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1 Introduction

This paper documents the Distributed Efficient Multi-Robot Cooperation Framework (DEMiR-CF) [1] in the
context of an object construction application replicated from Sariel and Balch [2]. First, I discuss the DEMiR-
CF framework with an overview, implementation assumptions, design overview, a discussion of how to use the
framework, and conclude with an overview of the JUnit test cases for the framework and its output. Second, I
describe the application, discuss the classes and interfaces I was responsible for at the execution component level
and below, and finish with how to run the application and application test results.

2 DEMIiR-CF Framework
2.1 Framework Overview

The DEMiR-CF framework provides the means for a cooperating group of agents to achieve common goals by
efficiently allocating tasks [1]. The agents in DEMiR-CF are assumed to have certain capabilities and the tasks
describe the capabilities required to execute them. The tasks may or may not require multiple agents to be
executing the same task simultaneously to be achieved. The tasks may or may not be independent of each other.
In our version of the object construction application discussed below, the tasks require only a single agent but
have dependencies between some of the tasks.
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Figure 4.1: DEMiR-CF Modules
Hllustration 1: DEMiR-CF System Boundary

The DEMiR-CF framework consists of the modules shown in Illustration 1 above [1]. The red
boundary superimposed on the figure encloses the modules that are included in this implementation. This
boundary excludes only one module from the original Sariel version, the Execution/Coalition Scheme. I
excluded this module because we decided to not support coalitions of agents executing the same task in our
application. The reasons for this are that GMoDS and OMACS currently do not support tasks that require more
than one agent to execute, the coalition aspects of DEMiR-CF are not as well documented or straightforward as
the single agent aspects, and the time available to do the project was limited.
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As one can see from the figure, the framework sends and receives messages to achieve the task
allocation and so assumes the existence of an external communication layer (see [1] p. 46 for a description of the
messages sent by DEMiRCF; only a subset were needed for non-coalition tasks). In addition, the framework
assumes sensors and localization and mapping modules exist that can provide the location of the agent to the
framework. The final external module assumed by the framework is labeled the "Motor Interfaces Layer" in this
diagram; in my implementation the framework assumes that an Agent interface is provided that can be told to
execute, cancel, or estimate achievement time for a given task and and that these actions will be implemented by
the situated agent.

The Model Update module receives input in the form of messages and sensor/location input. The Model
Update module passes the messages to the System Consistency module (which uses "Plan B Precaution
Routines" [1]) to assure that there are no inconsistencies in this agent or other agent's knowledge of achieved
tasks implied by the message. If the message is consistent, it is applied to the Model module to update the world
knowledge of the agent of other agents (Robot descriptions) and tasks (Task descriptions). The System
Consistency module issues a Warning message to other agents if an inconsistency is detected. The Model
module is implemented using finite state machines (FSMs) to represent the state of an agent or task (see [1] pp.
50-52 for a description of the states and transitions of these FSMs). Certain state changes or the addition of a
newly discovered task will trigger the Dynamic Task Selector Module to apply a prioritization scheme (Dynamic
Priority-based Task Selection Scheme (DPTSS)) to select the optimum task for this agent. (Note: there is some
variation in the algorithms that comprise DPTSS across the papers published by Sariel; most of this
implementation of DPTSS comes from [3], but the "Generate Priority List" algorithm prefers tasks already
awarded to this agent over free (Uncertain/Available) tasks per [2] (p. 5 Figure 4 Action Selection.)) If the
optimum task is not currently being executed by the agent, the Allocation Scheme module initiates an auction for
the task. All agents that receive the Auction message and are capable of the task bid on it. The auctioneer
selects the lowest cost agent (considering its own bid) and awards that agent the task. If the auctioneer receives
a timely Confirm message the auction is completed and the task will begin execution by the awarded agent. If
the auction doesn't succeed it is canceled. Several other rules apply for consistency and optimum cost that could
result in an auction or executing task being canceled ([1][2][3]).

2.2 Implementation Assumptions

I made several assumptions during the implementation of DEMiR-CF. Some assumptions were necessary due to
use of GMoDS/OMACS as the source of tasks, some because of variation in the documentation of DEMiR-CF
across the available papers, and some were needed because of perceived lack of clarity in the thesis.

2.2.1 Task Dependencies Will Be Observed in GMoDS not DEMiR-CF.

DEMIR-CF tasks as represented by Sariel and Balch [2] include hard and soft dependencies on other tasks. A
hard dependency requires that task A finish before task B can begin. A soft dependency allows task A and task B
to execute in parallel but task A must finish before task B can finish. In our application, GMoDS imposes hard
dependencies via "precedes" relations and does not represent soft dependencies. To accommodate soft
dependencies, we split tasks in Sariel and Balch's application into two tasks with the second of the tasks
prevented from activating until a precedes relation is satisfied. GMoDS issues tasks to DEMiR-CF only when
they are active in GMoDS.

2.2.2 Valid Execution Message Model Update Specified in Table 4.6 is
Redundant/Inconsistent.

Sariel's thesis [1] (Table 4.6 p. 53) states that a valid EXECUTION message should result in the action "If there
are other tasks with state of self inexec, these states are change to uncertain". The first problem is that there
should only be one Task in the se1f inexec state. Second, this stated action appears inconsistent with other



parts of the thesis. The condition where another agent is executing the same task as this agent is handled by
Table 4.4 "Precautions for contingencies and conflicts" on p. 52 of [1] in the entry "A task being
executed/auctioned is announced as being executed auctioned". In this table, the lowest cost agent continues
executing the task. Other rules apply for determining which auctioneer should continue, such as the auctioneer
with the most agent models or the lowest unique identifier [2] (p.5). Thus, the Table 4.6 entry appears
redundant.

2.2.3 An Optimum Task Already Awarded to This Agent Requires No Auction.

If the DPTSS algorithm re-selects as the optimum task for this agent, a task that has already undergone an
auction and as a result was awarded to this agent, then no auction need be performed again. This could happen if
the Agent is finishing up a task but bid on and was awarded another task. The "Generate Priority List" step of
the DPTSS algorithm uses a priority queue that gives preference to tasks already awarded to this agent over
"free" (available/uncertain) tasks as the primary sort criterion and cost as the secondary sort criterion.

224 CancelExecMsg Transitions Uncertain State to Available.

Sariel's thesis [1] (Table 4.4 p. 52) states that a "cancellation message received for a task being executed by the
sender robot" should result in "the task and robot states are set as available and idle, respectively". However,
the thesis does not address receiving a CancelExecMsg while the task is in the uncertain state. I assume that the
task model should transition to available if such a message is received.

2.2.5 Resource Capacity Should Be Included In DPTSS.

Even though our application will not play resource capacity, I included it as a consideration of DPTSS. It will be
played if a task has a non-zero required capacity or effectively ignored otherwise.

2.2.6 Tasks Requiring Multiple Agents to Execute Can be Omitted.

As described above, we decided to exclude coalitions from this version of DEMiR-CF. As a result of this
omission, multiple robot task models and several message types were not required in addition to the
Execution/Coalition Scheme module. However, the main difficulty to extend DEMiR-CF for coalitions will not
be the multiple robot task models or messages but gaining an understanding of what the Execution/Coalition
Scheme module does since this is not explained in much detail in the Sariel papers ([1][2][3]).



2.3 Design Overview

2.3.1 Architecture
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lustration 2: DEMIR-CF Architecture

[lustration 2 above shows the DEMiR-CF framework architecture in terms of components and their interfaces.
The following sub-sections describe the interfaces shown in this diagram. The next section describes in more
detail the components on the diagram that implement the various interfaces and the class responsibilities within
the components.

2.3.2 Interfaces
The interfaces described below are categorized as external provided, external required, and internal.

2.3.2.1 External Provided Interfaces
[lustration 3 below shows the externally provided interfaces of the DEMiRCF object.

The Initialization interface provides methods to add tasks and agents to DEMiRCF without triggering any
task allocation. Thus, any task that should not be auctioned and instead must be executed by every agent should
be given to DEMiRCF using the addTask method. The addAgent method could be called if the client knows
other agents before any demircf.Message is received.

The client shall call the AgentUpdate interface method agentFailed if the client fails. This
prevents DEMiRCF from sending any Messages. The agentRecovered method should be called if the client
recovers.



The client must call the TaskUpdate interface method newTask for each task that should be auctioned.
The client shall call the taskAchieved when the client has achieved an assigned task. The client calls
taskReadyForExec when the client has received the assignment and is ready to begin executing that task.
The client shall call taskUnachievable if the client has found that the task is infeasible. The agent calls
taskExecutionCanceled when the agent has been given a higher priority task and must cancel execution of
the current task.

<< Interfac ex>
Intialization

+acidTask(aTask: Task) : voil
+adddgent{agentiD : LD, agentName : String, agentCap | Collection=Capabidy=) . voil

<<lmerface>> <<Imterfac e>>

Agentl) pdate Taskl pdate
+agentFaiedi) : vox! +ta skAchevediaTask | Task) : vokd
+agentRecovereditaskinexec . Task) | vox! +ta skReadyForExeciaTask : Task) : void

+hewTaskiaTask: Task)  void
+ta sklUnachieva blefaTask : Task) ; void

<<Interfac e>> +ta skExe cution CancelediaTask : Task) : void
Mes=agel nput
+receivelaMessage : Message) - vo il
<<Imerfac e>>
Sensor
<<Interfac e>> +setlocationfal ocation : Locabion) : void
Message

+getType() : MessageType
+getSenden) - LD

+getReceiver() | UID
+getSendeName() : String
+getSenderCap() | Set< Capability=
+getTask() | Task

+getTaskState Type() | TaskStateType
+egualsiaOQlyect . Qyect) | bookan
+hashCode() - int

Hllustration 3: DEMiR-CF External Provided Interfaces

The agent calls the MessageInput interface method receive whenever the agent receives a
demircf.Message.

The client calls Sensor interface setLocation on each simulation turn.
2.3.2.2 External Required Interfaces

[lustration 4 below shows the interfaces required by DEMiRCF. A client must provide an implementation of
these interfaces (except for Capability).



<<Imterfac e>>
TashkListener

+change TaskfaTask : Task) : void

+oancelTaskExecutionfaTask : Task) : void

I

<<Interface>>
Agent

+getfDf) - Ui

+gethName() : String

+getCap() . Collection=Capabiity=
+getCumentCap acity() : float

+e stimateAchievementTime(task . Task, Hme : bng): bng

<<Interface>>
uiD

+hashCode() - int

+egqualsfal: Obect) : boolean
+to String() © String

+compare TofotherliD - UID) - it

<<Interface>>
Capability

+getiName() : String
+hashCode() : int
+equalsia Oy . Qbect) . bookan

<<lmerfac e>>
Task

<<Interfac e>>
CostFunction

+getiofn ;Ui +getCostfaTask © Task, thisdgentLocation © Location) © long
+getReqgiiol) - int

+getReqgCap(): Collection=Capa billy=
+getType)  String
+getCostFunction() : CostFunction
+hashCode() : int

+equalsfa 0 Qbed) : boolean

+to String() ; String

+getRequired Cap acity(’) . float

<< Imterfac e>> << Interfac e>>
Clock Location
+getTime() : bng +getx) .t
+setTimefaTime : bng): void +gety(): it
+setlistenefalistener : Tickl istener) : void +hashCode() : int
+egualsfal: Qbed) : boolean

<<Imterfac e>>
Messaged utput
+sendlaMessage  Message, aReceiver . WD) : void
+hoadcastiaMessage - Me ssage)  void

Hlustration 4: DEMiR-CF External Required Interfaces

DEMiRCF uses the TaskListener and Agent interfaces to get status from the client and to
inform the client of task changes and cancellations.

The UID interface provides an identifier object to DEMiRCF for Agents and Tasks.

The Capability interface does not need to be implemented by the client. Instead, the client must
register its capabilities by calling the static method DEMiRCF.createCapability passing in the string
name of the capability and receiving a demircf.Capability objectto hold in the Agent or Task
implementation.



2.3.2.3 Internal Interfaces

[Mlustration 5 below shows the first half of the internal interfaces between DEMiR-CF modules.

The Event module provides the TickListener interface used by the Clock interface in order to
trigger Events that cause regular timed behaviors in DEMiRCF such as timeouts. The Event module provides
the EventMgr interface used by several modules to schedule and cancel Events.

The Model module provides the InternalTaskUpdate interface used by the DPTSS and
Allocation modules to inform it of Task state changes.

The DPTSS module provides the TaskModelListener interface used by the Model module to trigger
task selection and inform DPTSS of state changes.

The Allocation module provides the AuctionMgr interface used by the DPTSS module to initiate and
manage Auctions to allocate Tasks in an optimum manner.

The Consistency module provides the Consistency interface used by the Mode1Update module to
check the validity of demircf.Messages received by it.



<<Interface>>
TaskModelListener

<<Interfac e>>
IntemnalTa skl pdate

+selectTask(): void
+sefductionCanceledtask - Task): void
+sefductionComp kete(task: Task) void
+sefAchievedTaskitask - Task) - void

+ta skSekected{aTask : Task) : void
+ta skAwardedToSelf{a Task : Task aAgentiD : LD, winningCosgt - long, wimingEstAchieveTime . ong)  voxd

+ha skAwardedToCthenaTask  Task, aAgent!D : UID, winningCo st long, winningE stA chieve Time : fong) : woid

+ta skAuctonCanceled(a Task - Task) - void

+zeflnachieva bleTaskitask : Task) : void
+sef CancelTaskExe cution(task - Task) . void

1

1]

consistency
<<|nterfac e>>
Consistency
+checkimsy | Message) : bookan

1]

allocation

<<Interfac e>>
AuctionMar

+setductionFactoryfaFactony : AuctionFactory) : void
+cancel uetionfaTa skiD - WD) void

+awamid wctionfaTaskiD : UID) ; void

+receieBid{a Bl sg - BiiMsg) - void

+getinningB &ifaTaskiD - LID) - ong
+auction/nProgress() : bookan

+isCurrentduction(a TaskiD : LID) © boolean

+recele ConfimMsg(a ConfimnM sg . ConfirmMsg) » woid
+getWinningA gent!D{aTaskiD - UID) - LD

+createducton(aTask: Task aThisdgent : Agent, aThisAgentBid : long, aThisAgentE st chieveTime  long)

S void

event <<Interfac e>>
<< Interfac e>> TickListener
EventMgr +hick() - void

+schedwke(aEvent : Event): bookan
+cancefaBvent: Event) | boolkan
+getTime() : bng

+canceld i) void

+hextEvent() : Event

+gueyesizel)  nt

+getEventstype - EventType, events : Collection=Event=): voidl

Hlustration 5: DEMiR-CF Internal Interfaces Part 1

[llustration 6 below shows the remaining internal interfaces.

The Model module provides the Mode1Update and ModelQuery used by several modules to obtain
and update the world knowledge of DEMiRCF.




model

<< Interfac e>>
ModelQuery
+getTaskState(aTasklD : UID) . TaskState Type
+getdgentStatefadgentiD | UiD) : AgentState Tvpe
+getlatestTaskCommTime(aTaskiD - WD) bng
+getlatestAgentCommTime{aAgentiD - LID) - bng
+gethumige ntModels) - nt
+getThisd gent() : Agent
+getThisd gentiDf) : LD
+getThisd gentName () : String
+getThisdgentCap() : Set= Capability=
+getThisd gentCostitask : Task): bng
+getThisd gentE stimatedAchieve Timetask : Task) . long
+getTa skModeisinState(taskState Type | TaskState Type) © Collection=TaskModels
+getTaskinexeciagentiD : UID) : Task
+getEligible Tasksfelgibe | List<Eigibe Task=)  void
+gethumSuitabieAgentsitask : Task): nt
+isModelin dalized() : book an

<<Interfac e>>

Modell pdate
+oreateAge ntModelfagentiD - UID, agentName : String, agent Cap | Set= Capability=, aState Type . AgentState Type, taskinexec : Task) . void
+setThisAgentStatefaState | AgentStateType, taskinexec : Task): voi!
+oregte TaskModel(a Task . Task, aStateType : TaskStateType, estdchieveTime © long) : void
+setdgentState fad gentiD - UID, aStateType - AgentStateType, taskinexec : Task) - voxd
+setTaskState(aTaskiD : UID, a StateType : TaskStateType, estdchieveTime - long) : void
+execution MsgReceivediaMsg | ExecutionMsg) ; void
+achievedMsgReceivediaMsg . AchievedMsg) : void
+hidiMsgRece vedia Msy : BidMsg) : void
+awaiCoa lleade MsgReceived{alMsy : AwardCoalleaderMsy)  void
+warningMsgReceived (aM sy - WamingMsg) : void
+awctionMsgReceived (aMsg © AwctionMsg) : void
+cancel uctionMsgReceived(aMsg . CancelAuctionMsg) . void
+cancelExecMsgReceived(aMsg - CancelExecMsg) . void
+unachievabeMsgReceivediaMsy - Unachieva beMsg) - void
+setlocation(alocation : Location) : void
+confimmM sgReceked{msy - ConfirmMsg) | void
+mylocatio nMsgRe ceived{msg - My LocationMsg) : void
+newTaskMsgRecelvedimsy : NewTa skiMsg) : vors
+updatelatestCommTimes{msy : Message ) void
+intializationCompletel) : void

lllustration 6: DEMiR-CF Internal Interfaces Part 2

2.3.3 Components
This section describes the internal components of DEMiRCF.
2.3.3.1 Event Module
The Event module provides Event scheduling, cancellation, and execution services. Other modules that need

to perform cyclic or timeout behaviors schedule Events to trigger their processing. The EventType
enumeration lists all existing Events that may be scheduled so that they may canceled. See Illustration 7 below.
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<< Enumi= > <<|mterfac e>>
EventType EventMgr
==Constant== AUCTION_TIMEOUT
<= Constart>> ANARD "I'?‘
<= Constant== BROADCAST_ACHIEVED_TASKS |
<<Constant=> BROADCAST EXECUTION_MSG :
<=Constart>> COMMS_TIMEQUT i
<= Constart>> COMNFIRM_TIMECUT :
<<Constant=> EST_ACHIEVE _TIME_EXPIRED i
=<Constant=> FAKE |
type 1 :
i
:
<< Singleton>>
EventMgrimpl
-gueue | Queue<Event= = newP riontyRueue<Event=()
-executableEvents : List<E vent= = new ArrayList<E vent=()
: -clock © Clock
Evant -getE xecutableE vents(): woid
time : long execitableE vents +Hick(): void

<=Property== -type : EvertType

*

+executel) void
+compareTofo ; Object) : int
+equalsioly: Obect) | boolean
+hashCode() : int

+E ventitype | EvertType, time : long) *
+getType) : EventType
+getTime() : long

fuele

4

Queues

+scheduleaE vent . Event): boolean

+cancel{aEvent | Event) : boolean

+cancelAll) : void

+getTimel) : long

+nextE vent() . Event

+E ventMgl mpl{dock : Clock)

+ueueSizel) | int

+getEverts{type | EvertType, events: Collection<Event=): void

¢

demircf

<<Interfac e>>
TickListener

+Hck() : void

<<Imterface>>
Clock
+getTime()  bag
+zetTimefaTime bng): void
+zetlistenefalistener : Ticklistener) : void

Hlustration 7: DEMIR-CF Event Module

The EventMgrImpl class uses the clock interface to trigger Event execution. I chose to use a
Clock in an Event module because the notion of time step is prevalent in DEMiRCF literature.
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2.3.3.2 Message Module

[lustration 8 below shows the Messages that are exchanged between DEMiRCF instances. Note that these are a
subset of the messages described in Sariel's thesis [1] (p. 46). I discarded the message types that are needed for
coalitions. I chose to include the Task in the MessageImpl base class because all Messages except
MyLocationMsg needed a Task. MyLocationMsg sets the Task to null and clients should not access it. 1
included the sender name and capabilities to allow agent discovery to occur on receiving any Message.

<< enumeration>>
<<Enum>
Messagelype
== Constant>> +EXECUTING
== Constant=> +ACHIEVED
<<Constant== +CANCEL_EXEC
<< Constant== +AUCTION
== Constant== +BI1D
== Constant=> +AWARD_COAL_LE ADER
== Constant=> “WARNING &
[
[
[
1
[

== Constant=> +COMNFIRM

<= Constant>> +CANCEL_AJCTION
<< Constant== +MY _LOCATION

<< Constant== +LUNACHIE VABLE 1

=< Constant=> +NEW _T ASK e Ness agefmpl
ype {demircf:message)
Fsender : LID
AchievedMsg #senderMame : String ConfirmMsg
{demircf:message) {>#senderCap : Set<Capabilty=  (<3———| (demirct:message)
Freceiver: UID
Ftype © MessageType
AuctionMsg #tzzk'Task HEEE ExecutionMsg
(demircf..message) ’ (demircf.message)
-numiodels : int -cost | long
+gethumModels() ; int > 3 -estimate : long
+getCosti): long
-+ etE stimate() : long
AwardCoalLeaderMsg
(demircf.message) —[::’
MyLocationMsg
BidMsg {] (demirct:message)
(demirct:message) -location © Location
-cost : long +getLocation() : Location
-estAchieveTime : long L-:
+jetCost() :. Iong. HewTaskMsg
+getE stAchieveTime() : long ::j— (demirct:message)
CancelAuctionMsg UnachievableMsg
(demirct:message) E:’ ‘:]— (demircf:.message)
CancelExecMsqg WamingMsg
(demircf:message) E:’ ‘:]— (demircf:message)

Hllustration 8: DEMiR-CF Message Module

2.3.3.3 Model Module
[Mlustration 9 below shows the Model module Models.

The Model module represents an agent's world knowledge of Tasks and other Agents. Irepresent the
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knowledge using finite state machines (FSMs) as Mode1s per the thesis [1] (pp. 50-51). The Models define
methods that act as event handlers to trigger state changes. Their base State class defines the same empty
methods. Concrete States override the methods that cause them to transition the Model to a new current
State. SingleAgentTaskModel extends TaskModel. When multiagent tasks are added,

MultiAgentTaskModel should be added extending TaskModel.

<<Interfac ex> cemircf
ModelQuery <<Interfac ex> <<Interfac e>> <<Interfac e>> <<Interface>»
iti alizati Sensor T
<<Interfac e>> i N .- P
~ - -
ModelU pdate . : - —= ——=
- Y | ¥ - L= -
et | [P
<<Interfac e>> (} - == - | ModelMgr
IntemalTaskUpdate
1 Ahi sAgenthiodel 0.4 agentModels
ThisAgentModel Agentiodel
-agent : Agent taskinexec: Task

+getThisAgertC ostitask : Task): long
+g etThisAgertE simatedAchieveTimeitask : Task): long

e -lastCommsTimeoutE vert - CommsTimeoutE vent

<<enumeration>>

#location : Location

+setTaskinexec(alash : Tash) : void

+eetlate tCommTime(latestCommTime : long): void
-resetT omm sTimeoutE vert() : void

[+setlocation(al ocation : Location) @ void

Mbdel

[==Constant=> -TASK
[==Constant== -THIS_AGENT

modelType 1

<<Enump > id - UID <]7
ModelType type FourentState : State
l<=Constant=> -AGENT 1 HatestCommTime : long

+setCurrentState(state | State) : void
+setLategCommTimellatestCommTime : long): void

model 1

1.0 |statest
State

[+l oE rtry&ctions() : void

+d oE xitActions(): void

curentState

1lustration 9: DEMiR-CF Model Module Models

Ilustration 10 below shows the Model module State classes.

0.* [taskiModels

Taskibdel

#task : Task
#estAchieveTime : long
#cumCost : long

+ta sk Sele ched() : void

+ta sk AwardedT oOther{winningC ost : long, winningE stAchieveTime : long): void
+ta sk AvardedT oSelfiwinningCost : long, winningEstAchisveTime : long) : void
[+t sk AuctionC anceled() : void

+ta sk R eadyF orExec() : void

+ta sk E xecutionCanceled() : void

+ta sk Achieved(): void

[+ta sk Unachievable() . void

+estAchieveT im eE xpiredE ventE xecuted(): void

+ta sk ExecutionM sgReceived (estAchieveTime : long, curCost : long) : void
+ta sk AuctionMsgR eceived(): void

+ta sk AwardC oall eaderM sgR eceived() : void

+ta sk Cancel AuctionM sgReceived() : void

+ta sk AchievedMsgR eceived() : void

+ta skWarningM sgR eceived() : void

+ta sk UnachievableMsgR eceived(): void

+task CancelExedsgR eceived(): void

+riggerDPTSS() : void

SingleAgentTaskModel

AgentState extends State and is the base class for all concrete States an AgentModel may be
enter. TaskState extends State and is the base class for all concrete States a
TaskModel/SingleAgentTaskModel may enter.
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State

+cloE ntryAdtions() : void
+cloE xitActions!): void

Auctioneer AgentState

—

E xecutingAgent

FailedAgent

IdleAgent

Tas kState

+ta sk Seleded() : void

+ta sk AvardedT oCtherwinningE sAchieveTime : long): void
+ta sk AvardedT oSelf]) : void

+ta sk ReadyF orExec() : void

+ta sk E xe cutionC anceled() : void

+ta sk Achieved(): woid

+ta skUnachievable) : void

+ta sk E xe cutionM sgR ecei ved (estAchieveTime : long) : void
+ta sk AuctionM sgR eceived() : void

+ta sk AwardC oall eaderM sgReceived() | void

+ta sk Cancel AuctionM sgR eceived() | void

+ta sk AuctionCanceled() : void

+ta sk CancelExecMsgR eceived): void

:] +doEntryAdions) : void

< +tash R eadyF orE xec() | void

:] +ta sk ExecutionC anceled() : woid

<] +coErtryAdions() : void

Hlustration 10: DEMIiR-CF Model Module States

Achieved

Available

+doEntryAdions) : void

KF——|+askSelected() : void

+ta sk E xe cutionM sgR eceived (estAchieveTime : long) : void
+ta sk AuctionM sgR eceived) : void

+doEntryAdions]) : void

OthersAuctioned

+doEntryAdions) : void
+ta sk AuctionM sgR eceived) : void

<] -resetTimeout): void

-cancell astE vent() : void

+ta sk E xe cutionM sgR eceived (estAchieveTime : long) : void
+audionTimeoutEventE xecute d) ; void

+ta sk AwardC oall eaderM sgR eceived() : void

+ta sk C ancel AuctionMsgR eceived() : void

+ta sk C ancelExech sgR eceived(): void

Othersinexec

d +cloEntryAdions() : void

+ta sk E xe cutionM sgR eceived (estAchieveTime : long) : void
-resetE stAchieveTimeExpiredEvent(): void

+e st Achie veTim eE xpiredE vertE xecuted() : void

+ta sk C ancelExech sgR eceived(): void

SelfAuctioned

+ta sk AwardedT oCthenwinningE stAchieveTime : long): void
+ta sk AvardedT oSelf]) : void
+ta sk AuctionCanceled() : void

Selfinexec

+ta sk Achieved() : void
+taskUnachievable() : void

Unachievable

Uncertain

:] +doEntryAdions) : void

+ta sk Seleded() : void

+ta sk E xe cutionM sgR eceived (estAchieveTime : long) : void
+ta sk AuctionM sgR eceived) : void

+ta sk C ancelExech sgR eceived(): void

[llustration 11 below shows the Events that the Mode1 module uses for 1 cyclic and 2 timeout

behaviors.

AuctionTime outE verrt

-model © TaskModel

+execute(): void

BroadcastExecutionMsgE vent
-thisfgentModel ; ThisAgentModel
-eventihgr : Evernthgr
-execMsegCycle : long
-messagel utput - M essageCutput

+execute(): void

Evamt

-time : long
==Property=:= -type : EvertType

+execute)

Hlustration 11: DEMiR-CF Model Module Events

EstAchieveTimeE xpiredE vent

-model : TaskModel

+executel): void




2.3.3.4 Allocation Module
IMlustration 12 below shows the classes of the Allocation module.

The AuctionMgrImpl realizes the AuctionMgr interface and uses an AuctionFactory to create
Auctions. The AuctionImpl implements the Auction interface.

The Allocation module has two timeout Events. The AwardEvent executes when bidding stops and
the winner is awarded the Task. The ConfirmTimeoutEvent executes canceling the Auction ifa
ConfirmMsg is not received prior to its execution time.

AuctionFactorylmpl
<< Interface>>
ml_mﬁmte: -hidTimeout ; long =12
Mg -confirmTimeout @ long =12

& -auctionigr: AudionMgr
-taskUpdate : IntemalT askUpdlate
-megDutput ;- MessageOutput
-eventMar ; EvertiMar
-modelQuery : ModelQuery

| v

AuctionMgrimpl factory\ <<Interfac e>>
-factory : AuctionFactory 1 AuctionF actory
-audtion ; Audion +seiBid Timeo ulfa Timeout : long) . vok!

+createductionfaTask: Task aThisAgent: Agent, aThisAgentBid : bng, aThisAgentEstd chieveTime ; bong) : Auchon
+setMessage Outp utim sy Out @ MessageQutput) : void
1 fauc’(ion
<<Interface>> Auctionlmpl
Auction -task : Task

+oancel) : void -thisAgent © Agent

+awaw() ;- void -bidTimeout : long

+getTaskiDf) : LD (]- —————————— ~winningAgentlD ; UID

+getiWinningd gentiDf) . UID ~confirmTimeout ; long

+receieBidia By BiiMsg) @ vok! -winningC ost © long

+getiWinnimgCos): bag winningEstAchisveTime : long

+getWinningE g4 chieveTime() : long -audionMgr : AuctionMar
-eventMgr ; EventMagr
-model Query : Model Query
-task Update : IntemalTaskUpdate
-msgOutput | MessageOutput

AwardEvent ConfirmTimeoutEvent

-tash|D : UID -tasklD : UID

-auctionMgr ; AudtionMgr -auctionMgr ; AudionMgr

+execute(); void +e xecute): void

Event
-time : long

==Property=> -type : EventType

+execute()

Hlustration 12: DEMiR-CF Allocation Module
2.3.3.5 DPTSS Module

lustration 13 below shows the classes in the DPTSS (Dynamic Priority-based Task Selection Scheme; Dynamic
Task Selector) module.
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demircf
<<Enumne >
TaskStateType
<=Constant=> -AVAILABLE EligibleTask
«<Constant=> UNCERTAIN task : Task
<= Constant=> -SELF_AJCTIONED -state | TaskStateType
<=<Constant=> OTHERS_AUCTIONED +EligibleTaskfask : Task, state : TaskStateType)
<<Constant>> -SELF _INEXEC 1 getTask() : Task
<<Constant=> -O THERS_INE XEC State rgetState() : TaskStateType
<= Constant=> -AWARDED
<= Constant== -ACHIEVED
<<Interfac e>» <= Caonstant=> LNACHIEVABLE —
TaskModelListener | |<<Constant>> -UNKNOWN CriticalTask
task : Task
N pCrit: float
: +CriticalTash(task : Tash, pCrit : float)
DPTSS +getTask(): Task
thistgent - Agent +compareTofo : Critical Task) : int

-task UnderAuction : Task
-task|nexec: Task

-roughSchedule : Queus<ScheduledT asks> ScheduledTask

+selectTask(): void task : Task

-generateR oughSche dulefeligibleTasks : List<E ligihleTasks, criticalTaskList | Queue<Critical Task=) : Scheduled Task -state - ScheduledTaskStateType

-taskInCritical TaskL ist(priorityT ask . Task, criticalT askList | Queue<Critical Task=) : boolean -cost : long

-generatePriontyList(eligibleT asks : List<EligibleTask=) : void +ScheduledT ask(task : Task, state : ScheduledTaskStateType, cogt : long)
-getEligibleT asks() : Ligt=EligibleT ask= +getTask(): Task

-generateCritical TaskListieligible Tasks : List<EligibleTask=) : Queues= CriticalTask= +getState() | ScheduledTask StateType

+selfAuctionComplete(task : Task): void +compareT ofo: ScheduledTask) @ int

+selfAudionCancelediask : Task): void

+selfAchievedT ashtask : Task) : void
+selfCancel TaskExeadion(task | Task): woid
+selflinachievahleT askitask : Task) : void

1 state
<<Enume>
""" TaskState Type
<=Constant== -AWARDED
<=Constant== FREE

Hlustration 13: DEMiR-CF DPTSS Module

This module implements the DPTSS algorithm in selectTask using the following steps:
getEligibleTasks, generateCriticalTaskList, generateRoughSchedule, and
generatePriorityList. The EligibleTask and CriticalTask are used in getEligibleTasks and
generateCriticalTaskList, respectively, as one would expect. A ScheduledTask is used in
generatePriorityList to encapsulate Tasks for sorting purposes. AWARDED Tasks are given priority over
FREE Tasks. Within those categories, the minimum cost is used to sort the Tasks.

2.3.3.6 System Consistency Module
Illustration 14 below shows the interface and class in the Consistency module.
The Mode1Update module uses the check method to determine if a received Message is consistent

with current world knowledge. The SystemConsistencyMgr issues a WarningMsg if an inconsistency is
found.
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<<Interfac e>>
Consistency
+checkimsy : Message) © bookan

A

SystemConsistency Magr
-modellUpdate . Modellpdate
-model Query © ModelQuery
-messageCutput | M essageOutput
-audtionigr ;. Audionhar
-thisfgent ;. Agent
+checkimsay | Message) : boolean

Hllustration 14: DEMiR-CF
System Consistency Module

2.3.3.7 Model Update Module

N

demircf

BroadcastAchievedTasksEvent

<<|mterfac ex>>
Mes=agel nput

+receivefaMessage - Message) - vo i/

-modelGuery : Model Guery
-eventMgr : Eventigr
-achievedTaskCyde : long
-messageCutput | MessageOutput

+executel): void

:

ModelU pdateMgr

Evamt

-modelUpdate : Modell pdate
-model Query - ModelGQuery
-eventhigr . Everthgr
-achievedTaskCyde : long
-messageCutput | M essageOutput
-auctiontgr . AudionMaor
-consistency : Consistency
-thisAgent : Agent

-time : long
<=Property=> type . EvertType

+execute()

+receive(aMessage | Message) | void

-scheduleBroadcagAchievedT asksEvent(): void

Hllustration 15: DEMiR-CF Model Update Module

Ilustration 15 above shows the interfaces and classes of the ModelUpdate module.

The Mode1UpdateMgr invokes the Consistency module on all received Messages. Ifthe Message

is consistent with world knowledge it then relays the message to the Mode 1 module for update.

The BroadcastAchievedTasksEvent is a cyclic behavior implemented in the Mode1Update module
to notify all agents within broadcast range of known achieved Tasks using a bucket brigade approach. This

repairs the world knowledge of agents that have been out of communication.




24 How to Use the Framework With OMACS

See 2.3.2.1 External Provided Interfaces and 2.3.2.2 External Required Interfaces for interfaces and their
implementation requirements. This section provides additional details relevant to an application using
GMoDS/OMACS.

Instance goal/role pairs and demircf . Tasks are corresponding equivalent concepts in GMoDS and
DEMIiR-CF. There must be a way to map from an instance goal/role pair to a Task and vice versa. Also,
demircf.CostFunctions need access to the parameters of the instance goal to calculate the cost. Thus, the
implementation of demircf . Task is a critical step in the integration process.

The Agent interface which extends the TaskListener interface is another critical implementation.
This object must act as the conduit from DEMiR-CF to the execution component. The
TaskListener.changeTask and TaskListener.cancelTaskExecution method calls must be relayed to
the execution component to begin and stop execution of a given Task.

The Agent.estimateAchievementTime method call must be relayed to the execution component
and from there to the plan executing for the Task. The plan is the object that knows the state of the Task and
how many turns are likely needed to complete it. The Agent.estimateAchievementTime method will
estimate an achievement time of 100 turns in the future for any Task not currently being executed by the Agent
since I rely on the plan to have been initialized with the instance goal parameters to give the plan a state from
which accurate estimates can be made. I chose this value to assure that a Task awarded to another Agent will
not timeout of the OthersInexec state before the Agent executing the Task can provide an accurate estimate
in its ExecutionMsg.

The control component must implement the demircf.TaskUpdate methods taskReadyForExec,
taskExecutionCanceled, and taskUnachievable so that the execution component can inform the
control component when it is ready to execute the assigned Task or when it has interrupted a Task. Each of
these calls must be relayed to the corresponding DEMiRCF method.

Agents and Tasks must hold the demircf.Capability objects describing their owned and required
capabilities, respectively. The DEMiRCF.createCapability method must be used to generate the
demircf.Capability objects.

The control component must call DEMiRCF.addTask for any task that should not be auctioned and
instead must be executed by every agent.

The control component must call DEMiRCF.newTask for any task that should be auctioned.
The control component must relay all demircf.Messages to the DEMiRCF . receive method.
The control component should use the AchievedMsg to update the GMoDS goal model for Tasks achieved by
other Agents. The control component must be able to handle multiple AchievedMsgs for the same Task.
The control component must call the DEMiRCF . setLocation method on each turn.

The control component must call DEMiRCF. taskAchieved each time it receives an ACHIEVED event.

If the application fails Agents it must call DEMiRCF.agentFailed ().
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If the application recovers Agents it must call DEMiRCF.agentRecovered (Task task).

An open question concerning CostFunctions is whether they need access to all AgentModels to
access their locations to support a more global evaluation.

If GMoDS/OMACS supports tasks that require more than one agent to simultaneously execute them, the
MultiAgentTaskModel must be implemented in DEMiRCF.

2.5 Framework Testing Overview

This section describes the types of unit tests built for DEMiR-CF and its component classes and the output that
DEMIR-CF produces while operating.

2.5.1 Unit Tests

I developed JUnit tests using JUnit 3.8. The unit tests are found under DEMiR-CF-Share/src-tests. Production
code is located in DEMiR-CF-Share/src-mike.

2.5.1.1 The demircf Package Unit Tests
TestDEMiRCF is the sole class defining test cases in the demircf package. All other classes are testing utilities.

TestDEMiRCF provides one test of the createCapability method and one long system level test of
DEMiRCF.

2.5.1.2 The demircf.allocation Package Unit Tests

TestAuctionMgrImpl provides tests for creating and canceling an Auction and awarding a Task to this
Agent or another Agent.

2.5.1.3 The demircf.consistency Package Unit Tests
TestSystemConsistencyMgr tests Messages that should generate a WarningMsg, ExecutionMsgs that
should cause the receiving Agent to cancel or not cancel its own execution of the same Task, and
AuctionMsgs that should cause the receiving Agent to cancel or not cancel its own Auction.

2.5.14 The demircf.dptss Package Unit Tests

TestDPTSS tests the method selectTask under various conditions: an AWARDED task is selected, a FREE
task is selected, no eligible tasks remain, and when the current task under auction is re-selected.

2.5.1.5 The demircf.event Package Unit Tests
TestEventMgrImpl tests scheduling, canceling, and executing Events.
2.5.1.6 The demircf.model Package Unit Tests
TestAgentModel tests models of other Agents by setting the current state to all possible states.

TestThisAgentModel tests the model of the Agent client of DEMiRCF to assure that it will broadcast
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ExecutionMsgs for the task currently in execution.

TestSingleAgentTaskModel tests the SingleAgentTaskModel to assure that it undergoes all
desired transitions given the proper stimulus. In addition, this class tests that the SingleAgentTaskModel will
trigger DPTSS upon appropriate transitions.

TestModelMgr tests the AgentModel, ThisAgentModel, and SingleAgentTaskModel as described
above through the Mode 1Mgr interface methods. In addition, it tests discovery of Tasks and Agents through
receiving Messages, the effects of the AgentUpdate and TaskUpdate interfaces on the respective Models,
and that receiving any Message should reset the communications timeout event.

2.5.1.7 The demircf.modelupdate Package Unit Tests

TestModelUpdateMgr tests that consistent and inconsistent Messages should update the latest communication
time of the Agent and Task, ConfirmMsg and BidMsg should be relayed to the AuctionMgr, a BidMsg
should be issued for every Task which the Agent is capable of executing, a ConfirmMsg is sent when an
AwardCoalLeaderMsg is received, the BroadcastAchievedTasksEvent is executed, and that an
AchievedTaskMsg for a Task in SelfInexec should cause a CancelExecMsg to be broadcast and the
Agent.cancelTaskExecution method to be called.

2.5.2 Output
DEMiRCF uses the java.util.logging package to log its actions.

The DEMiRCF constructor establishes a log file as ~/Desktop/logs/YYYY.MM.DD/DEMiRCF-
AgentName-HH-MM-SS.log. The logging level is set to FINE in the constructor.

Normal actions of pEMiRCF are logged at the FINE level. Errors are logged at the SEVERE level.

The "root" logger is named "demircf". Child loggers are named for the package in which they are used:
"demircf.allocation", "demircf.consistency", "demircf.dptss", "demircf.model", and
"demircf.modelupdate".

3 Object Construction Application

We selected the object construction application described in [2] (pp. 6-7) as a test bed for the DEMiR-CF
framework implementation. Our application integrates GMoDS (Goal Model for Dynamic Systems) [4],
OMACS (Organization Model for Adaptive Computational Systems) [5], and DEMiR-CF. GMoDS has
specification goals to represent the task types and instance goals combined with OMACS roles to represent task
instances that must be achieved to fulfill the application purpose. OMACS represents the roles, goals, and
agents in an organization and the assignment of agents to roles that achieve goals. We use DEMiR-CF as a
distributed algorithm to allocate tasks (instance goal/role pairs) to specific agents in an optimal manner. In this
application, DEMiR-CF is given tasks that become active in GMoDS and thus are always active in DEMiR-CF.
These tasks are only eligible, according to the DEMiR-CF definition, for the agents that have the required
capabilities.
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3.1 Object Construction Application Description
[lustration 16 below shows the object construction application main window. In this application, a group of
agents cooperate to stack blocks in a column on top of a destination grid (gray grid in the picture). The idea is to
stack all of the A blocks first, followed by B blocks, and finally C blocks. The agents must first find the blocks
then push them to the proper locations. All agents have the capabilities (Sonar/BlobFinder) to find blocks. The

HuRT Dist Simulation
File Yiew

oo E!Tlr!p_i_l_l_,lls gé javaawtC.. javaawLC.

B

Hllustration 16: Object Construction Application

SearcherAgent is limited to being able to find blocks. An agent type ACAgent can push A or C blocks using its
ACProd. An agent type BAgent can push B blocks using its BProd.
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3.1.1 Goal Model

The GMoDS goal model for the object construction application is shown in Illustration 17 below.

iGnaI Diagram
«Goal
0 Construct-objects

ands

«Goals #Goals aGoaky
3 Load-scenario 7 Construct-A-ohjects 1 Construct-B-objects

«ands <andp

£ands
find(dest, searcharea)
findB{dest, searchArea)

+(Goals

#Goal
2 Construct-C-objects

1.1 Find-object-B «Goaly

2.1 Find-object-C

dest : LocationData

seatchirea | Searchirea dest : LocationData

searcharea @ Searchirea
findAfdest, searcharea) \
foundBiloc, dest, searchirea)

foundCilac, dest, searcharsa)

«G0alks
2.2 Push-object-C

+Goals

1.2 Pusfrobject-B sprecedess lac : LocationData

dest ; LocationData
searchirea ! Searchirea

loc ¢ LocationDiata
dest | LocationData
searchérea : Searchérea

- «precedess
«Goals i

7.1 Find-object-A
dest ! LocationData
searchérea : Searchérea
S
foundA{loc, dest, searcharea)

adjacentC{adilac, dest, searchirea)

adjacentBladjLoc, dest, searcharea)

«Enals
7.2 Push-object-4

«@0ak
loc ¢ LocationData 2.3 Add-object-C
dest @ LocationData

searchérea : Searchérea

adjloc ; LocationData
dest ! LocationData
searchirea @ Searcharea

«Enals
1.3 Add-object-B

adjloc ¢ LocationData
dest @ LocationData
searchérea : Searchérea

Hllustration 17: Object Construction Application Goal Model

The goal specification tree shown in this figure has a top level goal of Construct-objects. Upon initialization the
specification goal tree will instantiate one Load-scenario instance goal. This task is passed to
DEMiRCF.addTask, a method which immediately passes it back to the Agent . changeTask method (this task
is not auctioned; every agent must execute it). The Load-scenario goal triggers one Find-object-A goal for every
object A, one Find-object-B goal for every object B, and one Find-object-C goal for every object C in the
environment.

When an agent executing Find-object-A finds an A the event foundA triggers a Push-object-A goal. The
agent executing Push-object-A goes to the location of object A, grabs it, pushes it to the top of the building site,
drops it, and moves out of the way.

When an agent executing Find-object-B finds a B the event foundB triggers a Push-object-B goal. The
agent executing Push-object-B goes to the location of object B, grabs it, and pushes it to the top of a tower of B
objects adjacent to the building site where the object B is dropped. When the object B is dropped, the event
adjacentB is executed triggering a Add-object-B goal. This goal is not active until the goal Construct-A-objects
is achieved (when all object A's are pushed to the top of the building). When the Add-object-B goals can be
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activated, the agent executing this goal goes to the location adjacent to the building, grabs the object B, and
pushes it to the top of the building site. When all object B's are at the top of the building, Construct-B-objects is
achieved.

When an agent executing Find-object-C finds a C the event fouindC triggers a Push-object-C goal. The
agent executing Push-object-C goes to the location of object C, grabs it, and pushes it to the top of a tower of C
objects adjacent to the building site where the object C is dropped. When the object C is dropped, the event
adjacentC is executed triggering a Add-object-C goal. This goal is not active until the goal Construct-B-objects
is achieved (when all object B's are pushed to the top of the building). When the Add-object-C goals can be
activated, the agent executing this goal goes to the location adjacent to the building, grabs the object C, and
pushes it to the top of the building site. When all object C's are at the top of the building, Construct-C-objects is
achieved. When Construct-C-objects is achieved the overall Construct-objects goal is achieved and the system
halts.

3.1.2 Role Model

The OMACS role model for the object construction application is shown in Illustration 18 below.

«Roles
BaseRole

zrequires: Sonar

«requiress BlobFinder
arequires: CEMaovement
requiress CBCarmmunication

srequiress AgentStatus «Rolex |
«requiress CBLocation Scanner
| «Roles L,/ arequires: BuildingStatus «achievess Find-object-B
ConstructorObjeck srequiress ObjectBTowerStatus «achievess Find-object-A
arequiress ObjeckCTowerStatus «achievess Find-object-C

arequiresz Clock
«achievess Load-scenario

«requiress ACProd
«achievess Push-object-A

[«achieves» Find-object-A

\

#Foles
«Rolex ‘ ConstructorObjectC
‘ ConskruckorObjectB srequiress ACProd
«achievess Find-object-B «achievess Add-object-C
#achievess Add-object-B +achievess Push-object-C
«achievess Push-object-B «achievess Find-object-C

«requiress BProd

Hllustration 18: Object Construction Application Role Model
The BaseRole requires the Sonar, BlobFinder, CBMovement, CBCommunication, AgentStatus,
CBLocation, BuildingStatus, ObjectBTowerStatus, ObjectCTowerStatus, and Clock capabilities. The BaseRole

achieves the Load-scenario goal.

The Scanner role extends the BaseRole and achieves the Find-object-A, Find-object-B, and Find-object-
C goals.

The ConstructorObjectA role extends the BaseRole, requires the ACProd capability and achieves the
Find-object-A and Push-object-A goals.
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The ConstructorObjectB role extends the BaseRole, requires the BProd capability and achieves the Find-
object-B, Push-object-B, and Add-object-B goals.

The ConstructorObjectC role extends the BaseRole, requires the ACProd capability and achieves the
Find-object-C, Push-object-C, and Add-object-C goals.

3.2 Execution Component Design Overview

This section describes the components I designed and implemented for the object construction application except
where noted.

3.21 Capabilities
[lustration 19 below shows the sensor capabilities.

The BlobFinder.identify method provides the ObjectType of a TangibleObject at the given
absolute coordinates and if the ObjectType matches the desiredType the object is marked as identified
(preventing other agents from identifying it again).

BlobFinder
+iderti fydesiredT ype © ObjedType, x :int, v © int): ObjedTvpe

Sonar
-gonar: Sonarlmpl

+zenszel) . Collection=LocationData=

Sonarmpl
{edu:kau: cigimacr: sim ulator:: capakilities)

-DEBUG : boolean = false

+M N _RAMGE :int=1

+0 AX_RANGE :int = Integer MAX WALUE
-range : int

-rangeF ailure ;. doukle

-gualityF ailure ;. double

+zensel) | Collection=LocationData=

Hllustration 19: Object Construction Application Sensor Capabilities

The Sonar capability uses the implementation provided in the
edu.ksu.cis.macr.simulator.capabilities package.

lustration 20 below shows the Prod capabilities. Every Prod can grab or drop a TangibleObject ata
specified absolute location and can be queried for the attached object. The ProdImpl can be configured to
allow attachment of only certain ObjectTypes; the ACProd allows only object A or C to be grabbed. The
BProd allows only object B to be grabbed.
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<<Imterface>>
Prod
+grab{x it y o int)  bookan
+drop(x it y o int) - bookan

1 i

[ i

[ i

[ i

ACProd BProd
-procimpl : Predimpl -prodimpl : Pradimpl
+getitachedObject(): 10hjed +g etMtachedObject(): 10bjed
Prodinmpl

(gim::collbing:capakilities: impl)
-DEBUG : boolean = false
-attachedOhject : TangibleQhject = null
-procdable Types © Set<ObjedType= = newHashSet<OhjedT ype=()
-breakF ailure : double
-hasGripped : boolean = false

Hllustration 20: Object Construction Application Prod Capabilities

[Nlustration 21 below shows the status capabilities. Agents use these capabilities to track and exchange
knowledge of the current top occupied grid in the building or object B or C towers.

The BuildingStatus capability tracks the status of the building.
The ObjectBTowerStatus capability tracks the status of the adjacent object B tower.
The ObjectCTowerStatus capability tracks the status of the adjacent object C tower.

The Clock capability is used to trigger DEMiR-CF events based on the number of elapsed turns for the
agent.
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<<Imerfac e>>
BuildingStatus

BuildngStatusinformation
(sim::collbing:: capabilities: data)

+getNextGricl) | BuikiingStatusinformation
+getTopl) © BuidingStatusinformation
+updateBuidingStatus(incomingStatus : Buiiding Statusinformation) . void

-agentl dentifier: Unigueldentifier
-timel astUpdated : Date
yOffest - int

JaN

B uildi ngStatusinpl
(sim::collbing:: capabilities:impl)
-top : BuildingStatus nfonm ation = null

<<Interface>>
0 bjectB TowerStatus
+getNexdGric() . Olyects TowerStatusinfom ation
+update(imcomingStatus ; OlbyjectBTowerStatusinformation) : void
+geiTop() : ObjectBTowerStaty slnformation

A

i
O bjectB Tower Statusimpl
(sim::collbing::capabilities:impl)
-top © ObjectBT ower Statuslnformation = null

<<Interfac e>>
0 bjectCTowerStatus
+getNexdGrid() . ObjectCTowerStatu sinformation
+updatefincomingStatus © OlyjectCTowerStatusinformation) : void
+getTop() - OhectCTowerStatusinformation

N

0 bjectB Tower Statusinformation
(sim::collbing::capabilities:: data)
-agentldentifier : Unigueldertifier
-timel agUpdated : Date
-yO ffest @ int

0 bjectCTowerStatusinformation
(sim:collbing:: capakilities:: data)

-agentldentifier : Unigueld ertifier
Htimel agtUpdated ; Date
-yO fset @ int

0 bjectCTower Statusimpl
(sim::collbing::capahbilities:impl)

-top © ObjectC TowerStatusinformation = null

]

<<Interfac e>> demircf
Clock <<Interface>>
+tick() : void [> Clock

+geiTime() : bong

+zetTime(aTime . long) . void
+setlistene falistener : TickListener) : void

Hllustration 21: Object Construction Application Status Capabilities

[lustration 22 below shows capabilities developed by Jorge Valenzuela.

The CBLocation capability is used to give the agent access to its location.

The CBMovement capability allows the agent holonomic movement.

The AgentStatus provides status needed by OMACS.

The CBCommunication capability provides communication between agents.
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<<Interfac e>>
CBLocation

+getEpsion?) | int

+isCloseEnough(iocation : LocationData) : boolean

+isdclfacentd balocationf : ind, ¥ - int) . boolean

+igd diacentd bslocationflocation : LocationData) : boolean

+igd dfacentToNextBh ckPosition(buiklingBase : LocationData) : boolean

N

CBLocationinmgl
(sim: collbing:: capahbilities:impl)

<<Interfac e>>
CBMovement
+movelx it ¥ nt): bookan

Jay

CBMovementimpl
(=im::collbing:: capabilities::impl)

<<Interfac e>> AgemtStatusinformation
AgemStatus {sim::collbing:: capabilities: data)
+getigentStatusinformationf) - AgentStatusinformation - - —:—::»-agerrtldentiﬁer: Unigueldentifier
HimeLastUpdated : Date
& - int
: -y int
AgentStatusimpl -capabilties : Map<Unigueldentifier, Double>

(=im::collbing:: capabilities:impl)

<<Interface>>

CB Communication
+isCommunicablefagentiD . Uniqueldentifier) : boolean
+getigentStatusfagentiD . Unigueldentifier) : AgentStatusinformation
+getdlidge ntStatus() | Collection<AgentStaty sinformation=
+getAlBuikiingStatus() ; Collection=B uiidingStatusinformation=
+getAllObectB TowerStatus() - Colkection=0OhectB TowerStatusinformation=
+getAlObectCTowerstatug) . Collection= QlyectCTowerStatusinformation=

i

CB Communicationimpl
(sim::collbing:: capahbilities:impl)

FAGENT _STATUS_INFORMATION CHANMEL : String = "Agent Status Information Channel”

-agentStatusin form ation : Map<Uniqueldentifier, AgentStatus nform ation= = newHashM ap<Unigqueldertifier, AgentStatusinformation=)
+BUILDING _STATUS INFORMATION _CHANKEL : String = "Building Status | nform ation Channel"

-huilding Status © Queue<Building Statusinformation: = new ConcumentLink edQueue<BuildingStatusinformation={)

+0BJECT B _TOWER_STATUS_INFORMATION _CHAMMEL : String = "ObjectB Tower Status Information Channel"

-ohjectBStatus | Queue<ObjectBT owerStatusinformation= = new ConcurrentLink edQ ueue< ObjedB Towe rStatusinform ation= ()
+OBJECT C TOWER _STATUS INFORMATION CHANMEL : String = "ObjedC Tower Status Information Channel"

-objectC Status : Queue<0Objed CTowerStatugnfonmation= = new ConcurrertLinked@ueue<Object CT owerStatusinform ation:=)

Hllustration 22: Object Construction Application Other Capabilities
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3.2.2 Plans

This section describes the Plan objects in the object construction application. All of the Plan objects implement
the CBExecutionPlan interface. All of the "PlanCode" classes shown below extend the AbstractPlanCode
class (not shown due to space limitations) and therefore have access to the building location and the search area.

lustration 23 below shows the LoadScenarioPlan. This plan achieves the Load-scenario goal when
its execute method is called, executing the triggers described in 3.1.1 above. It accesses the objects in the
environment to generate the proper number of Find-object-X goals of each type passing each goal the building

site "destination" and a SearchArea that contains all objects.

<<Imterface>>
CBExec utionP lan

+e gimateAchie vementTime{executionComponent : ExecutionComponent, time  long) - lbng

A

LoadS cenarioPlan

-sharedCode : LoadScenarioPlanC ode = newlLoadScenarioPlanC odel Application&rea SIMULATION)

+& xecute(executionC omponent : ExecutionComponent, instanceGoal : IngtanceGoal=7=) : void
+isDonel) : hoolean

+igP reemptible{executionC omponent | ExecttionComponent) : boolean

+execute(executionC omponent ; ExeationComponent, assignmentTask ; AssignmentTask): void
+& gtimateAchie vementTime(executionC omponent : ExeattionComponent, time : long) : long

+isDone() : boolean

LoadS cenarioPlanCode <<Enurme >
(sim::collbing:plans:impl) ApplicationArea
CPADDING - int=3 - (sim:collbing:plans:Impl:LoadScenarioP lan Code)
-clone © hoolean = false L <= Constant=> -SIMULATION
+execute(controlComponert : CBContrelCom ponent, goal : InstanceGoal=7=) : vaid <=Constant=> REALITY

Hllustration 23: Object Construction Application LoadScenarioPlan
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<<Interface>>
CBExecutionPlan
+estimateAchievemeniTime(exec ubion Component : ExecutionComponent, time - long) : bng

l

i

|

FindO bjectAP lan <<Enume>

-sharedCode ; SearcherP lanCode = new S earcherPlanC ode( ExecutionState
ApplicationArea SIMULATION, ObjedType OBJECT_A) (sim:collbing:plans:Impl:SearcherP lanCode )
+& xecute(exscutionC omponent : ExecutionC omponent, instanceGoal | InstanceGoal<?=) : void <<Constant=> JNITIALIZATION
+isDone() : boolean <=Constant>> AWORK
+e gimateAchievementTime(executionComponent | ExecutionComponent, time : long) © long

SearcherPlanCode
(=im: collbing::plans:mpl)

-tlone : hoolzan = falss

-ohjectType | ObjedType

-unidentifiedObjects . Set<LocationData= = newHashSet <LocationData=()

-iclentifie dObjeds : Map<LocationData, ObjectType: = newHashMap=<LocationD ata, ObjectType=()
-clolnitialization{goal : Instance Goal <7= | locationC apability : CBLocation) : void

-identifyChjed(huR T ControlC om ponent : CBCortrolComponert, goal : InstanceGoal <= | locationCapability : CBLocation, blobFinderC apability : BlobFinder, point : LocationData) | boolean
+& gimatebchievementTime(location C apability : CBLocation, time : long) : lang

Hllustration 24: Object Construction Application FindObjectAPlan

[lustration 24 above shows the FindObjectAPlan. This plan achieves the Find-object-A goal when its
execute method is called, executing the triggers described in 3.1.1 above. SearcherPlanCode implements
the execute method keeping track of the ObjectType being looked for, and identified and unidentified objects
that have been found. Agents executing this plan move to random locations within the SearchArea and
identify all objects matching the desired type.

<< Interfac e=>
CBExecutionPlan
+e gimateAc hievementTime(execution Component : ExecitionComponent, time . bng) © long

|

i

i

FindOQ bjectB P lan <<Enume>

-sharedCode ; SearcheP lanCode = new S earcherPlanC ods( ExecutionState
ApplicationArea SIMULATION, ObjedType OBJECT_B) (sim:collbing:plans:Impl:Searche P lanCode )
+e xecute(execution omponent : ExecutionC omponent, instanceGoal : InstanceGoal<?=) : void <=Constart== JNITIALIZATION
+isDone() : boolean <=Constant=> YVORK
+e gimateAchievementTime(executionComponent | ExecutionComponent, time : long) : long

SearcherPlanCode
(sim:; collbing::plans:Impl)

-currentE xecutionState | ExecutionState = Exe cutionState INITIALI ZATION

-tlone : hoolean = false

-objectType : ObjedType

-unidentifiedOhbjects | Set=LocationData= = newHashSet <LocationData=()

-identifie ciObjeds | Map<LocationData, ObjectType> = newHashMap<LocationData, ObjectType=()
-clolnitialization{goal : Instance Goal <?=, locationC apahility : CBLocation) : void

-iclertifyObjedt(huR TControlC om ponent : CEBC ortrolComponent, goal : InstanceGoal=7= | locationCapakility : CELocation, blobFinderC apakility : BlobFinder, point ; LocationData) : boolean
+isDone() : boolean

+& gim atebchievementTime(location C apability : CBLocation, time : long) © lang

Hllustration 25: Object Construction Application FindObjectBPlan

[lustration 25 above shows the FindObjectBPlan. Its design matches FindObjectAPlan except for
the type of object desired.
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<<Interface>>
CBExec utionP lan
+e stimateAchievementTimefexecutionComponent . ExecutionComponent, time : bag) - bng

l

i

|

FindO bjectCP lan <<Enume >

-sharedCode ; SearcherP lanCode = new S earcherPlanC ode( ExecutionState
ApplicationArea SIMULATION, ObjedType OBJECT_C) (sim:collbing: plans: Impl: Searche P lanC ode )
+& xecute(exscutionC omponent : ExecutionC omponent, instanceGoal | InstanceGoal<?=) : void <=Constant== JNITIALIZATION
+isDone() : boolean <=Constant=> WWORK
+e gimateAchievementTime(executionComponent | ExecutionComponent, time : long) © long

SearcherPlanCode
(=im: collbing::plans:mpl)

-currentE xecutionState | ExecutionState = Exe cutionState INITIALI ZATION

-tone : hoolean = falss

-ohjectType : ObjedType

-unidentifiedObjects . Set<LocationData= = newHashSet <LocationData=()

-iclentifie dObjeds . Map=LocationD ata, ObjectType= = newHashMap=LocationD ata, ObjectType=()

-clolnitialization{goal : Instance Goal <7> | locationC apability: CBLocation) : void

-identifyObjed(huR TCortrolC om ponent : CBControlComponent, goal : InstanceGoal 7= | locationCapahility : CBLocation, blobFinderC apakility : BlobFinder, point : LocationData) : boolean
+isDone() : hoolean

+e gimate Achie vementTime(locationC apability : CBLocation, time : long) : long

Hllustration 26: Object Construction Application FindObjectCPlan

lustration 26 above hows the FindObjectCPlan. Its design matches FindObjectAPlan except for
the type of object desired.

<<|mterfac e>>
CBExecutionPlan

+e stimatedchievementTime(execution Component © ExecutionComponent, time - bng) - bng

JaN

PushObjectAPlan
-gharedCode : PushOhjectACPlanC ode = newPushObjectACPlanC ode{Applicationfrea SIMULATION, ObjedType OBJECT_A)
+isDonel) : boolean
+execute(executionC omponent | ExecutionComponent, instanceGoal | InganceGoal=7=) ; void
+e gtimatedchievementTime(executionComponent : ExeationComponent, time : long) : long

PushObjectACPlanCode <<Enum >

(=gim:collbing: plans:impl) ExecutionState
-currentE xecutionState | ExecutionState = ExecutionState INITIALIZATION - (sim::collbing::plans:impt :PushObjectACPIanC ode)
-ohjectType : ObjedType = null ar <= Constant=> JNITIALIZATION

-ohjectPt: LocationData = null <= Constant== WORK
-movingToBuilding : boolean = false

-moving&way . boolean = false
-clone ; hoolzan = false

-dolnitialization{goal : Instance Goal<7=, locationC apability : CBLocation] : void
+isDonel) : boolean
+egimatetchievementTime(locationC apability : CBLocation, time : long) : long

Hllustration 27: Object Construction Application PushObjectAPlan
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[lustration 27 above shows the PushObjectAPlan. This plan achieves the Push-object-A goal when
its execute method is called, executing the triggers described in 3.1.1 above. PushObjectACPlanCode is
configured with the desired object type A and implements the execute method. PushObjectACPlanCode
tracks the desired object type, the location to pick up the object, whether the agent is moving to the building with
the grabbed object, and whether it is moving away from the building after dropping the object. The object is
pushed to the current top of the building site and dropped.

[lustration 28 below shows the PushObjectBPlan. This plan achieves the Push-object-B goal when
its execute method is called, executing the triggers described in 3.1.1 above. PushObjectBPlanCode
implements the execute method. PushObjectBPlanCode tracks the location to pick up the object, the object
B tower location, whether the agent is moving to the object B tower with the grabbed object, and whether it is
moving away from the tower after dropping the object. The object is pushed to the current top of the object B
tower and dropped.

lustration 29 below shows the PushObjectCPlan. This plan achieves the Push-object-C goal when
its execute method is called, executing the triggers described in 3.1.1 above. PushObjectCPlanCode
implements the execute method. PushObjectCPlanCode tracks the location to pick up the object, the object C
tower location, whether the agent is moving to the object C tower with the grabbed object, and whether it is
moving away from the tower after dropping the object. The object is pushed to the current top of the object C
tower and dropped.

<<Interface>>
CBExecutionP lan

+& simatedchievementTime(execution Component : ExecutionComponent, time > long) : bng

i
|
|
|
PushObjectBPlan <<Enume >
-sharedC ode : PushObjectBPlanCode = new PushObjectBP lanC ode (ApplicationArea SIMULATION) ExecutionState

(sim:collbing:plans:impl: PushObjedBPlanC ode)
<=Constant== ANITIALIZATION
==Constant=> WORK

+execute(executionComponent | ExecutionComponent, instanceGoal : InstanceGoal<?=) : void
+isDone() : boolean
+edimateAchievementTime(executionC omponent : ExeadionCompeonent, time : long) : long

PushObjectBPlanCode
(sim:colhing:plans:impl)

-currentExecutionState | ExecutionState = ExecutionState INITIALIZATION

-objectBPt . LocationData = null

-objectBT ower : LocationData = null

-movingT oBTower : boolean = false

-moving&way : boolean = false

-done : boolean = falss

-dolnitialization(goal ; Instance Goal<?= | locationCapakility : CBLocation) : void

-setDestinationT oM extAvailableB T owerGrid{com municationC apakility . CBCommunication, objedB TowerStatusCapability : ObjectBT owerStatus) . void
+isDone() : boolean

+egimatefchievementTime(location Capability - CBLocation, time : long) : long

Hllustration 28: Object Construction Application PushObjectBPlan

31



<<Interfac e>>
CBExecutionP lan

+e& stimateAchievementTime(exgcutionComponent | ExecutionCompo nent, time * long) © bag

FN
i
1
PushObjectCPlan <<Enump>
-sharedCoce : PushObjectCPlanC ode = newPushObjed CP lanC o de{ApplicationArea. SIMULATION) ExecutionState

+executelexecutionC omponent : ExeautionComponent, instanceGoal | InganceGoal=7=) | void

(sim::collbing::plans:impl; PushOkjedCP lanC ode)

<= Constant== IMITIALIZATION
<<Constant== WNORK

+isDone() : boolean
+egtimatelchievementTime(executionComponent | ExecutionC omponent, time : long) : long

PushObjectCPlanCode
(sim::collbing:plans:Impl)

-curremExecutionState | ExecutionState = Exe cutionState INITIALIZATION
-objectCPt : LocationData = null

-objectCTower : LocationData = null

-movingToCTower : boolean = falss

-movingfAway : hoolean = false

-done : boolean = false

-dolnitialization{goal : Instance Goal=?= | locationC apability : CBLocation) : void

-==tDestinationT oM extAvailableC T owerGrd{communicationC apabilty | CBComm unication | objectC TowerStatusCapabilty : ObjectCTowerStatus): void
+izDone(): boolean

+egtimatebchievementTime(location Capability . CBLocation, time ; long) : long

Hllustration 29: Object Construction Application PushObjectCPlan

<<|mterfac e>>
CBExecutionP lan

+e stimatedchievementTime(execution Component : ExecutionComponent, time > long) : long

A

AddObjectBPlan
-sharedCode ; AddOhbjedBP lanCode = new AddO bjectBP lanC ode(ApplicationArea SIMULATION)
+e xecutelexecutionC omponent ; ExecutionComponent, ingtanceGoal : InstanceG oal=7=) ; void

+isDoned) : boolean
+e gtimatefchie vementTime(executionC omponent | ExecutionComponent, time : long) : long

AddObjectBPlanCode
(sim::collbing:plans:impl)
-currentE xecutionState | ExecutionState = ExecutionState INITIALI ZATION <<Enump >
-objectBPt : LocationData = null ExecutionState
-movingT oBuilding : boolean = falss (sim:: collbing::plans:impl:: AddOhjectBP lanC ode)

37

-moving&way - hoolean = false =< Constant== INITIALIZATION
-done : boolean = falss <= Constant== JNORK

-dolnitialization{goal : Instance Goal<?= | locationCapakility : CBLocation] : void

+isDone) : boolean
+e gtimatefchie vementTime(location C apakbility : CBLocation, time : long) : long

Hllustration 30: Object Construction Application AddObjectBPlan
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Ilustration 30 above shows the AddobjectBPlan. This plan achieves the Add-object-B goal when its
execute method is called. AddObjectBPlanCode implements the execute method. AddObjectBPlanCode
tracks the location to pick up the object, whether the agent is moving to the building with the grabbed object, and
whether it is moving away from the building after dropping the object. The object is pushed to the current top of
the building and dropped.

lustration 31 below shows the AddObjectCPlan. This plan achieves the Add-object-C goal when its
execute method is called. PushObjectACPlanCode is configured with the desired object type C and
implements the execute method. PushObjectACPlanCode tracks the desired object type, the location to pick
up the object, whether the agent is moving to the building with the grabbed object, and whether it is moving
away from the building after dropping the object. The object is pushed to the current top of the building site and
dropped.

<<|nterfac e>>
CBExecutionPlan

+& simateAchevementTime(executionComponent | ExecutionComponent, time  bng) . bhg

Fa

AddObjectCPlan
-sharedCode : PushObjectACPlanC ode = newPushOhbjectACPlanCodel Applicationfrea SIMULATION, ObjedType OBJECT_C)
+isDone() . boolean
+execute(executionComponent | ExeadtionC omponert, ingtanceGoal : InganceGoal<7=) : void
+egimateAchie vernentTime{executionC omponent : ExeationC omponent, time : long) : long

PushObjectACPlanCode
(sim: collbing: plans:Impl)

-currentE xecutionState | ExecutionState = ExecutionState INITIALI ZATION <<Enume >

-objectT ype | ObjedType = null ExecutionState

-objectPt : LocationData = null - (gim::collbing plans:impl : PushOhjed ACPlanC ode)
-rmoving T oBuilding : boolean = false L << Constant== JNITIALIZATION

-movingAway . boolean = false <= Constant== YWORK

-done : hoolean = false

-dolnitialization{goal : Instance Goal<?= | locationC apability | CBLocation) : void
+izsDonel) : boolean
+egtimateschie vementTime(location Capability : CBLocation, time : long) : long

Hllustration 31: Object Construction Application AddObjectCPlan
3.2.3 Agents
This section describes the Agent classes.

Ilustration 32 below shows the Agent classes.

BasicCBAgent is the base class for all concrete Agent classes. The BasicCBAgent.robotCode
method was originally implemented by Jorge Valenzuela. I extended it to allow testing of the Plan code without
relying on the control component to issue AssignmentTasks and made other minor adjustments. To test the
Plans, set BasicCBAgent.TEST PLANS to true and AbstractPlanCode.TEST to true and recompile. The
getTestPlan method is overridden by concrete BasicCBAgents to provide the plan to be tested for that

agent.

The BasicCBAgent.endTurn () extends the AbstractAgent.endTurn () method to allow the
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Clock capability to function. I had to remove the "final" qualifier from AbstractAgent.endTurn () to
allow BasicCBAgent to compile.

BasicCBAgent has an attribute of type DEMiRCFConfig to set the DEMiRCF parameter values that
control the cyclic and timeout behavior intervals.

The auctionTimeout is the timeout threshold for an Auction initiated by another Agent to result in a
valid ExecutionMsg. If violated, the Task enters the Uncertain state. The suggested value for
auctionTimeout is 25. The auctionTimeout should be greater than or equal to bidTimeout + confirmTimeout +
execMsgCycle because these times represent processing steps that must occur for an auction to result in a valid
ExecutionMsg.

The bidTimeout is the timeout threshold for other Agents to bid in an Auction initiated by this Agent.
At the end of this period, this Agent awards the Task to the lowest bidder. The suggested value for bidTimeout
is 10.

The confirmTimeout is the timeout for ConfirmMsg reception from another Agent awarded a Task by
the auctioneer. If no ConfirmMsg is received from the awarded Agent in this time period, the Auction is
canceled. The suggested value of confirmTimeout is 5.

The achievedTaskCycle is the time cycle between broadcasts of known achieved Tasks in a bucket
brigade style. The suggested value of achievedTaskCycle is 15. The achievedTaskCycle can be greater than
execMsgCycle since the intent is to help repair knowledge of agents that have lost communications and not
prove that this agent hasn't failed.

The execMsgCycle is the time cycle between broadcasts of ExecutionMsgs. This message is intended
to keep Agents aware of the current cost for a Task, the current estimated achievement time, and prove that the
sender has not failed. The suggested value of execMsgCycle is 5.

The commsTimeout is the timeout for communications. If no Message is received by Agent A from
another Agent B within this time period, then Agent A assumes Agent B has failed and that the Task it was
executing is now uncertain. The suggested value of commsTimeout is 10. The commsTimeout should be
greather than execMsgCycle.
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Basic CBAgent

-TEST _PLANS : boclean = false

-executingSpecGoallD : Unigueldentifier = null
-executingPlan : CBE xecutionPlan = null

-getAssigmentP riority(a ;. AssignmertTask) : int

DEMIRCF Config
(sim: collbing: agents:attibutes)

-audionTimeout : long
-bidTimeout : long
-confirmTimeout ; long

-achievedTaskCyde : long
-execMsgCycle : lang
-comm sTimeout ; long

+assignmentTask Completion{currentT ask © Assignment Task) : void
+endTum() ; void 1 1
+robotCoded) | void

#getTestPian() : GBExecutionPlan

-getPlan{currertTask ;| AssignmentT ask) . CBE xecutionPlan
-processiessages) . void
-processObjectC T owerStatusMessages() | void
-processObjectBT owerStatusMessages) : void

-processB uildingStatusMessages() | void
+estimatefchievementTimeitask : Task, time: long): long

SearcherAgent
#etT estPlan) | CBExe ationPlan

ACAgent
#EgetTestPlan() | CBExecutionPlan

BAgent
#getTestPlan]) : CBExecutionPlan

Hllustration 32: Object Construction Application Agents

3.24 Cost Functions

The application must provide specific demircf.CostFunction implementations that optimize the task
allocation. Illustration 33 below shows the application-specific demircf.CostFunctions and utility classes
used to map them to the correct demircf.Task.

The DistanceToObjectCost is used for all demircf.Tasks except Load-scenario which is not
auctioned and the Find-object-X tasks that use RandomCost. DistanceToObjectCost measures the distance
from the agent to the object pickup location.

The RandomCost is used for the searching Tasks for simplicity's sake.

Note that CostFunction.getCost may need additional parameters to support other types of
implementations. For example, to give the SearcherAgent preference for the search tasks over the agents with
Prods one will need to add the Agent interface as a parameter and endow that interface with additional methods
that can distinguish the agent types. As mentioned in 2.4 How to Use the Framework With OMACS, another
example of additional parameters is that the CostFunction.getCost method may need the other
AgentModels known by DEMiRCF to access their reported locations for a global optimization function that
attempts to minimize the total path length traveled by all agents.

The CostFunctionProvider maps the name of the specification goal (String) to the
CostFunction that should be used for the corresponding demircf . Task.

The CostFunctionxMLUtils and CostFunctionClassUtils are used when reading the XML
configuration file that maps each demircf.Task toits CostFunction.
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demircf

<<Interfac e>>

CostFunction

+getCosaTask - Task, thisAgentlocation : Location) : long
T T
I I
I I
i i
I I
I I
DistanceT o0 bjectCost RandomCost

CostFunctionProvider
-mapping : Map=3String , € ogFunction = = newHashi ap=5ting, CostFundion=()

+addC ogtF unctionispedficationGoallD : String, costFunction : CogtFunction) @ vaoid
+getC ogtF unction (gpecificationGoallD : String) | CogFunction

CostFunctionXMLUtils
+ELEMENT COST FUNMCTION ; String = "cod -function”
+ELEMENT _TASK : Stiing = "task"
+ATTRIBUTE _PACKAGE : String = "package"
+ATTRIBUTE TYPE : String = "type"

-DEBUG : hoolean = false

+loadC ostFundionFileffilename : String) : void

+loadC ostFundionFileffile : Filg) : void

-setup C otk unctions{costFundionList | Modelist): void

-zetup TaskM apping (cogdF unctionClass | Class=7? exends CostFundion= tasklist . Modeligl) . void

CostF unctionClassiHils

~getC ogtFunction ClassidassMName ;| Sting) : Class=7 extends CogF unction=
~g et ogtF unction ConstructoncogtF unctionClass | Class<? extends CostFunction=) : Constructor=? extends CogtF unction=

~new’ ostF unction{congtructor : Congructor=? extends Co=F unction=) : CogFunction
~getClass{dassMame | String) : Class<?=
-instantiate(construdor : Construdor=T=> parameters: Ohjeg )0 T

Hllustration 33: Object Construction Application Cost Functions
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33 Running the Application

The "main" class is sim.collbing.main.Launcher. The main program arguments are listed below.

Argument Type Sample Value
Environment file configs/CollBingEnvironment.xml
Agent file configs/CollBing-Agents.xml
Cost Function file configs/CollBing-CostFunctions.xml

Create a run configuration in Eclipse with these arguments. The environment window will appear as in 3.1
Object Construction Application Description Illustration 16 above. Change the "0" to a higher number if desired
to slow down the simulation (500 in the figure), then click start. An organization window appears for each agent
and the scenario begins to execute.

34 Application Test Results
This section describes the testing performed of individual agent plan and capabilities, the proposed experimental
design, and leaves a section for experimental results to be filled in later. The results are not available because
time ran out to provide the demircf.MessageOutput implementation that would support look up of OMACS

agent, goal, and role objects. Also code must be written to relay the demircf.Message objects to DEMiRCF,
using the AchievedMsg to update GMoDS.

34.1 Testing Plans and Capabilities

As stated in 3.2.3 Agents above, the BasicCBAgent.robotCode method is structured to act as a test harness
for CBExecutionPlans if BasicCBAgent.TEST PLANS and AbstractPlanCode.TEST are set to true.
Each concrete AbstractPlanCode class' doInitialization method has a TEST behavior that hard-wires
the relevant parameters to data consistent with the project Environment file. Select the agent to test by editing
the CollBing-1Agent.xml file. Select the plan to test by editing the agent class getTestPlan method to return
the desired plan.

I tested all plans using the above methodology, in scenarios containing 1 agent.

3.4.2 Experimental Design

We plan to use an experimental design that closely follows Sariel and Balch [2] (pp. 6-7). They used two types
of experiments:

1. Vary rates of message loss.
2. Vary agent failures.

It may also be wise to randomize the placement of the agents and the objects in the environment.
343 Experimental Results

TBD
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