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CategoriesandSubjectDescriptors:K.6.0 [Electronic Commerce]: TradingAgents

1. INTRODUCTION

TheTAC SCM gamescenarioposesgreatchallenges,astheagentshave to act in a very
high-dimensional,non-deterministicenvironment. A key sub-problemof the gamecon-
cerns�nding a good(if not optimal) allocationof the availableresources,especiallyof
the productioncycles. Market-basedmechanismshave beenusedsuccessfullyfor com-
plex resourceallocationproblemsin grid computing(e.g.,[Wolski et al. 2001]),computer
networks (e.g.,[KuwabaraandIshida1994]), andscheduling(e.g.,[Walshet al. 1998]).
Marketshaveseveraladvantagesovermoretraditionaloptimizationapproaches.First,they
offer thepossibilityof a modulardesign,in which differentagents,which areresponsible
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for differentresources,cancommunicatethroughthemarket. Second,marketscanprovide
amoreef�cient searchmechanismthantraditionalapproaches,sincealternativecoursesof
actionarenot consideredexplicitly. Third, in addition to an allocation,the market also
offersa valueattachedto eachresource.This is perhapsthemostimportantfeaturefrom
ourpoint of view, aswe will describebelow.

Given the complexity of the TAC SCM scenario,our approachwas to have a highly
distributedarchitecture,in which simple,heuristic-basedagentsareassignedto dealwith
individual aspectsof the game,suchascomponentprocurementandproductionof cus-
tomerorders.Theseagentscommunicatethrougha market mechanismin orderto deter-
mine,collectively, which componentsto purchase,which typesof PCsto produce,how to
allocatetheavailablecomponentsandproductioncycles,andwhatoffers to sendto cus-
tomers. This designresultsin an ef�cient and �e xible decisionmakingprocess,which
helpedRedAgentto win theTAC SCMcompetition.

The paperis structuredasfollows. Section2 describesthehigh-level strategy andthe
basicdesignof our agent.In Section3 we compareour agentto othercompetitors,based
ondatafrom the�nals of TAC SCMcompetition,anddiscussavenuesfor futurework.

2. REDAGENT DESIGN

TAC SCMposesacomplicateddecisionmakingprocess,becauseagentshaveto dealwith
procurement,productionmanagement,aswell asbidding for customerorders.However,
this processcanbe simpli�ed by consideringtwo possiblehigh-level strategies: buy-to-
build andbuild-to-order. In thebuy-to-build strategy, anagentstocksup on components,
andstartsproducingPCswithout necessarilyhaving ordersfor all theproduction.In the
build-to-orderstrategy, the�rst concernof aPCmaker is to secureordersfrom customers;
then,PCsaremostlybuilt in orderto deliver theseexisting orders.Thebuy-to-build strat-
egy hastheadvantageof ensuringalargestock,whichcanthenbe“dumped”onthemarket
atany time. If theothercompetingmanufacturershave low stocks,this hastheaddedben-
e�t of beingableto obtaina lot of customerordersat a high pro�t margin. On theother
hand,in a low-demandmarket, this strategy canbedetrimental,giventhatsaleswould be
low, andpro�ts maynot behigh enoughto cover thecostof theunsoldPCs.Evengiven
thispotentialpitfall, weadoptedthebuy-to-build strategy, becausetheabsenceof costsfor
maintaininginventoryin theTAC SCMscenariomadeit appealing.

RedAgentis composedof a numberof simple,heuristic-basedagents,asshown in Fig-
ure1. Thereare� vemaintypesof agents:

—An Order Agent (OA) is createdfor eachreceivedorder. Its goal is to obtainthe PCs
neededto �ll theorderandshipthemto thecustomer.

—OneComponentAgent (CA) is assignedfor eachof the10 typesof components;these
agentsprovideRFQsandordersfor thesuppliers.

—A ProductionAgent(PA) providesproductioncycles;this is abottleneckresource,given
thefactthatonly a �x edproductioncapacityis availableperday.

—An AssemblerAgent(AA) is assignedfor eachof the16 typesof PC;it obtainscompo-
nentsfrom theCAs andproductioncyclesfrom thePA, thendelivers�nished products
to theOAs.

—TheBiddersendsoffersto customersin responseto RFQs.
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Fig. 1. Overview of RedAgent's components

Markets provide the main communicationand exchangelinks betweenthe different
agents. RedAgenthasone internal market for eachcomponenttype, eachtype of PC
andfor theproductioncycles. Thegoalof themarketsis twofold. On onehand,they are
usedasa searchmechanismfor the bestactionsto take internally: which PCsto build,
how to allocatethePCinventoryto theexisting orders,whatsupplierordersandRFQsto
issue.On theotherhand,marketsalsoprovidevalueestimatesfor thePCsthatRedAgent
produces.This is a very valuablesideeffect, asthe PC price estimatesareusedby the
biddingagentto formulateoffersfor customers.

In all of thesemarkets,tradingis performedthrougha sequenceof auctions. The idea
of using sequentialauctionsfor allocatingcomplementaryresourceshasbeenexplored
beforein [Boutilier et al. 1999]. In our case,the mechanismof sequentialauctionsis
desirable,comparedto combinatorialauctions,becauseit allows goodsto be purchased
from different sellers. As we will seebelow, this featureis important in our resource
markets. However, our work differs from [Boutilier et al. 1999] in that the bids in each
auctionarenot computedby dynamicprogramming;instead,we usesimpleheuristicsto
guide the bidding process,asdescribedbelow. The main reasonfor usingheuristicsis
ef�ciency: becausedecisionshave to be madein a limited amountof time, andbecause
we will run many auctionseachday, eachinvolving severalagents,we needto ensurethat
eachbid computationis asef�cient aspossible. The ideaof usingauctionsat different
levelsof a supply-chainhasalsobeenexploredbefore,andan auctionprotocoldesigned
for this purposehasbeenproposedin [Babaioff andNisan2001]. Themaindifferencein
our approachis thatwe do not propagateinformationbackandforth betweenthedemand
sideandthe supplysideof the chain; instead,we estimatethe future demandbasedon
currentdemand.Althoughusingonly thecurrentdemandcanbemoreimprecise,it allows
for fastercomputation.In thecurrentversionof theagent,usingcurrentdemandprovedto
besuf�cient, but we areconsideringaddinga morecomplex predictionmechanismin the
future.
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Fig. 2. Exampleof market exchange

All themarketsuseavariationof sequential,sealed-biddoubleauctions.In eachauction,
buyersandsellerssubmitsecretofferanddemandbidsfor theitemstradedin thatparticular
auction(components,PCsor productioncycles). Theoffer anddemandpro�les obtained
in this way arematched,anda singleexchangeprice is determined,which will be used
for all thetrades.In thecurrentimplementation,we usethemidpointbetweenthehighest
satis�edoffer andthelowestsatis�eddemandastheexchangeprice.An exampleof sucha
marketexchangeis givenin Figure2. Thismechanismis designedto maximizetheoverall
utility gain,assumingthat thebidsareindicative of the truevaluationsof thebuyersand
sellers.Thisassumptionis justi�ed in ourcasebecausethis is aninternalmarket, in which
theparticipatingagentswork towardsacommongoal.

Themarketsfor resourcesholdseveralroundsof auctionseachday, with theseauctions
taking placein a prede�nedorder: productioncycles (usually the most contentiousre-
source),CPUs(themostexpensiveresource),motherboards,memory, harddrives.In each
auction,themainbuyersaretheassembleragents(which participateonly in themarkets
tradingresourcesthey need),and the main seller is the correspondingcomponentagent
or productionagent.However, assembleragentsalsohave theoptionof sellingexcessre-
sources.Thegoalof repeatingtheauctionsduringadayis to allow theparticipatingagents
to adjusttheirvaluationsbasedon thecurrentpricesandon theavailability of otherneces-
saryresources.For instance,anassembleragentmaypurchasea lot of productioncycles,
but thenrealizethatit cannotacquireenoughCPUsto sustainits production.In this case,
it will sell theexcessproductioncyclesin thenext roundof auctions,to anassemblyagent
whichcanusethemmoreproductively.

After an auctioncloses,the orderedlist of demandand offer bids is madeavailable
to all the participatingagents,in order to allow themto adjusttheir future bids. In our
implementation,only thesellersmakeuseof thedemandpro�les in orderto adjustprices,
but we planto usethis informationmoreextensively in thefuture.

All thecomponentagentsin this distributedarchitecturearebasedonsimpleheuristics.
Dueto lackof space,wecannotdescribeall theseheuristicshere,but werefertheinterested
readerto [Kelleret al. 2004].Herewewill justmentionthebasicideasof theseheuristics.

The orderagentsarecreatedfor eachcustomerorder, and their goal is to deliver the
requestedPCs,by acquiringthemfrom the assembleragents.The bid that they placeis
determinedasa sumof threecomponents:the baseprice of the materialnecessaryfor
manufacturingthe PC, the estimateddiscountedpro�t for the order(computedbasedon
the orderprice andthe currentcomponentprice estimate),andthe penaltiessufferedby
not delivering the order. A typical bidding pro�le, asa function of the day aroundthe
orderdate,is shown in Figure2. This bidding pro�le hasan importantin�uence on the
PC market. If a lot of PCsarebeingofferedby the assembleragents,the orderagents
buy early, at a low price,andthePCmarket closingprice is closeto thetotal priceof the
componentsnecessaryto producethePCs.If, ontheotherhand,notenoughPCsarebeing
produced,thentherewill beabacklogof ordersandorderagentsgettheirPCslater. This,
in turn determinesanincreaseof theclosingprice.

Theclosingprice in thePCmarket is very importantbecauseit is usedby thebidding

ACM JournalName,Vol. 4, No. 3, 02 2004.



RedAgent - Winner of TAC SCM 2003 e 5

Fig. 3. Typicalbiddingpro�le for anorderagent,asa functionof daynumberaroundtheorderdate.

agentin orderto determinewhatto offer in responseto customerRFQs.During thecom-
petition,we usedanadaptive margin bidder. It computespriceoffersby takinga running
averageof theclosingprice from thePC market andaddinga margin for eachnecessary
productioncycle. Themargin is decreasedwhena lot of productioncyclesareavailable,
and increasedif productionis at capacity. By allowing a margin per productioncycle,
ratherthanperPC,we aim to maximizethepro�t per cycle, which is importantbecause
manufacturingis themainbottleneckin thesystem.

Theassembleragentsareresponsiblefor purchasingcomponentsandproductioncycles
andthenselling assembledPCsto the orderagents.The assemblersconstructtheir bids
with thegoalof maintaininga targetinventory, whichcanbeviewedasa buffer to counter
spikes in PC demandor temporaryshortagesof components/productioncapacity. The
target inventory is computedas the numberof PCsexpectedto be neededfor 10 days
of operation,truncatedbetweenstaticlower andupperbounds.The expecteddemandis
computedasa runningaverage(over 20 days)of thenumberof pro�table PCsrequested
by theorderagents.Thetarget inventoryis linearly increasedfrom 0 in thebeginningof
the game,to avoid “panicked” purchasing.A similar linear decreaseis performedat the
endof thegameto eliminateexcessinventory.

Assemblersplaceoffers in the PC market to sell their inventory. In order to form an
offer, thebaseprice,ba, for a givenPCis thesumof thecomponentandproductioncosts,
estimatedusingthelatestclosingpricesof thecorrespondingresourceauctions.Thewhole
PC inventoryis divided into threebatches.The �rst two batchesareequalto the target
buffer. Thecomputersin the�rst batcharepricedlinearlybetweenba and1 f 3ba, in orderto
increasethelikelihoodthatthis stockis kept.Thesecondbatchis pricedlinearly between
0 f 7ba andba. All othercomputersareofferedat 0 f 7ba. Hence,if andassemblerstarts
sellingcomputersfrom its safetybuffer, theprice it offerswill increasein thePCmarket;
similarly, if an assemblerhasa lot of stock, the PC market price will fall. Hence,this
informationis transmittedto thebidderusingthePCmarket.

Theauctionsonthesupply-sideareusedasasearchmethodfor �nding agoodallocation
of resources(componentsandproductioncapacity)amongthe 16 assembleragents.To
determinewhatbidsto place,theassemblertakesthedemandpro�le from themostrecent
PC auction. This is a sortedlist of demandbids, andeachbid is a price-quantitypair.
Basedon the currentresourcemarket prices,the assemblereliminatesunpro�table bids.
Thenit addsa seriesof “f ake” bids,soasto maintainits target inventory. This pro�le is
thentranslatedinto pro�les for biddingoneachcomponent.

Componentagentsusethe sameprinciple of maintaininga desiredinventory, but the
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Fig. 4. AveragePCinventoryduringthe�nals (left) andsemi-�nals(right)

sizeof thecomponentbuffer dependson theday in thegame,aswell astheaveragede-
mand,estimatedfrom the componentmarket. Detailsfor both the assembleragentsand
thecomponentagentsaregivenin [Kelleret al. 2004].

3. COMPETITION PERFORMANCE

In this section,we try to provide someinsight into the strategy of RedAgent,aswell as
thatof othercompetitors.Thedatacomesfrom analyzingthesemi-�nalsand�nals of the
competition. In all the following graphs,theagentsareorderedfrom left to right, in the
orderin which they rankedduringthecompetition.

RedAgent's buy-to-build strategy is quiteapparentfrom thePC inventorygraphs,pre-
sentedin Figure4. RedAgenthasby far thehigheststockof PCsin the�nal round.Dur-
ing the semi-�nals, only oneotherteam,HarTAC, hadsimilar inventorylevels for some
systems. We note that HarTAC camelast during the semi-�nal round due to technical
networking problems,whichcausedonecatastrophicgame.Otherwise,their performance
wouldhavebeenmuchbetter.

Thebuy-to-build strategy hastwo importanteffects.On onehand,RedAgentis ableto
respondvery well to customerRFQs,given that therearealwaysPCsin stock. Figure5
shows theratio of offerssentto customers,dividedby thenumberof RFQsreceived. As
canbeseen,RedAgenthasasigni�cantly responseratethantheotherteams.Wealsonote
thatbothof thetop two teams,RedAgentanddeepmaize,have higherresponseratesthan
therestof thecompetitors.A verysimilar pro�le wasseenin thesemi-�nal round,where
only HarTAC hadsimilar RFQresponserates.

A secondimportanteffect is that,becauseRedAgenthaslargestocks,it cansell when
other manufacturersare out of stock, thus obtainingvery good prices. Figure6 shows
theaveragepriceobtainedperPC.RedAgentmanagesto obtainthebestpricesin all PC
categories, bothin thesemi-�nalsandin the�nals.

A dualperspective on performanceis offeredby the inventoryandpricepaid for parts,
shown in Figure7 andFigure8 respectively. As canbe seen,RedAgentkeepsa fairly
large inventory(in orderto supportits production),but not too large, comparedto other
competitors.It is alsoableto securecomponentsat pricesthatarelower or very similar
to thoseof thecompetition,thusensuringhigherpro�t marginsthanthoseof otheragents.
It is worth mentioningherethat the designof the gamefavoredagentswhich buy their
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Fig. 5. Percentageof customerRFQsfor whichoffersweresent

Fig. 6. AveragepriceperPCtype

componentsat thebeginningof thegame.Someagents(e.g.,whitebear)reliedexclusively
on�rst-day supplies.RedAgentordersmostof thesuppliesin thebeginning,but continues
to order supplieslater on, as needed.We anticipatethat this aspect,which had a high
impacton thisyear'scompetition[Estelleet al. tted],will beremovednext year.

In conclusion,theuseof internalmarketshasprovidedRedAgentwith a very ef�cient
searchmechanismfor resourceallocation,while at the sametime ensuringthe commu-
nicationbetweendifferentagentsin our distributedarchitecture.It is worth noting that
RedAgentusessigni�cantly fewer computationalresourcesthanothercompetitors[Kiek-
intveld et al. 2004]. However, the relianceon marketshasthe disadvantageof losing a
lot of informationthatcouldbecapturedin a richercommunicationprotocol. We planto
explorethis issuein futurework.

REFERENCES

BABAIOFF, M. AND NISAN, N. 2001. Concurrentauctionsacrossthesupplychain. In TheProceedingsof the
Third ACM ConferenceonElectronic Commerce. 1–10.

BOUTIL IER, C., GOLDSZMIDT, M., AND SABATA , B. 1999.Sequentialauctionsfor theallocationof resources
with complementarities.In IJCAI. 527–523.

ACM JournalName,Vol. 4, No. 3, 02 2004.



8 e Keller, Duguay, Precup

Fig. 7. Averageinventorymaintainedfor thedifferentcomponentsduringthe�nals (left) andsemi-�nals(right).

Fig. 8. Averagepricepaidfor thedifferentcomponentsduringthe�nals (left andsemi-�nals(right). Thepriceis
expressedasa percentageof thebasepriceof eachpart

ESTELLE, J., VOROBEYCHIK , Y., WELLMAN, M. P., SINGH, S., K IEKINTVELD, C., AND SONI , V. Submitted.
Strategic interactionsin asupply-chaingame.

KELLER, P. W., DUGUAY, F.-O., AND PRECUP, D. 2004. Redagent-2003:An autonomous,market-based
supply-chainmanagementagent.In Submitted.

K IEKINTVELD, C., WELLMAN, M. P., SINGH, S., ESTELLE, J., VOROBEYCHIK , Y., SONI , V., AND RUDARY,
M. 2004.Distributedfeedbackcontrolfor decisionmakingonsupplychains.In ICAPS.

KUWABARA , K . AND ISHIDA , T. 1994. Equilibratoryapproachto distributedresourceallocation:Towardco-
ordinatedbalancing.In Arti�cial SocialSystems— SelectedPapers fromtheFourth EuropeanWorkshopon
Modelling AutonomousAgentsin a Multi-Agent World, MAAMAW-92(LNAI Volume830), C. Castelfranchi
andE. Werner,Eds.Springer-Verlag:Heidelberg, Germany, 133–146.

WALSH, W. E., WELLMAN, M. P., WURMAN, P. R., AND MACK IE-MASON, J. K. 1998. Someeconomics
of market-baseddistributedscheduling.In InternationalConferenceonDistributedComputingSystems. 612–
621.

WOLSKI , R., PLANK , J. S., BREVIK , J., AND BRYAN, T. 2001. Analyzingmarket-basedresourceallocation
strategies for the computationalGrid. TheInternationalJournal of High PerformanceComputingApplica-
tions15,3 (Fall), 258–281.

ACM JournalName,Vol. 4, No. 3, 02 2004.


