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Motivation

Background
As space missions continue to grow in originality, systematicity, complexity, precision 
requirements, and technical difficulty, the need for complex system simulation has 
become increasingly urgent.

Large Satellite Constellation Space Reconnaissance/ResistanceSpace Science

• Complex coordination processes• High technical complexity • High precision requirements

Situational awareness simulation requires systematic modeling of space entities, 
scenarios, and environments, calling for data–model fusion to integrate 
heterogeneous data and multidisciplinary models under stringent accuracy and 
real-time constraints.
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Motivation

XXL-JOB

Main solutions: task scheduling systems

Power Dotnet

Three critical challenges
• Management instability

Frequent leader elections cause service interruptions.
• Burst load handling

Be unable to predict/proactively scale for large-scale computing tasks → node crashes.
• Resource oscillation

Reactive load migration triggers unstable resource allocation and load oscillations.
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Design

Proposed solution: MP-DMC framework

Overall architecture of the proposed microservice platform for data–model computing (MP-DMC), which adopts 
a four-layer distributed architecture where similar functional structures are expressed using the same color
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Design

Distributed data–model fusion management and the 
scheduling strategy
(1) Leader–follower election algorithm

Node election process
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Design

Distributed data–model fusion management and the 
scheduling strategy
(2) Node dynamic elastic expansion algorithm

Structure of DMA-LSTM model

① DMA-LSTM model 
-> Predict node load

② Dynamic node expansion

Lower (DMA): 
Short-term (5 steps) + long-term (20 steps) moving 
averages → smooth baseline trends
Upper (LSTM): 
Model prediction residuals → short-term corrections
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Design

Distributed data–model fusion management and the 
scheduling strategy
(3) Load migration scheduling algorithm

Key concepts:

Computation scheduling process
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Experiments
Experimental environment
• Hardware: a cluster of 10 Zhongke Tenglong TL550F-B 
servers
• Software: China Galaxy Kirin Advanced Server Operating 
System V10 & China Shenzhou General Database V7.0
• Architecture: a distributed container cloud with dedicated 
core service and computational nodes

Hardware environment deployment diagram 

Real-time load of nodes
Client management interface of MP-DMC

Tasks

Spacecraft close-in Spacecraft detection

Near-Earth 
atmosphere

Earth–Moon 
magnetic field

Near-Earth 
ionosphere

Earth–Moon 
solar wind
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Experiments
Dynamic election analysis

Comparison of election algorithms in
terms of leader election stability

Experiment setup

Key findings:
• MP-DMC maintains node 1 as leader with 

97% stability.
• Conventional algorithms distribute leadership 

probabilistically.
• Algorithm scales effectively to 100+ nodes.
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Experiments
Elastic expansion performance
Experiment setup

Comparison of elastic expansion performance under varying
task workloads: (a) expansion response time; (b) CLB index

Key findings:
• DMA-LSTM captures spikes and fluctuations missed by 

baselines.
• ProSmart HPA and RL excel at small scales (<100 tasks) ; 

MP-DMC excels in large-scale, bursty workload scenarios .
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Experiments
Migration scheduling effectiveness

Performance comparison of task scheduling algorithms. Each graph compares the task response time and node 
load-balancing time of scheduling algorithms under different simulation tasks

Key finding: 
Without migration: +84% load-balancing time 
(critical component)

Experiment setup
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Conclusions

The proposed MP-DMC framework tackles cloud-simulation challenges 
through priority-based dynamic election that reduces leader-node changes 
by 97%, DMA-LSTM elastic scaling that achieves response times below 6 s 
for 2000 concurrent tasks, and TSW-prioritized migration that stabilizes load 
balancing quickly. Its predictor, which decouples trend and residual learning, 
is domain-agnostic and suitable for industrial IoT and cloud data centers. 
Future work will extend the framework to deep-space mission simulations 
and incorporate predictive failure models to enable proactive leader 
handover for enhanced robustness under extreme conditions.
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