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1

B minimizes its electricity bill

. . B and has a preferred consumption profile.
B depend on time period t € T, P P P

B convexand Jin £t =3, ft — find a procedure that optimizes system costs
AND users costs.
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For HP and DP, system costs C(£) = ", C¢(¢") are equal to sum of users bills 3" by(£).
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B In practice, consumers will not set their profile £, to the optimum of b,
B Even if computation is automatic, they will disconnect if unhappy

— utility functions u,(£,) = (squarred) distance to a preferred profile £,

Un(en) = —Wp Z(ef'/ - é\;)2

t
— define user's objective function as:
i (lp,l—pn) = (1 — a)bp(£) — aun(£))
with € [0, 1] “preference factor”.

Social Cost SC(£)= sum of users objectives = - f*(£).
by, is either bI¥ or b7 — 2 games G and GPP.

How DOES THE PARAMETER « INFLUENCE THE GAME 7

Paulin Jacquot (EDF - Inria) DR: Impact of Consumers Preferences October 26, 2017 4/11



Nash Equilibrium: Equilibrium Profile

We look for a stable situation where no user wants to change its profile

— Nasu EqQuiLiBriuM (NE)
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LNE = {ENE € L : for each n, &N ¢ arggmig f,f‘(é,,,ﬁlﬁ)}.

n€Ln

With any o € [0,1] and costs C¢({) = asl + b:(?, for the games GI¥ = (N, L, (£*)n)) and
Gl = (N, L, (£f)n)), the following results hold:

B each game has a unique Nash Equilibrum,

B the Best Response Dynamics (sequential alternating minimization) converges to each NE.

Remark 1: this is obtained by showing that the Games have the “potential’ property.
Remark 2: The BRD provides a decentralized algorithm to compute each equilibrium.
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Efficiency Metrics
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A usual indicator to measure the efficiency of the NE is the PoA:

PoA(G) := (SUpeecgE SC(E)) / sC* .

B PRICE OF EFFICIENCY
We define a similar quantity from the system side, without the users preferences, but only
considering the system costs C(£) := >, C:(£"):

PoE(G) = (supeeﬁgEC(e)) /cr

REMARK: PoA > 1 and PoE > 1. For a = 0, PoE(G,) = PoA(G,).
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Simulation with 30 users on a real database
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HP billing numerically better on PoA and PoE

Price of Anarchy
B for « = 0, DP is optimal but HP has

0.20 v v
— HP (meanon D)
- DP (meanonD) very small PoA (=1.0015) (see [2]),
- Extreme values on D
0.15
& 0.10¢
&
0.05 7.
0.00 fress BN ko
0.0 0.2 0.4 0.6 0.8 1.0

Preference factor «

D = {all days of January, 2016}.
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