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Differential privacy in aggregative games: A distributed algorithm based
on Frank-Wolfe method
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Abstract: This paper considers the design of a privacy-preserving distributed Nash equilibrium seeking algorithm for
aggregated games. Specifically, we address scenarios where there is no central node, and in such cases, each player
cannot directly obtain the aggregated strategy information required for strategy updates. In this paper, a dynamic
tracking consensus protocol is employed to estimate this information. The state variables used by players to estimate the
aggregated strategies are regarded as sensitive information that requires protection. To safeguard the players' privacy,
independent Gaussian noise is used to perturb the players' gradient information. By combining the Frank-Wolfe method
with the dynamic tracking consensus protocol, we design a distributed Nash equilibrium seeking algorithm for
constrained aggregated games under time-varying communication topologies. Further, we analyze the variance bounds
necessary for the algorithm to achieve (e, §)-differential privacy. Furthermore, by analyzing the convergence of the
estimation error of the aggregated term, we derive sufficient conditions for the convergence of the algorithm and
provide a proof of convergence. Finally, the effectiveness and superior convergence speed of the proposed algorithm
are validated through numerical simulations.

Keywords: distributed game; differential privacy; aggregated game; Nash equilibrium seeking; privacy
protection; Frank-Wolfe method
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R, y(k) — x(k) R (k) AL BT BT . 1 XN o
OB 4 RUIR R AT AP, v 2 milh) =
BlE 4 AR 3 RkoL, o, (k) &L 1 kAR X |l
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A N =1 =1 i=1 (]5)
E[|[veue - S atw]] = UL, H15 (14) 1 (15), AT/ 5]
N 1 X
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k N 1
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> [k, 0)]iv;(0)+ (16)
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k N 1 N
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E[fi(zi(k + 1), 2(x(k +1))) — fi(z, 2(27))] <
(1 — ) Elfi(:(k), D(x(k))) — fi(a], @(27))]+

NL
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ol 2 4 AN 24), W13
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313 6™ W {h(k),k=0,1,...}, {r(k), k=0
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lim sup h(k) < 0. Feolth, #7h(k)>0(k=0,1,...),
)”JJI?:O—> oofif, h(k) — 0.
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(1~ 0Bl (a(k) — g.(a")] + “or i+

k
s (N*d0B* + N*d0 Y 5o, )+
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dy/21n (1‘725)0%_1

€

, B AS Bo K SN AR 4 ik
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VEBA e 1 A, SR 1 AT SEH (e, 6) - 22 A e
Ah. EEAEWISE 1 SCBL I es. hFekidlg, (x(k))
N s R, AR
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(e(k) = 2")' Vg(e) + Ella(k) =", (28)

B BE S Mo AAT ) B R T RV g, (27) = 0, 5
(28) IS
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S, BIGNE 135 2 s O
3 HENGE
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56.2,61.1). AR, FaR 1% T & A ORI . il
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Jugg 7 15 LR R A SRS E R A, BE A e
(0 22 ), RRAEAG TR & SRmE I AR 33 5 B 2 L fE
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