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Construct a multi-level dynamic feature extraction mechanism, acquire real-time metadata
information in a multi-source heterogeneous metadata system by a distributed data collection
engine, and perform feature decomposition on the real-time metadata information by a self-
attention mechanism to obtain a feature matrix set of metadata, the feature matrix set including a
type feature matrix, a time-order feature matrix, a relationship feature matrix and a load feature
matrix; input the feature matrix set into a transformer encoder for feature fusion to generate a
fusion feature vector, and construct a feature vector space through an adaptive dimension
reduction algorithm; and train a scheduling strategy model of a dual-channel neural network
structure based on the feature vector space, a graph convolution neural network channel
extracting spatial features based on the type feature matrix and the relationship feature matrix, and
a gating circulation unit network channel extracting time-order features based on the time-order
feature matrix and the load feature matrix and outputting initial scheduling strategy parameters
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Establish a hierarchical optimization mechanism based on deep reinforcement learning
according to the initial scheduling strategy parameters, and generate a scheduling action candidate
set by taking the fusion feature vector as state input; design a multi-target assessment function to
assess the candidate action, respectively compute a system load balance degree score, an access
delay score, a resource utilization rate score and a data locality score by an adaptive weight
system, perform weighted combination on the system load balance degree, the access delay score,
the resource utilization rate score and the data locality score to obtain a multi-dimensional system
performance comprehensive score, and construct a comprehensive reward function based on the
multi-dimensional system performance comprehensive score; perform strategy optimization by a
dual-target Q network structure, an online network updating strategy parameters in real time based
on the comprehensive reward function, a target network keeping training stability through a soft
update mechanism, and output the optimized strategy parameters as a scheduling decision
sequence
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Input the scheduling decision sequence into a distributed scheduling execution engine, and
execute a metadata scheduling operation through a two-stage submission protocol; set an adaptive
monitoring threshold based on the fusion feature vector, and deploy a distributed monitoring
network to collect system operation state data in real time; when the monitoring data deviates
from the adaptive monitoring threshold, perform difference analysis on the monitoring data and
the original fusion feature vector, start a hierarchical scheduling optimization strategy according to
the difference degree, perform an incremental adjustment mode on local abnormity, and trigger
strategy re-optimizing for global abnormity; and take the optimized scheduling effect data as a
new training sample, and perform distributed incremental training on the dual-channel neural
network and the dual-target Q network through a federated learning framework, so as to realize
continuous optimization of the scheduling strategy model
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