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Abstr act

With theexplosive growth of theinternet,autonomousgents
will increasinglyneedstratgiesfor efficiently retrieving in-
formation. The time anagent(or serer) takesto answera
gueryissuedto it is often a randomvariable,whosedistri-
bution can be estimatedby collecting statistics. When an
agentA sendsa query to anotheragentB and the query
has not completedin someperiod of time, agentA faces
the dilemmaof whetherto continuewaiting or reissuethe
guery(to agentB or to a differentone). Whensomeinfor-
mationis available aboutthe probability distribution of the
guerycompletiontime of theagentsit is possibleto devise
schemedgor agentdo reissuegueriesn sucha way thatthe
expectedquerycompletiontime is reducedsignificantly We
designsuchschemesor variousmodelsof query-answering
agents. Wheremeaningful we takeinto accounthe costof
sendingaqueryto anagent.

1 Introduction

It is acommonobsenationthatwhena sener, or agent,on
the World Wide Web (WWW) is issueda query the amount
of timeit takesto answetthequeryis notfixed. For thesame
guery the completiontime canrangefrom a few secondso
several minutes. This variability is attributableto, for ex-
ample,networkcongestionandthe load onthe sener from
concurrentlyprocessingeveral queries.lt is thereforerea-
sonableto assumehatthe completiontime of the queryis
arandomvariablewith a certaindistribution. This distribu-
tion canbeestimatedy collectingstatisticsat varioustimes
during the day Oncewe know (an approximationof) the
completiontime distribution, an interestingquestionarises.
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After anagentissuesa queryto anotheragent,if the query
hasnt completedafter a while, shouldit restartthe query
(on the sameagentor a differentone),or continueto wait?
Whenis the optimaltime to restartthe query? Doesit help
to repeatedlyrestartthe queries?In this paper undervari-
ousmodelsof agentgprocessingjuerieswe considerestart
stratgieswith the aim of reducingthe expectedcompletion
time.

Let ustakeanexample.Supposeve areaccessing par
ticular web site, andwe have estimatedhat the pagewiill
arrive in 5 secondswith probability 0.6, andin 20 seconds
with probability0.4. If we do notrestartthe pagerequesiat
ary time, thentheexpectedime for thepageto arrive would
be

(0.6)5+ (0.4)20 = 3 + 8 = 11 seconds

By contrastconsiderusingthefollowing restartstrategy:

Abort andrestartthe pagerequestf it hasnot
completedn 5 seconds.

We makethe reasonableassumptiorthat the restartedre-
guesthasthe samedistribution asthe first one, andis in-
dependenbf the first request. Suprisingly with this strat-
egy, the expectedtime for the pageto arrive is significantly
smaller:

(0.6)5+ (0.4)11 = 3+ 4.4 = 7.4 seconds

Now supposeave abortthe secondrequestf it hasnt com-
pletedin 5 secondsandreissuethe pagerequest. The ex-
pectedcompletiontime now is

(0.6)5+ (0.4)7.4 = 3 +2.96 = 5.96 seconds

whichis evensmallerthanbefore!

The above type of stratgly canbe usefulwhenanagent
issuesaqueryto anotheragentor senerontheinternet.In a
typical scenarioanagentthatneedsomespecifictaskdone
but is unableto performthetaskby itself, will delegatethat
taskto someotheragenthathasthatcapability Thereques-
teewill procesghetaskspecifiedn thequeryandreturnthe



results.Theremaybe severalagentswith therequiredcapa-
bility, eachwith its own performancecharacteristics Now

supposehe original agentsendsits queryto one of these
agentsandthis agenthasnotreturnedheresultsin, say 20

secondsNow shouldthequeryingagentcontinueto wait, or

shouldit abortit andre-sendhequery perhapgo a different
agent?

Therehasbeernsomepreviouswork on strat@iesto query
web sites (as opposedio web agents). Sincesomeof the
sameissuesarisein the caseof agentswe briefly describe
thiswork. For instanceEtzioniet. al. [5] considera model
whereeachwebsitechagesa certainfeeto answera query
andhasa deterministiccompletiontime with a certainprob-
ability of successfullyansweringthe query In this model,
thereis a tradeof betweensequentialquerying (which is
time-consumindput cheap)andconcurrenguerying(which
is fastbut expensve). The authorsexaminesomestratgies
to keepthe expectedcostplustime small. Oneweaknes®f
their modelis that they assumeesachsite hasa fixed com-
pletiontime. In this paper we makethe morerealisticas-
sumptionthatthecompletiontime hassomedistributionthat
canbeapproximatedby collectingstatistics.In addition,we
considerstratgiesfor abortinga querywhile it is beinghan-
dled by an agent,and re-issuingit to the sameor another
agent.

In [2], Huberman,Lukose and Hogg considerspecifi-
cally theproblemof restartingveb-sitequeries.They briefly
mentionthepossibilityof collectingstatisticoof web-siteac-
cesstimes,and mentionthat it is possibleto devise restart
stratgiesto reducethe expectationandvarianceof the ac-
cesstime. In [4], LukoseandHubermarcarry out ananal-
ysis of restartstratgiesundera modelvery similar to ours.
The differencesarethat (a) we design,usingdynamicpro-
gramming,an optimal restartstratgy for arbitrary multi-
valueddistributionsof completiontimes,(b) for two-valued,
andcontinuous-alueddistributionsof completiontime, we
shav a succinctcharacterizatioof whenrestartingreduces
expectedcompletiontime, and (c) for two-valueddistribu-
tionsof completiontime, we considethow expectedcomple-
tion time decreaseasafunctionof thenumberof restarts.

It is commonin the multi-agentliteratureto use con-
tracts[7, 3, 6] asamodelfor agentsieleyatingtasksto other
agentsFor exampleif anagentA delegatesaninformation-
retrieval taskto agentB, the two agentsenterinto a con-
tract: agentA agreedso pay agentB a certainfee for B’s
services.Most currentwork on multi-agentcontractscon-
siderscontractsasbinding. Therehasbeena growing inter-
estin contingentcontracts[9], which canoffer eachparty
several agreed-upofflexibilities. For instancethe querying
agentmay be allowedto abortthe query (andperhapsend
it to anotheragent)if the query-answeringgenttakesmore
thansomeagreedipontime to answeraquery Suchflexible
contractdhave beenshavn to have severalbenefitd8]. Prior
work in this areahasnot explicitly consideredstrategiesfor

how bestto take advantageof this type of decommitment
flexibility . The presentpapershawvs stratgiesfor agentso
usethisflexibility , andhow theresultsdependntheunder
lying distributionof querycompletiontimes.

The paperis organizedasfollows. In Section2, we con-
siderrestartstratg@ieson a singleagentwhich hasa simple
discretetwo-valueddistribution of completiontimes. We
characterizehe conditionsunderwhich restartingreduces
the expectationand varianceof the completiontime. Sec-
tion 3 describegnoptimal stratgy for restartingguerieson
agentghathave differentmulti-valueddiscretedistributions.
In Sectiord we give conditionsunderwhichrestartinghelps,
for arbitrary distributions. We show that for somefamiliar
continuousdistributions of the completiontime, restarting
can never reducethe expectedcompletiontime. We also
establistnecessargonditionsfor the existenceof alocally
optimumrestartime. Section5 concludesvith adiscussion
of future researchdirections. The proofsof all our results
appeatn thetechnicalreportversionof our paper1].

2 Two-valued discrete distribution

Throughoutthis paperwe will have in mind the following
scenario.An agentA needsa certainqueryansweredand
it hasone or more specializedagentsavailable to answer
it. During its previous interactionswith theseagentswith
similar queriesagentA hascollectedstatisticson how long
theseagentdaketo completethe queries.lt canthusmodel
therandomcompletiontime X of eachagentby meanof a
certaindistribution. Oncethis modelis constructedagent
A needsto devise a query restart strategy that resultsin
a smallerexpectedcompletiontime (or even minimizesit)
thanthe expectedcompletiontime of asinglequery

In this sectionwe will supposdhatagentA hasoneor
more similar agentsavailableto answerthe query andthat
the completiontimes X of the agentsareindependentan-
domvariableswith the samesimpletwo-valueddistribution:
With probability p, X = 1, and with probability 1 — p,
X = cwherec > 1. SupposeagentA issuesa queryto
oneof theseagents.If the queryhasnotcompletedoy time
1, shouldagentA abortthequeryandresendt (to thesame
or anotheragent). Canwe reducethe expectedcompletion
time by meanf anappropriateestartstrategy? Whathap-
pensto the varianceof the completiontime? If the second
gueryalsotakeslongerthantime 1, shouldit againre-start
thequery?And in generaldo multiple restartshelp?

To study thesequestionswe introducesomenotation.
Let I denotethe indicator randomvariablethat equals1
whenX = 1, and0 otherwise ClearlyE/ = p, and

var [ = EI? — (EI)?
=EI - (EI)?
=p—p



Thecompletiontime X canbewritten as
X=I+(1-1)e,

sothe expectedcompletiontime for thequeryis:

A
p=EX=p+(1-pe,
andthevariances

var X = var (1 + I(1 —¢))
=(1- 0)2 var [
=(1-¢)’p(1-p).

Now suppos@agentA hasmadethequery andit hasnt com-
pletedby time 1. Let us considerthe simplestrestartstrat-
egy: wait for time 1 after the query hasbeenissued,then
restartit, andrepeat,at mostk times. We call this the k-
restartstrategy. We now show:

Theorem 1 Thek-restartstrategy hasexpectedcompletion
time

EYi =1/p+ ¢t (c—1—-1/p), k>0

which deceaseswith & for all & > 0 if andonly if ¢ >
14 1/p. Thevarianceof thecompletiortimewith k restarts
is, fork > 0,

q
vary = 5 + TP+ 1/p—1—2¢/p)
+ 2kg" T (e —1—1/p) — ¢* T (c—1-1/p)®. (1)

Providedc¢ > 1+ 1/p, this is smallerthan var Yy for all
sufficiently large % if andonlyif ¢ > 1+ 1/p%/2.

How dowe makeuseof thistheoremClearlytheparam-
etersp andc completelycharacterizéheagentghatagentA
cansendthe queryto. If ¢ > 1 + 1/p, thenagentA knows
that it shouldabortandrestartthe queryif it hasnt com-
pletedby time 1, andthe expectedcompletiontime will be
reduced.However, if thereis a costto issuingqueriesthen
agentA shouldnot restartmore often thanits “querying”
budgetallows. The above theoremonly saysthat provided
¢ > 1+ 1/p, repeatedestartingwill reducethe expected
completiontime.

Examples. Supposedhateachagentthatis availableto
agentA hasthe following characteristics.With probabil-
ity p = 0.5 the agentcompletesthe queryin 1 second,

while with probability0.5,theagentcompletesn ¢ seconds.

Thetwo thresholdsiponwhichthe behaior of the expected
completiontime andits variancedependare (we expressall
timesin unitsof seconds):

14+1/p=1+1/5=3s; 1+1/p*?=3.828s.

Let usfirst considerc = 6, sowe havec > 1+ 1/p*/%. The
expectedcompletiontime for a singlequeryis

EX =p+ (1 —p)e=7/2=3.5s,

andits standardieviationis

Vvar X = /p(1 —p)(c — 1)2 = 2.5s.

For k = 1 restarttheexpectedcompletiontime is, from the
abore lemma,

EY) = 1/p+(1—p)f Tt (c—1-1/p) = 104+(30—15)/4 = 2.75s,

alreadybetterthan 3.5s. The standarddeviation is 2.487s,
which is alsobetterthanfor £ = 0. Fork = 5, EY, =
2.047s and+/var Y, = 1.634s, both significantly smaller
thanthecorrespondingjuantitiesor thezero-restartase It

is easyto seethatask— oo, EYy—1/p = 2s andy/var Yk—>§ =
1.414s.

In Fig. 1 we shav a plot of the expectationEY; and
standarddeviation v/var Y;, asafunctionof k. We shav the
plotsfor ¢ = 6s, ¢ = 3.5s andc¢ = 2s. Whenc = 3.5s,
¢c>1+1/pbute < 1+ 1/p*?, soin accordancevith
Theorem1, the expectationEY}, decreasewvith &, but the
variancevar Y}, is largerthanvar Yy for all £ > 0. In case
¢ = 2s, cislessthanl + 1/p (andhencealsolessthan
1+ 1/p%/?, sotheexpectationEY}, increasesvith .

|

3 Multi-valued discrete distributions

We now examine a more generalsituation. Supposethe
gueryingagentA hasaccesso r differentindependeragents
Aq, As, ..., A,. Letthecompletiontime of agent4; bethe
randomvariable X;. By collecting statistics,agentA es-
timatesthe distribution of each.X;. In particular for i =

1,2,...,r, X; hasm; possiblevalues:;y, ¢ia, . . . , ¢im,, Where
i1 < G2 < ... < Cim,,
andtheprobabilityP(X; = ¢;;) isp;;,forj =1,2,... ,m,.

We supposehatagentA is ableto re-issughequeryupto &
times(Perhapghereis a certainfixed coste dollarsto issue
a query andagentA doesnt wantto spendmore than kc
dollarson queries) Whenthe agentreissues query we are
assuminghatthe currentqueryis aborted.Also, the query
may be reissuedo ary of the » agentsjncluding thosethat
have beenqueriedbefore. Our goalis to devise the optimal
querying stratgy for agentA, i.e., the stratgy that mini-
mizesthe expectedcompletiontime of thequery

Let £} denotethe minimumexpectedremainingtime to
completethequery giventhatthereare/ restartsemaining.
Whenthereis just{ = 1 queryremaining,agentA merely
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Figurel: Expectatiorand standad deviation of completion
timewith £ restartsin theexample for ¢ = 6s, 3.5s and2s.
Thesolid curve showsthe expectationEY;, andthe dashed
curveshowshe standad deviation v/var Y.

sendghequeryto theagentwhoseexpectedcompletiortime
EX; issmallestso

E] = minEXj;, 2

where
m;
EXZ' = Zpijcij.
j=1

Now whentherearetwo query-restartgemaining,A first
decideswhich of ther agentgo sendthe queryto, andalso
decidesat which point to re-issuethe queryto anotheyin

casethe queryhasnt completedby this time. If A decides
to first sendthe queryto agentA;, thereare m; possible
restart-pointsnamelyat timese;1, ¢ia, . . . , ¢im, afterissu-
ing the queryto agentA;. Of course,|if the “restart-point”
¢im, IS reachedthen A doesnot re-issuethe query since
agentA; will have completedhe queryby thistime. When
thedecided-upomestart-points reachedA canre-issuethe
guery accordingto the stratgy that achieves the optimum
E} that A hasalreadycomputed.For a givenrestartpoint
¢is, theexpectedtime takenby the queryupto thatpointis

8

5 CijPij,

j=1

andwith probability
1= pij
j=1

thequerywill not have completedy time ¢;,, andsincethe
agentsareindependentthe expectedremainingcompletion
timeis thenE}. ThusA cancompute

S S
E; = 11%1}; [1311515171{2 cijpij+ | 1— ZPM’ ET}L
j=1 j=1 @)
Continuingin thisway, A cancomputeE;,
S S
E; = 121}?,« Lgﬂslgln{; cijpij+ [ 1 — ;Pm’ EZ—1}j)

Clearly, thecomputatiorof eachE; takestime proportional
to) !_, m;, (thetotalnumberof possiblecompletiortimes),
sothat A can computethe minimum expectedcompletion

timewith upto k queriesEy,, in timeproportionato & y ;| m;.

We have showvn how to computethe E} values.Whatis
the stratgy for agentA thatachievesthe optimumE;? To
extracttheoptimalstrat@y, A startswith thecomputatiorof
E;. It sendgheveryfirst queryto theagent4; thatachieves
theminimumin expression(4) (letuscall it i*), andwe pick
the restart-pointasthe index s = s* thatachieesthe in-
ner minimum in that expressionfor i = *. If the query



hasnt completedby time ¢;+ 4+, A re-issueghe query For
re-issuingthe query it proceedsn a similar manney i.e.,
pick theagentA;. andrestartpointc¢;.s» by examiningthe
computatiorof Ej, _,. Similarly it determineshethird agent
andrestarpoint,andsoonuntil it reacheshe’th agentand
restartpoint. Notethatif at somestagetherestarfpoints* is
m;» for agivenagent4;., thenagentA doesnot restartthe
guery andletsthe currentqueryproceedo completion.

4 General Distributions

We now derive somegeneratesultsthathold whenthe com-
pletiontime hasanarbitrarydistribution, eitherdiscrete-alued
or continuous-alued. We will usethe notationdeveloped
herein thefollowing sections.We first considerthe caseof
a singlerestart,whereagentA sendsa queryto agentA4,,
andif the queryhasnot completedby sometime b > 0, it
abortsandresendghe queryto agent4,. Welet X bethe
randomcompletiontime of agent4;, andX’ betherandom
completiontime of agentA4,. We assumeéhat X, X' arein-
dependentandomvariables.We let Y denotethe (random)
completiontime underthis strateyy. Let I, betheindicator
randonvariablefor theset{ X < b},i.e.,I, = 1 if agent4,
completeghe queryby time b, and/, = 0 otherwise. We
denotethe cumulatie distribution functionof X by F(z),
ie., F(z) = P(X < z). Thusl, = P(X < b) = F(b).
ClearlyY is givenby

Y=5LX+(1-15L)(b+X).

We wantto now computethe expectationof Y, which we

denoteby g¢(b), to emphasizehatthis is the expectedcom-

pletiontime whenrestartingat time . Taking expectations
in theabove equationandusingtheindependencef 7, and

X',

g(b) =EY = EXT, + (1 — F(b))(b+EX').  (5)

If X hasacontinuous-alueddistributionwith densityf(x),
EX I, is givenby

b
EXI, :/ zf(z) de,
0

andif X cantakeonly discretevaluesc; < ¢y < ... < ¢,
whereP(X = ¢;) = f(¢;), thenEX I, is givenby

EXIb = Z le(cl)
i:c; <b

In the caseof a discrete-alueddistributionit is clearthatA
only needgo considerestarttimess thatcoincidewith the
possiblevaluesof X. Notethatasb—oo wehave g(b) —EX.

The questionwe would like to answeiis: is theresome
b > 0 for which ¢(b) < EX? To gaininsightinto this
questiorwe write the conditiong(b) < EX asfollows:

EXI, + (1 — F(b))(b+EX’) < EX,

whichis equivalentto

EX(1— 1)

7(1_}7(1))) —b>EX'

Notice that the first ratio term above is exactly the condi-
tional expectationof X, givenX > b, or E[X|X > 4], so
we canwrite theconditiong(b) < EX as

E[X —b|X > 0] > EX". (6)
This conditionis easyto understandntuitively. It says:

Theexpectedemainingimeagent4; wouldtake
if it were allowedto continue,giventhatit has
takenlongerthanb, is greaterthanthe expected
time agent4, wouldtake.

If this conditionis truefor someb thenabortingandresend-
ing the queryto agentA, attime b will reducethe expected
completiontime. Of coursethis treatmentalso appliesto
abortingandresendinghe queryto the sameagentA,, in
whichcasewehave EX = EX’.

In the following two sectionswe apply the expressions
derivedabove to somestandardlistributions.

4.1 Continuousdistributions

We now consideisomecommoncontinuous-alueddistribu-
tionsfor thecompletiontime X . Let f(z) bethedensityof
the distribution, andlet F'(z) = P(X < z) bethe cumu-
lative distribution function. We write y = EX. Evenfor a
singlerestart,it is not clearunderwhat conditionsa restart
time exists thatyields an expectedcompletiontime smaller
thang.

As we will seein the examplesbelow, restartingdoes
not reducethe expectedcompletiontime for somesimple
distributions: uniform over [0, ¢] for somec > 0; the ex-
ponentialdistribution with density f(z) = e ",z > 0;
andthe one-sidechormaldistribution with density f(z) =
V2/mexp(—2?/2), x > 0. We first establishnecessary
conditionsfor the existenceof a b suchthat g(b) < ¢(0)
andcharacterizea local minimumof thefunctiong(b).

Theorem 2 If b is a restarttime that resultsin a smaller
expecteccompletiortimethanthe expecteccompletiortime
w1 of asinglequery thenb mustsatisfy

uF(b) > (1— F(b))b.

If b is a (local) minimumfor the expectedcompletiontime
EY, thenb mustsatisfy

F(b)+ nf(b) = 1

and

Fib) < (1= Fb))/p*.



Examples. We considersomesimpledistributionsof X
for which theredoesnot exist a restarttime 4 > 0 thatre-
ducesthe expectedcompletiontime. First considera uni-
form distribution: let X be uniformly distributedover the
interval [0, ¢] for somec > 0. Thusthe densityis f(z) =
1/¢, z € [0, ¢], andthe cumulatize distribution functionis

z €[0,c],
1. r>c

Theny = EX = ¢/2,and

b b2

EXIb:/Obxf(:p) da::(l/c)/o v da= o

Clearly, therestarttime b mustlie in [0, ¢]. For suché, the
expectedcompletiontime g(b) = EY with restartat b is
givenby (5):
b2
— 4+ (1=b/c)(b
o+ (1= b/0)(b+ )
b2
2T (L—=b/c)(b+¢/2)
b+ b2
2 2¢’

g(b)

andthisis lessthany = ¢/2 if andonly if

c>b+c b2
2 2 2¢’

or equialently,

b>c

which contradictoour assumptiorthatb € [0, c]. Thusthere
is no restarttime b that reducesthe expectedcompletion
time.

Considemow the exponential distribution with param-
eterA > 0, whosedensityis f(z) = Ae=**, z > 0, and
whosecumulatize distribution functionis F(z) = 1 —e=*%,
z > 0. For thisdistribution, i = EX = 1/,

1
e

b
1
EX], = /0 ef(z) de = —be ?0 — 3 1

The expectedcompletiontime with restartatary b > 0 is
givenby (5):
gb) = 1/ A —e /XN —be M 4 e b+ 1/))
=1/A=up,
sotheexpectedcompletiontime with restartatb is thesame

asthe single-queryexpectedcompletiontime, regardlesof
thechoiceof b.

Considemext theone-sided nor mal distribution whose
densityis givenby

f(z) = \/gexp(—x2/2), z >0,

andwhosecumulatve distributionfunctionis
F(z)=2N(z)—-1, x>0,

whereN (z) is the familiar cumulatie distribution function
of thenormaldistribution:

1 T
N(z) = E/_m exp(—u?/2) du.
Wethenhave
2 [* 2
,U:EX:\/i/ ue™" 1% du
T Jo
1 e
— —u“/2 du?
_271_/0 3 U
=/2/m,
andsimilarly

EXI, = \/2/7 (1 . 6—62/2) .

Sofrom (5), the expectedcompletiontime EY with restart
atb is

g(8) = (1= e™"/2) Vafm+2(1 = N(B)(b + v/2/7).

It is easilyverifiedthat¢(0) is indeedequalto y = /2/.
In Fig. 2 we showv aMathematicglot of ¢(b) — 1/2/m, and
we seethat this is never negative. Thusagainthereis no
restarttime b thatreduceshe expectedcompletiontime.
Despitewhat we have seenin the abore examples, it
shouldbe keptin mind thattherearecontinuous-alueddis-
tributions for which restartingreducesthe expectedcom-
pletiontime: simply takea 2-valueddistribution for which
restartingeducesheexpectedcompletiortime,and“smooth”
it to obtaina continuous-alued bimodaldistribution. Then
restartingafterthefirst “hump” in thedistributionwould re-
sultin anexpectedcompletiontime smallerthantheoriginal
expectedcompletiontime. This might lead us to conjec-
ture that wheneer the completiontime X hasa unimodal
continuous-alueddistribution, restartingcannotreducethe
expectedcompletiontime. This, however, is not the case.
Forinstancaf X hasthedensity(shavnin Fig. 3)

8/12, 0<
f(fv)Z{/ o

L
1/12, 5,

IAIA
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Figure2: Plot of g(b) — y/2/7 vsb.

thenrestartingattime 1 would reducethe expectedcomple-
tion time. Indeed first we calculateE X :

5
/LIEXI/ zf(x) d
0
1

:(8/12)/ mdm+(1/12)/51‘d$
= (8/12).(1/2) + (1/12)(24/2) = 4/3 = 1.333.

Now if we restartthequeryif it hasnt completedy time 1,
thenfrom (5), the expectedcompletiontime now is

9(b) = EXIy + (1= F(1)(1+ )

- (8/12)/01;155133—}— (1—(8/12)/01dm) (1+4/3)

= (8/12)(1/2) + (1 - 8/12)(1 +4/3)
=10/9 = 1.111,

whichis smallerthanEX.

5 Conclusion

As agentsproliferateon the internet,they will increasingly
be ableto chooseamongsereral agentgo accomplishspe-
cific taskssuchasinformation queries. Also, as network
congestionincreasesso will the variability of query com-
pletiontimes. Restartstratgiesattemptto reducethe vari-
anceof the accesgime, aswell asthe expectation. We
presentedseveral restartstratgies and the conditionsun-
derwhichthey reducesxpectedquerycompletiontime. The

8112 —
f(x)
612 +
412

2112 ¢

6 X

Figure3: A unimodaldensityf(z) for the completiontime
X. Whernrestartedat time 1, theresultingexpecteccomple-
tion timeis smallerthanE.X.

theoreticalcompletiontime distributions consideredn this
papercanbe usedasapproximationgo the actualdistribu-
tions. Thenwe canapplytherestaristratgiesdescribedere
to reducethe expectedcompletiontimes. We arecurrently
collectingstatisticsof accesgimesin orderto studyrestart
stratgiesexperimentally

Themathematicamnodelfor restartstratgiesthatwe have
presentedanbe usedto makedecommitmentecisionsin
delggatingtasksto agentghroughnon-bindingcontracts Cur-
rently, we arestudyingtheeffectsof allowing agentdo abort
andrestartquerieson the overall multi-agentsystemperfor
mance.In particularwe arestudyingunderwhatconditions
theserestartstratgjiesleadto increasednulti-agentsystem
efficiengy, andwhetherthesdeadto thrashingandinstabili-
ties.

References

[1] P ChalasaniS.Jha,0. ShehoryandK. Sycara.Restart
stratgies for web agents. TechnicalReportCMU-CS-
97-180,Carngie Mellon University, 1997.

[2] B. HubermanR. Lukose,andT. Hogg. An economics
approachto hard computationalproblems. Science
275:51-541997.

[3] S.Kraus. Agentscontractingtasksin non-collaboratie
ervironments.In Proc. 11thNat. Conf on Artificial In-
telligence(AAAI), 1993.



[4]

[5]

[6]

[7]

(8]

9]

R. LukoseandB. Huberman.A methodologyfor man-
agingrisk in electronictransactiongvertheinternet.In
3rd Int. conf computationakconomics1997.

O.Etzioni,S. Hanks,T. Jiang,R. Kark, O. Madani,and
O. Waarts. Efficientinformationgatheringon theinter-
net. In Proc. Foundationof Comp.Sc, 1996.

S. Park, E. H. Durfee,andW. P. Birmingham. Advan-
tagesof stratgic thinking in multiagentcontracts. In
Proceeding®f the SecondnternationalConfeenceon
MultiagentSystem$§lICMAS-96) Kyoto, Japan.,1996.

T. SandholmandV. Lesser Issuesn automatechego-
tation and electroniccommerceextendingthe contract
netprotocol.In Proc. First Int. Conf onMultiagentSys-
tems(ICMAS-95) Junel1995.

T. Sandholmand V. Lesser Advantagef a leveled
commitmentontractingprotocol.In Proc. AAA|, pages
126-1331996.

K. Sycara. Using option pricing to value commitment
flexibility in multi-agentsystems. Technical Report
CMU-CS-97-169Carngjie Mellon University, 1997.



