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Progress on Computational Intelligence and Quantitate Cognition of Music
REIE ABSTRACT
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Computational intelligence and quantitate cognition of music especially Al facilitated
music generation is a highly attentional research topic. The Power Law hidden in music
melody variations is consistent with the common law in many natural, engineering and
social systems, and can also be quantified. The three mathematical characteristics are
discovered in the melodies of all tonal music. Based on these characteristics it is found
that all composers of different styles in the past three hundred years were casually
pursuing the constrained entropy maximization in melody composition. The speech will
report the research progress on developing the systematic methods for analyzing music
computational intelligence, facilating Al aided composition and establishing the basis on
music cognition in brain sclence.

N AN BIOGRAPHY
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Guan Xiaohong, the member of Chinese Academy of Science and the Fellow of IEEE,
received his B.S. and M.S. degrees from Tsinghua University, Beijing, China, in 1982 and
1985, respectively, and his Ph.D. degree from the University of Connecticut in 1993. He
was a senior consulting engineer with Pacific Gas and Electric from 1993 to 1995. He
visited the Division of Engineering and Applied Science, Harvard University from 1999
to 2000. From 1985 to 1988 and since 1995 he has been with Xian Jiaotong University,
Xian, China as the Cheung Kong Professor of Systems Engineering since 1999, and
from 2008 to 2025 as Dean of Faculty of Electronic and Information Engineering.
From 2001 he has also been with the Center for Intelligent and Networked Systems,
Tsinghua University, Beljing, China, and severed the Head of Department of Automation,
Tsinghua University, 2003-2008. Professor Guan Is also with Department of Music Al and
Information Science, Central Conservatory of Music of China.
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NERTREHRZE: EHRAEMERULRER
From Concert Hall lo Soclal Space: Recontextualizing Contemporary
Music through Technology

IREME ABSTRACT

WAREFIRIE A ML SRIT R 2. MAURR AL Z T it Avdft
PR R G UTEANX A “TENAL"  (recontextualization) A%, M 40
IR SR 5757, Frp— AR “ AR AR mimh” | EX—WiE o,
144 AL SRAWAIGEAIE 900 AR LN AGZS (], HmILIE T 0 K2R A I 444 b
AR RFIININR, (UfEfL 2 54 MAEEFT ML), R Az EN2 S
K3, fEMALRI E,  “97@AS"  (Healing Soundscapes) i EM—3bEF4E M & R
TERBEIR SR IOPER, T BDERN RS, BIRES, H51 S0 KU R IE Y e
FHERM T B SIR0T, JXEEE FLRRY, SREERTENE R, HHEAR—Y
REIVEN, HARBNE W AETEZ RIS, Sk S ik,

Contemporary music is increasingly shifting from the concert hall into social,
distributed, and applied contexts. This presentation examines how technological
systems enable such recontextualization, transforming both performance practice
and audience engagement. A key example is the Symphony in the St. Pauli
Elbe Tunnel, where 144 musicians were spatially distributed across a 900-meter
urban infrastructure and coordinated through a networked, browser-based
conducting system, allowing individualized interaction and inclusive participation.
Extending this approach, the Healing Soundscapes project explores the role of generative
music in hospital environments, using adaptive systems to modulate perception, reduce
stress, and engage listeners beyond traditional aesthetic frameworks. Together, these
projects illustrate how technology redefines music as a social, spatial, and functional
practice embedded in everyday life.

NN BIOGRAPHY

TEFRS, 3, BUEMERE S RSB (HEMT) #d%, a0 EfE,
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Georg Hajdu is a German composer and scholar, currently serving as Professor of
Multimedia Composition at the Hochschule far Musik und Theater Hamburg (HfMT).
He also leads the Ligeti Center and serves as the university's Commissioner for
Research and Transfer. His work focuses on the intersection of music, technology, and
interdisciplinary artistic practice, with particular interests in multimedia composition,
networked music, generative systems, and digital score environments. Hajdu studied
molecular biology and composition in Cologne and later eared his PhD at the University
of California, Berkeley, in close connection with CNMAT,
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Large-Scale Music Generation Model with a Unified Acoustic Token Space:
From Deep Representations to High-Quality Generation

IREHHE ABSTRACT
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Most current music generation foundation models adopt a staged, multi-representation-
space pipeline: they first model high-level musical structure, and then rely on diffusion
models or neural decoders to reconstruct fine acoustic detail. Our work explores a
different path: progressively generating music from coarse structure to fine detail within
a single unified acoustic token space. This talk will introduce the core design of a music
generation foundation model developed at the Central Conservatory of Music, including
deep residual-quantized acoustic representations, a coarse-to-fine generation framework,
and a hybrid-attention training mechanism for lyric alignment and high-fidelity audio
quality. Experiments show that this approach can achieve high-quality, long-form, and
controllable music generation without relying on a separate semantic stage or a diffusion
decoder. The talk will also discuss the broader significance of this technical route for
future music generation foundation models, as well as its potential applications in music
creation, music education, and intelligent content production.

M AT BIOGRAPHY
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Liu Jiafeng is an Associate Professor in the Department of Music Al and Music
Information Technology at the Central Conservatory of Music, as well as an Al researcher
and pianist. He focuses on multi-track music generation, having proposed the world's first
end-to-end symphony generation model. He also conducts In-depth research in music
source separation and won first place in the Sound Demixing Challenge 2023. Currently,
he devotes his research efforts to large-scale multimodal music generation models.
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BREHED: BS. ARERSNBAGSR
Music Brain-Computer Interfaces: Concepts, Research Progress,
and Application Prospecls

REIME ABSTRACT
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Music brain-computer interface is an emerging interdisciplinary field formed at the
intersection of music, artificial intelligence, and brain-computer interface technologies.
It integrates approaches from neurosclence, music therapy, affective computing, signal
processing, biomedical engineering, and human-computer interaction. In recent years,
related research has expanded from brain-controlled musical interaction to applications in
emotion regulation, sleep support, rehabilitation training, as well as education and creative
practice, reflecting a broader shift from single-function studies toward the development
of closed-loop systems. This presentation will discuss the conceptual definition, research
progress, technical framework, and application domains of music brain-computer
interfaces, and will further examine the exploratory path of this field in the local research
context through the example of “CCOM-1." From the perspectives of interdisciplinary
integration and technological evolution, the report aims to further illuminate the research
significance and application prospects of music brain-computer interfaces.

MA@ BIOGRAPHY
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Ma Jun is a Lecturer in the Department of Music Artificial Intelligence and Music
Information Technology at the Central Conservatory of Music. He received his Ph.D. from
the Institute of Neuroscience at Peking University and completed postdoctoral training
in the Department of Anesthesiology at Washington University in St. Louis. He has
more than 11 years of experience in the research and development of both invasive and
non-invasive brain-computer interfaces. His current research focuses on music brain-
computer interfaces, personalized music therapy based on neuroscience, and the neural
mechanisms underlying music processing.
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A Web-based DAW for Al-generated Music Workflow

REHE ABSTRACT
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A project involving networked electronic music ensembles between the UCAS, CCOM,
PKU and WHCM campuses using China's high-speed CERNET2 network, has made
rapid progress this year, due to the expedient introduction of Al chatbot coding assistants.
The project allows collaboration using decentralized animated graphic scores coded in
pSjs using the socket.io library (openprocessing.org), while ensemble members all use
the audio coding application called Supercollider, controlled with open sound control
(OSC) front-ends. It's a highly technical project, though most notably now, without the
disproportionate focus on complex code.

From the composer’s point of view, before 2024, much time, effort and institutional space
in most major arts/music and technology programs was dedicated to audlo and animated
graphics coding (supercollider, max/msp, Java, etc). Students of electronic music always
exhibited a wide differential in their abilities when it came to computer programming
skills; writing code proved to be a serious disadvantage for some. The field thus became
a survival of the logical/spatially oriented fittest, not necessarily the fittest in terms of
creativity and imagination with musical/temporal forms. Electronic music student's
identity became wrapped up in the idea of hacking, exquisite complexity in signal routing/
patching, or otherwise becoming highly dependent on prefabricated plugins. After Al
chatbots were introduced, such as ChatGPT, Deepseek, Gemini, etc., these courses
have been transformed, enabling music and tech focused programs to once again focus
essentially on musical (organized sound) and animated visual ideas. This is a significant,
even revolutionary progression, where form, timbre and control can be led directly
by the creative imagination rather than being sidetracked by the narrow gateway of
programming syntax.

M AN BIOGRAPHY

Kenneth Fields (#4:) RrhEREERAFGMAEREIZ, £ RSREGURIIH
FEARL, 2003 4FE 2023 4RI, Ul E-P I IRFIHBILIMT LI, 2008 4528 2013 4,
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Kenneth Fields (Ph.D) is a Professor of Media Arts at the University of the Chinese
Academy of Sciences, having rich experience in the field of Music and Technology.
From 2003 to 2023, he was a Foreign Professor at the Central Conservatory of Music
in Beijing. From 2008 to 2013, he was the Canada Research Chair in Telemedia Arts
at the University of Calgary. Prof. Fields serves on the editorial boards of the Journal
of Organized Sound (Cambridge Univ. Press) and the Electronic Music Studies Asia
Network (EMSAN). He is Co-PI in the international 2021-26 European Research Council
Grant, entitled: The Digital Score which is an investigation into the nature and technology
of music scores.
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Ensuring Inclusive and Sustainable Al Policy for The Muslic Sector:
A Govemance Issue

REME ABSTRACT
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Cat Hope How do we harness artificial intelligence's transformative potential while preserving

creative autonomy, cultural diversity and musicians livelihoods? As a variety of artificial
intelligence tools proliferate accross the music sector, this presentation argues that there
is an urgent need to move beyond tool-specific approaches and consider comprehensive
governance frameworks that prioritise human agency over technological efficiency.
The importance of values such as authenticity, artistic freedom, cultural identity and
sustainability shoudl, and can, be embedded in governance and policy mechanisms.

MA@ BIOGRAPHY

YRR, BT ERGWERIMTIIY, KIIAIRIEREE, JE4ITIS
=Rl (Digital Score) Wfgt, MRS QIEIRERINWEZEA EFNE, REALITI
RARBURI R EAE 24 R RO EP IO, SR (ENORRIIE M R 2R S 90 E
A, FEEFRZIL (U0 TENOR, ICMC %) M E LAY PR TR, RS
BRI ZE XS,

Contemporary composition; Electronic music; Digital Score research; Experimental and
non-traditional notation; Performer agency and spatialised notation; Music-technology-
policy interdisciplinary research.
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Is Songwriting Becoming Selection Rather Than Creation?

REHHE ABSTRACT
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I XuFan

Generative artificial intelligence is rapidly entering the field of music creation, making “text-
to-music generation" a reality. With the advancement of audio generation models and the
shift in interaction paradigms from complex tools to natural language, the technical barriers
to music creation have been significantly lowered, enabling an increasing number of non-
professional users to participate in the creative process. The development of Al music
systems such as Suno illustrates that this field has already moved beyond the stage of
technical validation and is entering a phase of productization and large-scale application.
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Gong Junmin

Against this backdrop, the structure of music creation is undergoing transformation. From
an engineering perspective, this report explores how the creative process is shifting
from “generation from scratch” to “searching and selecting within a generative space,"
and how the role of the creator is evolving from a “producer” to a “judge and guide." It
also examines the fundamental tension between controllability and randomness in Al-
driven creation, and further reflects on how the relationships among musiclans, works,
and authorship may be redefined under conditions where Al participates in the creative
process.

MNAR BIOGRAPHY
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Xu Fan is currently working at Suno, where he focuses on generative Al-driven music
creation products and engineering, translating core model capabilities into user-facing
creative tools. As an early member of the founding team, he contributed to the design
and development of the company's web and mobile products from 0 to 1.
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Pushing the Boundaries of Open-Source Music Generation

REHHE ABSTRACT
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Over the past year, the field of Al music generation has been largely dominated by
closed-source commercial systems. The ACE-Step project was initiated from the ground
up with the goal of advancing open-source, locally deployable music generation to a level
comparable with commercial models.

MA@ BIOGRAPHY
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Gong Junmin is a partner at ACE Studio and the creator of the ACE-Step open-source
music generation model series. With a background as an algorithm engineer, he has
worked at several leading technology companies and has long focused on audio and
music generation. In addition to his technical work, he is an amateur composer and
lyricist, and is part of the same mentorship lineage as renowned lyricist Fang Wenshan.
He firmly believes that the most critical factor in Al music is not the model itself, but
collaborating with people who truly understand music.
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From a Cup of Milk Tea to Agents for Music Creation and Consumption

REINE ABSTRACT
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Agents will become a new entry point and interaction paradigm for music generation and
consumption. Qwen has demonstrated—through use cases like “ordering milk tea”™—
that agents can already influence many aspects of everyday life. This talk will introduce
YinChao's music creation agent (hitto.al), which supports music generation, MV creation,
and music remixing; explore how music consumption may evolve in an agent-driven
paradigm; and provide a brief overview of the principles behind YinChao's end-to-end
music generation system.

NARN BIOGRAPHY
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Jiang Taoben received his bachelor's, master's, and doctoral degrees from Harbin
Institute of Technology. He has many years of experience in Al and audio algorithm
research and development, as well as in engineering team management. He has
successively built leading music and audio algorithm teams in China at Kuaishou,
Tencent Music, and Kunlun Wanwel, with products powered by these technologies
serving tens of millions of users. Between 2023 and 2024, he led his team to become the
first in China to develop a Suno-like music generation model and successfully productize
it for users. During his time at Tencent Music, he pioneered core music consumption
features such as multi-dimensional evaluation for karaoke and premium audio quality,
and helped create two breakout virtual singers, Xiaotian and Xiaoqin. At Kuaishou,
he developed China's first end-to-end Al music generation app (Xiaosen Chang),
featuring key creative and consumption functionalities such as original soundtrack
generation, intelligent accompaniment, and music video platforms. He also has multiple
entrepreneurial experiences in related fields.
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Al-Empowered Music Education

IREIWE ABSTRACT
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This report explores the feasibllity of using Al to address challenges faced by both
students and teachers in music education. It Introduces DeepMusic's core work in music
data annotation and dataset construction, and presents practical cases from multiple
primary and secondary schools across the country to demonstrate the implementation
outcomes and application pathways of Al-empowered music education.

MA@ BIOGRAPHY
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Liu Xiaoguang, CEO of DeepMusic. Ph.D., M.S., and B.S. in Chemistry from Tsinghua
University. Member of the Tsinghua Entrepreneur & Executive Club. Arranger,
keyboardist, and guitarist. With over 100 original music compositions and production
credits, his works have achieved hundreds of millions of streams across major platforms.
Has years of experience in music fundamentals education.

ERSBEREH: ARENSBRIEEBENMENS SN
Musical Score Understanding Benchmark: Evaluating Large Language
Models' Comprehension of Complete Musical Scores

REME ABSTRACT

A SESE AR BRI R R, 2R, R AR K R EESSHINETER S HERE, A7,
RIGE B SRR 5 BUAE MR e H\ialﬂhﬁﬁﬂ’lﬁtbﬂbfﬁkéﬁﬁmﬁo AR
T RN LEME (Musical Score Understanding Benchmark, MSU-Bench) ,
IREARATRCHIRE, TrRIE 25 R, X ABES (ABCIZH)
5MBMA (PDF) o MSU-Bench WaMHEM, NEIF, M, fIEHSIFRIES
f9 1,800 HAERRFIAERS, HALTAERRMRIS HUANRL, WRIESHELFISUA Sl
451, 33 -+FA A IR ENBUE B R A ST R AITIRE, REBESZ RTEE
RIS, BIZPRIMARE, HEARR L B —B Ak TR, Sm1e LR /1l
FIFIRAEN, ST T PSRN, (6 MSU-Bench A9ANCE BUSHERRRI R 9 18
eIkR,

Understanding complete musical scores entalls integrated reasoning over pitch, rhythm,
harmony, and large-scale structure, yet the ability of Large Language Models and Vision-
Language Models to interpret full musical notation remains insufficlently examined. We
introduce Musical Score Understanding Benchmark (MSU-Bench), the first human-
curated benchmark for score-level musical understanding across textual (ABC notation)
and visual (PDF) modalities. MSU-Bench contains 1,800 generative Question-Answering
pairs from works by Bach, Beethoven, Chopin, Debussy, and others, organised into
four levels of increasing difficulty, ranging from onset information to texture and form.
Evaluations of more than fifteen state-of-the-art models, in both zero-shot and fine-
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tuned settings, reveal pronounced modality gaps, unstable level-wise performance, and
challenges in maintaining multilevel correctness. Fine-tuning substantially improves
results across modalities while preserving general knowledge, positioning MSU-Bench
as a robust foundation for future research in multimodal reasoning.

NAMRIA BIOGRAPHY
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WA, £ Google MURTIIHMBEL IV WL, H-FIEE 720 Management Ltd. 5
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Dai Congren is a first-year joint PhD student at the Central Conservatory of Music and
Tsinghua University, supervised by Professor Xiaobing Li and Professor Maosong Sun.
He previously received a Bachelor's degree in Software Engineering from Memorial
University of Newfoundland, an MSc In Data Sclence from King's College London, and
an MRes in Artificial Intelligence and Machine Leaming from Imperial College London.
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ELGAR: Expressive Cello Performance Motion Generation for Audio Rendition

REHE ABSTRACT

SREREZELAIE ARG T SRR AE SR, 28T, A RRURMEZEE R — Ttk
FURARMEAUES, EARNERMIR S RN, TR “WiZé¥ - Ray” Zma
IRMBN N FR . B UEEENEAE R 3 BR ST R AR SHAZ(F AL, Joitt, AT
HT ELGAR (/a2 MR KMEWEENEER) o BR—MEFY s
AOHEZR, 178 35 90\ BI T A2 R4 SRR L AR BRI E o JosMiM WAL AR P IY AR ELRF I,
BANSIAT FHR ML (HICL) SHFESREREMING (BICL) , FRURMT
EEFRROVOSRME, SEAh, Do T HEAFHLITAE A BN 1E S B R S0E SCIT R FRRRE, R
& DZIRWZERNEA B T RFFANTNIENT, CISRRIEMIEE, SEERNIES
WSy, ML ERMITE S MY, RIET FHEIIRMA B RIS, BADEHEDH TN
EEAEI SPD HERIH A — (LTI AR M ZHE AL REIEM SPD-GEN, 3RIRIER, ELGAR
TEAERBEATIAY . POdZE EARFEAY R AR RN (5 7 TR BLH B, #4645 ks zhmn
Hi1E, BRI E LR EF IR R IR

The art of instrument performance stands as a vivid manifestation of human creativity and
emotion. Nonetheless, generating instrument performance motions is a highly challenging
task, as it requires not only capturing intricate movements but also reconstructing the
complex dynamics of the performer-instrument interaction. While existing works primarily
focus on modeling partial body motions, we propose Expressive celLlo performance
motion Generation for Audio Rendition (ELGAR), a state-of-the-art diffusion-based
framework for whole-body fine-grained instrument performance motion generation solely
from audio. To emphasize the interactive nature of the instrument performance, we
introduce Hand Interactive Contact Loss (HICL) and Bow Interactive Contact Loss (BICL),
which effectively guarantee the authenticity of the interplay. Moreover, to better evaluate
whether the generated motions align with the semantic context of the music audio, we
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Tong Xinyi is a joint Ph.D. candidate at the Central Conservatory of Music and Peking
University, co-advised by Prof. Song-Chun Zhu and Prof. Feng Yu. Her primary research
focuses on multimodal music generation, with a strong dedication to the Al-driven
modeling of musical concepts and the cross-modal alignment of artistic expressions.
She has published multiple papers in premier international conferences and journals,
including AAAI (Oral Presentation), CVPR, and IEEE TCSS. Beyond her research, she
co-authored the textbook Artificial Intelligence in Music: U-V Theory and co-lectures the
general elective course "Artificial Intelligence and Music" at Peking University.

CLaMP 3: BERMWFRESRKNEENEAERER/ER

CLaMP 3: Universal Music Information Retrieval Across Unaligned
Modalities and Unseen Languages

REME ABSTRACT

CLaMP 32— ETEMRE KRG EARZR (MIR) RS S M S Z LBk 4t
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KIBSEEIZALAES . PIFRFRHENER (RAG) A, FRATHMT KMBUEIEN M4-
RAG, HHEE 231 HAME/R - XA BRI ST TTHAE, W38 T Zm e
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CLaMP 3 is a unified framework developed to address challenges of cross-modal and
cross-lingual generalization in music information retrieval. Using contrastive learning,
it aligns all major music modalities—including sheet music, performance signals, and
audio recordings—with multilingual text in a shared representation space, enabling
retrieval across unaligned modalities with text as a bridge. It features a multilingual text
encoder adaptable to unseen languages, exhibiting strong cross-lingual generalization.
Leveraging retrieval-augmented generation, we curated M4-RAG, a web-scale dataset
consisting of 2.31 million music-text pairs. This dataset is enriched with detalled metadata
that represents a wide array of global musical traditions. To advance future research,
we release WikiMT-X, a benchmark comprising 1,000 triplets of sheet music, audio, and
richly varied text descriptions. Experiments show that CLaMP 3 achieves state-of-the-art
performance on multiple MIR tasks, significantly surpassing previous strong baselines
and demonstrating excellent generalization in multimodal and multilingual music contexts.
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Dr. Shangda Wu is currently a research scientist at a leading domestic internet
company, specializing in algorithm research for speech large language models. He
obtained his Ph.D. in Music Atrtificial Intelligence and Information Technology from
the Central Conservatory of Music in June 2025, where he was co-advised by Prof.
Maosong Sun (Tsinghua University) and Prof. Feng Yu (Central Conservatory of
Music). Dr. Wu holds a unique interdisciplinary background, having eamed a Master of
Sclence in Software Engineering from Sun Yat-sen University in 2021 and a Bachelor
of Music in Piano Performance from the Xinghal Conservatory of Music in 2019.
His research is deeply rooted in the intersection of Al and music, with significant
contributions in music generation and music information retrieval (MIR). As a
first or co-first author, he has published multiple papers in top-tier international
conferences and journals in the fields of Al and acoustics, including ACL, NAACL,
IJCAI, ICASSP, and ISMIR. His representative works include the CLaMP series
of multimodal retrieval models, NotaGen, and ChatMusician. Recognized for his
academic excellence, he was honored with the Best Student Paper Award at ISMIR
2023 and has been a recipient of the First-Class National Graduate Academic
Scholarship (2024) and the title of Outstanding Graduate of Beijing (2025).
Prior to his current role in the industry, Dr. Wu gained extensive experience as a research
intern at Microsoft Research Asia (MSRA), Microsoft Azure Cloud, and ByteDance (Seed-
Music). He is dedicated to advancing interdisciplinary research and aspires to push the
frontiers of music Al through collaborative innovation with global experts.
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[1] J. G. Donald, V. P. Claude, A History of Western Music (W W Norton & Co
Ltd, New York, 2014).

[2] A. Schoenberg, Fundamentals of Musical Composition (Faber & Faber,
London, 1970).

[3] P. Hindemith, The Craft of Musical Composition, I. Theoretical Part
(Schott & Co., Ltd., London, 1945).
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[5] S. Kostka, Materials and Techniques of Twentieth-Century Music
(Pearson Prentice Hall, Upper Saddle River, 2006).

[6] E. Toch, Melodics (People's Music Publishing House, 1984).

[7]1 H. Schenker, Free Composition (Longman, London, 1979).
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Sciences, 2022, 65 (7): 174201:1-3.

Nan N, Guan XH, Goal orientation in music composition and other social behaviors leading to the
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The Larger Picture

« McLuhan (Gutenberg Galaxy, 1962): The role trnirouons )/  Epoch 6 e unierse wakes up
S Rl / atame of e ac arergy b 0 wivren becorre
of media in human development; abilities are W e E soturalod wit neligent pocesses and knowledge
lost, others are gained e vy, Epoch & wergeral Tctnay

The methods of biology (induding human inleligence) are

Kurzweil (2005): Singularity is near. Prediction PR st bl Tk st e 0
of the role of Al. Process of technological EPch 4 Teomiona

Information In hardware and software designs

innovation seems to ever speed up

« Humanity is currently transitioning from -

Epoch4to5 Sy b i o
« Redefining the role of music making in the era
o . A Epoch 2 siology
of machine intelligence: nfomatonin ONA
¢ The Six Epochs of Evolution
2 Genres T Evolution works through indirection: it creates
. & o Ej h 1 i bility and then uses that capability to
« Locations / social spaces (where does music B ISk srd Chamity, v b rasi Sage, =

production and performance take place?)













Networked Music Performance (NMP)

Why NMP reflects changing roles in music practice

» From performer — networked agent

« musicians operate within systems rather than
local ensembles
« From composer — system designer
« designing interaction frameworks instead of
fixed works
« From audience — distributed participant
- listening becomes spatially and socially
extended
» From work — process
« music as continuous, situated interaction rather

than fixed object
cewdl®
















Multimedia Performance: A Space Journey - Perspectives on the Unknown

Solaris by Georg Hajdu

Collaboration between Hamburg
University of Music and Drama and the
Astrophysics Department of the Hamburg
University

Working groups consisting of 8
composers, theater directors and
scientists each

Sonification of astronomical data

« Solaris: cosmic web

Accuracy Lz”

Bohlen-Pierce Ensemble (11 players) and Sonification Musification
choir

Empowerment of the choir by providing
acoustic cues in addition to the animated

score ‘ .
v W

Approach
Dramafication
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Machinism: Where |s the Future of Music Conservatories?
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Chair of the CAAI Art and Al Commission.
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2R, BRARKBEBZERSBERANAI

Art is a way for human beings to express their own experiences and emotions.

elEE, BE—E&,;

The creator is the sole subject;

BX, EREFANACGHEHR;

Meaning arises from the inner world of the human mind;

{’an y E«EELB’J n% o

The work is the result of that expression.
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A new reality

ATEGRELKALSR. /FH. £ERER, EES5FE

Al can already write songs, compose music, generate images, and even participate in performances.

SRHER, B2 "AFRKEXES” 15?

Is art today still “human self-expression” ?

HECEHA T — M E RSN ?

Or has it already entered a new kind of generative structure?












AL EgES REUMES S Al Music Composing and Analysis

O ERAERSSEERENR, TESPMARO/EMOXGINEE,
O Music LLMs and polyphonic music generation may impact the teaching of the four core components of
composition.
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Composite o
Subject

A, TBEE—EK

The human is no longer the sole subject. ‘@M/E ; Z(EIEE 1 EEE 7 y
A, FBERETEH Creation is no longer “expression,”
) “~

Al is no longer merely a tool. ﬁ‘ﬁ% - Xﬂ‘iﬁi%*@ E"J iﬁﬂ;‘i 5
?Qfﬁ Ejzyg _-%:)\( EEEE E,(J 2%*@ ,&%14: but “the orchestration of generative structures.”
ZIN=JLy 75N = S

The system becomes the structural condition for the
generation of meaning.
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Building on this question, | propose a theoretical hypothesis—

Machinism.

EATEXRI, FRE “AIBERBERIE" |

What we are facing is not merely the question of whether Al can create,

mEtHEXHERARE, ELRETEMENZN,

but that the very structure of creation itself has already undergone a fundamental transformation.






M EX Machinism
(1) MWELEEAINLIXE X (1) Machinism at the level of

reality

R A ENGRF If humanism emphasizes
¢ “AEEXHME—FKIE" @ “humans are the sole source of meaning,’
BB AN FE X 32 then Machinism emphasizes

o “ENAELUER ANIBEER" ¢ “meaning can be generated through

EEAMECELRES, BIIEET human — machine collaboration.
5 Within a broader theoretical framework, it
LIIEBIEfE N

o —f “TRAXEX"

can even be understood as

e a form of “extended humanism.”



FL3ZE X Machinism
(2) XEETBNXENX (FFHLiaRR)

(2) Machinism at the level of the future (open questions)

INRHZZRKESZINEES,

If machines were to develop cognitive capacities in the future,

A HM—M NS EFRICEN ?

might a form of Machinism emerge in which the machine itself becomes the subject?

XAZLEL, Me— "HERFEITIeaEER

This is not a conclusion, but a question that calls for ongoing inquiry and discussion.
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The impact of artificial intelligence on music education

O REIOKITES (CCTVERIME ((BEMID) SIFRME)
O Al Karaoke Scoring (In collaboration with CCTV)
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BRERE. BRFEFHRM

An open question: The impact of brain science and Al on music therapy, music creation, music
education, music performing and musicology.

EEG¥&#  PPGURARKE

W nen (eE—s) 0

Music Brain — Computer Interface (CCOM-1)
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Future directions
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How Music Conservatories Can Prepare for the Future

F—. EREBRX LHNEREZWRESHRELIER,;

First, traditional music disciplines will continue to evolve.

EZ . BERBREAEXNERB WV IMARE;

Second, technological empowerment will drive innovation within traditional music disciplines.

F=. FRETEFNEREWRYEE,

Third, emerging technologies will give rise to new and independent music disciplines.









ATEREHBEIAL . MEEAXN, FEABAZEN,

Al is meant to assist and empower humans, not replace them.

RENBRZRBUEAIEARE LRITT!

The music conservatories of the future will advance on the shoulders of Al giants!

ASERENZARBIHEAIEAE LRITT!

The future of human art will advance on the shoulders of Al giants!
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Khala: Large-Scale Music Generation Model with a Unified Acoustic Token
Space: From Deep Representations to High-Quality Generation
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Why is high-quality music generation so difficult?

Musicality Fidelity
SR =1
Melody "IlI“" Natural Timbre
hEfR BRNEER
Rhythm Fine Detail
ﬁ h:E ] + FENMT
.l Long-range Form Clarity
BEE RESEHMAR TEMTE
. } Lyric / Prompt Consistency Realistic Vocal / Instrument Quality
R AR — HEMARSRBRE
n + "|||||" 5 Both must hold at the same time.

WE VAR, HR—A,

P2/Q@EEOO



ERFF: BRENE vs LR

The Mainstream Paradigm: Discrete vs Continues

—_————

Text Condit} High-level Representation Space Acoustic Space I
e ,;:“ /‘:‘M GPT-like BEETEE (99 / EXEE) Ditfusiontike e (EATMESE) High-Fidelity
Audio
f;
XA Model. Model ] ARRES
(Autoregressive) (Denoising)
-
@ = -|||||||Il||n||||.
s 0
e.g., semantic tokens, e.g., spectrogram,
discrete score tokens mel, waveform)
a0: 15X token / Fifitoken Bla0: FEIEE / Mel / B

Longer training &
inference pipeline
WSFIHR IR T

The Cost Different spaces Different model modules
| ﬁm t @ (semantic vs. acoustic) c:::} (GPT vs. Diffusion)
‘ TRERTEE TEHREAUR

(GPT vs. Diffusion)

Information loss &
@ harder alignment
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|
|
|
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64-layer acoustic token space (64 x T)

Deep acoustic token hierarchy

%
a
9z DDDDDDDDDDDDDDDD
ENEENEEEEEEEEEEE
EEEEEEEEEEEEEEEN
A
Ll rrrrrrerer g
1 I
(0 0
EEEEEEEEEEEEEEEE

]
[ ]
]
[ ]
[ ]
O
]
[ ]
]
]
]
]
]
]
]
|

Qar

s [N N [ [ I
EEDDDDEDDDHDDDDD
e EEEEEN
] ] EEE

: HE

© HE
mm
ag
mm

9 EEDE

9 INNENNNNNNEEEEEDND

time steps (T)

Tokenizer training objectives
(training only)

coarse

acouslic

structure waveform loss

I

Discriminator adversarial loss
timbral /
hamonc, ol | golden-ratio
(L] ' multiscale STFT
SRR TS loss
- 7
Y
|
transient / :
resldual H
L Reconstructed waveform
__, | Large | _,
Decoder
fine (raw audio)

acoustic
detail



W B B 2 Token 4 B,

Two-Stage Acoustic Token Generation

Backbone Model (Stage 1) Super-Resolution Model (Stage 2)

Autoregressive generation of coarse acoustic scaffold Layer-wise refinement o higher acoustic layers (parallel across time)

Input: Interleaved qo/ g1 sequence

; Step 1: predict g; Step 2: predict g. Step 62: predict g,
PN TTTRET] : : 3

Text condition

@ Prompt

e el L TEEEEE.
O : EEEE - ‘TTILL +
s L L LA A it

& Lyres

(causal attention)

|

(7 @ @ B | B

Super-Resolution LM Super-Resolution LM Super-Resol
Outputinil-6acig o' g (coarss’ acoustic'soaffold) (full attention) (full attention) (full attention)
% EEEEEEEEEN - EEE EENENENET | omE e 22 0 e
2 EENEEEEEEN - BN et b T
\L

Reshape fo: 2 x time steps (T)

Inference (62 fix steps)
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The Key Insight: Temporal Grounding

Model's
Confused Alignment
(no temporal grounding)

Desired Alignment
(Temporal Grounding)

(< Waeu<l -X-)

Lyrics / Text Segments [ When | ] {closemy] { eyes ]

Time

Generated Vocal
(or Audio Segments)

Time

| see your face
. o 5
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Generated Vocal
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A heartfelt English pop love ballad, soft acoustic gultar and grand plano, warm
and emotional...

The Key Insight: Temporal Grounding Super-Resolution Model (Stage 2)
et Step 1: predict g, Step 2: predict g, Step 62: predict qg;
e TEERE N EEEEE. T EEEEE
" 14 L
+ :1 [ a
[ w ‘ l -Resolution LM ] [ ‘Super-Resolution LM
(full attention) (full attention) (full attention)
Desired Atgmont EEENEER:T | @m i o 0 e
(Temporal Grounding) predicted predicted predicied.
Inference (62 fix steps)

i Hybrid-Attention Training (SR model only) | (training only) [---=-----======---1
= 1
1 1
| Task 0: on first layer ) Task 1-63: layer-wise refinement (full attention) !
i Next-token prediction on both text and g, layer predict layer gy given all lower layers and text condition ¢
! ok |
i /l| Masked Text Lot !
7] /e o= * !
! @ ani z |@ i
| ot (B | Lo
! = i
! 1
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Sottings - Sampling « Ganorate

PROMPT MODE

Pick tags; prompt Is assembled automatically.

Lyrics soction Is visiblo.

purAaTION

@® Common prusots

@

@ Rosot

Output dafaults 1o 2 samples.

Q Search

tags for cloan prompty

A T g e+




ASSEMBLED PROMPT
Mandopop, Female Vocals, Acoustic Guitar, Plano, Atmespheric, Modern Production

@& e

Total tags: 6

¥
TEGORIE : e
CATEGORIES e i Q Search In Rhythm/Production/Other...
, s o L= Sl SR

E?l:mi i st No matches.
Sound 3 prompts.

3-8 for clean Back to Clear Prod
Vocals & instruments e SE c =
Mood 1 5
Emotion & vibe

SELECTED

i
t

Auto-grow - then scroll

Verse 1]
| used to walk alone in the dark
Searching for a light to guide my heart
Every path | took just led to nowhere N
Until | looked up and saw you standing there

[Chorus]

You are the sun breaking through the rain
You are the melody that heals my pain
When the world is spinning out of controf
You are the safe place for my soul

Yeah, you are the one I've been waiting for

[Verse 2]

1 trace the lines upon your hand

You make me feel like a better man (AREX=0)
YYou make me finally understand)

We don't need a castle or a crown

Just a quiet place to settle down

[Chorus]

You are the sun breaking through the rain
You are the melody that heals my pain
When the worid is spinning out of control
You are the safe place for my soul

Yeah, you are the one F've been waiting for

Swatching to Instrumental hides this panel but keeps the text.



A K KA R B 3F Large-Scale Bline Pairwise Evaluation (1v1)

’7 Human Arena Leaderboard

| Rank Model BT Elo Camp
| 1 Muraka 1689.3 Commerclal
‘ 2 Suno 1644.2 Commercial

|

N >

*
# 1 among

open-source models

in blind pairwise evaluation (1v1)

4 Minimax 1509.2 Commercial

5 Ace-step 1470.9 Open-source
6 Heartmula 1421.8 Open-source
T Levo 11731 Open-source

Khala achieves state-of-the-art

@ performance among open-source models,

19 and is highly competitive with
commercial systems.




A éé i ﬁg XTJ‘ \k&j E ‘i? Large-Scale Bline Pairwise Evaluation (1v1)

!’ Human Arena Leaderboard

I
e N 7’

| ) ¢
‘ 1 Muraka 1689.3 Commercial i
‘ 2 Suno 1644.2 Commercial } # 1 a mong

open-source models

Rank Model BT Elo Camp

4 Minimex | =51500.2 Coffrercial | in blind pairwise evaluation (1v1)
5 Ace-step 1470.9 Open-source
6 Heartmula 1421.8 Open-source Khala achieves state-of-the-art
@ performance among open-source models,
7 Levo 11731 Open-source ‘ C and is highly competitive with
y— commercial systems.
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m taREdER (BCI) ?

FEX: Wifl#EO (Brain — Computer Interface, BCl) 2—/SE RN FRMAZRSEES), FEHELAA
THHRAE., KE. 48, IRRRESHIRHELRFEEAE, HESZRREEREFESHINAEZE
REXEERANRS

Brain-Computer Interface
Feature Commands

I - BN UL
Signal Feature
Acquisition Extraction

Translation

1R b
BRER BCI&E 2%
Q- +d & Q62
| Applications BCI &% ,4
#H/ RGBL MR : ———————————— HEIH
RE#E (Mpy/8E) (Mp/BE)

Wolpaw & Wolpaw, Brain-Computer Interfaces, 2012
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Summit on Music Intelligence

mEE Al EEART{FRAY Web DAW

A Web-based DAW for Al-generated Music Workflow:

P
Ma Jun

FRRERF BIEETR
Assistant Researcher, Central Conservatory of Music
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AudioWorkletNode
AnalyserNode
GainNode
DelayNode
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DynamicsCompressorNode

e . BiquadFilterNode
Symbol of Track 1) —:- Node [[—""""] stereoPannerNode
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1| A /api/ai/import POST
2 | A IR /N /api/ai/regenerate_bar POST
3 | EHAEIEE KB /api/ai/regenerate_section | POST
4 | BRI E E L /api/ai/regenerate_track POST
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The Goethean Formula

Practical Applications of AI Coding Assistants for Networked Electronic Music Ensembles

Ken Fields, Professor Media Arts

an B2 B K N R B2 2 B

Johann Wolfgang von Goethe O0O School of Science for Human Habitat at UCAS
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Networked China University Laptop Ensembles
UCAS, CCOM, PKU and WHCM

A project involving networked electronic music ensembles:
UCAS, CCOM, PKU and WHCM campuses

Using China’s high-speed CERNET?2 network,
Introduction of Al chatbot coding assistants.

* Animated graphic scores coded in Java p5js

* Openprocessing.org

« Socket.io library

* Supercollider Audio Programming Environment
* TouchOSC: Open Sound Control
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CERNET2

China Education Research Network

Audio Signal Path

IPV6

Expanding each year

4-5 nodes currently
48k/24bit Multichannel
Part of Global Edu Network

© O & WM @ <

Yichuan
Xining

Urumqi

LanzhdlD

Kunming

Guiyan

Taiyuan

Hohhot

.Chengdu Chonggqing

Nanchan,

Nanning

Guilin

Halkou

°o eo oo

i Ha‘(lj'ln

uzhou

@ CERNET?2 User @AS23911 @AS9405 @AS9800

Access Network @ AS4839 @AS23912  @AS7497

@ AS4538 @AS4840  @AS4134 @AS939%4

DAS4789 @AS9407  QAS4837 OAS9808
—— Physical Link =~ - MBGP Peer O]




The Urklangwerk, Primal Sound-Work

The archetypal sound-work containing all possible sound-work forms

* In our application of the Goethe Formula to organised sound, we
observe the multiple instances of sonic potentiae as evidenced in
the variation encoded into the latent space of the animated score.
* The variations reflect the multiple facets of the one holistic form
underlying all the sound-works.
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ChriStopher Alexander 15 Archetypes of Architectural Form: The Nature of Order, Vols. 1-IV

Linge

Levels of Scale Strong Centers Thick Boundaries Altemating Repetition Positive Space
Good Shape Local Symmetries Deep Interlock Contrast Gradients
o ® o 8 2 @&
e} (e}
AN o [o) o o
o o
g B [ [
c ,_q %b %o o o
O
=5 5) 6 5 ©
Roughness Echoes The Vold Simplicity

Nol-Separatoness
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Sonus/Soni - Sonic Center

Spatial form is order in extension; temporal form is order in succession

Strong Centers
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Property Character Pinyin
1. Levels of Scale E Céng
2. Strong Centers |;P or E Zhong
3. Thick Boundaries (| Koéu

4. Alternating Repetition i Dié

5. Positive Space M Ao

6. Good Shape ﬂ Ta

7. Local Symmetries ix Shuang
8. Deep Interlock E Hu

9. Contrast HH Ming
10. Gradients “I Chuan
11. Roughness H Chou
12. Echoes M Céng
13. The Void I‘E-.I Jian
14. Simplicity Y1

15. Not-Separateness % Hé




Post Al ChatBot

After Al chatbots were introduced, such as ChatGPT, Deepseek, Gemini, etc., EA music courses
have been transformed, enabling music and tech focused programs to once again focus essentially on
musical (organized sound) and animated visual music representation. This is a significant, even
revolutionary progression, where form, timbre and control can be led directly by the creative
imagination rather than being sidetracked by the narrow gateway of programming syntax.
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Phenomenologies of Electroacoustic Music and the Sonic Arts
Coordinated Issue of OS and EMS Conference Theme

Fafice
w4 emJs

Call for Submissions — Volume 33, Number 1

Thematic Issue Title:

Phenomenologies of Electroacoustic Music and the Sonic Arts
Date of Publication: April 2028

Publisher: Cambridge University Press

Issue co-ordinators: Blake Stevens (blakecstevens@pku.edu.cn)
and Annie Yen-Ling Liu (ylliuannie@pku.edu.cn)

Deadline for submission: 15 May 2027

00 M@ <

Electroacoustic Music Studies Network
2027 EMS Conference, 24-27 June
Beijing, Peking University

Annie Yen-Ling Liu

Blake Stevens




E=R

The Third

WY PIYBE T |

Summit on Music Intelligence

ERFFAIZRE

The Future of Performance Science
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Aaron Williamoen
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Director, Centre for Performance Science, Royal College of Music (UK)
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The Future of
Performance Science

Aaron Williamon

Centre for Performance Science "

A partnership of the
Royal College of Music | Imperial College London

ROYAL

COLLEGE

OF MUSIC

Londor



Performance science is the systematic study of
how, what, when, where and why people perform,
as well as who performs and the consequences
that performances hold.






2000

Musical Excellence M
Oxford University Press, 2004

International Symposium on &2

Performance Science
2007

RCM
2000

BMus
2000

20405

2006

Q, Zoning In: Motivating the Musical
Leverhulme Trust, 2000-02

Aaron Williamon

Q, Mastery through Imitation

Swiss National Science Foundation, 2001-02

Q, Mapping Musical Movement
British Academy, 2004-05

Q, The Listening Gallery

Arts & Humanities Research Council, 200810

2009



2010

The Practice of Practising
Leuven, 2011

Frontiers | Performance Science M
2014

Healthy Conservatoires &2
2015

Musicians in the Making 3
Oxford University Press, 2017

2010

Imperial
2015

Q, Rhythm for Life

Esmée Fairbairn Foundation, 2010-12

Aaron Williamon

Q, Creative Practice as Mutual Recovery
Arts & Humanities Research Council, 2013-18

Q, Musical Impact

Arts & Humanities Research Council, 2013-18

Q, Performance Simulator
Peter Sowerby Foundation, 2014-15

Q, Music and Motherhood
Arts Council England, 2015-17

Q TELMI
Horizon 2020, 2016-19

Q, HEarts

Arts & Humanities Research Council, 201821

Q ProMiMiC
Dutch Research Council, 2018-21

Q, zikMus
British Academy, 2019-21

2019



2020

Performing Music Research
Oxford University Press, 2031

Collaborative Insights
Oxford University Press, 2022

Musical Care International Network &
2022

Music and Parental Wellbeing Alliance &2
2022

Music and Parental Mental Wellbeing [
Oxford University Press, 2024
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(III

Q, HEartS Professional

Arts & Humanities Research Council, 2020—22 [N H—"

Q, Songs from Home
Arts & Humanities Research Council, 2021-22

Q Arts in the City
British Academy, 2022-23

Q, RCM Performance Lab

Arts & Humanities Research Council, 2022-23

Q, RCM Performance VR

Arts & Humanities Research Council, 2023-24

Q, HEartS Follow On

Arts & Humanities Research Council, 2024-25

2025
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Aaron Williamon

Why?

Performance science
and society

Applied
research




www.PerformanceScience.ac.uk/laboratory




MUSICAL IMPACT

www.musicalimpact.org
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Aaron Williamon

HEartS

Health, Economic, and
Social impact of the ARTs

www.PerformanceScience.ac.uk/hearts






How?

Radical interd

Analytics

International alliances

Policy, knowledge exchange
and commercialisation
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Culture & media

Transversal et EU cultural policy |
from EC Foresights omains Context ‘
EU framework |
Territorial dimensions Art Supranationality
From local to international Visual, performing, etc. more than the sum of each entity
- ] | Subsidiarity & mulitlevel |

Digital space Culture and heritage 18]

Al, Metaverse, hybrid, etc, Tangible, intangible governance

Cooperation frameworks

Rights Creative industries Transversality

Human rights, "Z;\:Pafencv, liability, Incl. audiovisual Culture Is a part of all

Resource-

consciousness
Water, biodiversity, energy, etc.

Media & news Public dimensions
Joumnalism, editors, etc. including offer & demand side ‘

Image from: IDEA Consult, imec-SMIT-VUB, KUL-CiTIP, Amann S. and Heinsius J. 2024,
Research for CULT Committee — EU culture and creative sectors policy — overview and future
[Image Inforelais, Sylvia Amann) p. 86
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Creative Sovereignty as
National Security: A
Governance Framework for
Generative Al

WS Position Paper 2026-02

March 2026

Matt Javanshir, Alistair Sackley, Thomas Irvine

Javinshir, Sackely & Irivine (2026) Creative Sovereignty as Nationa Security: A Goverance Framework for Generative Al
(UK WSI Position Paper)
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Is Songwriting Becoming Selection Rather Than Creation?

R

Xu Fan

SunoAEIER{F L2
Software Engineer, Suno Inc.
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SONGWRITING: FROM CREATION TO SELECTION?

AlF IR RS BIE T AR 1

Al-Generated Music and the Changing Nature of Music Creation

#1MH. (Suno)

Fan Xu (Suno)
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CHANGES IN CREATION
A BRERR R PREIEAR, IR T BR il demo AR IS, taFRAR T A BE

Rapid iteration between generation and selection accelerates the demo
creation cycle and lowers the barrier to entry

AENIIRKE RRBEME S, REMAFRAEROMEE, FE
R NBAEE K

Entry-level music creation is becoming much easier, enabling a large number
of individuals to become creators—primarily making music for personal use or

short-form video.content
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CHANGES IN CREATION
S HHF RS2 E

Disruption to the Traditional Music Market

« REPBMET S, M THILE FARLE

Faster creation cycles are putting pressure on entry-level musicians

o I X F R HIVEN B SR T R SRR Y T S R B SR

At the same time, higher demands are being placed on producers’ taste and
—market intuition
\g%ﬁﬁvaﬁm% 5 A R44% (R

Aligenerated music accounts for approximately 44% of uploa n some

distribution platforms (conservative estimote) — T b
‘ \‘\} 1

Ty
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CHANGES IN LISTENER BHAVIOR
A NTIHETER, R NS IA 4 5 B i 3

As more music is created for individuals, listeners are placing greater &rﬁpﬁasis
on the meaning of lyrics | (s -

e

LA

B R B AIZ RIBHR 51-3% (ZE) b

On music streaming platforms, Al-generated music currently accounts fol Bnly

about 1-3% of total plays (U.S.) - .
AT S AR RB WG (PUESER:, BT R) A : \
On short-form video platforms, Al music is steadily increasing—driven by rapid
experimentation and demand for flexible, low-friction content T
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CHANGES IN MUSIC IN EDUCATION

SunoF N4 E RRE

Suno is being introduced into music classrooms

Rk V2 T B 2 AR R AZ AR B F B

Songs are used as a tool for teachers to help students memorize and
learn through music
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Pushing the Boundaries of Open-Seurce Music Generation
#ZERE

Gong Junmin

ACE Studio &k A
Partner, ACE Studio
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PUSHING THE BOUNDARIES OF OPEN-SOURCE

ACE Studio - ACE-Step
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RATR ACE Studio, .

BT SEERATR—MNREER, B—BEAUFES.

5"—*5
=5 Al Instruments
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Al Singer Al Instruments
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Add Layer More Tools



ACE-STEP - —MEGH

ACE+
STEP
— RN ERERNL

MODEL LICENSE

4BBW - v1SXL

Diffusion + #23 LM | THE - Bt
INPUT { OUTPUT
X7 - 5% - BEEA SRS
SRERT BAS - SBE

CO-BUILT BY

8°ACE Studio | - i
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ROADMAP - ARCHITECTURE
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NOT SPEECH SYNTHESIS

S EHXEZAE

CLOSER TO TEXT-TO-ART

AERRE
FRBA

FEfBI8 tags
—38, ARRERES
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ANGUAGE MODELS BRIDGE INTENT

1.5 RESEEERR
b LANGUAGE MODELS BRIDGE INTENT
RAAR

1.0 SHERANN, 1.5 BENTRRBOME.
IRTUBIE

SeBER

FIX FIDELITY

waveform VAE

THREE DON'TS

FEBAHEA
SXBKME - prefix bias Il
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From a Cup of Milk Tea to Agents for Music Creation'and/Consumption
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Jiang Tao

BEHERAF FATR

Technical Expert, Ziyou Liangji Inc.
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Plaase help me create an MV for the song *REBI¥ A" —

Let me grab the s0ng frstGo itt Now choose which type of MY you'd iike to
make

v |

I want 1o creste s Premium MV. -

ERBNHTES
[ y
b L
[
I |
‘ L
\ {
| {
ik your favoris 30-sacond cép rom the weveform above, choose poria® of |
ancacape, s confiem 78 gut 1 AV rolin right eyt 5
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I want to create a Lip-Sync MV-

Choose actions
Hoallng & Warm
Enorgotic & Confident
Molancholy & Sentimental
Cool & Edgy

Droamy & Entereal O Portrait

3 solocted /3
Toking a doop broath and oxhaling slowly
Confident smirk and sharp gazo

Eyos fild with mist and longing
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Play Love (Ennio Morricone )

FROM GIUSEPPE TORNATORE. DIRECTOR OF THE
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House 8beat

FFERST

16beat Dubstep/Trap
T [Futurebass

8beat UK Garage

Drum&Bass

WAR/BRTAT  IJersey Club
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MSU-Bench

Musical Score Understanding Benchmark:
Evaluating LLMs' Comprehension of Complete Musical Scores

ERESWIRAREDE . KIRE SR RIRIRAZRE IR S D4

AUTHORS
Congren Dai, et al.
SRIRA

INSTITUTION
Central Conservatory of Music - Imperial College London - Tsinghua University
PREFRIR - CHHEIETAR - J5ERS i
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BACKGROUND - A5t # &

Why Musical Score Understanding Matters
AR

1& Musical Scores
FEREFRNBEES, KBTEE. T
4, DE. R NMESENSERE
o BB RFRIERERERATSIRG
SRS R,

Pitch - Rnythm -+ karmony - Form

W LLMs & VLMs

RIESHRE (LLMs) AURBEFHRE
(VLMs) ZBRIBT5SRBEHZPIUE
TREHE, BHMERTSORERE
HIRABREDVIERZ RLEBA T

GPT - Claude + Gemini + Grok - Qwen

- Research Gap

IMEERA PEEPNZ BIKTF S, 58
BRI, RO RARLLURE
SERFMMMIIRE. SRS
1B)EHESo

— MSU-Bench fills this gap
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he Hallucination Problem in Score Reading

(b) Ideal scenario.

|

(a) Hallucination.

Pictures at an Exhibition

Pictures at an Exhibition
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[I “saw” staccato markings in bar 7. ]

[ ] [Which articulationis used in bar 77 J
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MSU-BENCH - K

ﬁSU-Bench at a Glance

EEMREEARHE
150 1,800 2
Musical Scores QA Pairs Modalities
Eah N2, M. BEESrERTeE ATSERIBVERRNEIES, SERIEI2NE XA (ABCICIEE) S (POFSK
Rl REZFRUSAAR R, BEEOONEHER ), TSRS IR

13
15+ 4 Zero-shot Open Source
SOTA Models Evaluated Comprehension Levels + Fine-tuning Evaluation Publicly Available
SRR ERRER IHEIRE FFIRAT B
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MSU-BENCH - ZE/EM

Four Progressive Levels of Musical Comprehension

PO R R B RIEARIELSE

Onset Information

1 ERIATES
2 Notation & Note
IS EF

3 Chord & Harmony
Mex5HAE

a Texture & Form
RURSH

Time signature 385 Key signature i§5  Tempo i#E  Note duration AJ{E

Articulation XIS Dynamics &  Ornaments 3&/ifi&  Slurs iE4

Chord type HI3%2¢E!  Tonal function I§{£I8E  Voice leading A ENHIT

L]

Contrapuntal texture 3{iZ3{&  Musical form {44  Thematic development EfER
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MSU-BENCH - ZE#id

What makes MSU-Bench distinctive?
S5iaE4&ELL, MSU-Bench $17EMBE?

Textual + visual [FIBY 3745 ABC textual QA 5 PDF visual QA
ill scores EEFERARE, MR REEEPTHE
Generative QA FRiAE, EMSEFREROM
Human-curated ATHRES TRKLR, FISEEER
Homophony-aware SRUEZEH/ FEHEHR '

Trainable benchmark SZ§¥ zero-shot 5 LoRA fine-tuning 3%
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MSU-BENCH - ZE/Ei%

lllustration of Multi-level Understanding in MSU-Bench
HBZRHTE (EERER) HENSRRERRE

/ (o) Raw score. Pictures at an Exhibition Loval 1:
Modest Muzsorgeky

AU s Loval 4: Malodic moli il

/7 Wenuted) Il %1

u1eis lenuto Il %2
-A-cl/{ch 8] (<€Gc) (G,CG) (ACF] Il %4
(MS/A] Henutolf n=nuvuns IenutolD (ttenutgF/G/ |1onio ) Il %S

\
\

' i
CA/CAR) (EA) Il %3 i
i

i

'

i

|

50
trable ame"Plano” snm="Pno.” 25 e/ 26 1WES/4) € 1 (1,61 (6,6) £.F1 (0,011l %63
| Wer4) () 6.8 (6,6 (C.C.) (6,061 (1. iwes /) 25 Il % ‘

ample questions for Levels 1, 2, 3, and 4.

1 Lovel 2: Level 3: Level 4:
ho i the composer? Q: In bar 5, what Is lowest  Q: In bar 3, Is there a  Q: [n which bar does the malodic
: Madest Mussorgtky.  note? A: Micdle C (C4). G minor chord? A: Yes. molif appear? A: In bars 1 ond 2.

-

s 5
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EXPERIMENTS - SERZER

ﬁodels & Evaluation Protocol

IPEIRE 5 S2IE Y

© ChatGPT-5 © ChatGPT-5-mini
¢ Gemini 2.5 Pro © Gemini 2.5 Flash
© Qwen3-Max ° Qwen3-32B

@ Zero-shot Evaluation

FERRAERROIBIEOR T, BT
BRI RN ANEIEHEN. SERIE
& 12N R

© Claude Opus 4

© Grok 4

° Qwen2.5-VL-72B
Fine-tuning (LoRA)
FEFMEIRENER (LORA) RHRESHIT

A, BT ST R
WIELHERE *

@ Claude Sonnet 4

© Llama 4 Maverick

+ more models...

LSR Metric - B/REEINER

BINBARMENFE (Level-wise Success
Rate) i FHREES RRIAM EEER
HEEREN
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EXPERIMENTS - SEIR4R

Zero-shot Performance & Modality Gap

BHAMRESIESERE

Moadel Level 2 Overall
TEXTUAL QA (ABC Notation) - XZSHR7S

Gemini 2.6 Pro 65.33 56.00 38.67 37.78 49.44%
ChatGPT-5 62.00 50.22 38.44 38.44 47.28%
ChatGPT-5-mini 59.1 43.56 31.33 40.89 43.72%
Grok 4 62.00 40.00 311 37.1 42.61%
Claude Opus 4 57.1 36.89 35.56 35.56 41.28%
VISUAL QA (PDF Score) - #l 5#E7S "

Claude Opus 4 25.33 21.78 30.44 19.33 24.22%
Gemini 2.5 Pro 22.00 22.44 29.11 20.00 23.39%

Claude Sonnet 4 2711 16.44 27.33 18.44 22.33%
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EXPERIMENTS - SEIR45HR

Level-wise Success Rate (LSR)
BRMIE: HAERRERRI TR

S04
M Model Model
ES CGemini 2.5 Pro Claude Opus 4
£03 k ~H- ChaGPT-5 - Gemini 2.5 Pro
3 ] ChaiGI* F-S-mini Claude Sonnet 4
g | ~o— Grokd 3 —0— Owen2S-VLT2B-Instruct
702 702
g £
A S
Zoa Zol
& ~ £
Zo0l— B -
0.0, 2 3 % 2 3
Level . Level
Remaining scores Remaining scores
15 " a o | 0 "

e 4 0 0 R 5 0 0 0
Sa i 2a x )

© 43 4 0 [ < 3 [ [ [

1 2 3 4 1 2 3 +
Level Level
(a) Textual QA. (b) Visual QA.

® Textual QA: L1 ~50% — L2 ~9% — L3&4 =~ 0% @ Visual QA: L1 ~5% — L2+ = 0% Chain-of-level reasoning collapses e
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LoRA Fine-tuning Substantially Improves Performance

LoRATHIE B IRF RILIEAFIERE

Low-Rank Adaptation (LoRA)

BEEMOVRIBEE, OIHL BRI EFSK, RASNmmREERE
FRIGCHER, D RBRBIREREMERMIRSHEES.

LRSS

=N -'r':&: ARSI
BESPHIRA.

Structured Input Advantage -

48k POF FF*‘“‘
8, B

General Knowledge Preserved - @B 41iR{RE
MMLU ££5RE7R, LoRA RS IREEARAOE EASIERERRIRFAGE,

IRBASNERLH R U B A @A RE R RN

S
P o
n
4 u
E Y
z
.
e e

Table 6: Exaluation of models conducted before and after LoRA on MMLU, Qwen2.5-VL-3-Instruct is sulapted
using LoRA across the three input modalities described in Section 5.1
X
Models STEM Humanities
Queni-4B
W/ LoRA

Saclal Sclences

Other Subjects

Quen2.5-VL-3B-lnstruct

w/ ABC
w/ PDF&ABC
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CONCLUSION - &%

Key Takeaways
WX E TR

1 Pronounced Textual-Visual Modality Gap
NXARESUWIRE Z EFERH 26 BT ABC IZINABNBI SR IPEM T AIZIRER POF Fil, REBMGEFRIL/MT S/ TFEMNREEIEHS.

2 Fragile Level-wise Success Rates
BRRRIHE (LSR) FRSHEHRE T, REPNEBAREDIA D RIRAE, B LIER—REPHERSERRER .

LoRA Fine-tuning is Highly Effective
LoRA TiAIRE R ZHe FHRAVERIBIRARES LR, FBY, MMLU ZERERELMEHPAIRERRIFIRE.

4 MSU-Bench as a Rigorous Foundation
MSU-Bench 5 Al 8%, FSEFRERSZ RS RISERIBHETY =8, DTSHNMIHEE,
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CINTRAL C

STIVATORY

QF MUSIC

CONTRIBUTIONS - EEHM

Introduce MSU-Bench, a human-annotated benchmark for complete
musical score understanding
ek MSU-Bench, —MNEIGFETATOSEAZOIA TARFEM:

Establish a dual-modality evaluation setting with ABC notation and PDF
scores, covering 1,800 generative QA samples

7R3 A ABC S5 POF SURZS TG, #isk 1,800 DERNBIE 4
Reveal key limitations of current SOTA models in hallucination, bar
localisation, modality gaps, and hierarchical reasoning

R SOTAREMEATBE, Vi fil, ISR IESRAAEE EETR

Introduce Level-wise Success Rate (LSR) to measure continuous
correctness across hierarchical levels
SINRRAGSE (LSR), BT isRAuEmFBanEs

Validate the effectiveness of LoRA fine-tuning while showing that general
knowledge is largely preserved
SHIE LoRA TITIESRIETARE S PN aRE, HRRERAIREARS

FUTURE WORK - 5R3R 5[

Expand the dataset to cover broader styles, regions, historical periods,
and notation traditions

IREGIRIRMAR, MHRBZRE, . IG5 EMEY

Explore multimodal architectures and pre-training strategies tailored to
musical score understanding

PRERMIE) RIS IERRNZARZS RIB S TR R R

Improve visual score parsing, especially bar localisation, voice
identification, and long-score understanding

PEFHRMBERIGABATES, RERNEM, BERRS G ITIEE

Extend evaluation to downstream tasks such as performance guidance,
score transcription, and music analysis assistance

HTMET RARTES. REKR. SROMEE FTHES

Explore joint multimodal understanding across audio, MIDI, and visual
scores
WHRSH. MIDI SRS S B IRAITEE
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ELGAR: Expressive CeLlo Performance Motion Generation for Audio Rendition

s






| B EERIRERIM A R B SRR

c MANEENEEZE: SRR, BB RSE
o ETEERTAME: USRS (FURES)
- ERESHIEE: BREEEWERRNARSES

CIRBREZE = EFENITREEE + AR FRIE
CEFFMERIE = WERNEARRIL
SURP4EZE (Performance) # fABAMIZEN{E (Movements)

def ceot ts of
get—mev

o 3 ian (tosrt
22 Ay T

Y

wdi
ST T—7

def get_expressive_performance of musicians (audio)

MotionRefit

MM |

Add prideful emotions
when playing the violin

W\
|
J

Text: Play Guitar
Music: Anti-Hero

Lower body moves
with rhythm of guitar

Text: Play Drums
Music: Anti-Hero
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u iFESs]

O MMERERE: BLAERBHNTFIERSENE
O REZEEH: BT ASHRBZAPHIZELR

= iEfEE

O AR SIRTFASHSRENEBA

O HHFEMERE K : MELASCI S5 S BRI SRR

URIFARRTIFSEP T RAREMEER (BERIRTEHFE) |
R T RRREEFA—TERESTANEARIENE.

BARGARER: WRIASRHA, SHSERSMEER

= EAMGIER]: TNERERNEESSIREE
B RERSTH: ERASYIEEBIESIARR

Bidig

Shlizerman et al. 2018 Kao and Su 2020

Reinforcement Learning

i

Wang et al. 2024 Xu and Wang 2024
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Dataset Instrument Picces Duration
Marker / Sensor Based Dataset
TELMI [Volpe et al. 2017] Violin 41 24h
QUARTET [Papiotis et al. 2016] String quartet 30 0.5h
MMG [Perez-Carrillo et al. 2016] Guitar 10 0.17h
EEP [Marchini et al. 2014] String quartet 23 N/A
Bowstroke [Young and Deshmane 2007]  Violin N/A N/A
Markerless Dataset
CCOM-HuQin [Zhang et al. 2022] HuQin N/A 1.29h
URMP [Li et al. 2018] Multi-instrument 44 1.3h
C4S [Bazzica et al. 2017] Clarinet 54 45h
ENST-Drums [Gillet and Richard 2006]  Drum kit N/A 375h

Camera Views

3 + 13 (infrared)
1 + 26 (infrared)
N/A

0 (wired EMF)

1

N o= = W

- BiERIFEZ, MUEMMRE), REMHKEE
- REMNEURITERSS, MIESHIRTORIER, ROBHIIRE
- BRRSRIEEEFERNDE, SBoEIRSERITMER

Mocap Annotation

Body, Instrument, Bow
Body, Instrument, Bow
Body, Hands, Instrument
Bow

Bow

N/A
N/A
N/A
N/A
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H Finger

H — :

i Pose Fusion ! 7§\ Correction

HPE

Multiple Views

. I

Audio Information Pitch Curve String Mapping
e Finger Board Finger Board
» et L ’ suwmn -
Pitch | . oc 1 o
Detection 5 : g3 i
:> il 5 . °* Modeling w Suing ¢
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O /NUSEUREEROREHNIME: FESPD-GENIXFHEAFEERAVEUESE S, ISR SR EN D HERFEIRSE
B BRAMNREE PR FIMEEREITHVEM/ISIR
O FCD (Finger-Contact Distance): #&2IEftsxiz=aMsSfEE
O BSD (Bow-String Distance): #r&3SESEE5200YIEEEE
O Bowing Scores (BF1 & BCS): HEIZSHTHE—EMSHNITHELUE

Loss Configuration | FCD| BSD| BF17 BCS T
w/o ICL 18.64 25.20 0.4332 0.6965
w/ HICL only 14.56 23.98 0.4082 0.6646

w/ both HICL and BICL | 15.60 5.40 0.4721 0.7515




| EEM A GEER

= BRERER
O ZRIER: BEEREL, B8
REZ 3
O TikEEr=: BESRIRISEH.
KIS LIRRFNERIBLLHY

m BARXE: MEEER
O SCHEMESIRTERISIE ISR
THITERIE
O WRIBLORPUEITH, FRE
EIEROTZIE /SRR

£

SMPL-X 244548 MetaHuman &4524518



Yh 4 & F o
CINTRAL CONSTRVATORY
O MUSIC

| iES= SRR

B BN SHMSREERE

= §§|j gﬁ{E Added to the leaderboard In the last month:
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Creator Model
| 2 Alibaba-ATH HappyHorse-10
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| B KingAl Kling 3.0 1080p (Pro)
| < Skywork Al SkyReels V4
| B xa grok-imagine-video

W Text to Video Leaderboard (No Audio) aricial Anaysis
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Global Leaderboard
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Video Echoed in Music: Semantic, Temporal, and
Rhythmic Alignment for Video-to-Music Generation

Xinyi Tong®, Yiran Zhu, Jishang Chen, Chunru Zhan, Tianle Wang, Sirui Zhang, Nian Liu,
Tiezheng Ge, Duo Xu, Xin Jin, Feng Yu, Song-Chun Zhut

Central Conservatory of Music, Beijing Institute for General Artificial Intelligence, Alibaba Group, Peking University

K Xinyi Tong
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:: Background

» Music, akin to video, evokes sensory perception and emotional responses, thereby playing a critical role
for enhancing the overall audiovisual experience in video edits.

» However, the use of music in media production often raises complex copyright concerns. The process
of manually composing original music is not only highly resource-intensive but also time-consuming,
which presents a significant challenge for content creators and producers.

\\— = o | z -
Intelligent & Immersive -y
. Audiovisual Experience Manual & Costly Challenges






How to achieve the semantic, temporal, and rhythmic alignment for Video-to-Music Generation?

We employ a diffusion architecture grounded in video constraints, enabling the model to comprehend video content like
a human composer. The generated music maintains both global thematic consistency and precise local storytelling, while

realizing millisecond-level audio-visual synchronization.

\m
m i

Emotional Tag Happ:
Jolntly Caption um 3 {5 eqeehin

uccerl c grabs.
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(@ Method

Latent Diffusion Model as the backbone to perform the

diffusion process in latent space, utilizing a VAE to encode

0 Global Level: Extracts the overall emotional tone and core
thematic description

9 Storyboard Level: Adopting a “film script” perspective, the
video is segmented into coherent shot groups

© Frame Level: Precisely capture the frame-level timestamps
of visual cuts (scene changes)

Storyboard-Guided Cross-Attention (SG-CAtt)

© SG-CAtt integrates global themes with local storyboard
details, ensuring consistent global tonality while achieving
precise local narrative synchronization

Transition-Beat Aligner and Adapter (TB-As)
© Aligner: predicts the intersection timestamps of transitions
and beats to determine which visual cuts require accentuation
9 Adapter: modulates the music for accents or variations at
transition moments, achieving frame-level synchronization
















:: Contributions

The main contributions are claimed as follows:

»> Hierarchical Video Parsing as Conductor: We propose a novel strategy that utilizes hierarchical
video parsing (encompassing Global, Storyboard, and Frame levels) as a "music conductor" to
comprehensively orchestrate multimodal constraints for generation.

»> Unified Alignment Framework: We design a diffusion-based architecture that integrates a
Storyboard-Guided Cross-Attention (SG-CAtt) mechanism to ensure semantic-temporal coherence,
and a Transition-Beat Aligner and Adapter (TB-As) to strictly synchronize visual scene transitions with
musical beats.

> Dataset and Metrics: We introduce TB-Match, a dataset comprising 18k video-music pairs with high

rhythmic correlation (sourced from ads and short-form videos), and propose novel metrics, specifically
tailored to evaluate fine-grained rhythmic precision. Extensive experiments demonstrate the superiority.
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Universal Music Information Retrieval Across
Unaligned Modalities and Unseen Languages
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Why Multimodal MIR?

Sheet Music Performance Signals Audio
(ABC Notation) » (MIDI) (Waveform)
Composition & Analysis Digital Music Editing Listening & Distribution

PRAEZE




What is Missing in MIR Systems?

Modality Limitation
Focused solely on audio; neglects sheet music and performance signals

Language Restriction
Supports only English queries; lacks multilingual capability

Limited Semantic Depth
Training data often contain only surface-level tags (e.g., genre, instrumentation),
failing to captureé deeper musical semantics

Examples of Existing MIR Systems
MusCALL, MuLan, CLAP, TTMR




CLaMP 3: A Universal MIR Framework

88 Modalities
Supports all major music modalities 5
— Text bridges modalities for emergent alignment

© Languages
Trained on 27, generalizes to 100 languages
— Robust cross-lingual retrieval

@ Training Data
M4-RAG (2.31M music-text pairs)

— Web-retrieved, LLM-annotated, multilingual,

[
multi-modal

&7 Performance :‘i::’
SOTA on multimodal & multilingual MIR \ /

— Best across all modalities and languages Sheet Music

7

K

Espafiol
P

Wiy

Audio Recordine




Core Components

[T Multilingual Text Encoder

Uses XLM-R base pre-trained on 2.5TB multilingual corpus (100 languages)
— 12-layer transformer, 768 hidden

— Strong cross-lingual generalization to unseen languages

E88 Symbolic Music Encoder

Uses M3: self-supervised model for ABC (sheet music) & MIDI (performance signals)
— Encoded with Interleaved ABC and MTF (MIDI Text Format)

— One bar (ABC) or one message (MIDI) = one patch

— 12-layer transformer, 768 hidden, up to 512 patches / 32k characters

@ Audio Music Encoder *
12-layer transformer trained from scratch

— Uses frozen MERT-v1-95M for audio features S

— One 5s audio clip = one embedding (averaged across layers & time)
— Up to 128 clips (640s) per input




Multi-Stage Alignment Strategy

Naive approach: Align all modalities at once
Problem: Conflicting distributions caused unstable and ineffective alignment

Our solution: Text as a bridge between modalities (inspired by ImageBind):
- Stage 1: Align text <> one music modality (text trainable)

- Stage 2: Align text <» another modality, freeze text encoder

- Stage 3: Unfreeze text, refine alignment with new modality

- Stage 4: Re-freeze text, re-align with the first modality

L3

¢ Why this matters:
— Prevents representation drift %
— Reduces interference between music modalities







M4-RAG Statistics

o Original Data 106
105 Translated Data
—~ 10°% - 105%
2 g
§ 1007 10‘;
g, 3
g m’-f 10]"5
3 1074 102 g
a
100 =
1002
1D o o o b g ot gt g ol i gl o o s gy e o A . A 0
EUEAE<EFOR522FSOc YE=Q555:2 s
Figure 3: Language distribution of original and trans- Figure 4: Country-wise distribution of music tracks in
lated entries in M4-RAG, covering 27 languages. M4-RAG, spanning 194 countries.
- - . ]
2.31M music—text pairs in total
— ABC—text: 0.58M (from WebMusicText)
— MIDI-text: 0.17M (from Million MIDI Dataset)
— Audio—text: 1.56M (from web sources) ®
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Emergent Cross-Modal Retrieval

¢ CLaMP 3 supports retrieval across
symbolic and audio modalities — no
explicit alignment required

¢ OQutperforms CLaMP 2, which is limited to
symbolic-only retrieval

e All directions outperform random baseline
— showing true cross-modal
generalization

e Room remains to close the performance
gap in symbolic < audio retrieval

R EZ

CINIRAL CONSLAVATORY
D) AfUsK

Table 4: Results for emergent cross-modal retrieval on
WikiMT-X pairings across different musical modalities.
S: Sheet Music (ABC notation), P: Performance Signals
(MIDI, converted from ABC), A: Audio recordings.

Model S—»P S—A P—>S P—A A—-S AP

CLaMP 2 0.5138 - 04480 - - -

CLaMP 3¢2  0.4547 0.0543 0.5293 0.0313 0.0492 0.0383

CLaMP 3sqas 0.3262 0.0578 0.3146 0.0397 0.0410 0.0303
L]




Conclusions

e CLaMP 3 unifies sheet music, MIDI, audio, and multilingual text in a shared
representation space

- Shows robust generalization across modalities and languages, including
unaligned and unseen cases

¢ Introduces M4-RAG (2.31M music—text pairs, 27 languages, 194 countries)

e Sets a new standard for multimodal and multilinguél MIR, enabling future
research in retrieval and generation N




Thank You!
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