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uncertainty in cross-regional cloud-edge multi-data center systems (MDCS), this paper proposes an asynchronous task
scheduling method based on a Resource Incentive Stackelberg Game (RISG). First, M/M/1 queuing theory is utilized
to characterize the non-linear congestion effects of heterogeneous nodes under high concurrency, a comprehensive
cost model integrating energy consumption, latency, transmission overhead, and reliability risk is constructed, and a
closed-form solution for the optimal response of data centers is derived. Second, a gradient-based Asynchronous Coor-
dinate Descent (ACD) algorithm is designed, which supports the global scheduler in performing non-blocking policy
updates using stale information, overcoming the inefficiency of synchronous waiting, and the convergence of the algo-
rithm as well as the existence and uniqueness of the equilibrium are proven. Simulation results show that the conver-
gence speed of the ACD algorithm is improved by approximately 26.9% compared to the traditional asynchronous
gradient projection algorithm; in heavy-load system scenarios, the average response latency is reduced by approxi-

mately 45.17% compared to greedy strategies; in environments with strong network jitter, the total social cost fluctua-

tion error is controlled within 8%, verifying the high throughput and strong robustness of this method.
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SR 3 IFyEREREE 3 Ry A AL k ‘
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e N Foe
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N A -
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N
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AR B w A PFRIRS %R, S8 F AR L
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Hpos N R G BHLE 2 L.
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5.1.3 xR A
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robin, WRR) 1y & A 3l 4 Wi 28 11 ZE il 1% 6
Fty BN R BRI EIR G 1) 502 e/ AR TR
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SR A SRR RE /T o AEMLED LL T T, R
HH (7] 18 2 AR AR {EL 5 o] [ 2 ) [ A 19 2 86 T B vk
(Sync-Game) & £ F A 57 A8 WL oo Al K IR 48 IR 25
A% OB SR IR SRR 1 e P FE 1L
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Fetho BE, SINEIFR YT T8 R4 o) A1
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52 RIELFEXRWHMES

NG AIE ACD S50 I 8] R R AL 3, AT AE
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HUARI .
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0D, AH 48 2 BB AN R N R BRI AE SR
B SN TR A T4, SO S Siok 2 g
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b5 R, AT TE R GUiE I )AL B AT HR 4 7 nl 4
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