Appendix

Proof of Lemma 2

Proof. Consider any reward function w € R¥, any player i € N and any pair of actions x,y € A;.
We are given that o matches the expected feature differences of 6. That is,

Z J(l.a a—i) [fik(ya a—i) - fik(xa a—i)] = Z C~T(S€, a—i) [fzk(ya a—i) - fik(xa a—i)]

a_;€EA_; a_;€EA_;
(16)
Z O'(J?, a—i) I:fzk(y7 a’—i) - fzk(x’ a‘—i)] Wg = Z 5-('1:’ a—i) [ff(ya a‘—i) - fik(x’ a—i)] Wi
a_,€EA_; a_,€EA_;
(17
K K
Z Z o(z,a) [ff(y,a) — [ (z,a)] wy = Z 5(z,a) [fF(y,a) — [ (z,a5)] wy
k=la_;eA_; k=la_;eEA_;
(18)
S olmas) [(filyasi)w) = (fi(zas),w)] = > &(xa) [(fily,azi),w) — (fi(z,a_;), w)]
a_;EA_; a_,€A_;
(19)
Yo olmai) fuiy,a) —wilwa)] = Y F(wai) [uily,a ) —ui(w,a;)]
a_;€EA_; a_;€EA_;
(20)
Eq~o [regret;(a, switch] ¥ |w)] = Eq5 [regret, (a, switchy Y |w)] (21)
max E, . [regret; (a, switch] ¥ |w)] = max E, 5 [regret; (a, switch] ¥ |w)]
yEA; ¢ yeA; ¢
(22)
r%nternal( 2|0, w) = r%nternal( 2|6, w) (23)
Z r%nternal(ﬂg’w) _ Z rinternal(x‘(}’w) (24)
TEA; TEA;
R; VP (ofw) = R; " P (5|w) (25)
O
Proof of Lemma 3
Proof. Foranyi € N,z € A; andw € RF, lety’ € A; be an argument that maximizes
max > G(was) (£ ami),w) — (filw,ai),w)] . (26)
a_;€EA_;
If w = 0, choose 3 = 1, otherwise choose 3 to be the argument that maximizes
max{f3: 3 > 0,Vk,—1 < fw; < 1} 27)

and let w' = (Bw. By construction, w’ can be written as a convex combination of the points in
Ki(x,y'|F,&). That is,

w’ = Z Otj’Uj (28)

v; €K (2,y'|F\,6)



for some o > 0, ) «v; = 1. Thus, for any y € A; we have

> o(wasi) [(fily,azi),w') = (fi(z,a_;),w')] (29)
a_;€EA_;
= Z o(x,a—) [(fily,a—i) — fi(z,a_),w")] (30)
a_;€A_;

= Z o(x,a_ )[<fz(y, i) — filxz,a_y), Z ozjvj>] 31
)

a_;€EA_; v; €Ki (x,y' |F,6

= > a0 olma) [((fily,am) — filw.azi),v)] (32)

v;ERi(z,y'|F,6) a—i€A_;

Yooy Y Gwa) iy ami) — filw.asi),vg)] (33)

v; €Ki (z,y'|F,6) a—i€A_;

= Z &(x,a_i) [<fi(y’,a_i) — fi(x,a_i), Z ajvj>] (34)

IN

a_,€A_; ’UjE’Ci(m,y’|F,5')

= > o@a) [(fiyam) - filz,a i), w)] (35)
a_;€A_;

= > (@as) (L, a),w) = (filz,a ), w')] (36)
a_;€A_;

Dividing both sides by 3, we get the above inequality in terms of w.

Z U(x’a*i) Kfi(yvafi)’ > <f2 z,a— < Z SU a— sz y a— ) w > - <fi($7a*i)’w/>}

a_;€EA_; a_;€A_;
(37)
a ;f_x a— |:<fl Yy, a ) 6> <fz<x a— >:| = ;U €Z,a— |:<fz y a— ) ﬂ> - <fi(-r7ai)aﬂ
(38)
Z J(xaafi) [<fi(yaa7i)’w> - <fi(xva7i)aw>] < Z 5—(1'70471') [<fi(y/»a7i)vw> - <fi(xva7i)aw>]
a_;€EA_; a_;€EA_;
(39)
Yo olwa) [uily, asilw) — ui(zaslw)] < Y F(wasifw) [wy aw) — i@, afw)]
a_;€A_; a_,€A_;
(40)

In particular, this holds for the maximum over y € A;

max Y oz, a;) iy, amilw) — iz aiw)] < Y a(@as) wiy azi|w) — wi(z, aifw)]
yEAia,veA,v G CA_,

41

r%nternal(ﬂm w) < r%nternal(ﬂ&, w) (42)

Z rgnternal(ﬂa7 w) < Z rinternal(ﬂ&’w) (43)
TEA; TEA;

R; P (ofw) < RV (6]w) (44)

O



Computing w for MaxEntICE-ExpGrad

Given o, we wish to compute

argfﬂnaxgé%( zI,Iylgﬁl ai;; O—(Iv a—i) [<fz(ya a—i)a w> - <fl(1'7 a—i)v w>] - (45)
I}éaj\)/( x{?gi, G_;_A 6(377 a*i) Kfz(ya a*i)a w> - <fl(m> a*i>7 ’LU>]

subjectto: — 1 <w < 1

By trying all 4, z, y possibilities for the first maximization and all ¢’, 2, ' possibilities for the second
maximization, we can solve for w using the following series of linear programs.

max ZA o(x,a—) [(fi(y,a—), w) — (fi(z,a—i), w)] — (46)
a_i€A_;
; o2 a i) [(fir(y'sa—i),w) — (fir(2',air), w)]
et ior S oo0s) {lor i) = im0 2
a_;€EA_;
2;4 oz a—i) [(fir (Y, azin),w) = (fir(2',a—i), w)], and
a g €A_n
26;4 o(a’ a—y) [(fo (' a—i),w) — (fur(2',a—p),w)] >
: Z oz, ai) [{fir(y', ain),w) — (fir (2’ ain), w)] ,Vi" € N, 2", y" € A
PN

The w corresponding to the linear program with the highest optimal value is the w we seek.

Proof of Lemma 4

From [6], we have that Exponentiated Gradient Descent over the d-dimensional simplex has regret
no more than 2G..+/T log d, where G, is a bound on the infinity norm of the gradient with the
appropriate choice of 7. In our case, d = AL, . It remains to show that G, = K is an appropriate

max-*

bound on the gradient. A non-zero entry of the gradient on any iteration has the form

K
00sa_, = (fi(z,a_s),w) <> |fi(z,a_s)| < K (47)
k=1

The analysis of the running time is straightforward. On each iteration, we solve (N A2

2 )? linear
programs with K variables and 2N A2 |+ 2K constraints. Each constraint and computation of

the gradient requires O (ALY, K) work. Updating the weights and the policy requires O( A" ) work.

max

That is, the running time is O(N2ANF4K . LP(K, NAZ . + K).

max max



