BEAT: Tokenizing and Generating Symbolic Music by Uniform Temporal Steps
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1 Motivation BEAT Encoding - Framework

Symbolic music can be viewed as events, notation, or a grid. Language models Beat 3
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Music becomes a 3-state piano-roll: 0 silence, 1 onset, 2 sustain; a beat spans Tt | | . . . pTIT AR
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Step 2 - Beat. Only active pitches are kept; PIT gives the first pitch absolutely, the ¢
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Step 3 - Sequence. BEAT and BAR markers, per-track INS, tempo and time PAT PAT VEL PIT PAT VEL PIT PAT VEL PIT PAT VEL
signature. 53 64 53 64 2 80 64 2 80 64 48 50 64
\, ./ o J \, A\ |

Beats are localized, compact, and approximately invariant to transposition and e o

time-shift. Each beat's active pitches become (PIT, PAT, VEL) triples. PIT gives the first pitch absolutely then relative intervals, PAT is the base-3 onset/sustain pattern over 1 steps, and VEL is the mean velocity. Beats are
then concatenated with BEAT, BAR, INS and tempo/time-signature markers into a single sequence.

Task: symbolic music continuation 4 Analysis
Objective - lower is better Compact, yet regular. Real-time by construction.
BEAT is best on JS-GC and FMD for both piano and multi-track. BEAT yields the shortest sequences, 16x shorter than a naive piano-roll. Its lower Strictly causal, beat-synchronized generation follows the melody in real time, which

BPE rate reveals more reusable substructure. variable-duration event tokens struggle to do. BEAT significantly outperforms
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Long-term coherence - u.nlclque-beat growth | . Beat as the token: event-level compactness with the piano-roll's explicit temporal
Subjective study - 32 listeners BEAT tracks ground truth within about 1%; other methods drift toward over- regularity.

repetition or over-novelty.

On piano BEAT significantly outperforms every baseline; on multi-track it edges out = Musical priors built in: invariance to transposition and time-shift lives in the
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Takeaway: A uniform beat is a simple but effective inductive bias. BEAT keeps the compactness of event tokens, adds the temporal regularity of the grid, and supports real-time control, all in one standard autoregressive framework.
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