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Intuition
* Use adaptive regularizers whose magnitude is

* Suppose the algorithm outputs m = (4, 15, ..., Ty ) as the equilibrium inversely proportional to each player’s
a, \  The distribution over the adversary’s observation is Ug degree.
. 9 . @) @) 9 . @) () 9 . 1 N - 7 * When a player has low degree, its strategy
Accuracy: — E T | max (7%- — ’71-“@-’ gf) < ( becomes more sensitive to changes in the
. . ) . ) . N 1 | €A | utility matrix between neighboring games.
 Therefore, a stronger regularizer is needed to
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Explf)li(g{)ﬂity Lemma 3.1. For any N > 12, there exists two zero-sum adjacent polymatrix games with N players the adversa ry to dlStIﬂgUlSh between the
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Figure 1 (a): An illustration of adjacent polymatrix games defined in Definition 2.1. The nodes
represent the players, and the lines represent the edges of the polymatrix game. The two games differ o SUppOSE the distribution over the adversa FY’S local observation Conve rgence G uara ntee
at the blue/orange edge, and the adversary cannot differentiate these two games with certainty from . . .
his observations. & on an edge means that the communication channels between those two players on player i’s information channel is Hg i _
can be accessed by the adversary. N Dense Graph: N = NP
Polymatrix Games. Polymatrix games can be written as a tuple ACCUT&CY: T 4: |:H7TZ L Pr()j A.A,i . (71'@ ) H 2i| g C ) N s (log N)2/3
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where

_ 1 1 a(logN)2/3
* [N] is the set of players. Prlvacy: N E DO{ (ﬂg’ij H,gfj?:) S € vg A~ g’_ NZDQ (M(gj:i)vu(gj:’)i) <O Nip/27 .

» F is the set of edges, where each (i, j) € E indicates that players ¢, j interact with each other.
o {A;}, c[n) 1s the set of players’ action set, which means player i ¢ [N] chooses actions in A;.

* Let A = max;¢[n |Ai| be the size of the largest action set. Lemma 3.2. For any N > 8, there exists two zero-sum adjacent polymatrix games with N players

* Ui, € [~1,1]**7 is the utility matrix between player (i, j) € E. so that for any algorithm guaranteeing (6) and (7), then Sparse Graph: Every player’s degree is constant
Definition 2.1 (Gan’:e adjac’enc%) C:iven two polymatrix games G = ([N], E, .{Ai}ie'[N] ; ¢ > min {% exp (—4e), 116 } (8) 1 i Z B [<gzr(t+1) O WZH <0 1
Uit jyer ),and G = ([N'],E', {A N AU J}(zg)eE') they are said to be adjacent, indi- NT &~ 2 — (log N)l/S
catedas G ~ ¢’ if - N
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l. N=N',E=FE"and A; = A for any i € [N]; and Algorlthm WZDCX (NE}TB:Hg/ ) <O( 1/3) .
2. except for an edge (i,j) € E, Uy = U], ; and Uy ;» = U}, ,, for any (7, j') € i=1 (log N)
E\A(i,9), (4,9} Algorithm 1 Differentially Private CCE Computation in Polymatrix Games .
Input: Player index ¢ EXpe rhme ntS
Definition 2.2 ((¢, §)-Differential Privacy). Foran e > 0 and 6 > 0, an iterative distributed algorithm Initialize 7T( ) as uniform distribution over A,
for finding equilibria is (e, §)-differentially private, if and only if for any two adjacent polymatrix Let NV := N - (Z@ 1 |N )] )~! be the harmonic mean of players’ degrees
game G, G’, any timestep ¢ > 0 and any set of observations S C O, (N)5 7o Dense Graph
Pg ({0: Rg(0) € S}) < e*Pgr ({0: Rg:(0) € S}) + 0. (1) Initialize 7; < [N (7)] Tog N 28 %107
fort =0,1,. T do g 28x107 2.7 x 107!
Sample 'n, ~ N (0 g2 JAi ) % 22* 121 2.6 x 10—_l
,ug is the distribution over the adversary’s observation at timestep t Broadcast Wg )+ n{ to neighbors j € N (i) = 2213
for j € N(i) do e . & . - o
Deﬁmtlon 2. 3 ((av, €)-Rényi Differential Privacy). For « > 1 and € > 0, an iterative distributed Receive 7 ;t) + ng ) and compute 7'('( ) ¢+ Proj JAA; (7T ét) + ngt)) Number of players (A=3) Number of players (A=10)
algorithm for finding equilibria is (c, €)-Rényi differentially private, if and only if for any two end for
adjacent polymatrix game G, G’ and timestep ¢ > 0, : _(t) | _(t) —H&— Ours  —©— Baseline - p=01 === p=03 = p=05
Gradient g, 7 < IN(%)I 2 jeniy UigT;
1 t ( ) Figure 3: We evaluate the exploitability of our algorithm and a baseline on dense graphs. Each node
D, (N(gt ) Ngf)) — log (t) < € (2) (t+1) . —(1) 2 1 —(t) 2 (player) connects to another node independently with probability p, and duplicate edges are then
@ 1 e Ugr ( ) @y < aI'gIAIlil’l <7T'“ 9gi > T ”ﬂ-"' ” + 5 ‘ i — Ty (9) removed. All players have action sets of size A. Both the baseline an;i our method are run under the
(e i

_ _ same differential privacy budget.
where € is also called the privacy budget.

( ) = (1)
{We remark that (9) is equivalent to 7T,§t+1) — Projaa; ( i 9, ) .}
Lemma 2.4. If an algorithm satisfies («, €)-Rényi DP for a > 1, then for any § € (0,1), the T

algorithm also satisfies (E + %, (5) -DP. Moreover, (0o, €)-Rényi DP is equivalent to (€, 0)-DP. end for
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