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[ The profit-maximizationproblem for a seller with amnlimited Unknown Demand Model with Finite Space Uncertainty
£900 Best Buy raises Amazon drops . . .
i Sy Awazon prce 0569999 | prceto$74446 supply of identical goods. J The unknown underlying demand modepis.

day. Here is a look at prices 7:43 p.m.
for a GE microwave on Best Buy returns

s - e 1056055 0 The seller offers prices sequentially to a stream of paanotis- 0 p(p) is unknown but belongs to a known finite gt (p)});

Web retailers: B:33pm. m=1"
oriceto 856,08 tomers. O p(p) is strictly decreasing and satisfies the increasing geimethl
O The marginal cost is. failure rate (IGFR).

TR TR T T
p.m,

b 1 For thet-th costumer, the seller chooses a price < [c, py]. O Intuitively, IGFR means given a seller can sell at pricethe

1
GE Profile Advantium 120

] TN O The seller experiences either success or failure. probability of sale atl + 1%)p is decreasing ip.
: Vs Profit

1 The expected profit at time r“)(p, ¢) = (p — ¢)p!“) (p).
1 The profit-maximizing price/“)(c) = arg MAX)clc p.] r@(p,c).

[ The probability of success at pripaat any given time ig(p).

Lemma 1.Givenp(p) is strictly decreasing and satisfies IGFR
We have a uniqug!“)(c) andr“)(p, c) is continuous and strictly
increasing withp over|c, p“)(c)].

Oligopoly Dynamic Pricing An Infinitely Repeated Game Equilibria and Efficiency

O N sellers. Public and private history Equilibria
[ The marginal cost for selleris c;. b Sellers’ price offers are public. 0 Nash Equilibrium (NE)

1 Without loss of generality, we assume< cs < ... < cn. O Each seller’s own sale history is private. —A strategyo.

1 Unknown demand modél™) (p)} M Strategy of Selleri: A mappingo from public and seller i's private ~Ui(o) > Ui(o}, (7—_@') f/or every seller;, every demand model
m=1 history to a price offer at current time. pm and all strategies’.

Selleri’s one-shot payoffu;(p;) [0 Subgame perfect equilibrium

O 1f sellers is the single lowest price offerer: —NE may not be sequential rational
o u;(p;) = (pj — ¢;)p(p;). —For all historyh?, o;|,«(h™) = o;(R'hT) is a NE of the repeated
e ui(p;) =0Vj #i. game.

O 1If K sellers offer the same lowest price, then eachd)gs) = Efficiency
1 (p — ¢)p(p). [ Pareto Efficient Nash Equilibrium

Sellers’s payoff for the infinitely repeated game: — Inefficiency ofo: exist ac’ that for alli, U;(o) < U;(o”).

[J Learning efficiency:. Regret

[0 Sellers propose their prices simultaneously.
O The customer accepts the lowest priogith probability p(p).

O If multiple sellers offer the same price: one is chosen wijhad
probabillity.

—Regret is defined as the accumulated profit loss in the unkndr
demand case to the profit gained under the known demand

Dynamic Pricing under Known Demand Demand Learning under Collusion Demand Learning under Collusion
Model

In the declaration slot of epocht:

T
o) = fminf 13

The colluding strategy o~ under known demand model: U ;rgel\?f‘le:(;rizon Is partitioned intixed length epochslength 1 A default estimates(1) = 1.

: L _ (] i : TPPNT , <
1 Epoch: starts with @eclarationtime slot and themooperation Seller1 carries out anaximum likelihood estimate(t) of the

O Seller 1 forms the optimal collusion ofK sellers K = fime slots underlying demand model using its private history.

arg maxy, 77 “)(cy. 4 1, 1)) to maximize its own profit (from Lem- 0 Seller1 then offers the profit-maximizing colluding prig&”(!).
mal).

O Let p“) be the underlying demand modey | = p@(cy).

_ _ _ O All other sellers offer the same price they offered in thepzra-
O Sellers withe; < cg- 1 offer the collusive pricey ;. tion slots in the previous epoch.

[0 Sellers withe; > ¢ don’t participate. ion ti
i = CK+1 P P Epochl Epoch? Epoch3 In all the cooperation time slots of epocht

0 Any deviations will trigger a punishment that sellesfferscy, — e 1 Selleri with ¢; < p*(t) offersp=(t).
and seller # 1 offersc; forever.

Declaration time slots Cooperation time slots O Not participate ifc; > p~().

Theorem 1.The colluding strategy . is a subgame-perfecind Demand Learning under Collusion Trigger strategy for punishing any deviations

Pareto-efficientNash equilibrium. 1 Any deviations in declaration slots from seller. .., V. and any
deviations in cooperation time slots will trigger a evetilag pun-
Ishment.

O Punishment is that sellérofferscy — ¢ and selleri £ 1 offersc;
forever.

Simulation Conclusion

Oligopoly dynamic pricing

Properties of DLC

Theorem 2.

e DLC is a subgame-perfect Nash equilibrium. O Infinitely repeated game with private observations.

e Profit_

gi\;

e DLC is a Pareto-efficient Nash equilibrium. : O Incomplete information: payoff based on the unknown dema
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e DLC achieves a bounded regret, i.e., under any demand mqgp

p\@) e {pWM . there exists a positive constafitsuch that 7 [ The optimal collusion with a subset of sellers.

Average Profit when demand modeloi<§> (cy = 0.5, co = 0.6) Demand Learning under Collusion (DCL):

RpLc < C.

Bounded Regret

0 Subgame perfect Nash equilibrium.
O Pareto Efficient.
O Efficient online learning with bounded regret.

O In general, online learning problem has sublinear regre.

log(T),\/T.
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[0 The action profiles converges to the optimal action profiég/et
as under the known demand model.
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