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Abstract. Multiagent resource allocation defines the issue of haartistribute
a set of resources among a set of agents, aimingfair and efficientalloca-
tion. Resource allocation procedures can be evaluatedregird to properties
such as budget balance and strategy-proofness. Desigbinget-balanced and
strategy-proof allocation procedure that always providdair (namely, envy-
free) and efficient (namely, Pareto-optimal) allocatiosgma true challenge. To
the best of our knowledge, none of the existing proceduresbates all four
properties. Moreover, in previous literature no attent®given to the allocation
of unwanted resources (i.e., resources that seem to be afenfouall agents) in
a way as to maximize social welfare. Yet, dealing inappaipty with unwanted
resources may decrease each agent’s benefit. Thereforettevel éhe scope of
sealed-bid auctions by means of involving market pricesssto always provide
an optimal solution under consideration of each agentfepeaces. We present
a new market-affected sealed-bid auction protocol (MSARene agents submit
sealed bids on indivisible resources, and we allow monedialg-payments. We
show this protocol to be budget-balanced and weakly stygtegof, and toal-
waysprovide an allocation that maximizes both utilitarian agdléarian social
welfare, and is envy-free and Pareto-optimal.
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1 Introduction

In multiagent resource allocation, agents participateialbbcation procedure to obtain
afair andefficientallocation of a set of resourcéShere are two types of procedures:
centralized and decentralized. Auction protocols give adgexample for centralized
procedures: All agents are asked to state their preferguotiéity values) for the re-
sources given, and based on these the protocol makes aoteatsthe final allocation
(see, e.g., [11, 6]). In contrast, in a decentralized emvirent the final allocation is the
result of a sequence of conducted negotiations betweelesiggnts (see, e.g., [7]).
Many resource allocation approaches are about allocadioly ef the goods to any
of the agents (see, e.g., [14,1,17]), and thus an impori&petct is missed out: Among
the goods to be allocated there may be “unwanted goods'goeds none of the agents
is interested in. Though some procedures consider thatiaydar agent may not be in-
terested in each good available (see, e.g., [17]), the uewanted goods is no atten-
tion given to. The market-affected sealed-bid auctiongarot (MSAP) to be presented

* Supported in part by the DFG under grant RO 1202/12-1 (withenESF's EUROCORES
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1 we will use “resource” and “good”, and “procedure” and “mool” interchangeably.



in Section 4 fills this gap by involving market prices. Thismauction protocol has
highly relevant properties such as budget balance, weategiy-proofness, and always
providing an allocation that maximizes both utilitariandaggalitarian social welfare,
and that is envy-free and Pareto-optimal (see Section Hjtadan and egalitarian so-
cial welfare are the most common notions of social welfaee(&.9., [5]). Informally
speaking, for a given allocation, utilitarian social wefatates the sum of all agents’
utilities, whereas egalitarian social welfare states tiligyuof the worst off agent. Both
notions make meaningful statements about the quality oflacadion, utilitarian social
welfare measures the overall benefit for society, and egglit social welfare measures
the level of fairness as to satisfying minimum needs. Anagbbstantial concept of fair-
ness is envy-freeness: An allocation is said to be envyifire@ne of the agents has an
incentive to swap his or her share with any other agent'ssstikggarding efficiency, the
most fundamental concept is the notion of Pareto-optigiafin allocation is Pareto-
optimal if any change to make an agent better off results ikingeganother agent worse
off. With regard to resource allocation protocols that ireamonetary side-payments,
budget balance states that all payments sum up to zerdheeapplication of the pro-
tocol causes neither a profit nor a loss. These notions andetheral framework are
specified in Section 2. Moreover, the MSAP is proven to be ‘kiyestrategy-proof”, a
notion to be motivated and introduced in Section 3. In slveegkly strategy-proofis a
somewhat milder notion of strategy-proofness implying thaheating attempt may be
successful but is always at the risk of an overall loss.

Pioneering work in the field of auction procedures for insitvie goods was done
by Knaster. His auction protocol of sealed Biisabout agents that submit sealed bids
for single goods, and the agent whose bid is the highest igreesss the good; mon-
etary side-payments are used for compensation. Knastertegure always provides
an efficient allocation but does not guarantee envy-free(see, e.g. [3]). Just as in
Knaster’s procedure of sealed bids, the MSAP asks agenthtoissealed bids on sin-
gle goods reflecting their individual welfare from recetyithese goods. This has the
advantage of making winner determination easy (as oppogbe thardness of winner-
determination problems in combinatorial auctions, seegl)1In this regard, in order
to create a mutual bid-basis and to account for unwantedgjdloel option to sell goods
on the open market is included, i.e., the MSAP combines theabwalue of a good
with each agent’s preferences. Furthermore, we allow naoypside-payments, and a
central authority manages the allocation procedure. Putlgj the MSAP extends the
scope of sealed-bid auctions by means of involving markieeprin order to always
provide afair andefficientallocation—even when taking unwanted goods into account.

The New Economy, which is rooted in continuous informatieaknological
progress, provides the basis for the MSAP to act on the globaket. The internet and
related technologies overcome geographical borders anelase market transparency,
and hence create some kind of perfect information enviratirfdd. Being generated
and used by internet users worldwide, information (e.ghweference to demand and
supply) turns out to be the crucial factor when performirapgl market activities. The
global market provides a shared platform for market re$eajiving each agent the
same chances to sell unwanted goods, and thus to make bidsoomparable basis.

2 This protocol has been proposed by Knaster and was firstmiessa Steinhaus [13].



Application areas could be the allocation of inheritaneanis or collective raffle
prices, or in the case of two agents even the allocation ofdloaid goods within a
divorce settlement. In general, the MSAP can be applied taxéune of insignificant
replaceable goodge.g., a car that is of no (considerable) personal signifiedan a par-
ticular agent) andignificant replaceable goodise., goods that are sort of irreplaceable
to an agent, but a certain monetary compensation would teptent (e.g., a car that is
of considerable personal significance to a particular agesbme reason—such as this
agent has been born in this car—but the agent would be wiltiraccept some money
to set the car aside). The MSAP can also be applied to a sethef siolely significant
or solely insignificant replaceable goods.

2 Preliminaries and Notation

LetA={a;,ay,...,an} be a set oh agents, and le& = {01,02,...,0m} be a set om
indivisible and nonshareable goods (i.e., each good is &dlbeated in its entirety and
to one agent only). If some amount of money is among the gante &llocated, this
money is excluded fror® and its value is split equally among all agentéiMoreover,
the number of agents as well as the number of goods are nattedt and there is no
limitation on how many goods are to be allocated per agentléAfhprevious literature
the focus is mostly on scenarios where only one single gotmlis assigned per agent
(see e.g., [14,15, 9]), we do not need this restriction @ated work, see, e.g., [2, 17]).

LetU = {ug,up,...,un} be a set o utility functions representing each agent’s
preferences (i.e., bids), wheue: G — R specifies agerd;’s utility of each single good
in G. An allocation of Gis a mappingX : A — G with X(a;j) N X(ayx) = 0 for any two
agentsaj anday, j # k. At this, uj(X(a;j)) gives agend;’s additive utilityof the subset
(bundle) of goods allocated to him or her by allocatigrto simplify notation, we will
write uj(X) instead ofuj(X(a;)). Note that agents do not have any knowledge about
the utility values of other agents. LEt= {c;,Cy,...,Ch} be a set oh side-payments
that agents; in A either make (i.egj € R™) or receive (i.e.cj € R™) in conjunction
with an allocation. At this, the value of money is supposeledthe same for all agents.

The MSAP asks agents to bid on single goods only. Hence tdiyeergetic effects
caused by the allocation of bundles of goods are disregakttedever, in Section 5 it
is shown that the final allocation involves bundles when antiag for side-payments,
and that statements regarding social welfare, fairnesketitciency can be made.

Various criteria have been introduced to measure the guaflian allocation such
as the concepts of social welfare, envy-freeness, andd?apgimality. Concerning a
given society of agents, concepts of social welfare meatherdenefit an allocation
yields. Transferring this measure to individual agentsgithe notion of individual
welfare. Definitions 1, 2, 3, and 4 each are given with refeedn a resource allocation
setting where monetary side-payments are allowed.

Definition 1. Consider an allocatioX of a setG of goods to a sef of agents, where
the agents’ preferences are represented by utility funstio LetC be the set of side-
payments agents iA either make or receive, as appropriate. Tidividual welfareof
agenta; obtained through allocatiod and side-paymert; is defined asw; (X(a;)) =
uj(X(a;j)) + cj. We will write iw; (X) instead ofiw;(X(a;)).



Note that for an allocatioX and any two agents anday in A, a; # a, the individ-
ual welfare agerd; would obtain through the assignment of agays share is defined
asiw;j(X(ax)) = uj(X(ax)) + ck. In terms of social welfare, in this paper, we focus on
the following two types (see, e.g., [5]).

Definition 2. Consider an allocatiorX of a setG of goods to a sefA of agents,
whereiw;(X) is the individual welfare agerd; in A obtains through allocatioiX.

(1) Theutilitarian social welfareis defined asw,(X) = YajcalWj (X). (2) Theegali-

tarian social welfards defined aswe(X) = min{iw;(X) | aj € A}.

We now define envy-freeness and Pareto-optimality. Infdynspeaking, an allo-
cation is envy-free if every agent is at least as happy wishohiher share as he or she
would be with any other agent’s share. An allocation is Raogitimal if no agent can
be made better off without making another agent worse off.

Definition 3. Let a sefG of goods and a sé&t of agents be given, and [EtandY be two
allocations ofG to A. Letiw;j(X) andiw;(Y) be the individual welfares ageaf in A
obtains through allocations andY. (1) X is said to beenvy-fredf for any two agents
aj anday in A, we havew; (X (aj)) > iwj(X(ax)). (2)Y is said to bePareto-dominated
by X if for each agena; in A, we havaw; (X) > iw;j(Y), and there exists some ageqt
in A such thaiw(X) > iwk(Y). An allocation is said to bPareto-optimal (or, Pareto-
efficient)if it is not Pareto-dominated by any other allocation.

The notion of budget balance makes a statement on the qa&dityesource alloca-
tion protocol that involves monetary side-payments.

Definition 4. A resource allocation protocol is said to bedget-balanced for every
allocation obtained it holds that all side-payments sumougeto, i.e.,zcj ecCj =0.

3 Motivation

Considering the design of a multiagent resource allocgionedure, the common goal
is to guarantee a fair (namely, envy-free) and efficient (@gnPareto-optimal) alloca-
tion. In this context, two more desirable properties forsotece allocation protocol to
possess arbudget balanceandstrategy-proofnes§.e., none of the agents has an in-
centive to bid dishonestly). While the well-known Grovesomanisms [8] satisfy both
Pareto-optimality and strategy-proofness, they in gdrderanot guarantee to provide
an envy-free allocation and are not budget-balanced (sge[H0]). In fact, Tadenuma
and Thomson [16] showed that envy-freeness and stratampfmrss are mutually ex-
clusive. Thus, in this paper, we aim at guaranteeing enegress, Pareto-optimality
and budget balance while weakening the requirement okeglygtroofness. In litera-
ture it is common to define strategy-proofness by incentoragatibility which states
that truthfulness is the dominant strategy (see, e.g.)[I’2prder to deal with the im-
possibility result given, we focus on a somewhat weakeomatif strategy-proofness.

Definition 5. Given that all agents have no knowledge about the utilitycfioms of
other agents, a resource allocation protocol is said taveakly strategy-prooff a
cheating agent is always risking a loss and is never guadmdecheat successfully.



In the context of additive valuation functions, Knastereqedure of sealed bids
satisfies Pareto-optimality and budget balance, but latkewy-freeness and strategy-
proofness—though it is weakly strategy-proof accordin®é&dinition 5 (see, e.g. [3]).
Willson [17] presented a procedure that indeed is envy;fPegeto-optimal, budget-
balanced and weakly strategy-proof (according to Defini6y. However, this proce-
dure does not give consideration to welfare maximizatioamiaving unwanted goods.

According to Willson’s procedure, agents are expecteddtesiegative values for
those goods they do not want (i.e., to specify some monetampensation to be paid to
the agents in order to persuade them to accept those gooethetass), but there are no
restrictions in terms of some sort of value limit. Thus, rely)ag an unwanted good (i.e.,
a good that is a burden on each of the agents), it is possisiéith absolute equivalent
of each single negative value is higher than the overallvafall other goods to be allo-
cated. This allows agents to receive compensations thifig iend, may cause a money-
losing allocation. As an example, consider the settingulegtave two agents anday,
three goods);, g, andgs, and the following utility valuesi;(g;) = 100,u1(g2) = 50,
u1(g3) = —300,uz(g1) = 80,u(g2) = 60 andux(gs) = —250. According to the proce-
dure givenin [17], each good is assigned to the highest bidtes, good); is assigned
to agentay, and goods), andgs are assigned to ageat. The overall benefit sums up to
100+ 60+ (—250) = —90, and hence ageat has to pay side-payments wor#i45 to
agentay, resulting in anegativeshare of-45 for each of the agents. Just one unwanted
good, herays, can smash a whole allocation. But, if an agent does not wgobd for
personal use, this does not necessarily mean that this geantih nothing to the agent
as he or she may have good selling opportunities. For examaples assume googs
is a car and both agents have no use for it, hence they onlhe@®st involved such as
the cost for scrapping or insurance. By missing the optiosetbunwanted goods and
to distribute the related profit, agents may end up payirfterahan benefiting.

Moreover, there may be goods that, though being wanted by s@ants, do not
make up a high personal significance. Having no common baisteé specification of
utility values, agents with a similar preference for oneipatar good (e.g., considering
the good to be of no personal significance) may state signfficdifferent utilities.
Without a common basis the values stated may neither bedelathe actual value of
the good nor to one another, and thus a lower overall benefitrazaused.

To address the issues mentioned above, we present and erzalygw market-
affected sealed-bid auction protocol that is proven to agbtrbalanced and weakly
strategy-proof, and to always provide an allocation thangy-free, Pareto-optimal,
and thatalwaysmaximizes both utilitarian and egalitarian social welfare

4 A Market-Affected Sealed-Bid Auction Protocol

The MSAP is about allocating goods that are to give away imeisafway as possible.
However, agents may have diverse preferences for the go@jsind thus some alloca-
tions may result in an advantage for one agent and in a distatyafor another—which
is unfair as every agent is to be treated equally. For theqaerpf achieving not only an
efficient but also a fair allocation, the aim is to assign albds inG in such a way that
the individual welfares of all agents are equalized aceaytth how valuable the goods



are to them. Regarding a good that is significant to an ageat,tility value reflects
the level of personal significance of this good, whereagnadigg an insignificant good,
the utility value states the profit the agent could make byrsgthis good®

Note that the central authority (CA) managing the allocgapioocedure is not one
of the agents. If the CA needs to be paid for its job, this isedproportionally by all
agents once the protocol is finished. It is assumed thougthth&A generally does not
have to be paid for organizing the allocation. Moreover,M&AP may involve side-
payments, but, as opposed to other approaches (see, é,d.7]), none of the goods
in G needs to be infinitely divisible. Furthermore, neither aggra nor the CA will
lose any value by the application of the MSAP, because atpmlyments are included
in the overall value of the goods i@. Let X* denote the final allocation obtained by
the MSAP. We writesw* instead osw(X*>), andiw; instead ofiw; (X*).

The MSAP is a multi-stage resource allocation protocol aodsists of three
phases: the bidding phase, the assignment phase and thermrsatipn phase. In the
course of the bidding phase agents are asked to specifyity uéilue for each of the
goods. During the assignment phase each good is assignieel agént whose benefit
from receiving this good is the highest, where ties can b&dmwarbitrarily. Finally, the
compensation phase is about equalizing the individualaxetf of all agents by means
of monetary side-payments. The MSAP is presented in det&igure 1.

Remark 1.Some remarks on the steps of the protocol in Figure 1 are ierord

1. B5. Agenta; statesuj(gi) (i.e., the individual welfare agewi would obtain from
receiving goody;) according to the following rules.

(a) If aj is not interested iy, a; would not keepy; but would sell it and thus
states a utility value fulfillingij(gi) < M(gi). Agenta; would receive revenue
M(gi) for sellinggi but he or she may also have some expeSs@as) caused
by sellingg;, i.e.,uj(gi) = M(gi) — Sj(gi). If agenta; wants to make sure to
receive goody; by no means, he or she states a utility value of Zero.

(b) If aj would like to haveg; for him- or herself,a; states a utility value ful-
filling uj(gi) > M(g;). At this, the value difference between(gi) andM(g;)
expresses the degree of significancejido aj, i.e., the higher the difference
the more significang; is to a;.

2. A3. If uk(gi) < Rea(gi) holds true, the CA has the lowest selling cost gpand
none of the agents iA is interested in keeping for him- or herself, i.e.g; is an
unwanted good

3. Cl.If none of the goods i needs to be sold, it holds thew* > M* = =M M(g;).
After the assignment phase is finished, all agents concamethe CA go into the
matter of selling those goods that are to be sold, since icdhgpensation phase
all related profits are involved. However, if agents conedrnave sufficient cash at
hand, the selling could be done later on, though at the risinahcial loss and the
chance of additional profit as market prices may change aver. t

3 There is no need to consider selling opportunities for igamt goods, since agents are inter-
sted in keeping those goods due to their significance.

4 Note that stating “0” would simplify the process for aganii.e., no selling activity would be
required), but this may cause a lower overall benefit contparevhena; would sellg;.



Bidding Phase:

For each goodj in G perform steps B1 to B5.

B1. Based on market research, the CA determines marketldrigg, i.e., the revenue the GA
or an agent would receive when selling gapan the market.

B2. The CA determines selling coSt¢a(gi), i.€., the cost caused by the CA selliggon the
market (e.g., the cost for meeting a potential buyer, or tst for shipping the good).

B3. The CA calculates proffca(gi) := M(gi) — Sca(Gi)-

B4. The CAdiscloses market pridé(g;), but conceals selling coSta(gi) and profittea(gi).

BS5. Each agend; in A specifies utility valueuj(gi) > 0 and submits this one to the CA.

Assignment Phase:

For each goodj in G perform steps Al to A3.

Al. Find agenta, in A such that there is no ageaf in A with uj(gi) > uk(gi), i.e., find 3
highest bidder fog;. (Ties can be broken arbitrarily.)

A2. If u(gi) > Pea(ai) andug(gi) > 0, goodg; is allocated to agers and the highest bid for
goodg; is recorded by setting*(g;) := Uk (gi)-

A3. If u(gi) < Pea(gi) orug(gi) = Pea(gi) = 0, the CA is going to keep; for the time being
and the highest bid fay; is recorded by setting”(gi) := Pca(gi)-

Compensation Phase:

C1. Forfinal allocationX” calculate the overall social welfare by := MU (gi).

C2. In compliance with values;(X?), divide setA into three disjoint sets, S, andT with
A=RUSUT, such that{1) u(X%) > (1/n)-sw* for all ar in R; (2) us(X%) < (Y/n) - sw*
forall agin S (3) w(X%) = (/n)-sw” forall a in T.

C3. Allagentsa, in R (i.e., all advantaged agents) have to make side-payncertdR ~ such
thatiwZ = ur (XZ) +¢r = (Y/n) - sw?.

C4. For goodsg, in G with u*(g;) = Pca(gr) that had to be sold by the CA, the CA has to
make side-paymentga € R~ such thatca = —Zxeiny Realgy).

C5. Allagentsagin S(i.e., all disadvantaged agents) receive side-paynwgradR ™ such thatt
iWg = Us(X%) +cs = (/n) - sw”. Note that—Z ;¢ (5 Co = Cca+ Zpe 1} Cp-

The CA discloses social welfam/*, the assignment of goody according toX* and sidef

paymentg; for each agena; in A.

Fig. 1. A market-affected sealed-bid auction protocol for any nendf goods and agents.

4. C5. Side-payments; andcs can be made to or received from several agents, and
agents either make side-payments or receive side-paynfegestsa; in T have
been in possession of a proportional share of social wedfateafter the assign-
ment phase already, i.&,= 0 andiw? = u(X*) = (/n)-sw* foralla in T.

5 Results and Discussion

The easiest way of equitably allocating all goodsGnwould be if the CA itself
would sell all goods on the market, and distribute the profidmin a proportional
manner among all agents. In this case, the overall socidarestw” would equal
PZ = =M Pea(gi). Thus,(Yn) - P* specifies the minimal individual welfare each agent
in A is guaranteed to obtain through the allocation of all good& iby the MSAP.
However, taking each agent’s preferences into consideratiay increase all individ-
ual welfares, and the overall social welfare accordingiytaiany amount. Concerning



unwanted goods, the MSAP includes the option to sell thoselgwith the best possi-
ble profit, which gives an opportunity to increase the oves@dial welfare, and which
guarantees that the overall social welfare is not devaillatsome “out-of-favor” good.
Furthermore, the MSAP takes into account that agents maydsaeptionally low sell-
ing costs for one or the other good, and by this keeps alhgptiosts as low as possible.
After the application of the MSAP, every agextin A possesses a bundle of goods
(which may be empty) and some side-payments (which may biéveosegative, or
zero). Note that each agent’s individual welfane is at least as high as a propor-
tional share of the overall social welfare that could haverbachieved if all goods
in G would have been allocated to this agent, imjz, > 1/n- 21, uj(gi). Consequently,
by including all agents’ preferences each agent expergeacencrease of what he or
she actually receives over what he or she anticipated tiveeaecording to his or her
measure. Combining utility values and side-paymentsyiddal welfareiws can be
interpreted as the bundle (consisting of goods and/or magsnta; received by final
allocationX®. Analogously, social welfarsw* can be linked to the concept of utilitar-
ian social welfare, i.esw;(X?) = sw?, and to the concept of egalitarian social welfare,
i.e.,sve(X%) = I/n-sw?, again in consideration of monetary side-payments.

Theorem 1. Every allocation obtained by the MSAP maximizes both atiih social
welfare and egalitarian social welfare according to the atg valuations.

Proof. The allocation of all goodg; in G is conducted in a way such that each good
is assigned to a highest bidder, or to the CA, respectivefythiss, the overall social
welfare to be distributed, which turns out to correspondhi tilitarian social wel-
fare of final allocationX* (including side-payments), is maximized on the basis of all
agents’ valuations of the goods. Given each agent’s utitit would result from re-
ceiving goodg;, every other allocation that assigns at least one good tthanagent
than one of the highest bidders would result in a lower atilétn social welfare.
Maximization of egalitarian social welfare follows immatkly from maximization
of utilitarian social welfare, since the MSAP makes eachatereceive a proportional
share of utilitarian social welfarg, (X ) according to his or her measure. O

From an inter-agent perspective, each agent values evieey agent’s bundle at
most as much as his or her own, and thus an envy-free allodatguaranteed. More-
over, no agent can be made better off without making any @tgent worse off.

Theorem 2. Every allocation obtained by the MSAP is Pareto-optimal andy-free.

Proof. The notion of efficiency implies that there is no better ollevatcome for the
set of agents involved [3]. Taking this statement into actoRareto-optimality follows
immediately from Theorem 1. Envy-freeness is easy to seawbssidering that each
goodg; in G is allocated to one of the agents that bid the highest vali(g), and that
the very same agent has to make side-payments (each @Jupdi*(g;)) to then—1
other agentS.Since each of the — 1 other agents values goggat mostu*(g;), this
guarantees that none of thase 1 agents envies this agent for having received gpod
Concerning goods that are sold by the CA, each agent is ingaive same proportional
monetary share of the profit made, and hence, in this casademnvy is created. O

5 For the sake of convenience, all side-payments of agjesum up to one final side-paymes)t



Budget balance of the MSAP (in the sense of Definition 4) feiammediately
from steps C3, C4, and C5 as given in Figure 1.

Corollary 1. The MSAP is budget-balanced.

Our last result shows that the market-affected sealedttian protocol presented
in Figure 1 is weakly strategy-proof (in the sense of Defimitb).

Theorem 3. The MSAP is weakly strategy-proof.

Proof. With reference to any goagl in G, a “cheater” (i.e., an agent lanot telling the
truth) could cheat by either stating a higher or a lower tHamwhher true utility value. In
the former case, if the cheater wins the biddgrhe or she, just as all other agents, will
obtain a higher individual welfare, but at the expense ofctirater as he or she has to
compensate for the difference—a difference which in faohiy fictitious. That is, the
cheater has to pay compensations out of a fund that doesisbaag which is based on
untruthful values only. Consequently, all agents but theatér would benefit from this
type of cheating. A cheating attempt would be reasonablg ibal utility value lower
than the true one is stated. Referring to this, if an agentstility value is higher than
the market pricé/(gi) (i.e., if this agent wants goagi for him- or herself due to its high
significance), he or she is motivated not to cheat by statilogvar utility value, since
in this case he or she may end up not gettinat all. On the other hand, if an agent
that is not interested in keeping gogdwould cheat by stating a lower than the true
utility value, this cheating attempt would succeed if, firsthe cheater has the highest
bid, and secondly, the cheater’s bid is at least as high di Bra(gi). In contrast, if the
second condition is not fulfilled, goagl would be sold by the CA causing a decreased
individual welfare for all agents, including the cheatehnisTis the reason why for all
g in G selling cost3:a(gi) and profitPca(gi) are not disclosed, aiming to motivate all
agents to state true utility values as otherwise they wasldtheir share. To sum up,
trying to cheat by stating a higher than the true utility \eais of no advantage to the
cheater, and trying to cheat by stating a lower than the ttiligywalue always bears
the risk of ending up with even less. Thus, the MSAP is weakBtegy-proof. a

6 Conclusions

We have proposed a new market-affected sealed-bid auctiboqol that can be applied
to a set of any number of agents and a set of any number of gddisave shown this
budget-balanced and weakly strategy-proof protocol tegssnice properties such as
always providing an envy-free and Pareto-optimal all@ratvith maximal utilitarian
and egalitarian social welfare. In addition, this protapahrantees each agent to receive
a bundle that is worth at least as much as a proportional stia goods, according
to his or her measure. These advantages notwithstandingieméion the following
limitations of this protocol. Depending on the scenaricerag not selling those goods
received may need to have some cash at hand or to hold suffigieid assets in order
to make side-payments. In this regard, poorer agents ndirtgpsufficient liquid assets
could, to play safe, accept each good for selling only, anthizyavoid any trouble.



However, the total of side-payments to be made by an ageet e&ceeds the value of
all to this agent assigned goods, and thus each agent isre@dsto gain in individual
welfare by the application of the MSAP. Moreover, having @agnounts of the same
good to be sold may have an impact on the market price of thisl.gdote also that
weak strategy-proofness (in the sense of Definition 5) isite gofter concept than the
common notion of strategy-proofness.

In terms of future work, one direction to go could be the imaphent of each agent’s
wealth by using weighted utility values for all significardags. In this way, poorer
agents could be motivated to make bids that reflect each gtro@ significance; rather
than, fearing side-payments, to accept each good for gedlity.
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