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APPROACHABILITY ALGORITHMS BASED ON TIME-DEPENDENT NORMS

Consider the approachability framework from the course and corresponding
notation. Let € C R? be a closed convex set satisfying Blackwell’s condition
and a : €° — A an associated oracle such that

x' =Ax forsomel >0 = a(x')=a(x).

The goal of this projet is to define two families of parameter-free algorithms
for approachability and apply them to regret minimization on the simplex, and
then study their practical behavior in the context of solving games.

Let > Oand (|- ”(t))t>1 be a sequence of norms in R¥ such that | - ||(

I, forallt > 1.

t+1) >

1) Consider regularizers
1
h(x) = : ¢l +Tg-(x), xE€R% £>1

Consider the DA algorithm for approachability associated with regularizers
(h,);>1> constant parameter 1, and oracle a:

t—1
a,=o (Vh;“ (Ers» , t>1
s=1
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Let %y C €° be a nonempty closed set. Let T > 1.

a) Forall X > 0, establish an upper bound on

where y, = Eﬁ;} r forallr > 1.
b) By dividing the above by A, using the properties of regularizers (b,),~1,

and considering a judicious value for A, deduce an upper bound on

T
max E Vi X ).
x€X =

c) Let L > 0. Study the $pecial case where p = 2 and foreach r > 1,

t—1
A, = J LI, + ), diag(rs/) and |- Iy =1 1a, >

s=1
where the square root is to be understood component-wise.

2) Consider mirror maps
1, .8 d
Ht(x):B”x”(t)’ x €R , t>1

a) Consider the OMD algorithm for approachability associated with regu-
larizers (H,),;, constant step-size 1, oracle o, and initial action a; = a.(0).
Let T > 1. With a similar analysis as in the previous question, establish
an upper bound on

b) Study the $pecial case of AdaGrad-Diagonal.

3) Let M > 0. In the context of regret minimization on the simplex, assume
that payoft ve&ors (%,),-; are bounded as |u,| < M forall # > 1. Then
derive guarantees for the above algorithms.
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4) Inthe context of regretlearningin finite two-player zero sum games, conduct
numerical experiments to compare the performance of the above algorithms
studied in questions 1c) and 2b), the exponential weights algorithm, RM
and RM+.

5) BoNus. — Include in numerical experiments the opzimistic counterpart of
cach algorithm.

6) Bonus. — Condu& numerical experiments in the context of extensive-
form games.



