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𝐱𝐱1 𝐱𝐱2 𝐱𝐱3 𝐱𝐱𝑇𝑇

𝐬𝐬1 𝐬𝐬2 𝐬𝐬3 𝐬𝐬𝑇𝑇

𝐜𝐜1 𝐜𝐜2 𝐜𝐜3 𝐜𝐜𝑇𝑇

Style Prior Model 𝑝𝑝𝜽𝜽(𝐬𝐬1:T ∣ 𝐜𝐜1:𝑇𝑇)

Autoencoder

𝑝𝑝Φ(𝐱𝐱𝑡𝑡 ∣ 𝐬𝐬𝑡𝑡, 𝐜𝐜𝑡𝑡)

Conditional Sequence Generation

𝐜𝐜1:𝑇𝑇  ─ Conditional Sequence

𝐱𝐱1:𝑇𝑇  ─ Output Sequence

𝐬𝐬1:𝑇𝑇  ─ Style Factor Sequence
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𝐬𝐬1 𝐬𝐬2 𝐬𝐬3 𝐬𝐬𝑇𝑇

Style Prior Model 𝑝𝑝𝜽𝜽(𝐬𝐬1:T ∣ 𝐜𝐜1:𝑇𝑇)

Autoencoder

𝑝𝑝Φ(𝐱𝐱t ∣ 𝐬𝐬𝑡𝑡, 𝐜𝐜𝑡𝑡)

𝐜𝐜1:𝑇𝑇  ─ Piano Accompaniment

𝐱𝐱1:𝑇𝑇  ─ Multi-Track Arrangement

𝐬𝐬1:𝑇𝑇  ─ Orchestral Form/Layout

• A whole-song arrangement framework

Accompaniment Arrangement



Music Data Representation
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quantize

note duration

MIDI 
Pitch

Time

Track

fn 𝐱𝐱 𝑡𝑡
𝑘𝑘 = colsum(𝟏𝟏 𝐱𝐱𝑡𝑡

𝑘𝑘>0 )/max_sum pn 𝐱𝐱 𝑡𝑡 = max
𝑘𝑘

(𝐱𝐱𝑡𝑡1:𝐾𝐾)

𝐱𝐱𝑡𝑡𝑘𝑘 (the 𝑘𝑘-th track) multi-track music 𝐱𝐱𝑡𝑡 (the 𝑡𝑡-th segment)

“piano reduction” “orchestral function”

(essential music content) (multi-track form)

(content) (style)



• Representation learning at 2-bar segment level
– Style code 𝐬𝐬𝑡𝑡𝑘𝑘 = Encf(fn 𝐱𝐱 𝑡𝑡

𝑘𝑘) for segment 𝑡𝑡 = 1,2,⋯ ,𝑇𝑇 and track 𝑘𝑘 = 1,2,⋯𝐾𝐾

– Content code 𝐜𝐜𝑡𝑡 = Encp(pn 𝐱𝐱 𝑡𝑡) for segment 𝑡𝑡 = 1,2,⋯ ,𝑇𝑇

– Reconstruction �𝐱𝐱𝑡𝑡𝑘𝑘 = Dect(𝐳𝐳𝑡𝑡𝑘𝑘), where 𝐳𝐳𝑡𝑡1, 𝐳𝐳𝑡𝑡2,⋯𝐳𝐳𝑡𝑡𝐾𝐾 = Sep(𝐬𝐬𝑡𝑡1, 𝐬𝐬𝑡𝑡2,⋯𝐬𝐬𝑡𝑡𝐾𝐾 ∣ 𝐜𝐜𝑡𝑡)

Autoencoder
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pn[𝐱𝐱]𝑡𝑡

�𝐱𝐱𝑡𝑡1 �𝐱𝐱𝑡𝑡2 �𝐱𝐱𝑡𝑡𝐾𝐾Track Axis ⋯

⋯

Sep (Track Separator )

Track Decoder

Piano Encoder Function Encoder

Encp Encf Encf EncfDecf Decf Decf

Dect Dect Dect

Function Decoder

𝐜𝐜𝑡𝑡

𝐳𝐳𝑡𝑡1 𝐳𝐳𝑡𝑡2 𝐳𝐳𝑡𝑡𝐾𝐾

𝐬𝐬𝑡𝑡1 𝐬𝐬𝑡𝑡2 𝐬𝐬𝑡𝑡𝑘𝑘

C
onv1d

FC⋯ ⋯ FCfn[𝐱𝐱]𝑡𝑡𝑘𝑘 �fn[𝐱𝐱]𝑡𝑡𝑘𝑘

VQ Codebook

Function Encoder Function Decoder
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Context Encoder

𝐜𝐜1:𝑇𝑇

𝐬𝐬𝑡𝑡1⋯

⋯
⋯

𝐬𝐬𝑡𝑡𝐾𝐾

𝐬𝐬21𝐬𝐬11sos

𝐬𝐬11
𝐬𝐬1𝐾𝐾 𝐬𝐬2𝐾𝐾 𝐬𝐬3𝐾𝐾 𝐬𝐬𝑡𝑡+1𝐾𝐾

time axis

+

+

+

+

cross attention

⋯𝐬𝐬𝑡𝑡+11

Auto-Regressive Decoder

Sinusoidal positional encoding
Relative positional embedding
Music timing condition
Instrument embedding
Gaussian Noise

• Representation learning at 2-bar segment level
– Style code 𝐬𝐬𝑡𝑡𝑘𝑘 = Encf(fn 𝐱𝐱 𝑡𝑡

𝑘𝑘) for segment 𝑡𝑡 = 1,2,⋯ ,𝑇𝑇 and track 𝑘𝑘 = 1,2,⋯𝐾𝐾

– Content code 𝐜𝐜𝑡𝑡 = Encp(pn 𝐱𝐱 𝑡𝑡) for segment 𝑡𝑡 = 1,2,⋯ ,𝑇𝑇

• Style planning at whole-song level
– Target: model 𝑝𝑝(𝐬𝐬1:𝑇𝑇

1:𝐾𝐾 ∣ 𝐜𝐜1:𝑇𝑇)

Style Prior Modelling

𝓛𝓛 𝜽𝜽 = −
1
𝐾𝐾
�
𝑘𝑘=1

𝐾𝐾

log 𝑝𝑝𝜽𝜽(𝐬𝐬𝑡𝑡𝑘𝑘 ∣ 𝐬𝐬<𝑡𝑡1:𝐾𝐾 , 𝐜𝐜1:𝑇𝑇)



• Piano texture prior
• Content: lead sheet
• Style: piano texture

– lead sheet to piano arrangement
• Control: texture density

Cascaded Style Prior Modelling
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Piano Texture Prior

Orchestral Function Prior

Lead Sheet

Piano Arrangement

A Complete Multi-Track 
Accompaniment Arrangement System

Piano Texture Style

Orchestral Function Style

External Control

• Orchestral function prior
• Content: piano accompaniment score
• Style: orchestral function

– piano to multi-track arrangement
• Control: instrumentation

Multi-Track Arrangement
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Stage 1
Piano Arrangement

Stage 2
Band Orchestration



Counterpoint relation between tracks

Metrical division between string and Brass

Hamonic/Melodic division between two guitars

Long-term phrase coherency over extended context

41

13Demo Analysis
• Coherent whole-song structure

– Phrase-level coherency

– Natural development

• Cohesive multi-track patterns

– Counterpoint

– Metrical division

– Function division
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Feel free to check our paper, demo, and code!

https://zhaojw1998.github.io/structured-arrangement/

Paper                 Demo                GitHub
Sound & Music
Computing Lab

https://zhaojw1998.github.io/structured-arrangement/
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