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1 Introduction in such an environment. None of them concern the concept of equi-

We address a model of self interested agents competing to perfor,lirprium and the modulation of other agents’ future strategies. Several
tasks. The agents are situated in an uncertain environment while difvorks from the adjacent domain of resource allocation involve equi-
ferent tasks dynamically arrive from a central manager. The agentiorium analysis (e.g., [4]). However, they do not suggest the full
differ in their capabilities to perform a task under different world extent of changing capabilities and world states or the modulation of
states. The tasks are allocated according to a pre-defined protocol S8t future strategies of the other agents.

by a central manager such as a government, a municipality, a com» A General Description of the Model
pany. The central manager lacks the required resources to perfor(}'\]/e sugaest a model in which different tvpes of tasks arrive dviam-
the tasks by itself. The protocol defines the rules for selecting a per- 99 yp y

former for a task and the appropriate payment to this performer. Th«%Cally according to a given probability. We consider an environment

goal of the central manager is to maximize his expected utility, de-With a bounded set of self interested agents competing to perform

fined as a function of the number of tasks being performed and th hesc_a tasks. A measure for an _agents capability of handlmg_ agen
ask is the duration of time required to successfully complete it. A ca-

total payment. Previous models concerning cooperative agents aim-_ . . 4
pay 9 P 9 ability for performing a task depends on a specific world state. Due

ing for a joint goal are not applicable in such environments, since sel o the complexity of world states. and the chanding environment. we
interested agents have a motivation to deviate from the joint alloca- plexity ' ging !

tion strategy, in order to increase their own benefits. Given the allp@ssume that for each world s_tat_e the QUratlon is drawn from a proba-
cation protocol set by the central manager, a stable solution is a s%i'ty function, Pp (x) Whefe‘”” is in the |ntervaI[Q7_nm,_. o ’D"“’.I.]'

of strategies derived from an equilibrium where no agent can benefi us, each agen’t has gphfferent set Of. capab|||t.|es ina specific world
from changing its strategy given the other agents’ strategies. Hencatate: The agent’s decision must take into consideration two types of

a major challenge in task allocation process for self-interested agengsngéi;gz Cvﬁ\ riféegznth?ocr?ﬁtecgugﬁg':'pztslggbllg ::C:gﬁt;gzs(z‘;fts
In such environments is to identify the agents’ equilibrium strategiesthe central mane? eI: calgulations and e\;aFIJuation costs, etc denoteyd
for a given protocol and environmental settings. ger, , etc),

We suggest a methodology for calculating the agents’ equilibriumby_c' The second_cost,. Is the cos_t of _o_pergtlng the agent per time
nit when performing a task (for simplification we assume all agents

strategies. Specifically, we focus on a protocol in which, upon arrivaluhare the same
of a new task, the central manager starts a Vickrey auction, and the For each al;ction of: competitors and a givenD, e
agent who bids the lowest cost wins. In our domains, the numbe{ ' P 9 ;

of competing agents_is relatively smal_l,_ and their overall capabilitiesbeﬂg? .ﬂ.léDagg;]tlsfhsiri?sg; ?:Eg;’silgi?r;s Zzu;::l;r%n;uti)rmejddzz?;zn
can be estimated with some probability. Thus, an agent’s strateg ; pér.forming a task is derived frorﬁ’D(x)’ The bid is limited by

must consider the long term strategies of the other agents in the e%e maximum paymentl/, the central manager is willing to pa
vironment as part of its own bid strategy determination. An example payment, . 9 9 fo pay
er task. An agent will leave the environment only upon winning

of such an application can be found in an environment where self ) . X .
n auction. The dynamic nature of the environment suggests possi-

interested servers, with different configurations and changing Ioad%lIe entrance of new agents (either former auction winners once the
compete for the execution of jobs arriving from an external source 9 Y

The servers set their strategies on-the-fly, according to their currerﬂa\ﬁb(;?rgf ;et:gt;h;rt;?'sn ks&:)er g:lar}gr?neqvgn?%eest\)/\'/:ﬁ ?ssusmsstgat g:]?
information of the world sate, and their evaluation of their competing u 9 ing Vi Wo subsequ

agents’ capabilities. The main difference from e-commerce domaingucuons is associated with a probability function and can be evalu-

is that in e-commerce the rate of new agents entering the environmeﬁlfed by the agents. This evgluanon_ is denoteg(by.
All the agents are acquainted with the total number of agénts,

is relatively high so it is unfeasible to consider the modulation of.n the environment at a given time. the cost paramet&rand
competitors’ future strategies when setting an agent’s bid (e.g. [2]). : Vi given time, P ©

The concept of task allocation in a competitive environment is dis-the maximum priceM andp(j). Also, all the agents are familiar

cussed in several works (e.g., [1, 3]). The main focus of these work@"fth thet_probabngy fu?ﬁt'?jnPDt.(oxgv(ﬂ;OUQh tfrlﬁy h?r:/e no Sptec'f'c
is on the commitments and the communication problems that emerdg ormation regarding the duratiof; of any of the other agents).
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fewer agents to compete with). Therefore the agent’s bidding stratConsidering the proposed self-interested servers application (see sec-
egy must consider the tradeoff between an immediate gain from th#on 1), for example, we can identify such a scenario, in which servers
current auction and the expected loss of future opportunities. Thare competing for the execution of night jobs (assuming they have
agent’s evaluation of the above two measures is derived from thalle resources only at nighttime). A typical execution of such a job
analysis of the other agents’ strategies in current and future auctionfasts several hours, thus preventing the executing server from com-
Consider an agent which is about to attend an auction with a totgbeting for additional jobs during the night run. The entire application
of k participating agents. The expected revenue of this agent is dewill start over the next night as all servers will be available again to
noted byR*. Once the task associated with the auction is revealedcompete for incoming jobs. In this case, once an agent is awarded a
the agent can evaluate its own required durafianfor performing  task, the number of available remaining agents, for the next auction,
the task in the current world state. The expected revenue of the agealways decreases by one.
in an auction where its duration for the proposed tadR;iss denoted In this scenario, once a single agent remains in the environment,
by R’z’,i. The expected revenu@” is calculated as: it will undoubtedly bid M, having no other agents to compete with.
k 20 k However, even in this situation the agent might not be interested in
R"=-C+ R, Pp(y) 1) .- . . L2 A
winning any given auction. As no competition is expected in future
yE[Dm,in«,Dnzaw] H H H P H H
Consid task arrivi taai i h ¢ auctions, it might be more beneficial for it to wait for a better world
_onsider a new task arriving at a given ime, whisragents are state, in which its capabilities allow it to complete the task in a shorter
situated in the environment. An agent winning an auction, when bid

dina B* will b ded th f d bid val denoted b'duration, and thus at a lower cost. In the absence of the cost of partic-
INg b7, Wil b€ awarded the mean of Second bid vajues, denote Ypating in an auction, the agent would have to wait until it reaches a
Ep,[second]. Otherwise, it will move on to the next auction where

its expected revenue will be either (assu ents in last auction) world state in which its capability for performing the task is optimal.
; . s 20 . X However, the introduction of cost requires a cost-effective analy-
RF+P()=1 if one of the other agents won this auction;RF*+?(), d y

. L & sis. Thus the agent will use a reservation value strategy, biddimgy
if all agents used a bid higher thai. In order to compute th&p,, Il world states where its duration is smaller or equal its reservation

stage and a distribution of benefits from possible opportunities, seeks

(I) Bidding less than the maximum price set by the central manage o maximize its overall utility.

i.e., B < M. Inthis case the expected revenue is composed of For this case a simple algorithm
components: (a) The agent is the sole best bidder (awarded the &%ith a complexity O(N2k) can be

pected second bid) ; (b) the agent is the best bidder along with othgjSed to calculate the equilibrium bid
agents with equal bids (awarded its own bid with a probability equaland revenues. Using the algorithn
to the others) ; (c) the agent loses the auction and moves on to thﬁe explored the behavior of agents
next one. The above is formulated as follows { is the probability expected revenues and the cent

the agent will win thg auction when one or more additional agent%anager’s expense for different e
have th)e(same duratio; ): vironmental settings. We investigate
ko . k . k—1 k—1 several properties of the equilibriun
Bo= " (min(By M) = eDi)(Po(Dz y)" = Fo(D>y)" ")+ including the affect of costC for
, participating in an auction and the®
+ Peg(Bf— ¢Di)}H(1 — Pp(D> Diy1)"™2 Pog) R"P971 (2)  humber of agents;, on the expecte _
(I) Bidding exactly the maximum price, i.eB" — M. The ex-  €xpenses of the central manager. As Figure 1. Cost per task )
pected revenue in this case is composed of 2 components: (a) TREOWN in Figure 1 increasing the number of agents and decreasing
agent wins the auction with a probability similar to all other agentsC0StC enhances competition and the average expenses of the central
offering M (awardedM) ; (b) the agent loses the auction, moving Manager per task decreases. However, at some point, as the number
on to the next one. The above is formulated as follows (is the ~ Of @gents increases, the expected future revenue becomes negative
probability the agent will win the auction when biddind): fc_)r any agent participating in this type of auction sequence. This is
. ktp(i)—1 5|mp_ly because adding more age_nts e_xten(_js the average number of
Rp, = (M —cD;i)Pr; + (1 — Pir)R™™"Y (3)  auctions an agent needs to participate in, prior to winning a task, and
() Bidding more than the maximum price, i.&8F > M. In this the agents initially prefer not to participate in any of the auctions.
case the agent inevitably loses the auction thus the only considerdhe same holds for the increase in cost. If the central manager can
tion is the number of agents it will compete with in the next auctioncontrolC' andk, it will select the combination that will produce the
(affected by whether or not one of the other agents wins the currerlowest feasible expected cost (efg+= 20, C' = 2.2).
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