draw stroke with all parameters
draw_stroke (
g,
stroke,
connections,
size,
motion=motion,
pressure_curve=stroke_pressure,
width_variation=width_variation,
gesture=stroke_gesture,
emphasis=emphasis,
stroke_width=stroke_width,
ink=stroke_ink

Listing 2: Rendering ink samples with width and pres-
sure interpolation in SVG

def render_ink(svg_group, samples, params=

None, default_opacity=0.8, default_color

="black"):

nmnn

Render gesture samples as ink dots in
SVG using width/pressure/ink from
params.

nnn

# fallback width if no params provided

ws = {"start": 2.0, "peak": 2.5, "end":

1.0%}
pressures = {"start": 0.6, "peak": 0.8,
"end": 0.3}

if params is not None:
ws = {
"start": params.get("width_start
", ws["start"]),
"peak": params.get("width_peak",
ws["peak"]),
"end": params.get("width_end",

ws["end"])
}
pressures = {

"start": params.get ("
pressure_start", pressures["
start"]),

"peak": params.get ("
pressure_peak", pressures/["
peak"]l),

"end": params.get("pressure_end"
, pressures["end"])

}
n = len(samples)
for i, s in enumerate(samples):
t =1 / max(1, n - 1) # normalized

0~1 along stroke

© 2026 Authors. Licensed under CC BY 4.0. https://creativecommons.org/licenses/by/4.0/


https://creativecommons.org/licenses/by/4.0/

L.Huang A Calligraphy Score Framework / Journal of Advances in Information Science and Technology, 4(2), pp. 1«@, March 2026

47

# simple quadratic interpolation: params)
start -+ peak -+ end
if t < 0.5: # ---- render ----
width = ws["start"] + (ws["peak" render_ink(svg_group, samples,
1 - ws["start"]) * (¢t / 0.5) params)
opacity = pressures["start"] + (

pressures ["peak"] -
pressures["start"]) * (¢t /
0.5)
else:
width = ws["peak"] + (ws["end"]
- ws["peak"]) * ((t - 0.5) /

0.5)
opacity = pressures["peak"] + (
pressures["end"] - pressures
["peak"]) = ((t - 0.5) /
0.5)

SubElement (
svg_group,
"circle",
cx=f"{s['x"']:.2f}",
cy=f"{s['y']:.2f}",
r=f"{width / 2:.2f}", #

radius = half width

fill=default_color,
opacity=f"{opacity:.3f}"

Listing 3: Rendering a horizontal stroke (‘heng‘) in
SVG using stroke geometry and Al-generated hints

def draw_heng(
svg_group,
stroke,
connections,
size,
*xkwargs

nun

# (heng):

- slight upward 1lift in the middle
- geometry only

- pressure / width / ink driven by

kwargs

nnn

params = normalize_gesture_kwargs (kwargs
)

stroke_width = params.get("stroke_width"
, 2.0) # fallback default if

missing

sx, sy = map_point(stroke["start"], size
)

ex, ey = map_point(stroke["end"], size)

# MRERPHE (BETRR)
1lift = size * 0.03

points = [

(sx, sy), # #®E
((sx + ex) / 2, sy - 1lift), # {74
(&3
(ex, ey) # W E
]
# ---- gesture + ink simulation ----
samples = simulate_gesture(points,
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