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Abstract

This paperdescribestheoperationalplanningof complex multi-agenttransporta-
tion problems. Basedon a simple hierarchicalagent-basedmodel, agentsexecute
transportationordersspecifiedby clients. HatzackandNebel[3] pointedout a cor-
respondencewith job shopscheduling.Using this correspondencethey areable to
useschedulingheuristicsto computesafetraffic flows, usinga fixed routefor each
transportationagent.Weadopttheirapproachandshow a significantimprovementin
casealternative routesareconsideredby theagents.

1 Intr oduction
This paperfocuseson the operational planning of complex multi-agenttransportation
problems.Suchtransportationproblemsconsistof a (i) staticinfrastructure, (ii) transport
agentsandcustomerswith (iii) transportationorders. Theinfrastructureis specifiedby a
setof locations,roadsbetweenthem,globaltravel times,anddistanceson theroads.The
transportationagentsareautonomousagentscapableof moving cargo from oneplaceto
anotherplace.Thecustomersareableto placetransportationorders.Someof theseorders
may be known far in advance,someof themhave to be executedalmostimmediately.
Customersarealsofree to retractor modify propertiesof their ordersin advance. The
following propertiesof anorderaredistinguished:(i) its pickupanddelivery location,(ii)
its pickup anddelivery time-windows, (iii) its revenuesif it is executedwithin the time
windowsand(iv) its penaltiesif it is rejectedor a transportagentfails to executeit within
thetimewindowsspecified.

The problemnow is to constructa dynamicplannerthat is able to find a feasible
androbust plan for handlingthe ordersandalso is able to reacton incidents(changes
of orders,failuresof agents)to minimize their impacton the total performance1. Here,
theperformanceof theplanneris specifiedasthesumof thecoststheagentswill make
to executeall the ordersreceived. The cost of an individual agentexecutinga series
of orderswill dependon the total distancetraveled, the time neededto travel and the
revenues/penaltiesassociatedwith the ordersexecuted. An optimal planner, of course,
will try to minimizethetotal costsassociatedwith executingtheordersreceived.

1Theproblemcanbeeasilygeneralizedto includenon-constantpenalties,dynamicinfrastructure,variable
numberof transportagentsandcargo units, andvariablecapacities.However, sincethis planningproblemis
complicatedenoughasit is, wehave chosento excludetheseaspectsfor now.



1.1 Approach

Evenmuchsimplerproblemsthanthisproblemareeasilyshown to beintractable[2], i.e.,
assumingP

�� NP, they arenot optimally solvablein an efficient way. We have chosen
to searchfor clever heuristics,i.e., problemsolving methodsthat producefeasible,not
necessarilyoptimal,solutions.

We model the describedplanningproblemusinga simplehierarchical agent-based
model. On thehighestlevel, we have oneor moretactical planningagents2 responsible
for takingcareof incomingordersandallocatingthemto individualtransportationagents.
Thetransportationagentstakecarefor theoperationalplanningandorderexecutionusing
the infrastructureandhandlingincidents. Suchan transportagent/ operationalplanner
may be a truck driver or a computerprogramrunningon an AGV (AutomatedGuided
Vehicle).Eachoperationalplannercanonly seethatpartof theplan it is allocatedto by
thetacticalplanner.

The operationalplanneris alsoresponsiblefor communicatingany (expected)devi-
ationsfrom the ordersasthey areassignedto the tacticalplanner, suchthat the tactical
plannercanadequatelyadjustplanswhennecessary. Sinceoperationalplannersoperate
on an infrastructure,it mayhave meansto communicatewith the infrastructure,e.g. for
AGVsto claimpartsof a terminalor for trucksto obtaintraffic information.

As we remarkedbefore,bothplannerstogetheraim at finding a solutionminimizing
thetotal costof executingtheorders.Theadvantageof thehierarchicalapproachis that
thepartition into tacticalandoperationalplanningaspectsnicely correspondsto thetwo
mainfactorsdeterminingthetotal performanceof theplanningsystem:a distribution of
ordersoveragentssuchthatthetotalamountof profit will bemaximizedandtheexecution
of eachorderby anagentsuchthatits executioncostsareminimized.

1.2 Applications

Thereis alargevarietyof transportproblemsfitting into thissimplemodel.All theseprob-
lemsareorder-based,have pickupanddelivery specifications,andconsiderautonomous
transportationagents.We haveexplicitly accountedfor thefollowing problems.
 Taxi planning:herecustomersarepassengersspecifyingapickuptimeandlocation,

anda delivery location.Thetaxi company hasa numberof taxis(transportagents)
available.Thegoalis to minimizebothtravel costsandcustomerwaiting times.
 AGV planning:AutomaticGuidedVehiclesdriveona terminalto movecontainers
from a ship to severalstacksandvice-versa.Besidesloadingandunloadingships
quickly, the useof routesby AGVs must satisfy somerestrictions,so the route
planningmustbeexplicitly doneby theAGVs themselves.
 Arrival anddeparturescheduling:this is anexamplewherecustomersareidentical
to transportationagents.Eachagentasanairplanespecifiesanarrival anddeparture
time window for a givenairport. Thetacticalplanningagentsaretherunwayman-
agersof anairportassigningtime-slotsfor arrival anddepartureonagivenrunway,
trying to satisfythe time-windows specified.Thegoal is to maximizethroughput
andminimizewaiting timesof airplanes.

2A tacticalplanneris a facility of a collectionof agentsandcanbe implementedby eithera humanor an
automatedprocess.



Elsewhere,wehavediscussedmoredetailsof thehierarchicalplannerarchitecture[1].
In this paperwe will concentrateon the operationalplanningdetails,discussingsome
heuristicstheagentsmightuseto comeupwith a feasibleplan.

2 Operational Planning
A transportationagent � hasto executethe ordersassignedto it by the tacticalplanner,
usinganinfrastructure.This infrastructure� ����������� consistsof a setof resources� –
representinglocations,roadsandroadcrossings– andaset � thatdefinestheaccessibility
relation,e.g. ���������! ��#"$� denotesthat resource�% is accessiblefrom resource��� . Fur-
ther, thereis a set &(' � of homelocations,which arespecialresourceswith unlimited
capacity. To eachagent� , oneof theselocations)+* " & is assigneddenotingits home
(initial) location3. For eachresource, "-� , the costfunction .0/ �2143 returnsthe
cost4 . � , � , measuredin timeunits,for a transportagentto travel throughresource, .

An order 5 �6�87+�:9;��<>=���?@��<>A�� consistsof a sourcelocation 9B"C� in which a freight7 mustbepicked-upanda destinationlocation ?D"E� where 7 is to bedelivered.Both
the pick-up anddelivery musttake placewithin time interval < = �0F G�H = ��I@H =�J and < A �F G�H A ��I+H AKJ respectively5. ThedeadlineI@H A of theorder 5 is alsodenotedby L+M .

In orderto executeorder 5 assignedto it, agent� hasto find a routefrom its current
location to the pickup locationandfrom thereto the destination.Sucha route ��H * ������N�O��H����K�����! P��HQ ��K��R�R�RS� of � – where HQTVUWHQTYXZ� and ���!T����%TYXZ�[�D"\� – is specifiedas a
sequenceof resource-timepairs,whereHQT denotesthetimeatwhich � enterstheresource6�!T]"^� .

Sincethe agentsusea commoninfrastructure,resourceconflictsarelikely to occur.
Suchaconflict is saidto occurif at leasttwo agentsusethesameresourceatoverlapping
time intervals.To solveconflictsagentscaneitherchangetheir routesor insertdelays7 in
their routesto avoid overlappingintervals.

Theresultof insertingdelays,suchthatconflictsareresolved,into agent� ’sroute ��H *
is calledaschedule_ ? * �`����� � ��HQa � �[�����  ��HQa �[��R�R�RS� , whereHQaT U-HQaTbXc� .

In the absenceof otheragents,anagent � is ableto selectanoptimal route dfe HQ�gH *
guaranteeingthe earlieststartandcompletiontime for eachorder. With respectto this
optimal route, the delayof ordersin a schedulecanbe defined. The delayat the i-th
resourceusedin schedule_ ? * is definedas:?;h�G �;i � dfe HQ��H * � _ ? * ��jQ�k� lm n H[� _ ? * ��o��]pDH[� dfe HQ��H * ��o�� jc�`oq H[� _ ? * ��jQ�cprH[� dfe HQ��H * ��jQ�tsOpq H[� _ ? * ��jup-o��cprH[� dfe HQ�gH * ��jup-o��vswjyxzo{� (1)

wherefunction H[� _ ?|��jQ� selectsthetimeof schedule_ ? at index j .
We definethe earliestcompletiontime } M for order 5 to be the time at which the

order 5 is executedby theresponsibleagent� in its optimalroute dfe HQ��H * and . M thereal
completiontime (asderivedfrom schedule_ ? * ).

3Homelocationsareintroducedto avoid deadlocksdueto agentsthatclaim certainresourcesfor ever after
(or before)they executedall their transportationorders.

4For simplicity, weassumethatthis costis thesamefor every agent~ .
5Weassumethat �������V�����>���f� and �P�������P���>���y� , where�f� is theminimal processingtime for the

order. Thatis, in principle,theexecutionof anordercanstartonany timepoint in �;� .
6Notethat ��� is releasedby ~ at time ���Y��� , so � ���v�����Y����� is theinterval during ��� is claimedby ~ .
7Of course,assumingafinite numberof agents,suchdelayedroutesavoidingconflictsalwaysexist.



Thetaskof eachoperationalplanneris to find a schedulefor its orderthatminimizes
theorder’s tardiness.

2.1 Resolvingresourceconflicts

Hatzackand Nebel [3] pointedout a correspondencebetweencomputingconflict-free
schedulesfor the transportagentsand a particularschedulingvariant called Job Shop
Schedulingwith Blocking. In their paperthey subsequentlyuseda fastjob-shopschedul-
ing heuristicto obtainconflict-freetransportroutingschedules.In thissection,webriefly
explicatethis correspondence.

Schedulingis concernedwith theoptimalallocationof aset � of scarceresourcesto a
setof activities (jobs) � over time. Eachjob � " � requiressomespecificset ��� ' � of
resourcesandfor eachresource, "^��� thedurationHQ��� � neededfor � to use, is specified.
Typically, eachresource, canbeusedonly by onejob � at thesametime.

A solutionto sucha problemis a schedule, i.e., anallocationof intervals F �@T � � � L T � ��J
to eachjob � T�" � for usingresource, � suchthat theconstraints(non-overlappingand
minimalduration)aresatisfied.

In a job shopschedulingproblemeachjob � T consistsof a sequenceof � T operations� 5 T � �P��R�R�R[� 5 T � �:  � , whereoperation5 T � � needsresource, T � � "z� for e T � � time units, with, T � � �� , T � � XZ� for j]�¡o;��R�R�R�� � �[¢ � . Blockingmeansthatajob � continuesto claimresource, afterprocessing,if the next resource, a it needsis not available. During that time, no
otherjob canuseresource, .

Now thesimilarity with thetransportationproblemdiscussedabove is clear: Let the
jobscorrespondto agents� "£� thathaveto executea route �gH * asasequenceof opera-
tions.Eachoperation��� T ��H T � in factis arequestfor using8 theresource� T duringthetime
interval F H T ��H TYXZ� � .

A feasibleconflict-freescheduleis asetof agentschedules¤O_ ? *P¥O*�¦{§ thatis conflict-
free. Schedulingheuristicsfor job-shipschedulingproblems,therefore,canbe usedto
computeagentschedulesin which resourcesareclaimedby at mostoneagentat a time
therebyavoidingany resourceconflictsfrom a givenset ¤ �gH * ¥ *�¦{§ of agentroutes.

In their paperHatzackandNebelapplieda very fastdelayminimizing heuristic9 to
obtainsucha setof agentschedules.This heuristicwill beusedaspartof a morerefined
routingheuristicfor ouroperationalplanningproblem.

2.2 An operational multi-agent planner

Unlike HatzackandNebel,we have to accountfor thetime windows < = and < A andour
objective is to minimize the tardinesssummedover all agents. Moreover, we assume
our agentsto be intelligent enoughto apply reroutingif the delay causedby resource
conflict resolutionbecomestoo costly. Therefore,we will discussa refinedheuristicthat
is capableto dealwith (i) time windows, (i) reroutingaswell asdelayingroutesand(iii)
triesto minimizetardiness.We describethisheuristicin adistributedmulti-agentsetting.

Uponreceiving anorder 5 eachagent� executesAlgorithm 1. First, (line 3) theagent
computestheshortestpathalongthesourceanddestinationlocationsof thenewly arrived
order. Then,(line 4), it createsaschedule– usingtheschedulingheuristic– basedon this
route. It negotiateswith otheragentsaboutthe orderin which the agentsmay compute

8weassumetheminimumtime neededfor ~ to use��� to begiven.
9This heuristicincrementallyinsertsjobs/operationsin afirst-come-firstservedmannerinto theschedule.



their schedule.This orderis determinedby thedifferenceof their deadlinesandearliest
possiblecompletiontimes L�M p }¨M . Next, whenall agentshave computeda schedule,
someagentshave a possibility to changetheir route. Agentsareonly allowedto change
theirrouteif they changedit lessthan©^�%ª � G�HQh ,�«>� Hvjt¬%hO9 timesalreadyandtheirschedule
still violatestheorder’sdeadline.Theagentthatis allowedto changeits routetriesto find
theshortestroutethatavoidstheresourcethatcausedthebiggestdelay10. After anagent
changesits routeall agentsreschedule.

Remark To determinewhich agentis to schedule(or reroute)first, the agentshave
to negotiatewith eachother. This can be implementedusinga blackboard. In Algo-
rithm 1 this is specifiedby the � «­«>5 I «>® h%RYRbRS¯ � G�I�h and .°5 G�G8h ® H�¯ � G�I�h�9 functions. The� «­«>5 I «>® h%RYRbRS¯ � G�I�h functionsput thevalueof anagenton the(sorted)blackboard,while
the .°5 G8G�h ® H�¯ � G�I�hO9 function either returnsall valuesof all agentsor at leastsomein-
dicationwhetherthe agentis at the top of the list. Further, an agentcanstoreon the
blackboardwhetherit is satisfiedor not ( � «­«>5 I «>® h!�²± « � _³� HvjQ9�7+jth�? , in other words,
whetherthe agentmeetsthe order’s deadline)andwhetherit hascomputeda schedule
( � «­«>5 I «>® h &´� 9 _k®�) h�?;I+G8h ).

In Algorithm 2, agent� createsa schedulebasedon its route ��H * andusinginforma-
tionobtainedfrom theinfrastructure.Givenapartialschedule_ ? * �µR�R�R���� * � T ¢ �P��HQT�¶[��·¸R�R�R
it schedulesthe next resourceasgiven in route �gH * andthenrecursively schedulesthe
restof the route. Time H T ¶ is the time at which the previousresource� * � T ¢ � is claimed.
Time H is at least. ��� * � T ¢ � � later(theminimal timeatwhichresource� * � T canpossiblybe
claimed).Theresultis theschedule_ ? * �µR�R�R���� * � T ¢ � ��H T ¶[��·^��� * � T ��H���· _³®�) h�?{I�G�h!� � ��¹�º��8�°�QH * � .

Sometimes,theoperationalplannerdoesnot find a feasiblesolutionthatexecutesthe
orderwithin its time-windows. Algorithm 2 doesnot dealwith this problem.It is there-
sponsibilityof thetacticalplanner, so,if suchaproblemarises,thetacticalplannerdecides
whetherthetransportagentshouldexecutetheorderanywayor cancelthetransportation.

3 Results
In thissectionweshow experimentalresultsof usingtheschedulingheuristicto computea
safetraffic flow, while allowing eachagentafixednumberof time to selectanalternative
route. The infrastructureusedfor the experimentsis displayedin Figure1. This hub-
and-spokealike infrastructureconsistsof asetof four completelyconnectedcitiesof five
locationseachanda few inter-city connections.Eachcity hasonehomelocation,viz.
theonewithoutconnectionsto othercities. In eachhomelocationtherearefivetransport
agents,which yieldsa total of twentyagentsin eachprobleminstance.Theagentshave
to carryout oneorderwith a randomlychosensourceanddestinationlocation.Thetime-
windowsarefixedandthesamefor all transportationorders.

Figures2(a) and2(b) show statisticaldataaboutthe experiments.Figure2(a) gives
informationaboutthetardinesssummedoverall agents,which is definedas»�¼ ��½*�¦ ¼w¾ ¿ if . M�À L M. M p L M otherwise,

(2)

10Therouteremainsunchangedif this resourceis obligatoryfor theagentto reachits goal.



Algorithm 1 process(Agent� , Order 5 �Á�89;��<>=���?@��<>A�� )
L1. Â�Ã Ä{ÅbÆtÇ[È�Â�ÄOÆtÉ�ÊPÇ�ËÍÌ6Î
L2. ÏÍÂ�Â|Ã�Ð!Â�Ñ:Ç[ÒÓÈ�Ç�Ë[ÇKÂ�Ñ:ÇOÔ�Ä;Õ
L3. ÖÍÆt×�Ì2Ø>Ù;Ã�È[ÆvÇ�ËÚÆvÒÓÄOÆvÙ@Ô�Ù%×{ÛQË�ÕPÜÝØ­Ù%Ã�È�ÆtÇ�ËÚÆtÒÓÄPÆtÙ+Ô�Ë�Û²Þ{ÕPÜÝØ­Ù%Ã�È�ÆtÇ�ËÚÆtÒÓÄPÆtÙ+Ô�Þ!ÛvÙ;×OÕ
L4. while Ø­ÞO×�ßCÂ�É�Å do

L4.1. ÏyÂ�Â�Ã�Ð!Â�ÑÚÇ�Ø­ÅYÄPÑÚà%á�Ä;ÅbÐNÇOÔ�Ä�ÛOâ�ãKä�åfãåfã Õ
L4.2. á-ÌçæfÃ�ÅèÅèÇKÑ�Ævá�Ä{ÅYÐ!Ç�Ë�Ô�Õ
L4.3. if agentÄ hasminimal valuein á thenØ­ÞO×�ÌéØ�Ñ:Ù!ÇKÞOÐNÅYÇPÔ�ÄNÛQÖÍÆt×�ÕÏyÂ�Â�Ã�Ð!Â�ÑÚÇ�ê�Ä;Ë[Ø�Ñ:Ù!ÇKÞOÐNÅYÇPÔ�Ä;Õ

if æcë�ìríNë thenÏyÂ�Â�Ã�Ð%Â|ÑÚÇ�Ø­ÄOÆ²É²Ë[î%É�ÇKÞNÔ�Ä;Õ
elseÏyÂ�Â�Ã�Ð%Â|ÑÚÇ�ïyÂ+Ë:ÄOÆtÉ8Ë[î%É�ÇKÞNÔ�Ä%Õ

L5. Wait until all agentshave a schedule

L6. while ð{ñfò�ózôPïyÂ+Ë:ÄOÆtÉ8Ë[î%É�ÇKÞPÏÍõ{ÇKÂNÆ:Ô�ñKÕ do
L6.1. // determinewhichagentchangesits route
L6.2. if Â|Ã Ä;ÅöÆvÇKÈ�Â�ÄOÆtÉ�ÊPÇ�Ëf÷ùø�ÄPú Ä{ÅbÆvÇKÈ�Â|ÄOÆ²É�ÊPÇ�Ë thenÏyÂ�Â�Ã�Ð!Â�ÑÚÇ�Ø�ÄOÆtÉ8Ë[î%É�ÇKÞNÔ�Ä%Õ
L6.3. elseif æ ë�û í ë thenÏyÂ�Â�Ã�Ð!Â�ÑÚÇ�ïyÂ@Ë:ÄOÆtÉ8Ë[î%É�Ç[ÞNÔ�Ä;ÕÏyÂ�Â�Ã�Ð!Â�ÑÚÇKüÍÄPÈ�ÞOÉ�Â|Ç�Ë[Ë[á�Ä{ÅYÐ!ÇPÔ�ÄNÛvæ ëÍý í ë Õá-ÌéæfÃ�ÅèÅèÇKÑ�ÆQá�Ä;ÅbÐNÇ�ËOÔ�Õ

if agentÄ hasmaximalvaluein á thenî%Ã�È�ñÚÉ�ÞOÞPÇKÂ�Ìéþ�ÿ����Ýþ�� ���	� ��
 ÞPÇ[ÅYÄ
��Ô�ÖyÆt×�Û�Ø�ÞO×PÛvÉ8ÕÈ�ÇKÈ�Ã�Ð;ÆvÇOÔ�ÖyÆt×OÛ�î%Ã�È�ñÚÉ�ÞOÞPÇKÂ+Õ
increaseÂ�Ã Ä{ÅbÆvÇKÈ�Â�ÄPÆ²É�ÊPÇ�Ë

L6.4. // rescheduleall agents
L6.5. while Ø�ÞO×�ß$Â|É�Å doÏyÂ�Â�Ã�Ð%Â|ÑÚÇ�Ø>ÅbÄ{ÑÚà%á�Ä{ÅYÐNÇOÔ�ÄNÛPâ�ãKä�åyãåfã Õá-Ì2æfÃ�ÅèÅYÇ[Ñ�ÆQá�Ä;ÅbÐNÇ�ËOÔ�Õ

if agentÄ hasminimalvaluein á thenØ�ÞO× ÌéØ�Ñ:Ù%Ç[ÞOÐ!ÅèÇOÔ�Ä�ÛvÖyÆt×�ÕÏyÂ�Â�Ã�Ð!Â�Ñ:Ç[ê�Ä;Ë�Ø�ÑÚÙ!ÇKÞOÐNÅèÇOÔ�Ä;Õ
if æ ë ìDí ë thenÏyÂ�Â�Ã�Ð!Â�Ñ:Ç�Ø�ÄPÆ²É8Ë�î%É�ÇKÞNÔ�Ä;Õ
elseÏyÂ�Â�Ã�Ð!Â�Ñ:Ç�ïyÂ@ËKÄOÆ²É²Ë[î%É�ÇKÞNÔ�Ä;Õ

L6.6. Wait until all agentshave a schedule

where L�M is the deadlineof agent � ’s order and .ÓM the time at which agent � really
completestheorder. Theaveragepercentageof delay, asshown in Figure2(b), is defined
as � ¼ � ½*�¦ ¼ .fM p }¨M.fM � � ��� R (3)



Algorithm 2 Schedule(Agent� , Route��H * )
L1. Ô�� ×�� � ÛtÆ � Õ>ß����|Ô�ÖyÆ × Õ
L2. if Ø�ÞO×�ß$Â�É�Å thenÆ��ÓÌ Æ��
L3. elseÔ��P×�� � ä � ÛvÆ � Õ>ß��öþ� "!�Ô�Ø�ÞO×�ÕÆ�#³Ì6Æ �%$ Ñ�Ô��P×&� � ä � Õ
L4. Æ>Ì'�)(+*-, ��. Æ]÷´Æ #0/21 Ã[ÆQæÓÅYÄPÉ�ø�ÇKÞNÔ�� ×&� � ä � Û43 Æ � Û²ÆQÕvÕ
L5. while 5uË:ÑÚÙ!ÇKÞOÐNÅèÇKÞ doØ­ÞO×�ÌéØ�ÞO×uÜ�Ô��P×&� � ÛtÆvÕ

if Ø­ÑÚÙ!ÇKÞOÐNÅèÇOÔ�ÄNÛ6!���Ô�ÖyÆt×�ÕvÕ thenËKÑÚÙ!ÇKÞOÐNÅèÇKÞgÌ Æ²È�ÐNÇ
else

Retractlastscheduledresourcefrom Ø­ÞO×ÆuÌ Æ $ �

City 4

City 1

C
ity

 3

C
ity

 2

Figure1: Theinfrastructureusedto gatherexperimentalresults.

In casethe agentsarenot allowed to selectan alternative route(the leftmostbar in
both figures)eachtransportagentsdrives that route that would have beenthe optimal
route if therewereno otheragents.The schedulingapproachof HatzackandNebel is
usedto createrouteswithoutconflictsconsideringall agentsin thesystem.

The secondbar shows a significantimprovementif eachagenthasat mostoneop-
portunityto changeits route.Themeantardinesssummedoverall agentsdecreasesfrom7
898;: <-=

to >@? 8A: 89< . Furthermore,the averagepercentageof delaydecreasesfrom B =�: > 7
to B9C : >@? . Note that the time to completean order D for agent E is determinedby the
earliestcompletiontime FHG andthedelaycausedby solvingconflictswith otheragents.
Theindicationthat thetardinesssummedover all agentsdoesnot furtherdecreasewhile
incrementingthe maximumnumberof alternative routesof the agentsleadsto our ex-
pectationthat it will not bepossibleto find a solutionwith a significantlylower average
delaypercentage.A possibleexplanationis thatonechangeis sufficientto spreadthetraf-
fic throughthe (simple)infrastructureandno gaincanbe achievedby reroutingagents.
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Figure2: Statisticaldataof the experiments(averagedover o ¿{¿ generatedproblemin-
stances.Errorbarsindicate95%confidenceintervals).

Furtherresearchis neededto clarify this observation.

4 Conclusion
We have describeda distributed algorithm for the operationalplanningof multi-agent
transportationproblems.HatzackandNebel[3] discussedasimilarproblem,whereafleet
of vehiclesmustexecutea setof transportationorders.They discovereda transformation
of their transportationprobleminto a job shopschedulingproblemwith blocking.

Our problemdefinition alsospecifiestwo time-windows for eachorder. Eachorder
mustbepickedup within a time-window anddeliveredwithin a time-window. However,
the sameapproachas Hatzackand Nebel usedcan be applied. Further, we enriched
their ideaby allowing agentsto reroutea fixednumberof times.This showedsignificant
improvementsalreadyfor atmostoneopportunityto reroutefor all agents.

In the future,we plan to executemoreexperimentsin orderto discover why thereis
nosignificantimprovementif therearemorethanonealternativeroutesconsideredby the
agents.We needto experimentwith differentkind of infrastructuresandvaryingnumber
of ordersperagent.Furthermore,a comparisonwith our otheroperationalplannerusing
theD** algorithm[1], which is a variantof theD* algorithm11 of Stentz[4], is desired.
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