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Abstract

In this paper some mechanisms of the multicriteria procurement auctions are
discussed, including the elements of the decision support to the auction organizer,
as well as to the bidders. The auction mechanisms are considered in the context of
attaining incentive compatible decisions. Using domination relations formulated
in the criteria space, different rules for the improvement of offers in successive
rounds of the auction process are analyzed. The general discussion is illustrated
by an example of an iterative multicriteria closed-bidding auction conducted with
the use of a multi-agent computer-based system. The system supports submission
of offers, multicriteria analysis performed by the auction organizer, simulation,
and analysis of the competing bidders’ behavior. Experimental results of sessions
conducted with the use of the system are analyzed.

Keywords: Multicriteria auctions, incentive compatible decision mechanisms, multi-
agent systems, multicriteria optimization.

1. Introduction

For auctions with scalar valuation of offers (valuated by price only), there exists
a rich bibliography dealing with auction theory, including the papers by Klem-
perer (2004); Milgrom, Weber (1982); Vickrey (1961). In such auctions we have
to select a single offer with the best price. In the case of the iterative multicriteria
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auctions, in each round we have to deal with a set of promising offers valuated
by the auction organizer with the help of a vector of criteria. It is reasonable to
support multicriteria analysis performed by the auction organizer and to con-
struct an auction mechanism that could lead to the best final offer, according to
his true preferences. In most papers dealing with multicriteria auctions, aggrega-
tion models are applied, by aggregating multiple criteria to a scalar value using
a vector of weights (see De Smet, 2007, Teich et al., 2006; Bichler Kalagnanam,
2005). In this case, the auction organizer has to reveal his model of preferences.
Interesting are papers using the reference point approach of multicriteria optimi-
zation (Ogryczak, Koztowski, 2011; Bellosta et al., 2004). This paper belongs to
the last class.

The research presented here is a part of a wider research trend dealing with
analysis of incentive compatible multicriteria decision mechanisms. Within this
research, decision situations are analyzed where there is a number of independ-
ent agents that have private information and act according to their own interests.
Each agent tries to achieve his own multiple egoistic goals, but the results de-
pend on the actions of other agents. Our research subject includes investigation
of the multicriteria decision mechanisms that could lead to incentive compatibil-
ity, by revealing true multiobjective preferences and by appropriate coordination
of agents’ activities, so that the efficiency of the whole process can assured. The
incentive compatibility of the multi-commodity market mechanisms was ana-
lyzed previously by Toczytowski (2003; 2009). The ideas developed in these pa-
pers have inspired the present study. An analysis of the incentive compatible
multicriteria decisions has been presented in Krus, Skorupinski, Toczytowski
(2012) for a particular case of the producer and buyers problem.

This paper deals with a multicriteria closed bidding-auction for procuring an
object, realized in one or in many rounds. This is a case of the multicriteria re-
verse-type auction. Different forms and rules of the auction are analyzed that are
not limited to the current rules of the public auctions defined by law. The auction
organizer (buyer) and bidders make multicriteria decisions. The organizer and
bidders have private knowledge about their own preferences and possibilities.
This information is confidential. The organizer minimizes criteria (such as cost,
realization time, etc.). Bidders know these criteria, but the organizer does not in-
form them about his preferences.

In the classic reverse type auction, we have a sequence of offers proposed by
the bidders, with gradually decreasing prices. Each bidder has his reservation
price (see Figure 1a). It is obvious that any possible contract below his reserva-
tion price is not profitable for him. The organizer has also his reservation price
that defines an upper limit for the price he can accept. Information about the res-
ervation prices is private and confidential.
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In the multicriteria auction, possibilities of each bidder are defined by his
profitability limits that can be presented in the criteria space formulated by the
organizer. These limits restrict possible offers of the bidder (from below). The
organizer has also his profitability limit of acceptable offers. An illustration of
the profitability limits for two criteria — time and cost — are presented in Figure 1b.
Information about profitability limits is private and confidential.
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Figure 1. Examples of private information in auctions, (a) reservation prices in the classic reverse
auction, (b) profitability limits in multicriteria auctions

In the multicriteria auction design, there are still some open questions regard-
ing the rules for improvement of offers in consecutive rounds, range of informa-
tion accessible to bidders, form of multicriteria decision support, and others. Re-
garding incentive compatibility of the multicriteria decisions, an interesting
question arises: to what extent the auction mechanism can reveal private infor-
mation of the bidders to the organizer, to attain efficiency of the allocation.

In this paper a general scheme of the multicriteria auction mechanism is dis-
cussed, including elements of the decision support to the auction organizer as
well as to the bidders. Using domination relations formulated in the space of
multiple criteria, different rules describing improvement of offers in the succes-
sive rounds of the auction process are analyzed. The general discussion is illus-
trated by an example of an iterative multicriteria closed-bidding auction con-
ducted with the use of a multi-agent computer-based system. The system
(Skorupinski, 2010; Krus, Skorupinski, Toczytowski, 2013) supports submission
of offers, multicriteria analysis performed by the organizer of the bidding auc-
tion, simulation, and analysis of competing bidders’ behavior. Experimental re-
sults of sessions conducted with the use of the system are presented and ana-
lyzed.
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2. Problem formulation

Let a decision making authority organizes a procurement auction for the con-
struction of a facility. We assume that there is a set of » bidders competing to ob-
tain the order for the construction. Denote by O = {o', o, ,0"} the set of bid-
ders participating in the auction. The offers xe X, where X is a set of admissible
offers, are valuated by a vector of m criteria y = {31, 2, ..., ym} €R™ defined by
the auction organizer, further called also the buyer. Let #: X— R™ be a mapping
assigning a vector of the criteria to each offer. The buyer would like to obtain the
best offer with the minimal values of the criteria.

We define two relations in R™ : weak domination: y'»-y? & y) < yl.2 , for
each i = 1,2, ..., m, and domination: y' >~ y*> < y! < y7, y'= 37, for each

i=1,2,...,m wherey' y’cR™

The buyer knows the profitability limits, defined as the set of acceptable of-
fers X’ and, related to them, the set of acceptable multicriteria valuations
Y’= W(X"). The offers not belonging to the set X’ are not accepted by the buyer.

The auction is conducted iteratively, in rounds £ =1, 2,... In round ¢, the bid-
ders present their offers x'(f), where i = 1, 2....n is the index of a bidder. Each
bidder i has also his own profitability limits, defined by the set of admissible of-
fers X' and the related set of multicriteria valuations ¥’ = W(X'). If the bidder
cannot find a new offer in the set, which would beat the offers submitted so far,
he gives up and cannot continue the bidding.

A general scheme of the auction carried out with use of a computer-based
system is presented in Figure 2. The actions of the system operator and the deci-
sion-making processes of the auction organizer (buyer) and bidders are taken
into account. The system operator starts the session and activates the computer
agents that support the organizer and the bidders. The organizer specifies the re-
quirements of the order for the construction of a facility. The specification is pre-
sented to the bidders. Before the bidding starts, the organizer and the bidders
should define their profitability limits and the corresponding sets: the set of of-
fers acceptable by the organizer and the sets of offers admissible for the bidders.
The information about the profitability limits and about the sets is private and
strictly confidential.

The organizer starts the first round of the auction. The bidders prepare and
present their offers. The organizer collects the offers and analyzes them by look-
ing for the preferred ones. He can either finish the bidding process or start the
next round of auction. At the start of the new round the bidders obtain informa-
tion about the previous non-dominated offers. Then they can prepare and submit
new improved offers, which are again analyzed by the organizer.
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Figure 2. General scheme of the decision making processes in a multicriteria auction
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The auction organizer — buyer — would like to obtain an offer that is the best
with respect to his preferences. On the other hand, each bidder would also like to
obtain a contract which satisfies his profitability limits and is the best with re-
spect to his preferences.

In the case of the classic reverse auction, in successive rounds bidders propose of-
fers with gradually decreasing prices. In the case of the multicriteria auction, in each
round there can be a set of offers proposed by bidders which can be non-comparable
in the sense of the domination relations mentioned above. Since the buyer performs
multicriteria analysis in each round, it is necessary to support the analysis.
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An example of a set of offers analyzed by the buyer is presented in Figure 3,
as a set of black dots in the space of two criteria y;, y, In the set there are non-
dominated (Pareto-optimal) points, from the point of view of the buyer, denoted
by y', % 3, v, 37, 3 (see Figure 3c).

Multicriteria analysis of the set of offers and selection of the offer according to the
preferences of the buyer can be done with the use of the reference point approach
(Wierzbicki, 1986; Wierzbicki, Makowski, Wessels, 2000). The method has been
used and implemented in the computer-based system constructed for experimental
studies on a multicriteria bidding auction (Krus, Skorupinski, Toczylowski, 2013).
The reference point method has been originally developed for the analysis of offers in
multicriteria auction by Ogryczak & Koztowski (2011).

3. Remarks on multicriteria auction mechanisms

Some questions arise regarding the rules of auction and the range of information

accessible to bidders in each round. The rules of seeking improved offers can be

formulated in different ways. We consider the following three variants:

a) the new offer is accepted if it cannot be dominated by offers given in previ-
ous rounds,

b) the new offer dominates at least one offer non-dominated in the previous
round,

¢) the offer proposed should dominate a non-dominated offer selected by the
buyer in the previous round.

Figure 3 presents the sets of possible improved offers in variants a, b, ¢, as
shadowed areas.

Variant a defines the weakest requirements regarding offers that can be sub-
mitted in each successive round. Each bidder can propose an offer which domi-
nates an offer non-dominated in the previous round, but can also propose an of-
fer noncomparable with the offers non-dominated in the previous round. The set
to which the improved offers should belong is constructed as the sum of the
shifted domination cones without their borders.

In variant b each proposed offer should dominate at least one offer non-
dominated in the previous round. The set which defines the possible improved
offers is constructed as the sum of the domination cones shifted to the points
representing offers non-dominated in the previous round. Some offers which
could be proposed in variant a cannot be proposed in this variant, though they
could be of interest to the buyer. In variants a and b, the bidders should have in-
formation about all non-dominated offers proposed in the previous round. The
buyer does not need to state which of the non-dominated offer he prefers, how-
ever, such information could speed up the auction process.
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Figure 3. Sets of possible offers according to rules (a), (b), (c)

In variant ¢ the buyer, after each round, informs the bidders about his pre-
ferred offer and expects that at least one of his criteria will be improved. This
variant defines the strongest requirements regarding the offers proposed in the
successive rounds. The auction process is speed up in comparison with variants
a and b. On the other hand, some offers, which are non-dominated and of inter-
est to the buyer, could be omitted. This is important especially at the end of the
auction, when the bidders are close to their profitability limits.

Figure 4 presents sets V' ! Y2, ¥ of admissible offers of three bidders in the
space of criteria y, ¥, of the buyer. These sets correspond to the profitability lim-
its of the bidders. Black dots represent offers given in round # — 1. The offer
¥(t — 1) represented by a small circle has been selected by the buyer as the pre-
ferred one in round # — 1. At this place starts the set of offers that can be pro-
posed by the bidders in round ¢ according to variant ¢. This set is the domination
cone shifted to the point y(¢ — 1). Black diamonds represent offers given in
round ¢. The offer y(¢) represented by a small circle has been selected by the
buyer as his preferred one in round z. At this point starts the set of possible offers
in the next round. The sets of offers that can be proposed by the bidders are lim-
ited by their profitability limits and are decreased in successive rounds. Finally,
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individual bidders have to interrupt the auction and some offers that could be of
interest to the buyer can be omitted. This results from the rule which defines the
improvement of offers assumed in variant c.

y@—1)

Yi

v

Figure 4. Sets of admissible offers. Examples

When the auction mechanism is constructed, different rules can be used at
different stages of the auction process. For example, variant ¢ can be assumed as
the basic one. However, at the beginning and in the final rounds, variant a or b
can be applied instead. At the beginning of the auction the buyer is not fully
aware of his preferences, therefore the bidders should have an opportunity to
present a wide portfolio of offers, and this is enabled by variants a and b. Simi-
larly, in the final rounds it would be a pity to miss some offers, which are non-
dominated and lie near the border of the domination cone, excluded from con-
sideration by variant c.

The questions discussed above have been solved in a specific way in the case
of a closed bidding-auction analyzed in our study. Let us assume that a decision
making authority organizes an auction for the construction of a public facility,
for example a bridge. The authority is interested in constructing the facility in
the shortest time and with the lowest cost possible. The authority — the auction
organizer and buyer, defines a discrete set 7 of several construction time vari-
ants, with realization times 7 7. We assume that the organizer and each bidder
have their own profitability limit for each time variant. For the organizer, it is the
maximal accepted cost of realization of the object. For the bidders, it is assumed
that each of them has conducted multicriteria analysis of the possible realization
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of the facility. On this basis, the organizer has defined values of minimal pay-
ments for the facility construction for the time variants. For lower values, the
construction of the facility is not profitable for him. Confidentiality of informa-
tion is approved. The bidders do not know which time variant will be finally ac-
cepted by the organizer. No bidder knows the profitability limit of the organizer
or the profitability limits of the competitors. The organizer does not know the
profitability limits of the bidders. The auction mechanism should lead to finding
the contractor and the best variant of project realization according to the prefer-
ences of the organizer.

A special multiagent system has been constructed to simulate different vari-
ants of a bidding auction. The system has been written in the AIMMS (see Biss-
chop, Roelofs, 2009) environment. Users play the roles of the organizer of the
auction and of the bidding competitors. The system is started by an operator who
initiates actions of a computer agent acting for the organizer and setting a re-
quired number of agents for the competitors. The system supports confidentiality
of information. The auction is carried out according to the general scheme pre-
sented in Figure 2. In each round, the bidders can present their offers with prices
for each time variant. The organizer performs multicriteria analysis of the offers
submitted. He does not inform the bidders about his preferences. They obtain in-
formation about the best offers for each time variant, but do not know who has
proposed these offers.

Multicriteria analysis is performed by the organizer interactively with use of
the reference point method developed by A.P. Wierzbicki (Wierzbicki, 1986;
Wierzbicki, Makowski, Wessels, 2000). According to this method, the organizer
can find and analyze non-dominated offers in the space of his criteria, assuming
the reservation points » and the aspiration points @ in this space. The subscripts 7
of the components 7;, a; of vectors » and a, refer to the cost and the time, respec-
tively, of the project realization. A set of the indexes is denoted by /, in our case
1= {cost, time}. The following optimization tasks are solved:

maxz+é&) z,
iel
subject to the constraints of the reference point method:
z<z, ,Viel
z, <y(x, —r)Na, —r,),Viel,
z, <(x,—r)/(a;,—1,),Viel,
z, £ p(x, —a,)a,—r)+LViel,
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to the limits for minimized values for the time and the cost:

Xcost = Posr —(Pmax —Pmin A=W, ,.),VoeO,treT,
X time Zdrr_(d _dmm)(l—q”),vn‘ET’
and to the constraints related to the discrete form of the set T:

ZWM =1,

0€0,teT

wa =q,VtreT.

0€0
In this formulation there are additional variables z, Z o5 Zuime€R', and the coeffi-
cients of the reference point method €, f3, y, where € is a small positive number;
0<B<1<Y, puar and p,y;, are the most costly and the cheapest offer for the
given time variants; d. and d,;, are the shortest and the longest realization
time; w,,, for o€ O and treT, g, for tre T are additional binary variables.

This is a mixed integer-programming problem. The reference point method is
implemented for the considered multicriteria optimization problem of the auc-
tion organizer. The problem is solved by the system for the points 7 and a, set by
the organizer. The solution of the problem — the point x in the criteria space — is
non-dominated in the set of variants proposed by the bidders, due to the proper-
ties of the reference point method. The organizer can obtain a representation of
the set of the non-dominated offers by changing the reference points.

The organizer finishes multicriteria analysis after having valuated and com-
pared all non-dominated points of interest for him. Then he either selects the best
solution, according to his preferences and announces the selected offer, complet-
ing the bidding auction, or decides to continue the auction for the next round.

If he decides to continue the auction, the bidders obtain information about the
cheapest offers for the indicated time variants. However, they do not know
which bidder has presented a given offer, and they do not know the preferences
of the organizer. Each bidder can update his offers by decreasing costs. He can-
not, however, retract his previous offer unless he wants to correct it. Moreover,
he does not know if the auction will be continued in the next round. The organ-
izer opens new offers and repeats the multicriteria analysis with the new set of
offers. He can continue the process in the next round; he can either stop the
process at any round and interrupt the auction if he has found all the offers un-
satisfactory, or can complete the auction announcing the selected offer.

A number of simulated interactive auction sessions have been made with the use
of the computer-based system. Human users of the system played roles of an auction
organizer and of bidders. We wanted to investigate possible behavior of the organizer
and of the bidders. An important question can be posed, whether a multi-round and
multicriteria auction mechanism encourages to reveal some confidential information
of the bidders about their true cost of realization of the public facility.

max
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4. Experimental results

Selected results of one of the sessions are presented and analyzed below. The
session is related to a bidding auction for the construction of a public facility.
Three bidders have participated in it. The auction organizer has defined six pos-
sible time variants for the realization of the contract: 30, 33, 36, 39, 42 or 45
months. He has also defined his profitability limit, i.e. the maximal cost he can
pay for the project realization for each time variant. We assume that each bidder
has also defined his profitability limit i.e. the lowest price for which he can con-
struct the facility in each given time variant.

The profitability limits of the organizer and of the bidders are presented in
Figure 5. In this example, the profitability limits of bidders are below the profit-
ability limit of the organizer. There exist cost intervals in which the possible so-
lutions of the auction can be profitable for both the organizer and the winning
bidder. A comparison of these profitability limits is presented here for the pur-
pose of our analysis only. The organizer does not know the profitability limits of
the bidders, and the bidders do not know the profitability limit of the organizer.

The organizer is interested in the construction of the facility in the shortest
time possible and at a minimal cost. He understands that the construction of the
facility in a shorter time requires a greater cost.

profitability limits
48
45 A B X e
—_ 42 A—B—X—&
m .
2 .
S 39 Am X *
E :
o 36 L ¢ .
E \
33 B X A *
30 B—X —& *
27 —
35 40 45 50 55 60 65
cost [min EUR]

Figure 5. Profitability limits of the organizer and of the bidders
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In each round, the organizer performs multicriteria analysis after all offers
have been collected. The analysis consists of a number of iterations of the refer-
ence point method. In each iteration, the organizer assumes a reservation point
and an aspiration point in his criteria space. The computer-based system solves
the optimization task formulated in the previous section and derives the corre-
sponding non-dominated point. The organizer obtains a representation of the set
of non-dominated points by assuming different aspiration and reservation points,
and can then select the best point, which is close to his preferences, but he in-
forms the bidders about the decision after having decided to end the auction.

Figure 6 presents offers in the final (fourth) round. If the realization time is equal
to 30, 33, or 36 months, the best offers are those of bidder 1, while in the case of 39,
42 or 45 months, the best offers are those of bidder 2. The organizer has obtained
a significant improvement of offers in comparison with the best initial offers given
in round one. Concurrent offers have been shown for each time variant.

final results
48 1
—=— bidder 1
45— A B-X—O0——
\ O\ —a— bidder 2
o 42 Al * X
£ , A —x— bidder 3
= v
03— aBxX *
E L —e— profitability limits of
GEJ 36 XA * organizer
£ TN .
33 8 9
27
35 40 45 50 55 60 65
cost [min EUR]

Figure 6. Offers in the final, fourth round

In the session presented here, we have observed that final offers tend to con-
verge to the level of the second minimal profitability limit of the bidders. As we
can see in Figure 5, the profitability limits of bidder 2 are lowest for the time
variants 45, 42 and 39 months. Bidder 1 has the second minimal profitability
limits for all the time variants. The profitability limits of bidder 3 are the second
minimal ones for the time variants 36, 33 and 30 months. Let us compare the re-
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sults of the final session presented in Figure 6. The winning offers of bidder 2
are on the level of the profitability limits of bidder 1 for 45, 42 and 39 months,
and the winning offers of bidder 1 are on the level of the profitability limits of
bidder 3 for 36, 33 and 30 months. It is understandable that the bidder with the
lowest profitability limit for the given time variant has no incentive to decrease
his offer and other bidders cannot beat it. In general, a large number of rounds
can be required to obtain such a result, especially if the bidders are allowed to
make only a small decrease in offers in each round.

5. Final remarks

The paper deals with mechanisms of multicriteria auctions in the context of in-
centive compatible decisions.

We have done an assessment of the rules for defining improvements of offers
in successive rounds, based on the domination relation defined in the criteria
space of the organizer. The rules differ with respect to the range of possible of-
fers that can be proposed by bidders, and to the development of the auction
process. It seems reasonable to apply different rules at different stages of the
auction process. For example, at the beginning of the auction, the organizer may
not be fully aware of his preferences. Therefore, a rule that enables the bidders to
propose a wider range of offers can be applied, though the progress of such an
auction can be rather slow. In further stages of the auction another, rather nar-
rower, rule speeding up the progress could be applied, by limiting the range of
possible offers.

We have constructed a mathematical model of the iterative multicriteria
closed-bidding auction. It includes the formulation of the optimization task and
implements the reference point approach of the multicriteria analysis performed
by the organizer. The multi-agent computer-based system has been built to sup-
port the submission of offers, multicriteria analysis performed by the auction or-
ganizer, simulation and analysis of competing bidders’ behavior.

The computer-based system used in the experimental studies ensures the con-
fidentiality of private information about the profitability limits of the bidders and
the organizer. We have done an assessment of the results of sessions conducted
with the use of the system. We have observed that generally bidders are encour-
aged in the auction to gradually reveal their private information. Analogously to
the Vickrey auction (see Vickrey, 1961), the proposed offers tend to converge in
the consecutive rounds to the second minimal profitability limits of the bidders.
This can be explained by the fact that the noncompetitive bidders, who must
compete with the others to their limits, are motivated in the consecutive rounds
to propose offers that tend to their profitability limits.
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Further research may include development of the model and redesign of the
multi agent computer-based system. Different rules of the multicriteria auction,
and different strategies of bidders in the auction may be analyzed. Full confiden-
tiality of individual information has been assumed in the model already pro-
posed. The confidentiality relates to cost limits and preferences of the organizer
and bidders. It is interesting to see how the access of bidders to some selected in-
formation, for example to the information on the organizer’s preferences, may
impact the behavior of the bidders and their strategies during the auction proc-
ess. The bidders, in the model presented here, supply to the system data about
their cost limits as well as the offers proposed. However, the corresponding mul-
ticriteria analysis leading to the calculation of that data has to be made outside
the system. An additional module supporting such analysis would be useful. The
cost limits of the organizer and the bidders impose obvious reservation points in
multicriteria analysis performed by each of them. The cost limits can be calcu-
lated using the BATNA (Best Alternative to Negotiation Agreement) concept
analogously to Krus (2002; 2008; 2011). The BATNA concept (see Fisher, Ury,
1981) is commonly used in international negotiation processes.

Acknowledgements

The authors are grateful to the anonymous referees for valuable remarks and
constructive, friendly recommendations.

References

AIMMS - Optimization Software for Operations Research Applications,
WWWw.aimms.com.

Bellosta M.-J., Brigui 1., Kornman S., Vanderpooten D. (2004), A Multicriteria
Model for Electronic Auctions, ACM Symposium on Applied Computing,
SAC’04, March 14-17, Nicosia, Cyprus.

Bichler M., Kalagnanam J. (2005), Configurable Offers and Winner Determina-
tion in Multi-attribute Auctions, EIOR, Vol. 160, 380-394.

Bisschop J., Roelofs M. (2009), The AIMMS Language Reference, Paragon De-
cision Technology.

Fisher R, Ury W. (1981), Getting to Yes, Hougton Miftlin, Boston.
Klemperer P. (2004), Auctions: Theory and Practice, Princeton University Press.

Krus L. (2002), Multicriteria Decision Support in Bargaining. A Problem of
Players Manipulations [in:] Multiple Objective and Goal Programming,
T. Trzaskalik, J. Michnik (eds.), Physica Verlag, Springer, Berlin.



46 L. Krus, E. Toczytowski

Krus L. (2008), On Some Procedures Supporting Multicriteria Cooperative Deci-
sions, Foundations of Computing and Decision Science, Vol. 33 (3), 257-270.

Krus L. (2011), Multicriteria Cooperative Decisions. Methods of Computer-
based Support (in Polish: Wielokryterialne decyzje kooperacyjne, metody
wspomagania komputerowego), Instytut Badan Systemowych PAN, Seria:
Badania Systemowe, Tom 70, Warszawa 2011, 248.

Krus$ L., Skorupinski J., Toczytowski E. (2012), Analysis of Incentive Compati-
ble Multicriteria Decisions for a Producer and Buyers Problem [in:] Multiple
Criteria Decision Making’12, T. Trzaskalik, T. Wachowicz (eds.), Publisher
of the University of Economics, Katowice, 132-145.

Krus$ L., Skorupinski J., Toczytowski E. (2013), Analysis of Incentive Compati-
ble Decisions in a Multicriteria Auction, Operations Research and Decisions,
Vol. 23, 23-33.

Milgrom PR., Weber R.J. (1982), A Theory of Auctions and Competitive Bid-
ding, Econometrica, Vol. 50 (5), 1089-1122.

Ogryczak W., Koztowski B. (2011), On Ordered Weighted Reference Point
Model for Multi-attribute Procurement Auctions [in:] ICCCI 2011, P. Jedrze-
jewicz et al. (eds.), Part 1, LNCS 6922, 294-303.

Raiffa H. (1982), The Art and Science of Negotiations, Harvard University Press,
Cambridge.

De Smet Y. (2007), Multi-criteria Auctions without Full Comparability of Bids,
EJOR, Vol. 177, 1433-1452.

Skorupinski J. (2010), Multi-agent Computer-based System Supporting Process
of a Closed Bidding Auction, Student’s project, IAilS, Warsaw University of
Technology, Warszawa.

Teich J.E., Wallenius H., Wallenius J., Zaitsev A. (2006), A Multi-attribute
e-auction Mechanism for Procurement. Theoretical Foundations, EJOR,
Vol. 175, 90-100.

Toczytowski E. (2003), Optimization of Market Processes Subject to Constraints
(in Polish: Optymalizacja proceséw rynkowych przy ograniczeniach), AOW
EXIT, Warszawa.

Toczytowski E. (2009), Incentive Compatibility in Mechanism of Energy Market

(in Polish: Zgodnos¢ motywacji w mechanizmach rynku energii), Rynek En-
ergii, II(TV), 88-95.

Vickrey W.S. (1961), Counterspeculation, Auctions, and Competitive Sealed
Tenders, Journal of Finance, Vol. 16, 8-37.



Remarks on Designing Iterative Multicriteria. .. 47

Wierzbicki A.P. (1986), On the Completeness and Constructiveness of Paramet-
ric Characterizations to Vector Optimization Problems, OR Spectrum, Vol. 8,
73-87, Springer Verlag.

Wierzbicki A.P., Krus L., Makowski M. (1993), The Role of Multi-Objective Op-
timization in Negotiation and Mediation Support, Theory and Decision, spe-

cial issue on International Negotiation Support Systems: Theory, Methods,
and Practice, Vol. 34, (2).

Wierzbicki A.P., Makowski M., Wessels J. (2000), Model-based Decision Sup-
port Methodology with Environmental Applications, Kluwer Academic Press,
Dordrecht, Boston.



