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Problem Set-Up

Consider N sellers (i = 1,2, ..., N), each selling a single type of product
with unlimited inventories over a horizon of T periods. For t =1,2,...; T
and forall i e N ={1,2,..., N}

Q set price (made public) pft) > 0 and observe p(t) £ (p,(t) (t)),

yP_;
where p(_t,) = }t))jeN\{;} denote the competitor prices at time t.
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Problem Set-Up (continued)

The objective of each learner is to minimize the following regret measure:

Reg;(T Ei—:[rev ]p ) rev;(p; )|p )]

t=1

where

revi(p; | P(_t,?) 2 Elpiyi | pr, p™] = pitbi(=Bipi +~7 p™)),

=]

and its maximum argument

F,-(p(_tl)) £ argmax,, rev;(p; | p(_tl?), icN.

e ) 25
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Problem Set-Up (continued)
The objective of each learner is to minimize the following regret measure:

Reg;(T Ei—:[rev ]p ) rev;(p; )Ip )]

t=1

where

revi(p; | P(_t,?) = Elpiy; | Pi,P(t)] = pivvi(=Bipi +’Y;TP(t?),

=]

and its maximum argument

F,-(p(_tl)) £ argmax,, rev;(p; | p(_tl?), icN.

=T(p*) = (M(p*7)- .-, Tn(pP™))
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Def: The Nash Equilibrium is the price vector p* such that J




Previous works

Find an algorithm that has
o sublinear regret: Reg;(T) = O(T"), for some n € (0, 1).
e converges to NE: E(||p(*) — p*||2) = O(T~¥), for some w € (0,1).
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PAPER MODEL REGRET NE
L1 ET AL. [1] ¥i(x) = x o(TY?2) O(T-1/?)
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L1 ET AL. [1] ¥i(x) = x o(TY?2) O(T-1/?)
Our work 1; UNKNOWN O(T5/7) 0(721/7)

Relevant contribution: Existence of NE under shape constraints of ;.

Proposition: Existence of NE

If for every i € N, 1); are s;-concave for some s; > —1, then a NE exists.

Proposition: Uniqueness of NE

If for every i € N, s; > —1/2 and ||7;||1 < B; then a NE is unique.
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Our Algorithm: Explore then Exploit

Each seller i € AV divides [1, T] into 2 phases [1, T] = EU E'.

el ), 255
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Our Algorithm: Explore then Exploit

Each seller i € AV divides [1, T] into 2 phases [1, T] = EU E'.
Sample p® ~ ,, collect y®

Estimate 6, Estimate 7, p{ = argmax, p; (~fip + 7]p%)
| T 1 1 | T |
I t I 1
0 E, E E T
E

Theorem (informal) [Bracale D. et al.]

Under mild conditions on Z;:
o Forallie N, ||6; — 0ll2 = Op(|E1|2/2)

R 2/5
o Foralli € N, |[9i — illc = Op <(—'°g|(g'f|2|)) )

@ Under additional mild conditions on the revenue function, we have
that for all i € N/, Reg;(T) = O(T*/7) and
E(|p® — p*[2) = O(T~V7)
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