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Last Round Convergence in Two-Player Zero-

Motivation Games with Unique Minimax Solutions
Sum Games
. We investigate a repeated two-player game setting where the column - Key ldea: Construct matrices so that desired mixed strategy satisfies the
. . i - - - « Key Idea: The column player plays according to an algorithm which
matrices games, and that ensure that the resulting linear program has a unique guarantees last round convergence to minimax equilibria.
. .. - « Simple approaches do not work!
- We assume that the row player uses a no-regret algorithm to efficiently solution [4]. PIe app
learn how to adapt their strategy to the column player’s behaviour over : .
o P gy play Tueorem 1. Letx € A,y € A, such that k = support(x) < [ = Cramm 2. If support(x) > 1, then there is no guarantee that if
| | | o support {},}_ Let the matrix A be of J‘h&'ﬁrrm the column player repeatedly plays y*, the row player will eventually
« The goal of the column player is to guide her opponent into picking a . converge to x*.
mixed strategy which is preferred by the system designer. i oo g B .. B
o Applications: wildlife patrol [1], deSigning network infrastructure [2] (X i - (X} ﬁg . ﬁl':-' o |nstead’ the column p|ayer can guarantee last round convergence by
playing according to the LRCA algorithm [3]..
A= m g aj Fr - Pk « Key ldea: Make use of stability by playing the minimax strategy on odd
s g —2 @ —£ ... W—2 0 .. T rounds so that the future behaviour of the row player is predictable
—  Move towards the minimax strategy slowly on even rounds.
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fveb] Tomeat 8030 | = where the parameters of A satisfy TH.EORE‘\.I 4. A.ssume %hat th+e row player follows a stable no-regret
e e E‘\ = / TR ' - algorithm and n is the dimension of the row player’s strategy. Then,
J |l -tweb] nginx1.9.15 | ! ) by following LRCA, for any € > 0, there exists | € N such that
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..... il f:=v, a;=v+ oy — o a4y =a;— §— o Vi e [Kk]. When the row player uses a no-regret algorithm Wlth. optimal regret
=l ¥i ¥i bound, then LRCA guarantees that the row player will reach an e-Nash
Elevation .y . . —4
(01500 | then x is the unigue minimax strategy for the row player in the zero- equilibrium in 0(£~%) rounds.
2N DOOM o ot sum game described by A.
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Stabllity of No-regret Algorithms
Model Algorithm 1: Last Round Convergence with Asymmetry « Our results assume that the no-regret algorithm employed by the row
- Before play begins, the row player selects a payoff matrix A € R™*". (LRCA) algorithm player is stable.
« Foreachtimet = 1,..,T the row player chooses a mixed strategy x; € Input: Current iteration ¢, past feedback x| | A of the row * Inthe full version of the paper, we show that many classical families of
A,, and the column player selects a mixed strategy y; € A,,. player, minimax strategy y* and value v of the game. no-regret algorithms are stable.
« After each time step, the row player (column player) receives payoff Output: Strategy y; for the column player
T o oL |
Ay e (—x¢ Ay ¢) and observes Ay, (—x; 4). if 1 =2k s I, k € N then Theorem 6. Suppose the row player follows a FTRL algorithm with regularizer R(x) defined as:
« Assume that the row player uses a stable no-regret algorithm: |_ Yr = Y o
if t =2k, k € I then T, = argminz (Z A'Lh) + R(x).
o T rEA, i—1
Vt: yt — y* = xt+1 — xt. €t = drgmﬂi‘ﬁ{i’],ﬂj..-.ﬂm} I.I‘—IAE | | . | o - _ 1 .
. T Ay _ f(xg1)-0o If there exists a fully-mixed minimax equilibrium strategy for the row player, then FTRL is stable.
f(x¢—1) := max yehm Xp 1 AY;  ar = max (4 .2)
« Key Idea: Choose matrix which has unique minimax equilibria containing oy o= (11— a)yt + ares
the desired mixed strategy for the column player.
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