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1 BEEMUSHESEIE

ARTTEH AR & A SR token i A\ Transformer, FE A/B/A b5, T & — 4 H I E
SREEFINAIITT S SRS I bigs. RS EHRZEM MusicXML sl M5 RIS FR R AL, E0T. R
f], BUEFNEEHh 2N 29 E RIS AR Ry SRS . 5480 S A B B 3 i 2 Y,

DR SRRl
HEFTSRNE, BERIETH, sl fiE, Kb, EEMOREERPCREREATENUR, &

1AL IE Transformer B EFMINFIRALT, BEIOR. AJA LR EBARFH?

SRR AEIEXRRNE KRS RERN", mE:

BiYAERR =R
We propose a musicology-guided structural attention mechanism for hierarchical form

analysis of symbolic classical music. The mechanism injects explicit metric, motivic,
harmonic, cadential, repetition and boundary priors into attention logits, and jointly

optimizes boundary detection and section-relation modeling.
. J

X — 8 ARG RSB = AN AT S UE RS 7
o MZWAWI: symbolic score, A2l HZMEEI 04T ;
« PLEIWAEG: priors Ef/EAT attention logits, MAZXENHIA feature;

o {E5MHfi: hierarchical form analysis, 2% boundary, section relation 5 form decoding,

2 IBEE:. eKA&H4

YHIFREZESHEXRBEIEL54: FormAwareScoreAttention 5 XunpuFormModel, Fi&E
LI 2RI W BRINAGEN, FHX boundary FEhfAEINH; FEEBLEE/NTRA. SR
1. JAFFM, self-similarity matrix PAM Same/Variation/Contrast B% %2R 23R4,

SaREREH{ERES
A “A—1 Transformer”, MZECEE FRFWSIIS SRR U T R—MNEET

N RXNGEEHRSERE T 7 RARZ M,

YHTEEIET research prototype, TREEREYFECRIEAER, JRKEHE:
» Stk bias HEi EF 2L GHEIMKE, MAEREE. F—NEIERIELZ;
* measure pooling {/yEERSEI, RERFIE LRIKEN T EU0H ;

» boundary target. section relation target. form label A BMTEEIER;
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o XHEZHE. baseline. ablation. cross-validation Fijz M EELE R ;

o WHRIES/oIZ A2 & HARTUR, sE R E R 2 &5 APRRET.

3 #ZDiRE: MGSA

3.1 22

EPCEHLHIER A4 N Musicology-Guided Structural Attention (MGSA), % OER 15
TENXN:

(h) (T | y
SZ(]h) _ Qz dj + )\mBZ?etmc_'_ )\OB’Z}otzf + )\hBlhjarmony + )\Cijqdence + )\TB;rfpetztzon N )\bBll');)undary. (1)
V Uh
H—ftjE

() _ ) (h) _ N~ ()
A)  softmax; (") . i =3 APV, (2)
J

;H\:l:':[ Bmetric’ Bmotif’ Bharmony’ Bcadence’ Brepetition ﬂg%*@%%ll‘ﬁ’ Bboundary ﬂg%*@*ﬂ]ﬁ%ﬂl’ﬁo ﬁﬁﬁ A @
WEEFARZEUE, HIan softplus(6).

3.2 71t4 boundary W25

i@ self-attention [ TAELFFIH B HEVEAR, (HE R ER G E AR5 :
1. [Rl— RAJEIA]—BV& PSRN 2 SRR AR A R R SR
2. BRI R EEEI (Bl A 2] A) XM ARFEI R,

PRI AR T A B

Local Structural Cohesion <+ Long-range Thematic Recurrence. (3)

—\p BPoundary FASRRH (b 1: R FERR RS AL SR TESR AR, -+ A, Brevetition |y i i 3 U AR fit
“EIASUEIE", XTSRRI IR SIREFRIERIPLHLZ —,

4 RERBFRFFTRWEHIATLIMEN
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Bias BREE X P I
Bmetric TS E NI ERR beat strength. downbeat, measure

index modulo phrase length; 7cMiR
/N E MRS,

Bmetif HHl. HRREEATTZERIMEMLL  pitch interval sequence + rhythmic
ratio; /R &k n-gram embedding 5¢
DTW/cosine similarity,

Bharmony JAYE. FI3ZYIRES harmonic  key. Roman numeral, chord
proximity root/quality; Jcff FH DI REK HI em-
bedding, F % j& Tonnetz/tonal
distance,
Beadence &G RAAEUEE cadence detector f#iiti PAC/I-

AC/HC/DC ={ % fi K. & cadence
confidence; fENNEKH pairwise

bias,

Brepetition BEREE, TENEI measure/phrase embedding self-
similarity; RWFBEAE, TERHMET
LA a2 1L,

RBboundary RGPS e Sul il i cadence. novelty, double bar,

key change. texture shift =4
boundary probability, Fi# NEEX
[A] penalty matrix,

BRinEtE
% ground-truth form boundary EZ#f THiE Bboundery  EARIEE IR ETE RIS R, Lk

AT R A a] E W sl A B il £ 34 SRR, BlanZg kiR, AN, Bk,
novelty %; AT#rE boundary REEHFIHE target,

5 HENERFN
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‘ MusicXML / Symbolic Score ‘

l

‘ Note/Event Feature Encoder ‘

l

‘ Measure Encoder + Attention Pooling ‘

l

‘ MGSA Structural Encoder ‘

/ '

Boundary Head ‘ ‘ Section Relation Head ‘ ‘ Self-Similarity Head

Y

Hierarchical Form Decoder
A /B /A’ [/ Development/ Coda ...

5.1 WAERT

B Z R AT EE 2%, #IE note/event £V EE:
* pitch class. MIDI pitch. interval from previous note;
* duration. onset., beat position. measure position;
e voice/instrument;
* key estimate, chord class (WIFRATEE);
» articulation/dynamics AI5GfR#N optional feature,

BrFegmio N e;, B AN measure representation my. % —HMERIE LK I measure B
AN, RO S BEEFRAEE RSN TRV, HEER KR ERAR,

5.2 Measure Pooling &i&

YHMZE/NTT Python for-loop HJi#/RIN pooling WEE#HC A &S, HHEENT :
1. masked mean pooling EN&FE baseline;

2. learnable attention pooling;

3. WHPEHMIK Set Transformer ¢ hierarchical Transformer pooling,

RE—TFHABIE pooling MUHSFE A, ML ORI ERERTH 5T 3K 11 MGSA IS A5,
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6 EFTEINF: STHIEFAR

6.1 Phase 0: B —1 X RI5EHY baseline

SesPf i@ Transformer Encoder, AOME(A[3% K2 bias:

MusicXML -> feature extractor -> measure embeddings
-> Transformer encoder
-> boundary head / relation head

R RIE XN REIEEIR, MRRAIE SRS LRI A, 1%H baseline, MGSA #J “{&
T+ FEIERAL,

6.2 Phase 1: #i—$iBLtH

HBUE LG — A JSON:
{

"piece id": "...",
"measures": [...1],

"note features": [...],
"measure index": [...],
"boundary targets": [...],
"phrase spans": [...],
"section spans": [...],
"section labels": [...],
"relation pairs": [...],
"form_label": "..."

YIZRATHE MusicXML SE 2N R ZEHE, BERIIZR loop HSERTHIE 2% music21 73#T.

6.3 Phase 2: 752 prior builder

i Sek gt — Rk

B® e RTT  B® o 1] (4)

FHR AR —fE

prior builder(score) -> {
"metric": [T, T],
"motif": [T, TI],
"harmony": [T, T],
"cadence": [T, T],
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"repetition": [T, TI,
"boundary": [T, T]

b prior A0 A] ARSI OG,  DAARSSf54% ablation,

6.4 Phase 3: MGSA ER Tk

R SR 2/ DHNST
e padding mask 5 variable-length score;
« per-head 5 shared )\ Fif&i=t;
* residual + pre-norm Transformer block;
* dropout. attention map export;
+ bias normalization/clipping, Bji:3— prior ZUETEEEE QKT;

« mixed precision 45 batch inference,

6.5 Phase 4: ZEEiHH
HWE—RISS AR = M55

1. Boundary Detection: /)i ¢ J5 2 A HREEHIAR;
2. Section Relation: Same / Variation / Contrast;

3. Global Form Classification 3 Form Decoding: EHN&EZE455H,

ISEiRE

L= aﬁboundary + 5£relation + 'Y['form + 77[:comf’/‘(JLstive-

()

Hrh contrastive loss FIT4J5R D(A,A') < D(A, B), AIBAEM, REILSE —RIZGRS0LEE 2%,

7 HUESERER

7.1 S3: RESEIE “BRFLE"

S3 (Symbolic Symphony Set) 2 4 FEAMAH, 16 NRE, HHE MusicXML M form analysis.
phrase, harmony, cadence I orchestral texture Frit, ‘B5ATHWERIELI S EILE, Kit

R IE S TENPLRIR LS 5] R R .
B S3 MBIV, AN BARIE BRI RRE S RURERIEE, BEEERHIRE:
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* 49E cadence/harmony/boundary prior &5 & #;
* [@ attention heatmap 5 SSM;
e it case study;

o fHf/NIAE cross-validation,

7.2 Classical Form Benchmark: #"X form/phrase &8

Szelogowski ¥ ATE ISMIR 2022 %1 T 200 EVPE /5 & RIEMD form 5 phrase bR,
44T form classification 5 phrase analysis/classification benchmark, %% JFI&E & #&HE
KRR EEAE RIS B,

BUEAEEN

TEHAFEHESER label ontology 5817& . 41 “phrase / theme / section / exposition

/ chorus” SRS ERAN, FH ARG R IEWRY label mapping, FHETCIE™ A FFHESS
Capamaa

8 TS EIRH

8.1 ¥ZiMEIR

155 k298 (=1 23

Boundary Detection Precision / Recall / F1; Fi#k# strict measure-
level 57214 +1 measure tolerance 4558,

Section Relation Accuracy + Macro-F1; ¥t Same. Variation,
Contrast =3%,

Form Classification = Accuracy + Macro-F1; 85I AAUR 582K

R
Segmentation Qual- F[#MFE pairwise/grouping fetr; RS EHM MSA X
ity BRELES, N BHERRS A B2 M frame #5°8 measure J5H 2
o
Interpretability attention 5 A T. cadence/boundary/repetition an-

notation [AH>¢1%8 retrieval precision,

8.2 WInfAY baseline

WS

)
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1. BiLSTM B{f# . sequence baseline;
2. Vanilla Transformer;
3. Vanilla Transformer + raw musicological features ({XBffZHi A\, X attention);

4. MGSA full model,

=" baseline JFHEE, EREMIZE G AR YR

X II8 R
MEREIRTI R E ok E BB T H 25 R feature”, IEERE “HHiXL feature /EH pairwise

structural bias /£ A attention 5> AK&?

9 HRESLISRERE

Model Metric Motif Harmony Cadence Repeat Boundary Purpose
Vanilla - - - - - - ek
+ Metric + - - - - - REE VR it N
+ Motif - + - - - - BRI TTHER
+ Harmony - - + - - - I Dk
+ Cadence - - - + - - 221Dk
+ Repeat - - - - + - KES DTk
+ Boundary - - - - - + Jr B e SR DT A
Full - Repeat + + + + - + ke AJA RFR
Full - Boundary + + + + + - g 5 10 S it e
Full MGSA + + + + + + SEREAR
LRI A SR HE -

« Random Bias: f##F bias ${E D fi{BFTELALE ;
 Shuffled Prior Labels: AT 2 M IS EIR R,

4ns Full MGSA i F Vanilla, ifii Random Bias Je#27t, SC ARSI B I,

10 EXeIFHAR SHEXTIE

ST E L@ & 7 LART 1A, A B S A s E AR O SR A -
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THE

[SEE) LS

SR H K5

Szelogowski et al.,

ISMIR 2022
Peeters, ISMIR
2023

Chen & Yoshii, IS-
MIR 2024

Buisson et al., IS-

MIR 2024

S3, ISMIR 2024
LBD

MU-DIiT, IEEE
TMM 2026

Classical form recog-
nition; 200 & {Efh; for-
m/phrase benchmark

SSM. novelty loss. self-

attention H F MSA
boundary detection

%2 R & temporal self-
5 multi-
faceted self-similarity

attention

Pairwise link predic-
tion + Graph Atten-
tion Network; bound-
ary 5 section labels

Symbolic symphony;
form. cadence. har-
mony. phrase. texture

annotations

Form-Guided Atten-
tion; motif £ thematic
repetition B % R &4
FIRFR

E55 SR H AL, B/ mu-
sicological priors ¥ A atten-
tion logits,

FZE audio MSA; SSM + self-
attention + boundary E&F 2
W&,

T FEMNGF M ES self
similarity, =275 bR
& \F R*¥ bias,

VB pairwise relation + atten-
tion NEEM AR, AINHZE5R
A symbolic priors fl attention-
logit injection,

AT H B AR TR, s
B,

LA SR, HERZ sym-
bolic full-song generation; A&
T H 6 5 2 32 FK “B > Form-
Aware Attention”,

RIEZH novelty claim

AT H HTBE T R N AE “ B35 SAR% pairwise priors Hi%i: A\ symbolic-score attention

logits, FFRINEBEHI S| Sia5 M, HTEGahmih0h” X —Af4AE B REAZEHH
BRI SCZ T RIHTOTRR, AT BRGSO R 5 S 2 SRR

11 iEX4EN: EFREEHEE

W LR
1. Introduction: H#EIK WS, BREH. FRFLT N EE;

2. Related Work:classical form recognition.MSA/SSM.symbolic transformers.structure-
aware attention;

3. Method: input representation. prior construction, MGSA, multi-task heads. decoder;
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4. Datasets: %JE>KJH. annotation ontology. split, preprocessing;

5. Experiments: baseline. training setup. metrics. ablation;

6. Results: F% + {Hfl + AIAML;

7. Analysis: A/A’. cadence boundary, KEZFHEIM case study;

8. Limitations: #IE&£EME, annotation subjectivity, style dependence. OMR error;

9. Conclusion,

11.1 IEXELERRIIERR

Model Boundary F1 Relation Macro-F1 Form Macro-F1 Params

BiLSTM - - - -
Vanilla Transformer - - - -
Transformer + Raw Features - - - -

MGSA (ours) - - - -

BAESCAZIHEAT “92%” “SOTA” (T, FRIAFK B RGEMIASH Al LI,

12 HEERBECELSER

xunpu-form-analysis/
configs/
baseline.yaml
mgsa_full.yaml
data/
raw/
processed/
src/
parsing/
musicxml parser.py
feature extractor.py
priors/
metric.py
motif.py
harmony . py
cadence.py
repetition.py
boundary. py
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models/
baseline transformer.py
mgsa_attention.py
hierarchical encoder.py
heads.py
training/
dataset.py
losses.py
trainer.py
metrics.py
decoding/
form decoder.py
visualization/
attention map.py
self similarity.py
tests/
scripts/
preprocess.py
train.py
evaluate.py
ablate.py
README . md

AT SR HT A B RS, FERTE: Git commit, random seed. dataset split. config.
checkpoint, metrics.json, XFEELEFICXNTHERIEN “HMFEREABESRN,

PO: ITEFAIE

1. #8247 prototype #¥5% parsing / priors / models / training / decoding;
2. 52K MusicXML — measure-level cached tensor;

3. 7t Vanilla Transformer boundary baseline;

4. 2P metric. cadence. repetition = MNRAERIIH prior;

5. ! MGSA &t [F—IZRHER, #hfrRA]—#ITX prior;

6. {#17 attention map. SSM #ll boundary probability, AJ#ift—"N7EEEIRE,

P1l: baseline BERE

1. 5l motif 5 harmony prior;
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2. SC¥ Same / Variation / Contrast relation pairs;

3. HI5E%& ablation;

4. x> 3 1 case study: EREM ABA | R B, 1A 5B %051 ;
5. [EELREMEHE L Method 5 Experiments,

P2: 1&t5al

1. kGRS B symbolic structure analysis, inductive bias attention, music theory in-
formed ML;

2. KEBHEEN. R a]Fa ZHE;

3. WHNRZH75 limitations;

4. FRERFE ISMIR. ICASSP/ISMIR LBD. TASLP/TMM sHAth HAr,

&R
F—FrEHER—HHE: [HE—r]{EH) baseline + MGSA full + ablation #, HZiX=

FERRAZ, A BT, AEJE RENAE KR Introduction, tHAZIEMER demo 4K

Ko,

14 ENNFE—hRAREE

Musicology-Guided Structural Attention for Hierarchical Form
Analysis of Symbolic Classical Music

FRSCRTEE N :
BT EIRE RS TE R AT Sk g R IE S s\ 0 B

AR G5 %I boundary inhibition J&& T3 5k, 7T DU — RIS E] “boundary-aware”
8¢ “structure-constrained attention”, {#H1£[RIHE IS,
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14 /14


https://zenodo.org/records/7416690

Xunpu Studio / H}& Studio Symbolic Form Analysis Research Plan

2. G. Peeters. Self-Similarity-Based and Novelty-Based Loss for Music Structure Analysis. ISMIR
2023, pp. 749-756. https://archives.ismir.net/ismir2023/paper/000089.pdf

3. T.-P. Chen, K. Yoshii. Learning Multifaceted Self-Similarity Over Time and Frequency for Mu-
sic Structure Analysis. ISMIR 2024, pp. 189-197. DOI: https://doi.org/10.5281/zenodo.
14877309

4. M. Buisson, B. McFee, S. Essid. Using Pairwise Link Prediction and Graph Attention Networks
for Music Structure Analysis. ISMIR 2024, pp. 207-214. DOI: https://doi.org/10.5281/
zenodo. 14877311

5. Z.-S. Lin et al. §3: A Symbolic Music Dataset for Computational Music Analysis of Symphonies.
ISMIR 2024 Late-Breaking/Demo. Repository: https://github.com/iis-mctl/mctl-symphony-datase

6. Q. Lu, Z. Zhang, C. L. P. Chen, T. Zhang. MU-DiT: An Efficient Diffusion Transformer for
Structure-Aware Symbolic Full-Song Generation. IEEE Transactions on Multimedia, 2026.
DOI: 10.1109/TMM.2026.3727177.

Internal research planning document. Claims of novelty remain provisional until systematic
literature review and controlled experiments are complete.
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