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Abstract

The paper studies on the core philosophy and algorithm of the designing economic mechanisms
theory, a new algorithm of designing incentive compatible power market mechanisms is proposed, a
generation side power market mechanism model which has features of inventive compatibility,
informationally efficient and decentralized decision is constructed. The power market based on the
designing economic mechanisms theory can lead to the Pareto Optimality of the resource allocation;
meanwhile GENCOs are permitted to pursue profits maximization. The paper is in two parts. Part 1
focuses on the process of constructing a generation side power market competitive mechanism model
based on the designing economic mechanisms theory. Part 2 presents the characteristic analysis of the
generation side power market competitive mechanism.
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1. Introduction

The mechanism design of power market is the key issue about the successful
implementation of power market and the market efficiency [1]. Thus, researchers always pay a
close attention to how to design a power market mechanism with an efficient allocation of
resources. In recent decades, the asymmetric information game theory, the social selection
theory and the mechanism design theory are applied widely in economics, society and
engineering field such as the electronic commerce, the auction, the pricing of public goods and
the deregulation of utilities [2-9]. So, researchers begin to apply those theories to designing
power market mechanisms and realize that incentive compatible mechanisms are able to
restrain strategic game behaviors of GENCOs (Generation Companies) in essentially [10].

The designing economic mechanisms theory used in this paper is different from other
mechanism design theories, which is able to achieve incentive compatibility and informationally
efficient simultaneously. By applying the view of the information economics, the designing
economic mechanisms theory researches on how to design a mechanism which meets
expectations of designers in a system condition as the same as a power market with the
freedom of choice, the voluntary exchange and the asymmetric information.

2. The Basic Theory and Algorithm of Designing Economic Mechanisms

The designing economic mechanisms theory which is presented by Professor Leonid
Hurwicz who won the 2007 Nobel Prize in economics and Professor Stanley Reiter researches
on how to design an incentive compatible, informationally efficient and decentralized
mechanism [11, 12].

The designing economic mechanisms theory defines that a mechanism 7 consists of
three parts: M :{m} a message space, g(m,d) the equilibrium relations and h(m) the
outcome function that translates equilibrium relations into the mechanism outcome. A
mechanism models communication through messages, verification scenario by agents, and the

outcomes associated with equilibrium messages. It can be written as
7=(M, g, h) 1)
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The entire algorithm of the designing economic mechanisms can be divided into three
stages: deriving the goal function, constructing the coverings of agents equilibrium message
and generating the agents equilibrium message functions and outcome functions. The reflexive
rectangles method and the flagpoles method are main algorithms in the process of designing.

(1) Reflexive Rectangles Method

An agent i is in equilibrium if and only if his equilibrium message function g,(m,8)=0.
The coverings C, of agents equilibrium message functions are the set of points that makes
every agent's g;(m,8)=0 in the parameter space . The reflexive rectangles method is an
important approach to constructing coverings C, of agents equilibrium message function
g,(m,d). Professor Hurwicz and his colleagues have proved that coverings C, structured
through the reflexive rectangles method are partitions and disjoint [13, 14], the mechanism is

able to meet informationally efficient’s requirement because of its low amount of information.
The coverings correspondence is written as V (@), its domain is the parameter space 6

and its range is the Cartesian product of 8. The correspondence V (6) is given by
V(0)=G(0,0)=0 2)

In Equation (2), V(#) is a self-belonging correspondence, it corresponds to a given
factorization of the parameter space &, which reflects the initial dispersion of information among
the agents [11]. Also, V(8) is compatible with the goal function in that all elements of V (8) are
in the same goal function’s contour set.

(2) Flagpoles Method

The function H(8) =0 is defined as a flagpole. When coverings C, of the parameter
space @ are partitions and the Jacobian matrix J which is made up of the partial derivative of
each agent’'s equilibrium message function 0G/06 and flagpoles functions partial derivative
oH /06 is nonsingular, the flagpoles are called the system of distinct representatives (SDR).
Then, the outcome function h(m) is to be generated from the SDR [15], and the entire designing
process will be accomplished in the end.

[0G, 186, - 0G,106,]

0G, 106, - 8G, 106,
J= 3)
oH, 106, - oM, 106,

|oH, /06, - oH, 180,

3. The Competitive Mechanism Designing of Generation Side Power Market based on the
Designing Economic Mechanisms Theory

The following uses the competitive mechanism design of generation side power market
as an example to describe how to design an incentive compatible, informationally efficient and
decentralized power market by the designing economic mechanisms theory.

3.1. The Derivation of Goal Function

In the generation side power market, we assume that each GENCO is equivalent to a
generator unit. According to the unit's equivalent generation cost with quadratic function:

Ci(R)=a +BP +yP? (4)
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where P, is the output of GENCOi, C,(P) is the generation cost under the output, «;, £, 7

are GENCOi economic parameters related to the generation cost.

A competitive generation side power market model with three GENCOs is to be
established. For focusing on designing power market mechanism, the power system model is to
be simplified by ignoring transmission losses, flows of power and some detailed technical
parameters. GENCOi marginal cost MC, is given by

dc;
MC, =—'=f +27,P, 5
I dP ﬂl )/I I ()

We assume that the total output of three GENCOs is greater than the next period loads
P,_. The constraint (6) must be kept for the balance between outputs and the load.

P1+P2+P3:P|_ (6)

According to the principle of profit maximization in economics, the GENCOi is in
equilibrium and gets the maximum profits when its marginal cost MC, is equal to marginal
revenue MR;. At the same time, the resource allocation of power market is Pareto Optimality

and the social benefit achieves the maximization.
From the view of the designing economic mechanism theory, inputs and outputs of the
mechanism should be known. The next period requirement of load P_ and the generation cost

function’s parameters «;, S, , of GENCOi belong to inputs. Assuming that the settlement
mode is the uniform clearing price, we regard GENCOi s power P. which wins the bidding and
the uniform clearing price of market p as outputs. Those information parameters decide the

feasible configuration set, the available exchange set and the Pareto Optimality’'s exchange set
of the whole generation side power market.
Considering the equilibrium condition of MR, = MC,, GENCOii s output P is given by

P =(p-5)(2n) @)

Then, the Equation (8) is to be derived by the market clearing condition (6) and the
market equilibrium condition (7).

7R+ =p =123 (8)

Define 2y, =a,, f,=a,, 2y,=b , B,=h,, 2y,=c, , p, =c,, solving the Equation (8)
leads to

— b1C2 — 4,0 — a2b1 + bzcl + PLb1C1 (9)
1

ab +ac +be
P2 — ac, - a1bz +a,0, — bZC]. + P|_‘3‘1Cl

ab +a,.c +be (10)
P3 — aibz +a2b1 — a6 _blcz + PLaibl

ab +ac +be (11)
p= alblcz + a1bzcl + a2b1C1 + PLalblcl (12)

ab +ac +be
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In parameter space €, we define that the goal function F(8) is GENCO 1 output B,
and hence, the goal function given to the designer is

F(0) = b, —8,¢, — 8,0, +b,c, + P b (13)
b +a,6 +he

In the Equation (13), ¢ =(a,b,c), a=(a,a,), b=(b,b,), c=(c,¢c,).
3.2. The Construction of Equilibrium Messages Coverings
The coverings C, of the parameter space @ are constructed by the reflexive rectangles
method. The equilibrium relation of GENCO 1 is defined by
G,(0,a)=F(@,a)-F(@)=0 (14)
We obtain the GENCO 1 equilibrium function (15) by solving the Equation (14).

G,(9,a)=aF +a,-p=0 (15)

b1€2 — 5261__ 52b1 + b2_€1 + PL b161 a_1b1€2 + 5111261 + a2bl€_1 + PLglblfl
ab +ac +bg ab +ac +bg
Solving the Equation (15) for a, and according to the reflexive rectangles method, the
equilibrium function of GENCO 2 is given by

where, F = p=

G,(0,b)=b,(P.~F-R)+b,-p=0 (16)
Similarly, the equilibrium function of GENCO 3 is given by

G,(6,c)=c,R+c,-p=0 (17)

where, R =(P-5)/5
Now, according to the reflexive rectangles method, coverings C, of GENCO's
equilibrium messages in the parameter space 6 =(a,b,c) have been constructed completely.

G,(6,a)=0
C,={G,(0,b)=0 (18)
G,(0,c)=0

3.3. Generating Equilibrium Message Functions and Outcome Functions

For using the flagpoles method, we assume a =b =c, =1, flagpole functions are
defined by H, =a, -1=0, H,=b -1=0 and H,=¢, -1=0.

The Jacobian matrix J like the Equation (3) can be deriving from the equation set of
coverings (18) and flagpole functions.

-

(19)

o o r o o T
©Or oo mqmo
» O o M o o

O O O O O B+
O O O O +» O
o O O »r O O

TELKOMNIKA Vol. 11, No. 4, April 2013 : 1961 — 1966



TELKOMNIKA ISSN: 2302-4046 B 1965

The Jacobian matrix (19) is nonsingular, which means the flagpoles decided by the
solution 6" of the equation set (18) and flagpole functions exist in the parameter space
0 =(a,b,c) . Substituting a, =b, =¢, =1 into the equation set (18) leads to:

a, =p-F (20)
b,=p-P_+F+R (21)
c, =p-R (22)

Define the message space M as a point set 6" =(a,,a,,b,,b;,c;,c,) which belongs to
flagpoles in parameter space 6 =(a,b,c). The basic elements of message space M are
m=(m,m,,m,), where m =a,, m, =h,, m, =c,. Substituting m=(m,,m,,m,) into the Equation
(20), (21) and (22), we obtain

IE:—Zml+m2+m3+PL (23)
3

§=m1+m2—2m3+PL (24)
3

o om+m,+m, +P

=M (25)

GENCOi’'s equilibrium message function g;(m,d) is obtained from substituting the
Equation (23), (24) and (25) into the Equation (18).

g, (ma)=a(-2m +m,+m,+P)+3a,-(m +m,+m,+P) (26)
g,(m,b) =b,(-2m, +m, +m, + P )+3b, —(m +m, +m, + P ) 27)
g;(m,c) =c,(-2m,+m, +m, + P )+3c, —(m +m, +m, +P) (28)

Outcome functions h,(m) of the generation side power market are given by flagpoles in

parameter space.

hl(m):—2m1+m23+m3+PL _E (29)
h, (m) :ml+m2—2m3+PL _Rr
3 (30)
m +m,+m,+P, _
h(m= ———"——=17p
3 (31)

h,(m), h,(m) and h,(m) correspond to B, the output of GENCO 1, P, the output of
GENCO 3 and p the uniform clearing price. The output of GENCO 2 is to be solved by
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P=R-R-R (32)
Given by the Equation (33), the final mechanism is made up of message space M,
equilibrium message functions g,(m,8) and outcome functions h(m).

7 =[M, g,(m,8), h(m) ] (33)

Now, we have constructed the competitive generation side power market mechanism
which follows the principle of profit maximization. Meanwhile, the mechanism with incentive
compatibility and inforamtionally efficient is able to achieve the maximum social benefit.

4. Conclusion

The paper studies on the designing economic mechanisms theory’s core algorithms
such as the reflexive rectangles method and the flagpoles method are also researched.

A new approach based on the designing economic mechanisms theory to designing an
incentive compatible power market mechanism is proposed. The paper constructs the
competitive mechanism model of generation side power market by using the reflexive
rectangles method and the flagpoles method. The power market designed by the designing
economic mechanisms theory has key features of the incentive compatibility, the informationally
efficient and the decentralized decision. Thus, it is able to realize the Pareto Optimality and the
social benefit achieves the maximization when GENCOs also achieve profit maximization.

References

[1] Chen HY, Wang XL, Wang XF. Auction Theory and Its Application in Electricity Market Part One
Auction Design and Its Experimental Research. Automation of Electric Power System. 2003; 27(3):
17-22.

[2] Yu FP, Zhang SD, Zhou X. Incentive Mechanism Algorithm for P2P File System in Campus
Networks. Telkomnika. 2012; 10(6): 1477-1484.

[3] Sen S, Roy P, Chakrabarti A. Generator Contribution Based Congestion Management Using
Multiobjective Genetic Algorithm. Telkomnika. 2011; 9(1): 1-8.

[4] Narahari Y, Nikesh KS. A Bayesian Incentive Compatible Mechanism for Decentralized Supply Chain
Formation. The 9th IEEE International Conference on E-Commerce. 2007.

[5] Altman A, Tennenholtz M. Quantifying Incentive Compatibility of Ranking Systems. The Twenty-First
National Conference on Atrtificial Intelligence. 2006: 586-591.

[6] Chandrashekar TS, Narahari Y, Rosa CH, Kulkarni D, Tew JD, Dayama P. Auction Based
Mechanisms for Electronic Procurement. 2006; 4(3): 297-321.

[7] Garg D, Narahari Y. Design of Incentive Compatible Mechanisms for Stackelberg Problems. Network
and Internet Economics. Springer. 2005: 718-727.

[8] Gautam R, Hemachandra N, Narahari Y, Hastagiri P. Optimal Auctions for Multiunit Procurement
With Volume Discount Bidders. IEEE Conference on Electronic Commerce. 2007: 21-28.

[9] Milgrom P. Putting Auction Theory to Work. New York: Cambridge University Press. 2004.

[10] Silva C, Wollenberg BF, Zhang CZ. Application of mechanism design to electric power markets. IEEE
Trans on Power Systems. 2001; 16(1): 1-8.

[11] Hurwicz L, Reiter S. Designing Economic Mechanisms. Cambridge: Cambridge University Press.
2006.

[12] Tian GQ. Economic Mechanism Theory: Information Efficiency and Incentive Mechanism Design.
China Economics Quarterly. 2003; 2(2): 271-308.

[13] Hurwicz L. Optimality and Informational Efficiency in Resource Allocation Processes. In: Arrow KJ,
Karlin S and Suppes P, Editors. Mathematical Methods in the Social Sciences. Stanford: Stanford
University Press; 1960.

[14] Hurwicz L. The Design of Mechanisms for Resource Allocation. The American Economic Review.
1973; 63(2): 1-30.

[15] Hurwicz L. Mechanism Design without Games. In: Sertel MR, Koray S, Editors. Advances in
Economic Design. Berlin: Springer-Verlag; 2003: 429-438.

TELKOMNIKA Vol. 11, No. 4, April 2013 : 1961 — 1966



