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A Constrained Second-order Inertial Edge-flow Resource Competition Model:

Conservation, KKT Equilibria, and Bounded Dominant Concentration
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Abstract This paper studies the distributed nonconvex resource allocation problem under total-resource conserva-
tion and box constraints, addressing the inability of first-order winner-take-all competition models to jointly cap-
ture inertia effects, state constraints, and an optimization interpretation. To this end, a logarithmic barrier regular-
ization is introduced for Hill-type utilities, and a second-order inertial edge-flow resource competition model is con-
structed using graph edge-flow momentum as an intermediate state. The model preserves total-resource conserva-
tion and realizes distributed interaction based on local marginal utilities. Then, using an energy function and LaS-
alle’s invariance principle, we prove positive invariance of the feasible interior set, monotonic dissipation of system
energy, and that the system trajectory converges to the equilibrium set. We further establish the correspondence
between dynamical equilibria and the KKT conditions of the regularized problem, and prove that, as the barrier
parameter approaches zero and the dual variables are bounded, the equilibrium limits recover the KKT structure of
the original problem. In addition, in the saturation region of the Hill marginal utility, we derive a conditional order-
ing property between capability parameters and steady-state resource allocations. Numerical results show that the
model forms bounded dominant resource concentration while preserving constraints.
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Fig.2  Performance metrics and convergence behavior for a fixed barrier parameter
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Table 2 Statistical results under random initial conditions and model-parameter perturbations
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Hill 23041 1.00 7.256 15 + 1.653 11 2.87 4 1.30 0.336 19 + 0.03519 1.000 & 0
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Fig.3  Equilibrium allocations and multiplier trends under a barrier-parameter sweep
107 2.0
o Titat
—e— Ty 1.8¢
1.6
105} L4y
< 1.2
= ~
~ 08t
-9 L
10 06k
0.4r
0.2
—10 L L L I I I I 0 L L L 1 L 1 1
0.08 0.07 0.06 0.05 0.04 0.03 0.02 0.01 O 0.08 0.07 0.06 0.05 0.04 0.03 0.02 0.01 O
I I
(a) KKT #HKE k2% (b) H—A HAMKZE
(a) KKT-related residuals (b) Normalized complementary residuals
4 BEEGSHE T ER ) KKT fERIE
Fig.4  Verification of KKT residuals as the barrier parameter approaches zero
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