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Problem’s Definition

We consider an electricity market, where generator firms are involved
in a daily reverse auction in order to get the right to supply electricity
to some community during next day. Symbolically:
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o g1,&, .-, 8N; generator firms, with production capacity k; and
operation cost ¢;, Vi € {1,2,..., N}.
o K= ZnN:1 kp; total capacity of the system.

o d € {1,...,K}; random variable, which determines electricity demand
for the next day, with probability distribution 7; = Pr(d = i).

Research Practise 2 Progress Presentation Juan F. Garcia-Pulgarin Carlos A. Cadavid-Moreno



Problem’s Definition

We consider an electricity market, where generator firms are involved
in a daily reverse auction in order to get the right to supply electricity
to some community during next day. Symbolically:

o g1,&, .-, 8N; generator firms, with production capacity k; and
operation cost ¢;, Vi € {1,2,..., N}.
o K= ZnN:1 kp; total capacity of the system.

o d € {1,...,K}; random variable, which determines electricity demand
for the next day, with probability distribution 7; = Pr(d = i).

o p; € [0, p]; unitary price offered by generator firm g;, and p is a
regulatory maximum price.
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Problem’s Definition

or:{1,2,...,N} = {1,2,..., N}; ranking of lowest prices.
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Problem’s Definition

or:{1,2,...,N} = {1,2,..., N}; ranking of lowest prices.
o n;i = r~1(i), Vi € {1,..., N}; index of firm at position i in the ranking.
(¢] I<j = J

> -1 kn,,; sum of capacities of the first j firms in the ranking.
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Problem’s Definition

r:{1,2,..,N} — {1,2,..., N}; ranking of lowest prices.
nj = r=1(i), Vi € {1, ..., N}; index of firm at position i in the ranking.

e}

e}

o

Ki = Z{nzl Kn,,; sum of capacities of the first j firms in the ranking.

(¢]

F1, Fy, ..., Fy; cumulative distribution function for the price offered by
generator firms, respectively.
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r:{1,2,..,N} — {1,2,..., N}; ranking of lowest prices.
nj = r=1(i), Vi € {1, ..., N}; index of firm at position i in the ranking.

e}

e}

Ki = Z{nzl Kn,,; sum of capacities of the first j firms in the ranking.

o

(¢]

F1, Fy, ..., Fy; cumulative distribution function for the price offered by
generator firms, respectively.

o uj; utility of generator firm i, where
p—1
uj = 5p(l)(d - Kp_l)(pnp - Cnp) + Z 5m(i)knm(pnp - Cnm)
m=1
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Problem’s Definition

r:{1,2,..,N} — {1,2,..., N}; ranking of lowest prices.
o n;i = r~1(i), Vi € {1,..., N}; index of firm at position i in the ranking.

e}

o K = Z{nzl Kn,,; sum of capacities of the first j firms in the ranking.

o Fi, Fy, ..., Fy; cumulative distribution function for the price offered by
generator firms, respectively.

o uj; utility of generator firm i, where

= 3,(1)(d ~ Ky 1) (P, — ) + O Gon( Yk (P, — o)

m=1

with p = max{j : Kj_1 < d} and §,,(i) =1 if i = np and 0,m(i) =0,
otherwise.
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Problem’s Definition

In order to obtain the expected aggregated supply curve in an equilibrium,
we have to work in a Nash equilibrium situation, thus, adapting the
definition of Nash equilibrium in finite mixed strategies given by

[Navarro et al., 2003], we have that Fi, F», ..., Fy is a Nash equilibrium if

Vne{l,..,N}

Juan F. Garcia-Pulgarin Carlos A. Cadavid-Moreno

Research Practise 2 Progress Presentation



Problem’s Definition

In order to obtain the expected aggregated supply curve in an equilibrium,
we have to work in a Nash equilibrium situation, thus, adapting the
definition of Nash equilibrium in finite mixed strategies given by

[Navarro et al., 2003], we have that Fi, F», ..., Fy is a Nash equilibrium if
Vne{l,..,N}

EF o FoF(Un) = Eg f, g p (Un)

where F,, is any other possible cumulative distribution function for the
price offered by g.
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Problem’s Definition

It is known (adapting Theorem 3.1 in [Navarro et al., 2003]) that

Fi1, F, ..., F, is a Nash equilibrium if and only if for any n, the expected
profit ®,(p) of firm g, given that it plays the pure strategy p, = p and
the other g/s play F's, is independent of p.
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Problem’s Definition

It is known (adapting Theorem 3.1 in [Navarro et al., 2003]) that

Fi1, F, ..., F, is a Nash equilibrium if and only if for any n, the expected
profit ®,(p) of firm g, given that it plays the pure strategy p, = p and
the other g/s play F's, is independent of p.

Thus, we have to find an explicit formula for ®,(p), which is necessary if
we want to obtain the equilibrium strategies F1, Fo, ..., F,, and once the
F’s are obtained, is possible to simulate the game many times to obtain
an approximation to the expected aggregated supply curve.

Carlos A. Cadavid-Moreno
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Problem’s Definition

An explicit formula for ®,(p) in the case that all firms are equal, is given
in Appendix A in [von der Fehr and Harbord, 1993], as follows:

N p
®n(p) = > _ Wil Prlpa_, <p < prylpn = plp + / pdFa,(p)}
i=1 p

Research Practise 2 Progress Presentation Juan F. Garcia-Pulgarin Carlos A. Cadavid-Moreno



Problem’s Definition

An explicit formula for ®,(p) in the case that all firms are equal, is given
in Appendix A in [von der Fehr and Harbord, 1993], as follows:

N p
®n(p) = > _ Wil Prlpa_, <p < prylpn = plp + / pdFa,(p)}
i=1 p

where
N—1

Fulo) = Prlon < plon =1 = X (") Fo¥ - A

j=i—1
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Problem’s Definition

An explicit formula for ®,(p) in the case that all firms are equal, is given
in Appendix A in [von der Fehr and Harbord, 1993], as follows:

N B
On(p) = 3 7 {Prlpn < P < P lpn = Plp+ / pdFu(p))

i=1 P
where
N1 . .
Fulp) = Prlon < plon=pl = 3 ( j )F(py(l—F(p))N—l—f
j=i—1
and

N-1 i— —i
o < p < pnslon =1l = () o) 20— (o)
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Objectives

General
Find an explicit formula for ®,(p) in the case N = 4.
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General
Find an explicit formula for ®,(p) in the case N = 4.
Specific
o Understand each component of the explicit formula of ®,(p) in
the case where all firms have the same properties.
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General
Find an explicit formula for ®,(p) in the case N = 4.

Specific
o Understand each component of the explicit formula of ®,(p) in
the case where all firms have the same properties.
o Define the pure strategy space and mixed strategy space for each
one of the players.
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General
Find an explicit formula for ®,(p) in the case N = 4.
Specific
o Understand each component of the explicit formula of ®,(p) in
the case where all firms have the same properties.
o Define the pure strategy space and mixed strategy space for each
one of the players.
o Propose a structure of the formula for ®,(p), when N = 4 using
ideas of the previous case.
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Results

Strategy Spaces

We noted that the pure strategy space for the player g; is S; = [0, p], and
the mixed strategy space is

Y;={F:[0,p] — [0,1] | F is a cumulative distribution function}

Now, if we consider that there could be ties between prices offered, the
coordinator becomes another player, and its pure strategy space is given by

Se={R:[0,p]N = {1,2,..., N}?> | R(p1, ..., pn) is a ranking of lowest prices}
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Results

®,(p) When N=2

In order to get E[ui|p1 = p], we considered a partition of the sample space
given by the events

e(B,{c},A) == pp < pc < Pa,VbeB,Vaca A Kp<d < Kp+ke
where Kg = g kp and BU {c} UA = {1,2}.
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ki
Elulpy = pl = (p— a)(1 = Fa(p Z iTi + (p— a)F(p) Z Ty 4i

+ (/( ) ka(p — c1)G'(p)dp + (G(p) — G(p7)) (P — c1)ka > (1—-F(p Zﬂkﬁ,
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®,(p) When N=2

In order to get E[ui|p1 = p], we considered a partition of the sample space
given by the events

e(B,{c},A) == pp < pc < Pa,VbeB,Vaca A Kp<d < Kp+ke
where Kg = >, g kp and BU {c} U A = {1,2}.Then, we got that

ki
Elulpy = pl = (p— a)(1 = Fa(p Z iTi + (p— a)F(p) Z Ty 4i

+ (/( ) ka(p — c1)G'(p)dp + (G(p) — G(p7)) (P — c1)ka > (1—-F(p Zﬂkm

where

G(p) = Prip2 < plpr < p2,p1 = p| = w

and
G(p~) = lim G(p)

p—p-
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Further Work

Using the previous idea, we will try to find ®,(p), in the cases N = 3 and
N = 4, which could lead us to the formula of ®,(p) for any N € N. If we
obtain that general formula, we hope to continue this research with a
computacional implementation.
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