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Abstract
Generating long-horizon music videos (MVs) is
frequently constrained by prohibitive computa-
tional costs and difficulty maintaining cross-shot
consistency. We propose AllocMV, a hierar-
chical framework formulating music video syn-
thesis as a Multiple-Choice Knapsack Problem
(MCKP). AllocMV represents the video’s persis-
tent state as a compact, structured object compris-
ing character entities, scene priors, and sharing
graphs, produced by a global planner prior to real-
ization. By estimating segment saliency from
multimodal cues, a group-level MCKP solver
based on dynamic programming performs budget-
aware allocation across High-Gen, Mid-Gen, and
Reuse branches under calibrated proxy utilities.
For repetitive musical motifs, we implement a
divergence-based forking strategy that reuses vi-
sual prefixes to reduce costs while ensuring motif-
level continuity. Evaluated via the Cost-Quality
Ratio (CQR), AllocMV achieves an optimal trade-
off between perceived quality and resource expen-
diture under strict budgetary and rhythmic con-
straints.

1. Introduction
Diffusion models have opened new frontiers in local
video synthesis. However, extending these models for
professional-level, long-term content remains a formidable
challenge (Wang et al., 2023a; Qiu et al., 2024; Zhou et al.,
2024). This is particularly evident in music video (MV)
generation, since videos are rhythmic narratives rather than
mere image sequences (Kim et al., 2022; Mao et al., 2025;
Tang et al., 2025). Thus, MV generation must follow strict
structural prerequisites. Unlike ordinary long videos, high-
quality MVs require precise multi-modal synchronization:
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visual elements must match recurring musical themes, tran-
sitions must align with beats, and narrative progression must
reflect the emotional prominence of lyrics within minutes
(Kim et al., 2022; Mao et al., 2025; Tang et al., 2025). In
professional filmmaking, these complexities are managed
through strict pre-production, during which the director uses
the script, character library, and scene scouting to maintain
consistency within a limited budget. However, existing au-
tomated MV generation frameworks (e.g., AutoMV) often
overlook this structural hierarchy, typically defaulting to a
uniform resource allocation strategy (Tang et al., 2025). By
treating all song segments as perceptually equivalent, these
systems fail to prioritize high-impact moments like climac-
tic choruses, redundantly generating segments that could
benefit from motif-level reuse. This simplistic approach is
not only inefficient in inference costs but also exacerbates
the identity drift phenomenon, causing gradual character
or scene fidelity loss, especially when the model lacks a
compact, persistent representation of global creative intent
(Zhou et al., 2024; Kahatapitiya et al., 2025).

Addressing these challenges, we introduce AllocMV,
a framework formulating full-song MV synthesis as a
Multiple-Choice Knapsack Problem (MCKP), with the
pipeline illustrated in Figure 1. For structured content like
MVs, we propose the persistent state be an explicit, exe-
cutable object produced by a global planner before realiza-
tion. Via a two-round dynamic programming algorithm, Al-
locMV optimally assigns segments to High-Gen, Mid-Gen,
or Reuse branches, concentrating resources where most per-
ceptually salient. Our contributions are summarized below:

• Structured Persistent State: We formalize video
persistent state as a compact, executable object that
bundles character identities, scene priors, and sharing
graphs, effectively decoupling long-range consistency
from the stochastic nature of diffusion models.

• Hierarchical Budget-Aware Planning: We model
MV generation as an MCKP and introduce a two-round
dynamic programming algorithm for global optimal
resource allocation under non-local dependency con-
straints.

• Divergence-based Forking Strategy: We implement
a novel motif-reuse mechanism that utilizes shared vi-
sual prefixes and divergent suffix generation to achieve
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