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Abstract

This paper studies distributed equilibrium formation in complex energy networks with decentral-
ized decisions, physical adjacency, and delayed information. Each node chooses its controllable ac-
tive-power injection in a noncooperative game whose local cost includes operating cost, a soft

CHERERE

XEFIH: FEE, /A%, BRI KR 1A X305 50 124 0], BURPIEE, 2026, 16(6): 257-268.
DOI: 10.12677/mp.2026.166027


https://www.hanspub.org/journal/mp
https://doi.org/10.12677/mp.2026.166027
https://doi.org/10.12677/mp.2026.166027
https://www.hanspub.org/

EEHE, E/NR

system-wide supply-demand mismatch penalty, and a penalty on power differences between phys-
ically adjacent nodes. The equilibrium is checked separately with a lossless DC power-flow model.
The physical graph and the directed communication graph are modeled independently, while a
bounded end-to-end information age represents state staleness caused by multihop communication.
Based on this information model, each node performs a proximal best response using delayed
source states. Existence follows from continuity on the compact convex strategy set, and strong
monotonicity guarantees uniqueness; a complete response-sensitivity matrix provides a sufficient
contraction condition under bounded information age. Numerical tests on a six-node network show
that the node strategies converge to the same equilibrium under the stated conditions. Larger in-
formation age slows convergence. Increasing the supply-demand mismatch penalty reduces the
steady mismatch over the tested range, but also narrows the theoretical contraction margin. These
results show that information freshness and supply-demand regulation jointly shape the conver-
gence of the distributed equilibrium process in the considered model.
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Figure 1. Physical coupling graph and directed communication graph of the six-node network
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Table 1. Parameters of the six-node energy network
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Figure 2. Nodal power trajectories and equilibrium errors under bounded delays
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Figure 3. Effect of the maximum information age on iterations to the prescribed error tolerance
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