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1 Intr oduction

Electroniccommercehas becomemore and more importantwith the growth of the

Internet.In particular auctioninghasbecomeoneof mostpopularmechanismsf elec-
tronic trading, aswe can seefrom the proliferation of on-line auctionson the Inter-

net. Multi-agentsystemsappeatrto offer a corvenientmechanisnfor automatedrad-
ing, duemainly to the simplicity of their corventionsfor interactionwhenmulti-party
negotiationsare involved. Al researcherfiave beeninterestedin two areas:auction
marketplacesand the trading agents’stratgies and heuristics[5, 18,20]. Apart from

web-basedrading,auctionsarethe mostprevalentcoordinationmechanisnfor agent-
mediatedresourceallocation problemssuchas enegy managemenf20,19], climate
control[6],flow problems[6]computingresource$4], publicmonopolie§1] andmary

others[2].

From the point of view of multi-agentinteractionsin auction-basedrading, the
situationis deceptiely simple. Trading within an auctionhousedemandshat buy-
ersmerelydecidean appropriateprice to bid, andthat sellersessentiallyonly have to
choosehetime to submittheir goods.

Thework relatedhereis a continuatiorof the FishMarlet (FM) project[17,16]. The
goal of FM is to develop meansfor the specificationand designof electronicinstitu-
tions, whereby electionic institution we meanan organization[12] wherethe agents
caninteractfollowing someprotocols.Commonly theinstitutionis formedfrom a set
of connectedscenesandthe agentscan move from oneto anotherwhenthey satisfy
someinstitution-definedconditions.The scenesare the basicelementsof the institu-
tionsandit is therewherethe interactionshetweenagentstake place.Eachscenehas
its own protocolthatdefinestheinteractionbetweernthe agentsandthe agentswithin a
scenehave to obsene this protocol.

As an exampleof an electronicinstitution a group at IllIA have implementedhe
FishMarlet[21]. The FM is an electronicauctionhouseusedasa test-bedfor trading
agents.The FM hassix scenestwo for admissiongbuyersand sellers),one for the
staf, two for settlementsaindthe auctionroomitself.

In this paperwe focuson the auctionroom,andespeciallythe procesaisedfor the
resolutionof bids.In all theversionsof the FM to date,this processhasbeencarriedin
acentralizednannerWhile thatcorrespond$o the physicalreality of auctionsjt is not
necessarilyan appropriatenodelin a computingcontext dueto two problemsthatare
not commonin physicalsituations(pacetelephonebidders!):breakdavn of processes
or communications— so-calledstoppingfailures— andintermittentlyfaulty processes
or communicationdeadingto unreliablemessages- so-calledByzantinefailures[7].
As afirst stepto addressingheseproblemswe herepresenta distributed solutionto
whichothertechniquesnaylaterbeaddedo handleresiliencassueswhicheffectively
doesaway with the auctioneerthusremaoving a centralsinglepoint of failure.In some
sensehe interagents— the market interfacesfor the buyers—, aswe shall seelater,
arereally replicationsof the auctioneerin commonwith the architectureproposedn
[3].

In the currentFM all the bids are submittedto an agentcalledthe auctioneemwho
controlsthewholeauctioningprocessanddeterminesheresultof theround.Fromthis
point of view, the resolutionof the bidding protocolis centralized Whatwe do in this



new versionis distributethis processamongthe buyers’ marketinterfaceagentqcalled
interagents}— seeFigurel. Thus,theauctioneesendghe buyers(via theinteragents)
theinformationaboutthelot andthenwaitsuntil onebuyerinteragensendst theresult
of theround.During theinterveningperiodthebuyerinteragentsesohe thebidsusing
adistributedprotocol. Thus,thework of the auctioneers reducedo:

— controllingwhich buyersparticipatein theauction,
— startingtheroundsby sendingtheinformationon thelots
— waiting for theresultof theround

We have two motivations:to have anothemway of applyingauctionprotocolsandto
have a way to avoid the auctioneeibecominga bottleneck With this new mechanism,
theloadof messageis distributedbetweerall thebuyers.Theideais thatthisalgorithm
canbe appliedto an existing auctionhouse,providing an alternatve way to deliver
differentauctionprotocols.

Thebasisof thedistributedapproachs the LeaderElectionalgorithm[8]. It canbe
understoodsimply asan algorithmfor choosingone processoin a network of mary
andthe versionwe have adaptedherederivesfrom that usedin token ring networks,
whereit is usedto regeneratehetoken.

In the next section(2) we explainthe new organizationn theauctionroomin order
to applythealgorithm.In section3 we give a brief summaryof 7-calculus.In sectior4
we outline how to apply the LeaderElectionalgorithmin auctionprotocols.Finally
(section$-9) we explain how to usethis algorithmfor arangeof auctionprotocolsand
give their specificatiorin 7-calculustoo.

2 Organization of the auction room

On first looking at the auctionroom we canseethatwe have two kind of agentsthe
auctioneerand the buyers. The auctioneeris an institutional agentwho controlsthe
correctrunningof theauctionslt controlswhenbuyersenterandleave, startstheround
andrecevesthe resultof it. Finally, it declareghe endof the auctionswhenit hasno
furtherlotsto auction.

We have addedanotherkind of institutionalagent,the so-calledinteragent, [9] an
autonomousoftwareagentwhich mediatesnteractionsbetweera buyerandtheagent
societywhereinit is situated An interagents connectedo abuyerandabstractst from
communicatiorproblemsThus,eachbuyeronly hasto communicatevith its interagent
soit canfocusonits strategjiesfor bidding. Theuseof aninteragentalsohasadwantages
for theinstitutions,becausdhe interagentalsoforcesthe buyer to follow the auction
room protocol. For example,the interagentwill preventthe buyerfrom makinga bid
betweerrounds.Theinteragentalsoimplementthe resolutionof thebiddingprotocol.
Previously, this taskwasdoneby the auctioneerwhereasow it is distributedamong
the interagentswhich arelinked in aring in orderto apply the particularversionof
LeaderElectionwe have choser8].

An importantpointhereis thatthechangean the proces®of biddingresolutiondoes
notaffectthebuyers.lt is aninternalchangeof the systemThis processs opaqueo the
buyerswhich cannotseetheinformationpassedetweerinteragentsn orderto resohe
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Fig. 1. Organizationof the agentsn theauctionroom

the bidding protocols.In otherwords,from the point of view of the buyersthereis no
differencebetweercentralizedid resolutionandthe new scheme.

The buyersarethe participantsin the auctions As we have said,eachoneis con-
nectedto oneinteragentn orderto communicatevith the otheragentsOf coursewe
cannotspecifythebuyersherebecauseachoneis potentiallyunique.All we candefine
arethe channelswith which the buyerwill be suppliedin orderto communicatewith
its interagentthe messagethatit will receve andwhenit is allowedto submita bid or
leave thesystemThereforejn theauctionroomthereis oneauctioneera setof buyers
andoneinteragenfor eachbuyer (seeFigurel).

We will focusonthespecificatiorof thedistributedresolutionof the bidding proto-
col. We omit the specificationof the auctioneembut notethatits principalwork now is
to sendthe informationaboutthelots at the startof eachround.

3 The m-calculusin brief

The main featuresof the 7-calculus—andhosenecessaryo readthe remainderof
this paper—arethe meango readandwrite informationover channelsthe creationof
channelsandparallel,alternatve andsequentiatomposition.Termsin the 7r-calculus
aredescribedsprefixesfollowedby terms,whichis intentionallyarecursvedefinition.
Syntacticdetailsareoutlinedbelon?.

3.1 Summary of r-calculussyntax and semantics

In orderto keepthis paperto areasonabléength,we cannotprovide a full introduction
to thenr-calculusJimiting oursehesinsteado this summaryFor moreinformation,the
interestedeadelis referredto Pierces excellentarticle[14] andsubsequentlyo Milner
[10] andthewider literature[11].

1 A word of warning:this descriptiorshouldnot be takenasdefinitive, sincetherearenumerous
interpretationswvhich vary slightly in detailsof syntax,and sometimesf semanticslt does
however representr-calculusadequatelyor the purpose®f the discussiorin this paper



X(y): readsanobjectfrom channel andassociate# with the namey. This operation
blocksuntil thewriter is readyto transmit.The scopeof y is limited to the process
definitionin whichy occurs.Channelnamespn the otherhandmay belocal (see
v belaw), parameters$o procesglefinitions(seebelaw), or global.

X (y): writes the objectnamedby y to the channelx. This operationblocksuntil the
readeris readyto receve.

v X... createsa new channelnamedx. The scopeof x is limited to the v expression,
but the channelmay be passedver anotherchannelfor useby anotherprocess.
For example,acommonidiom is to createa channelusingv, transmitit to another
processandthenwait for areply onthatchannel:

v (X) ¥ (X, question . x(answej

P | Q: theterms P and Q behae asif they arerunningin parallel. For example,
X (1) | y{2) outputsl onchannelk and2 onchannely simultaneously

P + @Q: eitheroneor theother(non-deterministichoice)of P and@ proceedsNor-
mally, the prefixesof P and@Q are operationsvhich could block, suchaschannel
transactionsandthis operationallows usto expresstheideaof waiting on several
eventsandthenproceedingo actuponone of themwhenit occurs.For example,
x(a) + y(a) waitsfor inputon channelscandy, associatingheinformationin both
caseswith a. As soonasonebranchof suchanalternatve succeedshe otherscan
be consideredo have abortedseediscussiorin section3.2).

P . Q: theactionsof term P precedehoseof term Q. For examplex(y) . z(y) readsy
from x thenwritesy onz

In addition,we includeanability to associatatermwith aname— thatis a defini-
tion — andfurthermorethatin sodoingaglobalchanneis declaredwvith thatname as
in: P(x1,x2 x3) = ..., which definesa processP taking a three-tupleln practicethis
alsomeanswe have declareda channelP suchthatwe may invoke the processP by
writing a three-tupleto the channelnamedP. We will usethis corventionto obtaina
form of parameterizatiorgllowing usto passprocesseasargumentghigh-orderpro-
cessespy passinghe channeby which they areinvoked. This syntacticcorvenience
canbedescribegrimitively in the-calculusbut we omit thesedetailshere.

3.2 Eventsand choice

Of the mary variantsof the 7-calculus,we choseas a starting point, the basicsyn-
chronoudorm asfoundin [10]. Oneof the essentiapropertiesof thekinds of markets
we wantto modelis livelinesswhich in practicaltermsmeansan event-basednodel.
The non-deterministichoice(sum)operatorhasthereforebeeninvaluable—although
it alsoraisessomeinterestingquestionsTo quote[10]:

Thesummatiorform Y «;. P; representaprocessbleto take partin one—hut
only one—ofseveral alternatvesfor communicationThe choiceis not made
by the processjt cannever committo onealternatve until it occurs,andthis
occurrencerecludegheotheralternatves.



Whenviewed as a mathematicablescription for example,for the purposeof de-
termining bisimilarity, thereis no problem.However, when viewed as a programto
run, thereis an elementof time andthereforesequencénvolved. Considerthe process
¢1.P, + ¢;.P;. If amessagarrivesonc; justbeforeonearriveson ¢,, dowe expectto
becomeP;, or do we expectanon-deterministichoiceof P, or P,? Certainly we can
becomePy, but mostpeople(andthe quoteabore canbeinterpretedo supportthis),
would saywe shouldbecomeP; . If not thenthe w-calculuswould be a difficult tool
indeed,requiring mary synchronizationgo enforcethis naturalbehaiour, andthese
synchronizationsvould generallyhave no counterparin a “real” program.In the fol-
lowing descriptionsve have assumedhatthe naturalinterpretations the case this is,
choicesaredeterminecasandwhenmessagearrive on channels.

A furtherissue of wantingto give priority to onechannebveranotheris addressed
by thedefinitionof thetest/O processwhichis muchusedateron. This processs used
to checkif thereis informationwaiting to bereadon achannebut withoutblockingthe
processattemptingto read.

test/O(event then else =
v (cl,c2 c3)

c3¢)
| even() . c2() . c1(thery + c2().cl{else

|€3(). c2() . c(x) . X{)

Thefunctiontriesto readfrom thechannekventandif it succeedsritesonchannel
then otherwisewrites on channelelse The versionpresentecheredoesnot readary
datafrom the channeleventbut we assumehat we have other versionsthat do and
writesit to then We will differentiatethe numberof agumentspassedy addingarity
to the nameof the procesgfollowing a Prolog corvention). Thenthe function test/0
is the onethatdoesnot passinformation,the procesgest/1 is the onethatpasse®ne
itemandsoon.

4 Leader Election

Leaderelectionis a distributed algorithm usedin somekinds of networks to electa
leader For example,it is usedin a tokenring network whenthe tokenis lost andit is
necessaryo generate new one.Thealgorithmassumethatall thenodesareidentical,
exceptin eachhaving anuniqueidentifierandthey have to selectonenodeto generate
thetoken,but only onebecausé¢herecanonly beonetokenin thering.
Therearedifferentversionsfor solving the LeaderElectionproblemandwe have
basedour work on the LCR version[8]. This algorithmusesonly unidirectionalcom-
municationanddoesnotrely on knowledgeof thesizeof thering. Otheralgorithmsuse



moreknowledge(equalsmore constraints}to reducethe complexity of the algorithm,
but do not changat in essence.

It is presumedhatthe uniqueidentifierssupportanorderingsothattheleaderwill
betheprocessith thelargestidentifier. Firstof all, eachnodesendsa messageavith its
identifier aroundthe ring. Whena procesgecevesa messagé¢herearethreepossible
actions:

1. if theidentifierin the messagés greaterthanits own, it passeshe messagen.
2. if theidentifierin the messagés lessthanits own, it discardshe message.
3. if theidentifierin themessagés equalto its own, it declarestself theleader

Thus,only theproceswith thegreatestdentifierwill receve againits messagend
it will declardtself asaleaderWe canseethatall theothermessagewill beeliminated
becausatsomepointthey will arrive ataprocesswith agreateridentifier.

Theimportantpointof thealgorithmthatwe haveto bearin mindis thatit only uses
localinformationin eachprocessndall of themareidenticalexceptin theiridentifiers.
Theprocessedo not have globalinformation.

Thenext stepis to seehow we canapplythis stratgy to theauctionprotocols.The
firstandobviouspointis thatwe have to comparahebidssubmittedor thebuyers.The
winnerwill bethe buyerwith the greatesbid. Whena processecevesa messageit
will haveto comparehebid in themessagsvith its bid. Thereis oneaspecthatmakes
processingpidstrickier thanstraightleaderelection:all the identifiersweredifferent,
but it is quite possibletherewill be equal(highest)bids posted.Namely thereis a
collisionif thereis morethanonebid atthe greatesprice.

We have to definefirst whenthe messagearegenerate@gndwhatthey shouldcon-
tain. Whento generatds obvious, the interagentswill senda nev messagavhenthe
buyermalkesa bid. For the secondpointis not enoughjust to sendthe bid: we needto
know who hasgeneratedhemessagéecausé canbethatmorethanonebuyermalkes
thesamebid andwhethertherearemorebuyersthathave madea bid atthe samevalue.

Thusthe messagewill have two fields:

1. alist of theidentifiersof the buyersthathave bid at price bid,
2. thebid itself

Fromthelist we canlearnwho hascontributedto the messagandif thereis more
thanonebuyerbiddingatthatprice.

Now we have to analyzewhathappensvhenaninteragentecevesamessagérom
its neighbour Whenthe bid in the messagés differentfrom its own, it actsasin the
LeaderElectionalgorithm:it passeshe messagen if thebid is greateranddiscardst
if it is lowerthanits own.

Theimportantpointis whathappensvhenit recevesamessagavith abid equalto
its own. Therearetwo possibilities:

1. Thisis the messge genetedby itself which implies thatthis interagents buyer
hasmadethe greatesbid. However, this is not enoughto electitself asa winner
becaus@anothetbuyercould have madea bid atthe samevalue.To distinguishthis
case|it hasto look at the list of identifiersin thefirst field of the messageandif



thereis only its identifier, it candeclareitself thewinner, otherwisetherehasbeen
acollision,in which caset will generate collision messagén orderto inform the
otherinteragentsWe will explain laterhow to usecollision messages.

2. Or, it isamessge genetedby anotherinteragentwhichindicateshatotherbuyer
hasmadea bid atthe samepriceandit couldbea collision. Thisis notenoughfor
declareacollisionyetbecausanotheinteragentfurtherroundthering, couldhave
madeagreaterbid. It will only beacollisionif thisis thegreatesbid. Theproblem
is thattheinteragentasonly localinformationandit only knowsthatit couldbea
collision. Theinteragentanonly declarethe collision whenthe messagéasmade
onecompleteroundandit soit is surethatthis is the greatesbid. All it candois
addits identifierto thelist andpasson themessage.

As we cansee nointerageneliminatesamessagvith abid equalto its own. Thus
whenthereis a collision, thiswill be detectedor all the interagentsnvolvedin it and
eachoneof themwill generatea collision messageThus, after a collision, therewill
be onecollision messagdor eachbuyer involvedin the collision. In the versionthat
we proposehere theinteragentsestartheroundafteracollision. Importantremaining
issuesarehow thecollision messageareeliminatedandhow to ensurghateachinter
agentrecevesonly onecollision messageThe solutionis thateachcollision message
travelsover the partof thering from the interagengeneratinghe messagéo the next
interageninvolvedin the collision. Thuseachinteragenwill receve oneandonly one
collision message.

Another point is what shouldan interagentdo whenit knows that it haswon a
round. The answeris thatit hasto senda messagaroundthe ring in orderto inform
all theotherinteragentghattheroundis finished.An issueto noteis whatinformation
shouldbe passedn to the buyers.They could just be notified of the endof theround,
but morelikely they could be sentsomeinformationaboutthe result,suchasthe price
and/orthe identity of the winner. Precisechoicesheredependon the corventionsof
the institution beingmodelled,but are not importantotherwiseto the discussiorhere.
This messagsynchronizesll theinteragentandsubsequentlyhewinner’'sinteragent
sendsa messagéo the auctioneeto inform it of the resultof the roundandalsothat
theroundis finished.

Now we have describedall the possiblecasesvhenaninteragentrecevesa mes-
sageHence,we cangive a genericvariantof the LeaderElectionfor the resolutionof
bidding protocols(seeFigure?2).

The last difficulty to addresss what to do when no buyers make a bid. In this
situation,no messagesvould be generatedso leadingto deadlock,becausesachof
theinteragentsill bewaiting for messageslo avoid this, eachinteragenis required
to generatea messagdor eachroundunlessits buyer hasnot submitteda bid. These
messagebave a bid value of the negationof the identifier of the interagent.Thusif
no one hassubmitteda bid, only the interagentwith the lowestidentifier will receive
its messagdack.It will thendetectthattherehave beenno bidsandit will notify the
auctioneethatthelot is withdrawn.

Beforeexplainingthedutiesof theinteragentye presenanexamplein Figure3. In
this exampletherearethreeinteragentstwo of themwhich bid 10 andanothemwhich
bids 8. This provokesa collision which is detectedby both whenthe interagentge-



1. if the interagentreceves an end of round messagevhich it did not generateijt
passeshe messageo thenext interagent

2. if it recevesanendof roundmessagevhichit did generategliminatethe messags
andsendtheresultof theroundto the auctioneer

3. if it recevesacollisionmessag@ whichit wasnotinvolved,it passeshemessage
to the next interageneindrestartsheround

4. if it recevesacollision messag@ whichit wasinvolved,it eliminateshemessagsg
andrestartsheround

5. if it recevesamessagavith abid greaterthanits own, it passeshe messagé¢o the
next interagent

6. if it recevesa messageavith a bid equalto its own andit is notits messagé adds
its identifierto themessag@andpassedt to thenext interagent

7. if it recevesits own messag®ackandit only containgts identifierin thefirst field,
it is thewinnerof theroundandit sendsanendof roundmessage

8. if it recevesits own messagéackbut thereis morethanoneidentifierin the first
field, thereis a collision andit generates collision message

9. if it recevesa messagevith a bid lowerthanits own, it eliminateshe message.

1%

1%

Fig. 2. Specificatiorof the generichiddingresolutionprotocol

ceived backtheir messagewith morethanoneidentifier Thenthey generatea colli-
sion messagewhich hasidentifier —1. We canseethat eachinteragentreceivesonly
one of them. The interagentswvhich have participatedin the collision wait until they
receve anothercollision messageAt that point, they eliminatethe collision message
andrestartthe round. The examplefinishesat that point but after that the interagents
will restarttheround.

id ={1}, bid =10 ° id ={3}, bid =8 0 id =(2} bid =10  id ={2,1}, bid = 10 Q id =(1.2) bid =10
é ©) A (D (2 ‘®

id ={2}, bid = 10 id ={1,2}, bid = 10

id =t b'd 0 id ={-1} bid =10
DD CENG

id ={-1}, bid = 10

Fig. 3. Exampleof collision resolution

In the next sectionwe will give the specificationof the interagentin eachproto-
col. We will explain how to apply the algorithm outlined above to eachone andthe
modificationgto take accountof theirindividual characteristics.



5 The Interagent

As we have saidearlier theinteragenhastwo importantfunctions,handlingcommuni-
cationbetweerbuyersandtheinstitution (external)andresolvingthe bidding protocols
(internal).

Thefirst function givesthe buyer the communicatiorinfrastructureto enablepar
ticipation in the auctionsby passingto the buyer the informationthat it needsabout
the stateof the auctions.For example,whena round starts,the characteristicef the
lot offered,if he haswon a round, etc.. Furthermorejt passeghe buyer messageso
the otherinstitution agents Thesearethe bids of the buyerandwhenit wantsto leave
the system.lt alsochecksthatthe messagesf the buyer follow the protocol. For ex-
ampleit doesnot allow to the buyerto make a bid at the wrong time. The ideais to
abstracbuyerdeveloperdrom communicatiorproblemsallowing themto concentrate
onbiddingstratayies.

The secondunctionwhich is independenbf the buyers,consistsof decidingwho
won aroundor whetheralot is withdrawn, usingthe modifiedLeaderElectionprotocol
with somevariationsdependingon the auctionprotocol. As we have said beforethe
buyersare not allowed to seethe information passedetweeninteragentsn orderto
resole a round. The interagentshave to be robust and have to incorporatesecurity
measuref orderto protectthemfrom maliciousbuyers.Otherwise puyerscouldread
the messagesvith the bids of the othersbuyersand then generatenew bids out of
sequencavith help of additionalinformation. This is a point to be bornein mind but
herewe focusjust onthealgorithm.

Fromthe point of view of aninteragenta roundis dividedin four stepsaswe can
seein Figure4.

auc(new_lot)

_> Start Round
buyer(exit) | art Roun I<

buyer(bid) _’lWaiting for bids |

!

interagent(msg) —
—>|Wa|t|n for ms
buyer(bid) J :

v |

auc(result) <—| Resolve bids

Fig. 4. Thefour stepsof a biddinground




1. Start round: This stepcorrespondso the periodbetweerntwo rounds.In that pe-
riod, new buyersareaddedto the auctionandexisting participantscanleave. The
stepfinisheswhenthe interagentrecevvesfrom the auctioneetthe information of
thenext lot to beauctionedThis stepis the samefor eachprotocol.

2. Waiting for bids: This stepcanbe seenasaninitialization step.For eachroundit
hasa pre-determinedime expressedn the lot information. The buyershave that
time to make their first bid. Exceptin the Englishauction,thatis the only moment
that buyersareallowedto submitbids. Whenthis stepis finishedwe canbe sure
thateachinteragentassentits neighboura messagelt is for that reasorthatwe
saythatit is aninitialization period.

3. Waiting for next messageln this stepaninteragentwaits for a messagdrom its
sourceinteragent(the previous onein thering) or for a messagdrom the buyer
with a new bid. In thefirst caseit passego the next stepin orderto handlethat
messagelf it recevesa messagdrom the buyerfor a new bid it generates new
messag@andsendsit to its destinationinteragenithe next onein thering). In the
protocolsthatwe specifyhere,only in the Englishauctionarethe buyersallowed
to submitbids at thatmoment.In the otherthreethey canonly submitbids at the
secondstepandthis steponly consistsin waiting for a messagdrom the source
interagent.

4. Resole bids: Thisis theimportantpoint of thealgorithmwhenaninteragenuses
the casesexplainedbeforewith the last messageeceved andits informationto
decidewhatit hasto do. Subsequentlyit returnsto the previousstepto handlethe
message.

As we cansee thefirst stepis commonfor all the protocolsandthe otherspresent
somedifferencesetweereachone.Theinterestingthing is thatall of themfollow the
samepatternunlessthey have their own characteristicsWe will focuson thesethree
stepsfor eachprotocol.

Thefirst stepreceiesthe informationof the next lot from the auctioneeandcalls
the WaitingBid function of the correspondingprotocol. This is whenthe buyerscan
leave theauctionandnew buyerscanjoin in.

Before presentingthe specificationin w-calculusof eachprotocolwe definethe
channelsisedfor communicatiorbetweeroneinteragentindthe others.Theseare:

in: receiptof messagefom its predecessdn thering.

out transmissiorof message® its successoin thering.

b/int_bid: receiptof thebidsfrom the buyer.

int/aucres transmissiorof theresultof theroundto theauctioneer

int/b: transmissiorof informationto the buyer.

— bfint_exit: receiptof messagérom buyerof desireto leave theauctionroom.

Apartfrom the channelstheinteragenalsokeepsnformationin orderto compare
it with thatin theincomingmessageandthe parametersf the actuallot in casethere
is a collision andit hasto restartthe round.Normally in thefirst caseit keepsthe last
bid submittedby the buyer— but in the Englishauctionmoreinformationis needed:
we will explainthis later



First we give the specificationof the protocols.We will begin with the complete
specificationof First-Price/Sealed-Bidyeing the simplest. Thenwe will explain the
changesby referenceo thatfor the Vickrey and Dutch protocols becausehey areso
similarto thefirst one.Finally we will explainin moredetailthelastandmorecomplex
Englishauction.

FP-WaitingBid(id, in, out, b/int.bid, int/aucres int/b, time) =

v (dong then elsg)
int/b (time)
. FP-bid(b/int.bid, time, dong
| dongbid)
. out(bid)
. FP-WaitingMessage(id, bid, in, out, b/int.bid, int/aucres int/b, time)

FP-bid(id, b/intbid, time, dong =
v (then else done3
delay(time doned
| doneZ)
. test/1(b/int.bid, then elsg
| then(bid) . done(bid) + elsgjunk) . done(—id)

FP-WaitingMessage(id, bid, in, out, b/int_bid, int/aucres int/b, time) =
in(id;, n_bid)
. FP-ResolveBids(id, bid, id;, n_bid, in, out, b/int.bid, int/aucres int/b,
time)

6 First-Price/Sealed-Bid

The maincharacteristiof this kind of auctionsis thatyou candivide it in two phases.
Thereis atime for submissiorof bids and afterwards,analyzingthe bids to choosea

winner. For eachlot thereis givena time for the buyersto submittheir bids and after

that the interagentsddecidewho is the winner The winnerwill be the buyer who has
submittedthe greatestbid and this is the price that he will pay for the lot. The lots

auctionedn this protocolaredefinedwith oneparametewvhich indicatesthe time that

thebuyershave to submitbids. Thelots auctionedn this protocolaredefinedwith one

parametewhichindicateshetime thatthe buyershave to submitbids.

1. Waiting for bids: This stepcorrespondso the time that the buyershave for sub-
mitting bids. This processusesan auxiliary proces<alled FP-bid to checkif the
buyer hassubmitteda bid in the time given. It will generatea messageavith the




valuereturnedfrom this processandthen passedo the next stepof waiting for a
messagdrom its predecessor

The FP-bid procesdirst waitsfor thetime specifiedusingthedelay procesgdefi-
nition not given here)which waitsfor the units of time thatit recevesasa param-
eter After thatit usesthe functiontest/1 in orderto seeif the buyerhasmadea
bid. If it has,it returnsthevalueof thebid, otherwiset returnsthevalue—id which
indicatesthatthe buyerhasnot submitteda bid.

2. Waiting for next message:In this protocol this step only waits for one mes-
sagefrom its predecessoin the ring becausehe buyersare not allowed to sub-
mit multiple bids. After readingfrom channelin it sendsa messagéo the process
FP-ResolveBids for furtherprocessing.

3. Resolehids: Thisis themostcomplex andinterestingunction. It applieshealgo-
rithm explainedbeforewith its own bid andthelastmessageeceiedfor theinter-
agent.Thealgorithmhereis exactly the sameasexplainedabove without changes.

7 Vickrey’'sauction

This protocolis very similar to the onebeforein the sensehatit is alsodividedin two
phaseandwith the sameprocesseasthe previousone.The soledifferences thatthe
winneris the buyerwho hassubmittedthe highestbid but the price thathe hasto pay
correspondso the secondhighestbid. Thatimplies addinga field to the messageto
containinformationaboutthe seconchighestbid.

We do not give the specificationbecausehe only changefrom first-priceis that
themessagebave oneadditionalfield. This field, correspondingdo the seconchighest
bid, is initialized to zerowhenan interagenigenerates messageWhenaninteragent
passes messagen it hasto comparethis field with its bid andit updatest, if its own
is higher The only otherchangeis whenan interagentis the winner of the round.In
thatcaseit hasto sendthe secondid to theauctioneer

8 Dutch auction

The main characteristiof this protocolis thatit is a descendingorice auction.The
roundstartswith a high price descendingintil one buyer submitsa bid. In real Dutch
auctionsit is the auctioneemwho calls out the offers until one buyer bids. Here,each
interagentsendsindependentlythe offersto its buyer. While this confersseveral ad-
vantagesn adistributedsettingthatcannotarisein the physicalscenariojt doeshave
the drawbackthat in contrastto a real auction,wherewhen a buyer seesa offer he
knows thatno onehassubmitteda bid at a higherprice,whereasherethe buyercannot
be sureof this becauseachinteragenis runningindependenthfrom the others.This
couldchangehe bidding strateyy of the buyers.
Theparametersf this kind of auctionareslightly different,being:

2 Thistechniqueandits justificationarepresentedn [13]



FP-ResolveBids(id, bid, id;, n_bid, in, out, b/int.bid, int/aucres int/b, time) =
( if car(id;) = —2
(if n_bid = bid
if bid <0
int/aucres(0, 0)
otherwise
intfauc res(id, bid) | int/b (“Winner ")
otherwise
int/b (“End of round ")
| [ out{—2, n_bid)
elseifcar(id;) = —1
(if n_bid = bid
int/b (“Collision )
| FP-WaitingBid(id, in, out, b/int.bid, int/auc.res int/b, time)
{ otherwise
int/b (“Collision )
| out(—1, n_bid)
!\ | FP-WaitingBid(id, in, out, b/intbid, int/auc res int/b, time)
otherwise
(if n_bid = bid
(if car(id;) = id
if lid;| =1
out(—2, bid)
otherwise
X out(—1, bid)
| FP-WaitingMessage(id, bid, in, out, b/int_bid, int/aucres int/b, time)
otherwise
1 | Gt id: U {id}, bid)
\ | FP-WaitingMessage(id, bid, in, out, b/int.bid, int/aucres int/b, time)
otherwise
(if n_bid > bid
out (id,, n_bid)

< | FP-WaitingMessage(id, bid, in, out, b/int_bid, int/auc.res int/b, time)
otherwise

A

\ | | FP-WaitingMessage(id, bid, in, out, b/intbid, int/auc.res int/b, time)




DA-bid(id, b/int_bid, actualprice, decemenf reserveprice, done =
v (then else done3
int/bid (actualprice) . delay(1, doned
| doneZ)
. test/O(b/int.bid, then elsg
| then() . done(bid)
+ els€)
if actualprice — decement> reserveprice
DA-bid(id, b/int_bid, actualprice — decemen{ decemenf reserveprice,
done

otherwise
done(—id)

— startprice: the starting price at which the interagentsstart sendingoffers to the
buyers.

— reserveprice: the minimum price at which the lot may be sold. If that price is
reachedhebuyerlosesthe opportunityto for bid for it. If all theinteragentseach
this pricewithout a bid beingmade thenthelot is withdrawn.

— decement thedifferencebetweersuccessie offers.

Theprocesghatis differentfrom First-Price/Sealed-Biductionis FP-bid. All the
other processesre identical except that the time parameteiis replacedby the three
parametershatcapturethe stateof this protocol(givenabove).

The DA-bid processsendsan offer to the buyer, thenwaits one unit of time and
checkswhetherthe buyer hassubmitteda bid. In that caseit returnsthe actualprice
asthe buyer bid, otherwiseit repeatghe processagain.This function stopswhenthe
buyersubmitsa bid or thereservepriceis reached.

9 English auction

This protocolis the mostcomplex thatwe have specifiedandthe onethatpresentghe
mostdifferencesith the others Herebiddingstartsata minimumpriceandthebuyers
submitincreasingbids until all of themstop.Eachbuyer cansubmitasmary bids as
it wantsbeforea winner is declared.In the real auctionsthe auctioneersaysgoing,
going, goneafter a bid beforedeclaringa winner. In orderto modelthat here,before
aninteragentitherdeclaresdtself thewinner or detectsa collision, its messagéasto
make threeroundsof theinteragenting.

Thisprotocolstartswith adescendindpiddingprotocolasin theDutchauctionuntil
onebuyer submitsa bid. After thatthe auctionfollows the patternjust describedwith
thebidsgoingup.

In orderto countthe lapsof the messagavith the greatesbid receved, eachinter-
agenthasto keepmoreinformation.It hasto keepthe last messagehat it haspassed




EA-WaitingMessage(id, bid, in, out, b/int_bid, int/aucres int/b, 1id, I_bid, count
start price, decement reserveprice) =

(if |_bid < 0 V counter= 2
in(id;, n_bid)
. EA-ResolveBid(id, bid, id;, n_bid, in, out, b/int_bid, int/aucres int/b,
I_id, |_bid, count start.price, decemenf reserveprice)
otherwise
in(id;, n_bid)
. EA-ResolveBid(id, bid, id;, n_bid, in, out, b/int_bid, int/aucres int/b,
I_id, |_bid, count start.price, decement reserveprice)
+ b/intbid(n_bid)
.out({:d}, n_bid)
. EA-WaitingMessage(id, n_bid, in, out, b/int_bid, int/auc.res int/b, id,
\ n_bid, 0, start price, decemenf reserveprice)

on becausét is theonewith the greatesbid sofar, andthe numberof timesthatit has
recevedit in orderto countthelaps.

Thereis anotherimportantpointin which it differs from real auctions.Thereare
two situationswherethe buyer is not allowed to submitbids but wherethey canbe
allowedlater. Thefirst oneis whenthe buyerhasnot madea bid atthewaiting for bids
step.After thatthe buyerwill beallowedto make bidsif the interagentecevesa bid
from anotherone. The secondsituationis whenthe interagentecevesa messagédor
the third time. From the point of view of the interagentthe roundis over. Although
thereis one possibility it may not be: if anotherbuyer submitsa greaterbid beforeit
hasrecevedthe messagé¢hreetimes.In therealauctionsthis doesnot happerbecause
theauctioneedeclaregshe endof theroundsin a centralizedvay. Whentheauctioneer
declareghatalot is withdrawn or thereis awinnerthereis no possibility of continuing
theround.

So,whenaninteragentecevesanev messagé hasto comparet with theonethat
it haskept.If thebid is lowerit discardghenew messagdf thebid in thenew message
is greatetthenit keepsit, it setsthe counterto zeroandit passeshemessagen.

We have to bearin mind thattherecanbe morethanonemessagén the ring with
the samebid valuebecauseno interagentdiscardsary messagevith a bid equalto its
own. So,whenaninteragentecevesa messagavith a bid equalto thatin themessage
thatit haskeptit comparegheidentifiersto seeif they arethe samemessagelf notit
passeshemessag®en andwaitsfor anothemne.If they arethe sameandthe counteris
lessthantwo it passeshe messagen andincrementghe counterby one.If thecounter
is equalto two it checkdf it is its own messagdn thatcaset declarestself asawinner
if thereis only its identifierandthebid is greatethanzero.It declareghelot withdrawvn
if the bid is lower thanzeroanda collision if thereis morethanoneidentifierin the
messagelf it is notits messagéehenit passeshe messag®n but its buyerwill notbe
allowedto make morebids unlessit recevesa nev messageavith a greaterbid aswe
have explainedabove.



EA-ResolveBid(id, bid, id;, n_bid, in, out, b/intbid, int/aucres int/b, l_id, I_bid, count, start.price,
deciement reserveprice) =
¢ if car(id;) = —2
if n_bid = bid
if bid < 0
int/aucres(0, 0)
otherwise
int/aucres(id, bid) | int/b (“Winner ")
otherwise
int/b (“End of round ")
| out (—2, n_bid)
elseifcar(id;) = —1
if n_bid = bid
EA-WaitBid(id, in, out, b/int.bid, int/auc-res int/b, startprice, decement reserveprice)
otherwise
out (—1, n_bid)
| EA-WaitBid(id, in, out, b/int.bid, int/auc-res int/b, start.price, declement reserveprice)
elseifcar(id;) = I.id A n_bid = I_bid
(¢ if n_bid > bid
out (id; , n_bid)
| EA-WaitingMessage(id, bid, in, out, b/intbid, int/auc-res int/b, l_id, I_bid, count+ 1,
start price, decement reserveprice)
elseif count= 2

if lid;| =1
out (—2, bid)
L | EA-WaitingMessage(id, bid, in, out, b/int.bid, int/auc-res int/b, 1_id, |_bid, count,
< start price, decemenf reserveprice)
otherwise
out (—1, bid)

| EA-WaitingMessage(id, in, out, bid, bm.nbi2, b/int_bid, int/auc-res int/b, I_id, I_bid, count,
start price, decemenf reserveprice)
otherwise
out (id; , n_bid)
| EA-WaitingMessage(id, bid, in, out, b/intbid, int/auc-res int/b, lid, I_bid, count+ 1,
\ start_price, decemenf reserveprice)
elseif n_bid = |_bid A count> 0
out (id; , n_bid)
. EA-WaitingMessage(id, bid, in, out, b/intbid, int/auc-tes int/b, l_id, I_bid, count,
start.price, decement reserveprice)

elseif n_bid > bid

out (id; , n_bid)

. EA-WaitingMessage(id, bid, in, out, b/intbid, int/auc-tes int/b, car(id; ), n_bid, 0,
start price, decement reserveprice)

elseif n_bid = bid

out (id; U {id}, bid)

. EA-WaitingMessage(id, bid, in, out, b/intbid, int/auc-res int/b, |_id, I_bid, count,
startprice, decement reserveprice)

otherwise

EA-WaitingMessage(id, bid, in, out, b/intbid, int/auc-res int/b, |_id, 1_bid, count,

\ start price, decemenf reserveprice)




Onepoint hereis thatthe identifiersin thelist arealwaysaddedat the end.So,in
orderto determineif two messagesvith the samebid are from the samebuyer, it is
enoughto comparethefirst identifierof eachone.

The last point to consideris that a buyer hasalwaysto submita greaterbid than
thelastthatit receved.Giventhis constraintaninteragentcanonly possiblyreceve a
messagehatit hasnot generatedvith an equalbid to its own whenits messagés in
thefirst lap aroundthe ring. In this situationit hasto addits identifierto thelist in the
first field of themessage.

Thefirst stepis the sameasin the Dutch auction,startingat one price andgoing
down. Thereforewe will just specifythe othertwo.

10 Relatedand futur e work

As we proposeditthebeginning,we have presente@distributedmethodfor theresolu-
tion of the classicbidding protocols.For thatpurposewe have distributedthe taskfrom
theauctioneeto theinteragentsThustheload of messages alsodistributedbecause
in thecentralizedversionsall themessagego from theauctioneeto eachinteragenbr
from eachof themto theauctioneer

With the useof interagentghis very significantchangecan be donewithout af-
fecting the buyerswhich canrun without ary knowledgeof theway in which the bids
areresoled. Theinteragentalsodefinethe communicationnfrastructureandthusthe
buyerscanfocuson bidding strategjies.

The specificationgiven hasbeensatishctorily implementedusing Pict [15], a «r-
calculusinterpreter giving someconfidencein the validity of the method,although
without a directly executablespecificationjt doesnothingto verify the specification.

We have giventhe specificationof four protocolsbut we have definedthe general
stepsin orderto resole bidding protocolsin a distributedway. Thusit may simplify
the specificatiorof new auctionprotocolsin a distributedmannerAll thatis necessary
is thedefinition of thethreestepsfor the new protocol.

Anotherimportantpointis thatthefactthatin basingour algorithmon the Leader
Election,we canusethe theoreticalresultsestablishedor LeaderElection. This in-
cludesthe algorithmicimprovementamentionedn the introductionand, moreimpor-
tantly, its combinationwith techniquedor terminationdetectionandhandlingof stop-
pingandByzantinefailure,whichis animportantaspecbf our future (implementation)
work.

Our plansfor theimmediatefuture areanimplementatiorin the framework of the
FishMarlet, so that we will have two ways of resolhe the bidding protocolsin our
electronicauctionhouse The FM alreadyusesinteragent$or communicatiorwith the
buyersandwith the otheragentsand so all have to do is modify themto handlebid
resolutionasoutlinedhere.In consequencee cantake benefitfrom all the otherin-
frastructureof the FM in orderto getour specificatiorrunningeasily



References

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

JamesBushnellandShmuelOren. Two dimensionakuctionsfor efficient franchisingof
public monopolies.TechnicalReportERL-93-41,University of California,Berkeley, 1993.
S.Clearvater(ed.). Market-BasedContmwol: A Paradigmfor DistributedResouce
Allocation World ScientificPress;1995.

. M. FranklinandM. Reiter The Designandimplementatiorof a SecureAuction Service.

IEEE Transactionn Softwae Engineering 22(5):302-3121996.

. RossA. GaglianoMartin D. FraserandMark E. SchaeferAuction allocationof

computingresourcesCommunicationsf the ACM, 38(6):88-102,Junel995.

. PereGarcia,EduardGiménezLluis Godo,andJuanA. Rodiiguez-Aguilar

Possibilistic-basedesignof bidding strat@iesin electronicauctions.In The13thbiennial
EuropeanConfeenceon Atrtificial Intelligence(ECAI-98) 1998.

. B. A. HubermarandS. Clearwater A multi-agentsystemfor controlling builging

ervironments.In Proceeding®f the Fir stInternationalConfeenceon Multi-Agent Systems
(ICMAS-95) pagesl71-176 AAAI PressJunel995.

. LeslieLamport,RobertShostakandMarshallPease The Byzantinegeneralgproblem.

ACM Transactionon ProgrammingLanguaesand Systems4(3):382—401July 1982.

. Nang Lynch. DistributedAlgorithms MorganKaufmann,1996. ISBN 1-55860-348-4.
. Franciscal. Martin, Enric Plaza,andJuanAntonio Rodfiguez-Aguilar An infrastructure

for agent-basedystemsAn interageneapproachinternationalJournal of Intelligent
Systems1998.

RobinMilner. The Polyadicr-Calculus:a Tutorial. Preprintof Proceedingénternational
SummerSchoolon Logic andAlgebraof Specification,1991.

Uwe Nestmann Calculi for mobile processesavailablethrough
http://www.cs.auc.dk/mobility/.

D. North. Institutions,Institutional Chang and Economicderfomance CambridgeJ. P,
1990.

J.A. PadgetandR.J.Bradford. A w-calculusmodelof the spanistfishmarlet. In
Proceeding®f AMET'98, volume15710f Lectue Notesin Atrtificial Intelligence pages
166—-188 SpringerVerlag,1999.

BenjaminC. Pierce.Foundationaktalculifor programminganguagesin Allen B. Tucker,
editor, Handbookof ComputerScienceand Engineering chapterl39. CRC Press;1996.
BenjaminC PierceandDavid N Turner Pict: A Programmind_anguageBasedon the
Pi-Calculus.TechnicalReport476,IndianaUniversity March1997.
J.A.Rodfiguez,F.J.Martin, P. Garcia,P. Noriega,andC. Sierra. Towardsa formal
specificatiorof complex socialstructuresn multi-agentsystems.in JulianPadget.editor,
Proceeding®f theworkshopon Collaboration BetweerHumanAnd Artificial Societies
volume1624of LNAI, pages289—-305 SpringerVerlag,1999.

J.A.Rodfiguez,P. Noriega,C. Sierra,andJ.A. Padget.FM96.5A Java-basedElectronic
Auction House.In SecondnternationalConfeenceon ThePractical Applicationof
Intelligent Agentsand Multi-Agent Technolagy: PAAM'97, 1997.

Hal R. Varian. Economicmechanisndesignfor computerizedigents.In First USENIX
Workshopon Electronic Commece, pagesl3—21,New York, July 1995.USENIX.
Fredrik YggeandHansAkkermans.Powver load managemerdsa computationamarlet. In
Proceeding®f the SecondnternationalConfeenceon Multi-Agent System$lCMAS-96)
1996.

Fredrik YggeandHansAkkermans.Making a casefor multi-agentsystems.In Magnus
BomanandWalterVande Velde,editors,Advancesn Case-Base®easoningnumberl237
in LectureNotesin Artificial Intelligence pagesl56-176 SpringefVerlag,1997.
TheFishMarlet Project. http://wwwiiia.csic.es/Projects/fishmagk



