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Application of Mechanism Design to Electric Power
Markets
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Abstract—AsS competition is introduced across the electric

ower industry around the world, market design for the industry
is urgently needed to shape its future structure and performance.

When generator companies compete with one anothen: ina der'eg-
plated market, they may not be willing to share the information
needed to perform an economic dispatch of the generation. Using

ame theory, this paper designs a new mechanism that achieves
efficiency (economic dispatch) in spite of this information problem.
In this mechanism, when each company acts in the best of its
own interest, the outcome is efficient. The paper demonstrates
the merits of the mechanism by simulations including the IEEE

14-bus case.

Index Terms—Economics, game theory, power generation
dispatch.

1. INTRODUCTION

HE APPLICATION of competitive markets has been suc-
T cessful in several sectors of the U.S. economy. However,
the application of competition in electric power markets has
not been completed. What makes the electric power market dif-
ferent is the presence of a transmission system, where the flow
of power cannot be easily controlled and the scarcity of trans-
mission capacity leads to congestion or potential overloading.
In spite of the efforts made to create an open, free market, we
still have to cope with the transmission congestion problem.

In this paper we propose solving the congestion problem
through a technique in economics, called mechanism design.
Using this technique and taking the transmission network
constraints seriously, we have designed a mechanism such that,
when each participant acts in its own best interest, the outcome
in the daily operation of the electric power market is efficient
(achieving economic dispatch).

Our mechanism differs from the existing proposals for elec-
tricity deregulation. These proposals, such as “nodal pricing”
by Schweppe [7] and Hogan [8] and “tradable physical rights”
by Chao and Peck [9], focus on the concrete pricing methods of
transmission rights.

Our work, in contrast, asks a more fundamental question: in
a deregulated power market, how should any desirable mecha-
nism (nodal pricing or tradable physical rights, etc.) look like?
It turns out that any such mechanism, in an abstract level, looks
like a bidding process, which can be summarized as:
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Each generator company submits a production cost; based on
these costs, an agent (coordination entity, pool operator, power
exchange, etc.) allocates electricity production and payments.

This paper provides an explicit formula for such allocations.

If one views an electric power market as consisting of two
layers, infrastructure planning and daily operation, then our
mechanism concerns the latter, and it takes the companies’
investment decision as given. Nevertheless, any two-layer solu-
tion needs to deal with the daily operation, so our mechanism
provides an efficient daily-operation layer for that solution.

This paper is organized as follows. Section II describes
economic dispatch, the standard procedure to deal with the
transmission congestion problem in power system engineering.
Section III points out that deregulation creates an information
problem in economic dispatch. Section IV introduces the basic
concepts of mechanism design, new to power system engi-
neers. Section V describes our proposed market mechanism
that achieves economic dispatch in spite of the information
problem. Through simulations, Section VI demonstrates that
the mechanism works. Section VII concludes.

II. PHYSICAL ENVIRONMENT

This section describes the physical environment and the cor-
responding economic dispatch. Throughout this paper, we use
the DC power flow model [4].

A. Economic Dispatch

An economic dispatch can be described as a minimization of -

the total production cost subject to i) power flow constraints,
ii) line thermal limits, and iii) generation limits, i.e.,

Ayg
min Y Ci(g:), 1
i=1

subject to:
i) power flow equation for each bus 1,

1
> — (6~ 6;) = qi — qiL, 2
jew, T

i) line thermal limit constraint for all pairs ¢—j corre-
sponding to existing lines,

1

i

Tij

C(Lpi,min < (91 - 0]) < Capi, max? ©)
iii) generation constraints for all generators ¢,

¢, min < ¢ < @, max; 4
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where:

i —the quantity of povxfer produce.d bY me
generator at bus ¢ (in economics 1t 1S
conventional to use the letter p for price
and g for quantity).

Ci(a:) —the cost of generator ¢ as a function
of.

N, —the number of generators.

0; —bus ¢’s phase angle.

L —bus 7’s load.

o, —the set of lines connected to bus 3.

Cap; min> CaP; max —line ’s minimum and maximum

thermal capacities, respectively.
—the minimum and maximum quan-
tities that generator ¢ can produce,
respectively.

Solving this problem requires that the system coordination
entity know the true cost functions of all generators.

qi. mins 9i, max

B. Physical Environment Assumptions

1) Linear Cost Functions: In order to simplify the applica-
tion of mechanism design, this paper assumes that a generator’s
cost is a linear function of its output (power). Thus, a generator’s
cost is determined by a constant marginal cost.

2) Static Load: This paper assumes that loads are constant.
That is, the quantity of demand for electric power at bus i is a
given constant, for all 7.

3) Non-Empty Feasible Set: We assume that the feasible set
defined by constraints (2)—(4) is nonempty. Without such an as-
sumption, the economic dispatch problem would have no solu-
tion anyway.

C. Pareto Efficiency: An Aside

Interestingly, economic dispatch is consistent with Pareto ef-
ficiency, the standard efficiency criterion in economics. An al-
location of resources is said to be Pareto efficient if there is no
other feasible allocation that makes some participant better-off
and no others worse-off. _

For example, consider a one-bus system with two generators
and a load. Let us temporarily assume in this paragraph that mar-
ginal costs increase with output levels. On one hand, Pareto ef-
ficiency requires that the generators produce at the same mar-
ginal cost. Otherwise, we could have the generator with higher
marginal cost produce less (thereby lowering its marginal cost)
and the other produce more (thereby raising its marginal cost).
One readily sees that such a re-allocation reduces the total cost.
On the other hand, operating at identical marginal cost is also
a requirement of economic dispatch, as is well-known in power
system engineering.

II1. THE INFORMATION PROBLEM DUE TO DEREGULATION

The electric power market deregulation creates an informa-
tion problem to the economic dispatch. When firms compete
with one another in the deregulated market, a generator gen-
erally will not be willing to provide its production costs. Con-
sequently, the marginal cost of generator ¢ becomes its private
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c .
1 ¢, is a constant privately
known by generator i.

@| Max Flow = 100 MW I"@
C.
2

200 MW

Fig. 1. 2-bus example.

information. Therefore, if one still dispatches electric power
production according to economic dispatch, then the outcomes
are likely to be inefficient, because the marginal costs may be
misrepresented.

A. Inefficiency in Economic Dispatch

The example in Fig. 1 shows how the above information
problem makes the economic dispatch allocation inefficient.

Notice that generator 2 will always be assigned a certain
amount of production. Therefore, it has an incentive to exag-
gerate its marginal cost, because it is guaranteed to produce
at least 100 MW. Then the outcome of economic dispatch is
inefficient. To see this, imagine the case when the true marginal
cost of generator 1 is higher than that of generator 2. Given
the true marginal costs, efficiency would require generator 2 to
produce the entire 200 MW. However, since true marginal costs
are private information, and generator 2 exaggerates its cost,
economic dispatch would assign only 100 MW for generator 2,
which is an inefficient allocation.

B. Information Assumptions

This subsection formulates the above information problem
into the following assumptions.

1) Private and Public Information: 'We assume that the mar-
ginal cost of a generator is its private information. The reason
is that a generator knows its own inputs (e.g., fuel, boiler effi-
ciency, etc.) better than anyone else. With generators competing
in a deregulated environment, they are not willing to provide
their cost unless given sufficient incentive to do so.

We also assume that a generator j regards the marginal cost
of another generator ; (¢ # j) as a random variable from a com-
monly known distribution. This common knowledge may be ob-
tained from the publicly available information about a gener-
ator’s technology.

The other parameters of an electric system, including trans-
mission line capacities, line admittances, loads and the technical
limits of the generators, are assumed to be common knowledge
among all market participants.

2) The Distribution of Marginal Costs: We further assume
that the distribution of a generator’s (true) marginal cost has the
following properties:

» The domain of possible marginal cost is bounded. In other
words, others know that generator ’s marginal cost lies
between ceiling and floor values.

» The probability density function of the distribution is
continuous.

Many distribution functions satisfy the above properties.
Fig. 2 shows two of such examples.

Jp—
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Fig. 2. Distribution functions of the true marginal cost.
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Fig. 3. Mechanism.

IV. SOME ECONOMICS

To overcome the information problem we described, econ-
omists have developed a technique called mechanism design.
This section introduces the basic concepts of this technique.

A. What is a Mechanism?

A mechanism is a set of rules defining a game played by a
group of participants. The purpose of these rules is to achieve
a certain outcome by providing appropriate incentives to the
participahts. A mechanism may be decentralized (free markets,
open auctions, etc.), centralized (the military, etc.), or any form
in between (government-regulated markets, etc.)

In our specific application, we focus on the following type of
mechanisms: Each participant (generator) submits a marginal
cost (which does not need to be the true one) to an agent (coor-
dination entity, pool operator, power exchange, etc.). Given the
submitted costs, the agent allocates production tasks and pay-
ments to the participants. This is illustrated by Fig. 3, where ¢;
is the marginal cost submitted by ¢, ¢; is the payment to z, and
q; 1s the production assigned to ¢.!

In general, a mechanism is required to satisfy several proper-
ties in order for it to serve the designer’s objective. We introduce
these properties below.

B. Incentive Compatibility

A mechanism is said to be incentive compatible if it is op-
timal for each participant to submit its true private informa-
tion (true marginal cost in our application) provided that all
other participants submit their true information also. A succinct
way of saying this in mechanism design is “truth-telling is an
equilibrium.”

To make a mechanism incentive compatible in our case, we
need to provide sufficient incentives to the generator compa-
nies, so that it is profit-maximizing for each to submit its true

IThere is no loss of generality in restricting this type of mechanisms, because
a well known principle in mechanism design. Roughly speaking, this principle
says that any conceivable mechanism in our application is equivalent to a mech-
anism of the above type [2].

marginal cost. We should point out a subtle point here. Incentive
compatibility does not mean that a participant would always tell
the truth; instead, it means, “I would tell the truth if others tell
the truth also.”

C. Individual Rationality

A mechanism is said to be individually rational if no partici-
pant would lose profit at the truth-telling equilibrium. This con-
dition is needed because participants usually have an outside
option of quitting. In our application, for example, a generator
company can turn off its plant and get zero profit.

D. Feasibility

A mechanism is said to be feasible if its allocations satisfy all
physical constraints. In our application, this means that the elec-
tricity production dispatched by the mechanism needs to satisfy
all the feasibility constraints given by the power flow (2), line
thermal limits (3) and generation limits (4).

V. THE MECHANISM

In our application, we need to design a mechanism that is in-
centive compatible, individually rational and feasible, and dis-
patches electricity production efficiently in spite of the informa-
tion problem. Such a desirable mechanism is presented below.

A. Description of the Mechanism

As we discussed in Section IV, a mechanism in our applica-
tion needs to specify the production assignments and the pay-
ments to the generators as functions of the marginal costs sub-
mitted by the generators. To assure that the mechanism is fea-
sible and achieves efficiency, each production assignment needs
to be a solution of the economic dispatch problem based on
the true marginal costs. Consequently, if we temporarily assume
that participants tell the truth due to a suitabie payment function
that we will specify later, the production assignment function
is easy to pin down: it is a solution of the economic dispatch
problem based on the generators’ submitted marginal costs.

Therefore, what we need is to design a payment scheme that
makes the mechanism incentive compatible, i.e., that induces
each participant to submit its true marginal cost. To do that, we
look at each participant’s optimization on what to submit. If a
mechanism is indeed incentive compatible, then each partici-
pant would think it is optimal to submit its true marginal cost.
Solving this optimization problem, we narrow the possible can-
didates for such a payment scheme into a family of payment
functions that differ from one another by a constant. We then
choose the payment scheme that satisfies the individual ratio-
nality condition. (For details of how to get this function see the
Appendix.)

The following mechanism was first proposed and proven cor-
rect for a 3-bus network in [5], and in Section VI is shown by
simulation to meets all the desirable properties.

The mechanism goes as follows:

» Ask generator ¢ (from ¢ = 1 to Ng) to submit its marginal
cost, ¢;.

Ho e s v




o Assign to generator ¢ the production resulting from
the calculation described in Section II-A, which uses
the marginal costs the generators have submitted. Let
gi(é1, ..., én,) denote the quantity generator i is as-
signed to produce.

* Pay each generator ¢ a “cost compensation,”

~ N

Ci'qi(ch éNg)v (5)

and an “information compensation,”

1 <
Ti(gl, ...,cNg)—m /c g;(z) dz, (6)
where
é; is the marginal cost provided by i,
g,(&) is i’s amount of production generator i will expect
before the others submit their costs, and
T,;(¢;) is the probability assessed by generator i at that

time for the event that he will get to produce some
v quantity of electric power.
The above mechanism achieves all of the following:

« It induces every generator to provide its true marginal cost
(incentive compatibility).

o It dispatches electricity production efficiently (feasibility
and efficiency).

« It guarantees that no generator would lose profit if it sub-
mits its true marginal cost (individual rationality).

B. Interpretation of the Payment Scheme

The payment consists of two parts. The first one is a cost
compensation according to the marginal costs claimed by the
generators. The second one, which is indispensable due to the
information structure, is a compensation for the information ad-
vantage of the generator. This part is precisely tuned so that each
generator is willing to provide the true marginal cost.

VI. SIMULATIONS

This section demonstrates the merits of our mechanism by
simulation on a 2-bus network and the IEEE 14-bus network.
Our simulation first approximates the probability distribution
of a generator’s marginal cost by a finite grid, defining a set
of possible costs, each one with an associated probability. For
each combination of such marginal costs across the generators,
we calculate the corresponding optimal power flow. From these
results, we compute both the cost and the information compen-
sation (6), for each point of the grid. These give us an approxi-
mation of a generator’s expected profit as a function of its sub-
mitted cost. The simulation results show that our mechanism
is efficient whether the transmission network suffers a capacity
shortage or not.

A. 2-Bus Case

This is the simplest case to consider the burden of congestion
in a transmission system.

1) Description of the System: The data for this case is shown
in Fig. 4 and Table 1.
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Fig. 4. 2-bus case.

TABLE 1
GENERATOR DATA FOR THE 2-BUS CASE

Generator True Cost Production ‘Production
(by location)  ($/MWh) MW) MWwW)
1 28 150 0
2 18 300 0
TABLE HI

PROBABILITY DISTRIBUTION DATA FOR THE 2-BUS CASE

Generator Cain Conax Mean  Standard
(by location) ($/MWh) (¥MWh) ($MWh) Deviation
1 20 38 30 3
2 15 30 20 4

In this case, every generator company, while knowing its true
cost, assumes the costs of its competitors are drawn from a trun-
cated normal distribution (between Cryin and Crax)-

In Table II we can see the generator cost probability
distributions.

Since the transmission line between 1 and 2 allows only
100 MW we have a potential problem of congestion. Thus, left
alone, generator company 2 would exaggerate its marginal cost
in order to raise its expected revenue.

Let us analyze from generator 2’s perspective. This company
is going to claim the cost that maximizes its expected profit
when asked to provide its marginal cost. .

Generator 2’s revenue depends on the payment it gets for its
power. Below we contrast a traditional payment policy and ours.

2) A Traditional Mechanism: This mechanism simply pays
the total cost (i.e., power times cost) claimed by a generator.
In Fig. 5 we can see generator 2’s profit as a function of its
marginal cost provided in this traditional mechanism.

As seen in Fig. 5, due to its location, generator 2’s optimal
strategy is to claim its upper bound, 30 ($/MWh). Since gen-
erator 2 is distorting its real cost, the outcome of the economic
dispatch is not likely to be efficient.

3) Our Proposed Mechanism: On the other hand, the mech-
anism described in Section V includes an extra payment that
would correct generator 2’s expected profit function. This pay-
ment eliminates any gain from overstating one’s marginal cost
[in this case 18 ($/MWh)].

In Fig. 6 we can see both this extra payment and the resulting
profit function for generator 2.

The new profit function has a maximum at the generator 2’s
true cost, therefore, we can expect efficiency. In this case there
is a wide range of marginal cost that maximize generator 2’s
profit, but it still has no incentive to distort its true cost.
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Fig. 6. Generator 2’s profit and information compensation using our
mechanism.

B. 14-Bus Case

As a second example we used a slightly modified version of
the IEEE 14-bus test case. This system includes 21 transmission
lines and 5 generators.

1) Description of the System: The system was divided into
two areas, as shown in Fig. 7. The capacity of each interface
between the two areas (A and B) is 100 MW.

The generator data is included in Fig. 7 and Table III.

Again in this case, every generator company, while knowing
its true cost, assumes the costs of its competitors are drawn from
a truncated normal distribution (between Ci,i, and Chy,x). In
Table IV we can see the generator cost probability distributions.

Our simuilations focus on the behavior of generator 6 in two
scenarios: i) interfaces A and B operating, so there is enough
transfer capacity between area 1 and area 2, so that generator
6 must compete in the market without market power, ii) only
interface A is operating, giving generator 6 the opportunity to
be a local monopoly with market power.

The expected production vs. generator 6’s claimed marginal
cost can be seen in Fig. 8 for both scenarios. Notice that in sce-
nario ii), generator 6 is dispatched “out-of-merit” for 70 MW
due to congestion in interface A.

As always, this company is going to claim the cost that
maximizes its expected profit when asked to provide its
marginal cost. As we know, generator 6’s revenue depends on
the payment it gets for its production. Below we contrast the

ruoed 1. T - == N
AREA] -
|Load330MWOZ Q

GENERATOR DATA FOR THE IEEE 14-Bus CASE

Generator True Cost Production Production
(bylocation)  (SMWh)  (MW) MW)
1 4.5 0 600
2 8.0 0 600
3 4.0 0 600
6 6.0 0 600
8 8.0 0 600
TABLE 1V

PROBABILITY DISTRIBUTION DATA FOR THE IEEE 14-BUs CASE

Generator Crin Conax Mean  Standand
(by location) ($/MWh) ($/MWh) ($/MWh) Deviation
1 3.0 8.0 5.0 20
2 6.0 10.0 9.0 20
3 3.0 6.0 5.0 1.0
6 2.0 18.0 55 3.0
8 5.0 9.0 8.0 1.0
300 -
§ 250 -
< ——— (i) With interface B
g200{ \ |..... (i) Without interface B
150 -
Q
§ 100 .
. e o 4 ou == mm ma == == =a = -
a
° Rl L) L] 1
2 6 10 14 18

Generator 6's Claimed Marginal Cost (SMWh)

100MW
' B YA
I L] | 6 "l
! 3 | l
| i O |
| | sl |
! 4 I |
! — Interface A Ly l
I 5 c 100MW Iy |
Tk ol N 3 |
N 9 |
' |
| 10 1 12 :
I |
l 14 13 |
Lo e e — AREA 2 - Load 170 MW ,
Fig. 7. IEEE 14-bus case.
TABLE III

Fig. 8. Generator 6’s expected production vs. its claimed marginal cost.
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Fig. 9. Generator 6’s profit vs. its claimed marginal cost using a traditional
mechanism.

previous traditional mechanism with ours in this setting for the
two scenarios.

2) A Traditional Mechanism. As previously described, this
mechanism simply pays the total cost claimed by a generator.
Fig. 9 shows generator 6’s profit as a function of its claimed
marginal cost.

As seen in Fig. 9, in the first scenario generator 6’s optimal
strategy is to slightly exaggerate its marginal costto 7 ($/MWh).
The problem is that, claiming 7 ($/MWh), generator 6 is going
to be assigned only one third of its corresponding economic dis-
patch production. In the second scenario generator 6’s optimal
strategy is to exaggerate its marginal cost to the highest level,
18 ($/MWh). Again causing its assignment to shift 5 MW from
optimality (economic dispatch).

In both scenarios, since generator 6 is distorting its real cost,
the outcome of the economic dispatch is not efficient. Notice
that without interface B generator 6 is in a better position due to
its monopoly status.

3) Our Proposed Mechanism: The mechanism described in
Section V includes an extra payment that would correct gener-
ator 6’s expected profit function. This payment eliminates any
gain from overstating one’s marginal cost, i.e., claiming a cost
other than 6 ($/MWh).

In Fig. 10 we can see the resulting profit curves for both pro-
posed scenarios. Fig. 10 shows that generator 6’s best choice is
to claim its true cost, since its profit is maximum at that cost.

The same argument applies to other generators, SO wWe can
expect efficiency.

Thus, whether interface B is operative or not, our mechanism
is efficient and the traditional mechanism is inefficient. Further-
more, the inefficiency of the traditional mechanism is more se-
vere when interface B is not operative, since a shortage in trans-
mission capacity increases the monopoly power of some gener-
ator companies in the traditional mechanism.

VII. CONCLUSION

This paper points out the information obstacle to efficiently
allocate electricity production in a deregulated environment.

Using game theory, we have designed a new mechanism that
resolves this information problem. Simulations have demon-
strated the desirable properties of this mechanism.
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Fig. 11. Profit function.

The next step of this work will be to extend the model to in-
clude consumer companies and test the model on large systems.

APPENDIX
PAYMENT FUNCTION

In this appendix we show an informal derivation of the pay-
ment function for the mechanism described in Section V.

In our setting, a participant tries to maximize its expected
profit, which is defined as the expected revenues minus the ex-
pected cost. The expected revenues are the sum of a cost pay-
ment, & -G, (&;) and an information payment, 7;(&;). Onthe other
hand, the total costs are given by c; - §;(¢:). The expression for
the expected profit function, depending on the true cost, ¢;, and
the claimed cost, ¢; would be:

7l ¢) = (& — ¢) - (&) +Tilé)- (A1)

Fig. 11 is an example of the function 7;(é;, ¢;) in a two-
dimensional domain.

To achieve incentive compatibility, the profit function should
not give any incentive to generator i to deviate its claim from
its true cost. For example, if we fix the profit function at any
feasible true cost [e.g., 16 ($/MWh)] the resulting curve is
maximizes at a marginal cost provided equal to true cost level
[16 ($/MWh) as shown in Fig. 121
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Fig. 12.  Profit vs. claimed marginal cost.

Let us define the function s(.) as the optimal marginal cost to
claim given a true cost:

¢ = s(eq). (A.2)
So equation (A.1) can be rewritten as,

mi(s(ei). ¢i) = (s(ei) = ¢i) - qy(s(e)) + Tils(ei)).  (A3)

If we take the first derivative of 7;(s(c;). ¢;) with respect to
¢; we get,
ds(ci)

M = Dlvr,-(s(ci). (J,‘) — + DQ’/T,‘(S(C,’). Ci).
¢ de;
(A4)
By the first order necessary condition of the maximization in
¢, the first derivative of 7;(s{c;). ¢;) with respectto & = s(¢;)
is zero. Therefore the above expression can be reduced to:
dri(s(e). ¢)

C;

= Domi(s(c;). e;) = —q;(s(ci)). (A.5)

The incentive compatibility property implies that for any true
cost, ¢;, the optimal claimed cost equals the true value,

& =s(e) = ¢ (A.6)
so (A.5) would be,

d?T,l‘(Ci. ci)

¢

= —qi(ci)~ (A7)

Applying the integral operator between the upper bound of
the probability distribution, ¢;, and a generic ¢;, we get,

< dm(el. ¢ R
/ —Mdcg = 7ri(ci. Ci)—ﬂ'i(a‘. E,') = / ﬁi((;;)«lc;.

. dg
(A.8)
Replacing the value of 7; from equation (A.1) we get,
(cimci)Ti(ci)+mile)=(E=¢)g () —mile) = [ Gile) dej.
’ (A.9)
canceling out the zero terms,
Ti(e;) — (€)= / g,(c}) - dch. (A.10)

i

Finally, the generic function 7;(¢;) that solves the above is,

Ci
T,'(Ci)Z/ g;(c;)-dc; + K. (A.1D)
Ci

In this application we set K to zero, but any real number can
be used if it does allow the individual rationality property to hold
(some negative numbers will not do it).

In order to prove incentive compatibility, we subtract the
profit function 7; for the real cost from the profit for any given
cost. If the result is nonpositive, generator i will never get a
positive gain if it deviates from its true marginal cost.

mi(éi, ¢;) — milei, ¢i)
=G-em@)+ [ ahdd - [
| ' (A.12)

Regrouping,

= (éi—ci)'qi(éi)+/ Tﬁz(ci)dc; (A.13)

Then,
Ti(Giv i) = milcis ¢i) = (& — i) - (G(&) — ;(€)). (A14)

for some value £ strictly between ¢; and ¢; (mean-value theorem
of integration). Considering that g,(¢;) is a decreasing function
we need to analyze two cases in order to figure out the sign of
the equation above.
—  If ¢; is greater than ¢; then (¢; — ¢;) is negative and
q;(&:) — g, (€) is positive because £ is greater than ¢;
[and 7, (¢;) is decreasing]. Therefore the whole expres-
sion is negative.
- If ¢ is greater than ¢; then (¢; — ¢;) is positive and
g,;(¢;) — q;(€) is negative because £ is greater than ¢;
[and g,(¢;) is decreasing]. Therefore the whole expres-
sion is negative. Therefore 7;(c;, ¢;) is always greater
or equal than 7;(¢;. ¢;). and the incentive compatibility
property holds.
O
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