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Preface

Thisreporthasbeendrawn upby projectgroupD3-355at Instituteof ElectronicSystems,

Aalborg University. Thepurposewith theprojectis to achieve anddemonstrateskills in

objectorientedanalysis,designandprogramming.Thereportmainlyapplyto oursuper-

visorandcensorandotherstudentsatAalborg University.

The report contains� ve main partsand an appendix. Four partsconstitutethe docu-

mentationfor analysis,design,implementationandtestof our program.The�fth part is

ourstudyjournalwerewere�ect onourprojectcourseandthemethodsappliedto it. The

appendixcontaintheaccountfor scienti�c theoriesusedin theproject,a descriptionof

partsof theprogamwe have optednot to treatthoroughlyin our analysisanddesignand

sourcecodefor partsof theprogram.

Figuresandtabularsarenumberedin successionaccordingto chapters.To bene�t fully

from readingthis reporta basicknowledgeto themethodOOA&D, UML-notationand

theJAVA programminglanguageis necessary. A java-docdocumentationfor all classes

canbefoundon thefollowing url: http://www.kom.auc.dk/jacmet/javadoc.

Aalborg, 21. december1998

ClausAlbøge

Tonny Gregersen

KarstenJensen

RobertStepien

LarsJochumsenKristensen

MadsGræsbøllChristensen

PeterKorsgaard
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Chapter 1

Preliminary Analysis

1.1 Purpose

The computersystemis intendedfor usein an elevator control systemcompany. The

purposeis to help theusercon�guring, adaptingandtestingelevatorcontrolsystemsin

multiple �oor/elevator buildings, accordingto time ef�ciency, economy, etc. The user

shouldbeableto giveenvironment-speci�cvariablescharacteristicto theactualbuilding,

thusheshouldnot beableto edit themainalgorithmor createa new one,but thesystem

mustenablehim to alter theparametersusedin thealgorithm. To testandmeasurethe

resultsof thecon�gurationwithoutactuallyinstallingthesystemin a building, a simula-

tion of a givenpassenger�o w will beincluded.It shouldbepossibleto changethe�o w

of peoplein thebuilding in orderto simulaterushhours,etc.

1.2 SystemDe�nition

Conditions: A computersystemfor userswith variousquali�cations.

Application domain: Adaptionof an elevator control systemto speci�c environments

by a technician.

Technology: Java-consolebasedonJDK 1.1.6(PC-platform).

Object system: Elevators,passengers,�oors.
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Functionality: Adjustmentandtestof theelevatorcontrolsystemwith a �nite number

of parameters.

Philosophy: Modi�cation andintegration.

This leadsto thefollowing systemde�nition:

The systemis a tool for userswith variousquali�cations to adaptan elevator control

systemto speci�c environments. The tool includesa simulationof both the elevator

systemandthepassengercircuit in it. Theuserwill beableto adjusta �nite numberof

parametersaccordingto anumberof qualitymeasurements.Thecomputersystemmust

supporttheuserin modi�cation andintegrationof theelevatorcontrolsystem.It will

bebasedonaJava-console,andwill runonaPC-platform

1.3 Surroundings

1.3.1 ProblemDomain

Figure1.1: Overview showing thecomputersystemssurroundings.

The computersystemis a systemto testan algorithm,with differentparametersfor an

elevatorcontrolsystem.Thealgorithmsimulatetheelevatormovementin abuilding with

multiple �oors andelevators.
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To measurethe quality of an algorithmyou have to be able to register the travel time

of eachpassengerin thepassenger�o w of thebuilding. This makesit possibleto make

differentstatisticevaluationsof the time usedby the algorithmto move the passengers

to their destination. Using the statisticevaluationsit is possibleto comparethe algo-

rithm with differentparametersandtherebychoosingthemostef�cient con�gurationof

the elevator control system. Figure1.1 shows an overview over the computersystems

surroundings.

1.3.2 Application Domain

Thecomputersystemisatool to �nd themostef�cient con�gurationof anelevatorcontrol

system.It canbeusedin two differentkindsof environments:

� An alreadyexistingbuilding with someprede�nedparametersfor theelevatorsys-

tem.

� A non-existingbuilding withoutprede�nedparametersfor theelevatorsystem.

It is possibleto createa passenger�o w like the onein the building, wherethe elevator

controlsystemis to beinstalled.Thisincludescreatingapassenger�o w thatsimulatesthe

peak�o w of passengersbetweenthe�oors andthetimecycleof thepassengermovement.

When the passengerarrives at the destinationthe travel time is storedfor later usein

thestatisticevaluation. Thenthepassengercontinuesin thepassenger�o w with a new

destinationanddeparturetime. This resultsin a morerealisticsimulationof a passenger

�o w.

The elevator control systemis basedupona generalalgorithm,which canbe adjusted

by the userof the computersystem.The systemspeci�eshow the usercanalter some

parametersandtherebyoptimizethealgorithmthatis usedin theelevatorcontrolsystem.

Theparametersin questionwill be thosede�ning therelationbetweenthewaiting time

for passengerson the�oors andthetravel time in theelevators.If thetravel timefor each

elevatoris reduced,thewaiting timeon the�oors is increasedandviceversa

It is possibleto optimisethe algorithmon the samepassenger�o w using the statistic

evaluationto determinetheparameters

12



1.4 Assumptions

In our work with the simulationwe have madethe following assumptionsin order to

simplify ourproblemdomainmodels:

� Peopledonotusestairs.

� Theelevatorsystemdoesnotbreakdown.

� Theelevatormotoris verysimple.

� Themotorsuppliesconstantacceleration.

� Themovementof theelevatorsis notaffectedby theload.

13



Chapter 2

ProblemDomain

2.1 Structur e

Figure2.1showsthecoherenceof theproblemdomainclasses.

2.2 Classes

2.2.1 Building

The building (Figure 2.2) is an aggregation of the physicalenvironmentin which the

elevatorsystemexistsandthepassengerscirculate.

2.2.2 Control System

Thecontrolsystem(Figure2.3)handlesall input regardingtheelevatorsystemandcon-

trols thedestinationsof theelevators.

To initialize theevaluation,oneof thethreefollowing eventshave to appear:

� Elevatorcalled: Whena passengerinvokesan elevator, the control systemevalu-

atesall schedulesandselects,to which elevatorschedulethedestinationshouldbe

added.

� Elevatorready:Whenanelevatoris emptyandreadyto receiveanew destination,it

sendstheelevatorreadysignalto thecontrolsystem.Thenif thereisany destination

14



Figure2.1: Structurediagram.

pending,the control systemevaluatesandaddsa new destinationto the elevator

schedule.

� Destinationselected:Whenapassengerselectsadestination,from insidetheeleva-

tor, thecontrolsystemevaluatesthelocalelevatorschedule,andaddsthedestination

accordingto thealgorithm.

2.2.3 Schedule

Eachelevatorhasaschedule(Figure2.4)containingfuturedestinations.Only thecontrol

systemcanchangetheschedule.

15



Figure2.2: Building statediagram.

Figure2.3: ControlSystemstatediagram.

2.2.4 Elevator

An elevator(Figure2.5) is a containerthatmovespassengersfrom one�oor to another.

It representsa real-lifeelevatorbut themechanicalpropertiesof theelevatorsystem(e.g.

engine,wires)arealsoembodiedin theelevator.

2.2.5 Floor

Each�oor (seeFigure2.6)consistsof apoolandtwo queues.

2.2.6 Container

Thecontainerclass(Figure2.7)embodiesthegeneralpassengercircuit relatedproperties

of queue,poolandelevatorsuchasmethodsfor moving passengersandlistsof contained

16



Figure2.4: Schedulestatediagram.

passengers.

A queueis a specializationof a container. Passengerswaiting for an elevatorwait in a

queueona �oor . Each�oor containstwo queues,upanddown.

Thepoolsrepresentthewhereaboutsof thepassengers,whenthey arenot in thequeueor

theelevator, beit in anapartment,of�ce, or store.

2.2.7 Passenger

Thepassenger(seeFigure2.8) is theentity thatcirculatesin thebuilding andis usedfor

statisticalevaluation(measurement)of theperformanceof theelevatorsystem.

2.3 Eventsand Classes

Figure2.9shows theeventsandrespectiveclasses.

17



Figure2.5: Elevatorstatediagram.

Figure2.6: Floorstatediagram

Figure2.7: Container(Pool,Queue,Elevator)statediagram.Seealsotheelevatorstate

diagram.
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Figure2.8: Passengerstatediagram.

Events/Classes Schedule Elevator Passenger Queue Pool ControlSystem

Elevatorcalled * *

Elevatorready * *

Elevatorarrived *

Destinationselected * *

Schdulechanged * *

Passengermovedfrom Elevatorto Pool * * *

Passengermovedfrom Poolto Queue * * *

Passengermovedfrom Queueto Elevator * * *

Destinationadded * *

Destinationdeleted * *

Figure2.9: Eventsandclasses.
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Chapter 3

Application Domain

3.1 Actors

Thereis only oneuserof thesystem.Thefollowing goesfor him:

� Purpose

A personwho intendsto adaptthegivencontrolsystemto a speci�c environment

by settingupandsimulatingthepassenger�o w andadjustingtheparametersin the

controlsystemalgorithm.

� Characteristics

Theability to obtainthemechanicalpropertiesof theelevatorsystem(e.g. motor)

andthe building mustbe possessed,alsothe personmustunderstanda statistical

evaluation.

� Example

A technicianwho is going to install the control systemin a building. To make

theelevatorsystemrun ef�ciently hemustadaptthecontrolsystemto thespeci�c

environmentasde�ned by theuser.

3.2 Patternsof usage

Thesepatternsapplyto theuser:

� Adaptation of Algorithm

Before the simulationis started,the physicalpropertiesof the building and the

20



Function Complexity Type

ParameterAdjustment Medium Update

RunSimulation Hard Calculation

Show SimulationResults Medium Read

Figure3.1: Functions

elevatorsystemis enteredandthealgorithmis adjustedto ful�ll demandssetby the

user. Thetimeef�ciency is optimizedthroughchangesmadein �oor prioritiesand

thetravel time for theelevators.

� PassengerFlow Control

Theuserde�nesthestatisticalbehaviour of thepassengers,thusmakingsimulation

of certainbuilding typespossible.

� Statistical Evaluation

After thesimulationhasbeenrun,astatisticalevaluationis presentedto theuseras

ameasurementof theperformanceof thecontrolsystemassetupby theuser. This

evaluationmaye.g.includeaveragetravel timefor eachpassengerandperformance

of eachelevator.

� Iteration

After thestatisticalevaluation,theprocesscanbe iterated,until themostoptimal

con�gurationhasbeenachieved.

3.3 Functions

Figure3.1show thefunctionsandtheir complexity andtype.

3.4 User interface

Theusershouldinteractwith theprogramin connectionwith parameteradjustmentthrough

a graphicaluserinterface. In Figure3.2 it is shown what this GUI may look like. Also

thestatisticalevaluationof thesimulationshouldbepresentedthroughGUI or optionally

onaprinter!
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Figure3.2: Graphicaluserinterface.
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Chapter 4

Preliminary Design

4.1 AnalysisCorr ections

Thefollowing amendmentshavebeenmadeto theanalysis:

� TheclassSchedulehasbeenremovedfrom thestructurediagram.It now existsas

differentattributes(listsof destinations)in severalclasses.

� Two classes,Control SystemOutputandPassengermovement,was found when

restructuringthestatediagrams.

� It hasbeenmademoreexplicit that the control systemandthe simulationof the

passenger�o w areseparateunits.Thesimulationunit (SimElevator)andthecontrol

systemunit areseenasactorsusingtheothersystem.To handlethis interactiontwo

moreclasses,SystemManagerandProtocol,wereadded.

� Thegraphicaluserinterfacehasbeenspeci�ed.

4.2 Criteria

Figure4.1 shows thedesigncriteria. Thepurposeof settingthedesigncriteria is to get

theprioritiesstraightwithin thesoftwaredevelopmentteam.

To minimize the consequencesof possibleerrorsdue to our inadequateknowledgeof

thephysicsof elevatorsystemsthesystemmustbedesigned�e xible by extensive useof

encapsulation.
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Criteria Very important Important Lessimportant Irrelevant Triviality

Useful X

Secure X

Ef�cient X

Correct X

Reliable X

Maintainable X

Testable X

Flexible X

Understandable X

Reusable X

Movable X

Integratable X

Figure4.1: Designcriteria.

Theimportanceof thesystembeingintegratableis basedon thewholeideaof thesimu-

lation- To testacontrolsystemalgorithm,in principleanexternalsystem.
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Chapter 5

TechnicalPlatform

5.1 Equipment

Thesystemis intendedfor useonaPC,but theplatformwill defactobedecidedby JDK

1.1.6compabilityandavailability. It will bedevelopedon PC-UNIX-terminalsusingthe

universityfacilities.

5.2 BasicPrograms

Sun'sJDK 1.1.6will beusedin thedevelopment.Also abasictext editoris required.

5.3 Systemsand Devices

Besidesa PC with standardequipmenta JDK 1.1.6 compatibleJava-console,a GUI-

system,is needed,e.g. Windows 95/98/NT, X11, to run the program. Java Runtime

Environment(JRE)is a Java virtual machinecontainingall youneedto run theprogram.

It canbedownloadedathttp://www.java.sun.com.

5.4 DesignLanguage

Thedesignlanguageis generallybasedonthenotationusedin theOOA&D bookby Peter

Axel Nielsenetal.
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Chapter 6

Ar chitecture

6.1 Componentarchitecture

Dueto thefact that this is a programintendedfor testof a speci�c controlsystemalgo-

rithm the control systemis seenasan independentcomponentwith an interfaceto the

simulatedenvironment.Figure6.1show thisdyarchiccomponentarchitechture.

Thedesignphasethuscontainstwo parts. A part involving thesimulationdomain,and

oneconcerningthecontrolsystem.Thesimulationcomponenthasa systeminterfaceto

thecontrolsystemunitandauserinterface.Thecontrolsystemunithasasysteminterface

to thesimulationcomponent.

Youmustbeableto extractthecontrolsystemunit anduseit in areal-lifeelevatorsystem.

Thedesignof thesysteminterfacesshallmake thispossible.

6.2 Processes

Wehaveoptednot to usemultiple threads.
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Figure6.1: Systemarchitecture.
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Chapter 7

Sim-elevator

7.1 Model Component

7.1.1 Structure

By substitutingiterationsin thestatediagramsof theanalysisdocumentwith classes(or

attributes),we get a new structurediagram,Figure7.4. The processof substitutingthe

iterationsleadto restructuredstatediagrams.

Figure7.1: Restructuredcontainerstatediagram.

7.1.2 PassengerMovement

Figures7.1and7.2,showing therestructuredstatediagramsof thecontainerandpassen-

gerclasses,leadto theconceptionaf a new classcontaininginformationon eachmove-
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Figure7.2: Restructuredpassengerstatediagram.

mentof a passenger, calledPassengermovement.Thisclassis usefulin connectionwith

thestatisticalevaluation.It makesit possibleto reconstructtheexactmovementof agiven

passengerasa functionof time.

� Purpose:Registrationof passengermovements

� Attrib utes: PassengerID, Timeof movement

� Operations: N/A

7.1.3 Passenger

� Purpose:containsdatafor apassenger

� Attrib utes: ID number,groupID, List of movements(referenceto passengermove-

ment),lastmovement,destination,time of departure(whenpassengermovesfrom

pool to queue),Passengerstate(indicatesif passengerhasanew destination)

� Operations: setNewDestination(intDestination)(updatepassengerdestinationand

departuretime),

LogPassengerMovement(doubleActualTime, int ContainerID)(Add an objectof

passengerMovementwith parametersto theendof a list of passengermovements),

getActionTime() (returnspassengerarrival time)

7.1.4 Container

� Purpose:Movepassengersto next container

� Attrib utes: List of Passengers,No. of Passengers,Next Container, ID
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� Operations: MovePassenger(PassengerPassengerToMove)(moveapassengerob-

ject from onecontainerto another),

AddPassenger(PassengerAddPassenger)(Add a passengerto the list of passen-

gers),

DeletePassenger(PassengerDeletePassenger, PassengerTestPassenger)(Deletesa

passenger),

setNextContainer(ContainerSetNextContainer)(referenceto next container),

getContainerID()(returnscontainerID),

getCommand()(returnsthecommandto beexecutedby theobserver)

7.1.5 Elevator

Figure7.3: Restructuredelevatorstatediagram.

In �gure 7.3youseetheiterationElevatorready. It hasbeensubstitutedby anattributein

theelevatorclasscalledstate.

� Purpose:Movepassengersbetween�oors

� Attrib utes: ID number, next destination,list of unprocesseddestinations,state

(ready/notready),maxcapacity, actualcapacity

� Operations: setDestination(intNewDestination)(updateelevatordestination),

setUnprocessedDestinationFlag()( Notify observer (SystemManager)with unpro-
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cesseddestination),

setElevatorReadyFlag()(notify observer (SystemManager)with elevatorready),

7.1.6 Queue

� Purpose:Signalsthatapassengerneedsanelevator

� Attrib utes: Next Container

� Operations: setInvokeElevatorFlag()(notify observer (SystemManager)with call

for anelevator)

7.1.7 Pool

� Purpose:Containpassengerswhenthey'renotcirculatingin theelevatorsystem

� Atrib utes: N/A

� Operations: getNewDestination(PassengerNewPassenger)(notify observer (Des-

tinationManager)to getnew passengerdestination),

getPassengerToMoveObject()(returnsreferenceto thepassengerenteringpool)

7.1.8 Floor

� Purpose:ConnectsthedifferentContainersoneachFloor

� Attrib utes: ID, Referencesto poolsandqueues

� Operations: N/A

7.2 Function Component

Specifyingoperationsandplacingthemin classes,it hasbeenfoundthata functioncom-

ponentis neededin thesimulationunit. Thefunctioncomponentcontainsthreeclasses:

DestinationManager, TimeManagerandStatisticManager.
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Figure7.4: Model componentstructurediagramwith new classes.Note that both the

building modelcomponentandthecontrolsystemcomponentareincluded.

7.2.1 DestinationManager

� Purpose:Setupall passengerswith destinationanddeparturetime,duringinitiali-

sation,givenew passengerdestinationsanddeparturetimesduringsimulation

� Attrib utes: Passenger�o w algorithm

� Operations: N/A
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7.2.2 Time Manager

� Purpose:Managecriticalmoments(eventsin thesimulationlikePassengermoved,

Elevatorarrived,etc.)andexecutenecessarytasksat thesemoments

� Attrib utes: List of Passengerevents,List of Elevatorevents

� Operations: AddPassengerEvent(PoolPoolObject,PassengerPassengerToAdd),

AddElevatorEvent(intElevatorID,doubleActionTime,int Direction)

7.2.3 Statistic Evaluation

� Purpose:Calculatestatisticsandextracttheresults

� Attrib utes: All Passengers

� Operations: CalculateAverage()(Calculateaveragetravel timeper�oor traveled),

CalculateSD()(Calculatestandarddeviation in travel timeper�oor traveled),

calculateCycles()(transformpassengermovementsinto cycles)

7.3 User interface component

7.3.1 Overview

The userinterfaceincludestwo kinds of elements.The simulationis setup througha

numberof windows, andthestatisticresultsof thesimulationareshown in a transcript.

A menu,commonfor all thewindows,allows theuserto navigatebetweenthewindows.

Below is adescriptionof thefunctionalityof themenuitems.

7.3.2 File

New

Activatesthesetupwindows in thefollowing order:Building setup,Elevatorsetup,Pas-

sengersetupandParametersetup.
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Figure7.5: Thepull down menuFiles.

Open

Readthesetupof asimulationfrom adisk. A �le dialogboxwith optionsis shown.

Save

Save thesetupof theactualsimulationonadisk.

saveas

Saveacopy of theactualsimulationonadisk. A �le dialogboxwith optionsis shown.

Exit

Exit theprogram.

7.3.3 Setup

Building

Opensthewindow, wherethesetupfor Building is speci�ed.Allowschangesto bemade

in theBuilding setup.
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Figure7.6: Thepull down menuSetup.

Elevator

Opensthewindow, wherethesetupfor Elevatoris speci�ed.Allowschangesto bemade

in theElevatorsetup.

Passengers

Opensthewindow, wherethesetupfor Passengeris speci�ed.Allowschangesto bemade

in thePassengersetup.

Parameter

Opensthewindow wheretheparametersfor thealgorithmarespeci�ed.Allowschanges

to bemadein theParametersetup.

Statistics

Opensthewindow wherethesetupfor thecalculationof statisticsis speci�ed.

7.3.4 Simulation

Start

Opensthewindow wheretheperiodto besimulatedis setandthesimulationis started.
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Figure7.7: Thepull down menuSimulation.

Stop

Stopsa runningsimulation.

7.3.5 Statistics

Figure7.8: Thepull down menuStatistics.

Show Statistics

Showsa transcriptof theresultsof thecalculationof thestatistics.
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7.3.6 Help

Figure7.9: Thepull down menuHelp.

About

Opensthewindow with programinformation.

7.4 Systeminterface component

7.4.1 SystemManager

� Purpose:Managetheexchangeof databetweenSim-ElevatorandtheProtocolin

theControlSystemUnit

� Attrib utes: Objectsof Building, TimeManager, Elevator, QueueandProtocol

� Operations: N/A
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Figure7.10: Navigationdiagramfor theuserinterface.Thediagramshows threetypical

statesfor themainwindow on a vertical time axiswith theearlierstateson top andthe

laterdownwards.In thelaterstatesoptionsin theearlierarestill intact.This is notshown

onthediagram.
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Chapter 8

Control System

8.1 Model Component

8.1.1 Structure

Thestructureof thecontrolsystemmodelcomponentis depictedin Figure7.4.

8.1.2 Control System

� Purpose:Addsandremovesdestinationsfrom listsof destinations,evaluatesorder

of elevatormovements

� Attrib utes: State,List of MoveableDestinations,List of ControlSystemoutput

� Operations: AddMovableDestination(DestinationDest,ElevatorInfo[] ElevatorIn-

formation)(Addsanew movabledestination(passengerdestinationsin queue)),

AddStaticDestinations(Addsa new List of StaticDestinations(passengerdestina-

tionsin elevators)),

DeleteDestination(DestinationDest,int ElevatorNumber,ElevatorInfo[]ElevatorIn-

formation)(Deletesa destination)

8.1.3 Control SystemOutput

By restructuringthe control systemstatediagram(seeFigure8.1) we get a new class

calledcontrolsystemoutput.Theclasscontainstheresultof theevaluationalgorithmin
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Figure8.1: Restructuredcontrolsystemstatediagram.

thecontrolsystemin theform of listsof destinationsfor theelevators.

� Purpose:Supplythecontrolsystemwith methodsto calculatenew destinationsfor

theelevators

� Attrib utes: List of staticdestinations,List of sorteddestinations

� Operations: addMovableDestination(DestinationDest, ElevatorInfo ElevatorIn-

formation)(addsthegivenmovabledestinationto theControlSystemOutputobject

at thepositionwhichgivesthelowestTimeValueandfollowsthegivenguidelines),

addStaticDestination(DestinationDest)(addsthegivenstaticdestinationto theCon-

trol SystemOutputobject),

setScheduleChanged()(notify observer(Protocol)with schedulechanged),getNewDes-

tination()(returnsnew elevatordestination)

8.2 Function Component

Thecontrolsystemmaincomponentdoesnot containany functioncomponent,all func-

tions are implementedthroughthe systeminterfacecomponentor arecontainedin the

modelcomponent.
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8.3 SystemInterface Component

8.3.1 Protocol

� Purpose:Managetheexchangeof databetweenSim-elevatorandthecontrolsys-

tem

� Attrib utes: N/A

� Operations: addMovableDestination(DestinationDest,doubleActionTime) (add

destinationsfor passengersin elevators),

addStaticDestination(ListOfDestinationsDestinationList,int ElevatorNumber,double

ActionTime,doubleArrivalTime)(adddestinationsfor passengersin queues),

setScheduleChanged()(notify observer(SystemManager)with schedulechanged),

getNewDestination()(returnsnew elevatordestination),getNewActionTime() (re-

turnstheelevatorarrival time),

setElevatorReady(doubleActionTime,intElevatorNumber)(updateElevatorReady

�ag),
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Chapter 9

Program Flow

9.1 CreatePassenger

Figure9.1.

Whenthesimulationis startedanobjectof theclassDestinationManageris instantiated.

Themovementof thepassengeris de�ned for groupsof passengersthroughthesetupin

theuserinterface.

1. Call setDestinationin Passengerto setthe�rst passengerdestination.

2. Call addPassengerin Poolto addthepassengerto list of passengers.

3. Call addPassengerEvent in TimeManagerto addthepassengerto list of passenger

events.

Figure9.1: Createpassenger.
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Figure9.2: Passengerevent.

9.2 PassengerEvent

Figure9.2.

Passengerdeparturetime.

1. Call setNextContainerin Poolto setthenext container.

Call movePassengerin Poolto movethepassenger.

2. Call addPassengerin Queueto addthepassengerto list of passengers.

Call setInvokeElevatorFlagin queueto invokeanelevator.

3. Notify observer (SystemManager)with setInvokeElevatorFlag.

4. Call getContainerIDin Containerto getthe�oor numberfor theinvokation.

5. Call addMovableDestinationin Protocolto gettheinvokationprocessed.

6. Call addMovableDestinationin ControlSystemto getthedestinationaddedto list

of elevatordestinations.

7. If the �rst destinationin list of elevator destinationsis changed:call setSched-

uleChangedin ControlSystemOutput.

8. Notify observer (Protocol)with setScheduleChanged.

9. Call getNewDestinationin ControlSystemOutputto getthenew elevatordestina-

tion.
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Figure9.3: Elevatorevent.

10. Notify observer (SystemManager)with schedulechanged.

11. Call getNewDestinationin Protocolto getthenew elevatordestination.

12. Call setDestinationin Elevatorto setthenew elevatordestination.

13. Call getNewActionTimein Protocolto gettheelevatorarrival time.

14. Call addElevatorEventin TimeManagerto addthenext elevatorarrival time.

9.3 Elevator Event

Figure9.3.

Theelevatorarrivesata �oor .

1. Call MovePassengerin Elevatorto unloadandloadpassengers.

2. Call addPassengerin Poolto addthepassengerto list of passengers.

3. Notify observer (DestinationManager).

4. Call getPassengerToMoveObjectin Pool
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5. Call getActionTimein Passengerandcalculatethenew destination.

Call setNewDestinationin Passengerto setthenew destinationanddepaturetime.

6. Call addPassengerEventin TimeManagerto addthepassengereventto list of pas-

sengerevents.

7. Call movePassengerin Queueto loadthepassengerfrom thequeueto theelevator.

8. If passengersareloadedcall setUnprocessedDestinationFlagin Elevator.

If nopassengersareloadedcall setElevatorReadyFlagin Elevator.

9. Notify observer (SystemManager)with eithersetElevatorReadyFlagor SetUnpro-

cessedDestinationFlag.

10. If setElevatorReadyFlag(9)

Call getCommandin Elevator. getCommandreturnsElevatorReady.

If setUnprocessedDestinationFlag(9)

Call getCommandin Elevator. getCommandreturnsUnprocessedDestination.

11. If setElevatorReadyFlag(9)

Call setElevatorReadyin protocol.

If setUnprocessedDestinationFlag(9)

Call addStaticDestinationsin protocol.

12. If setElevatorReadyFlag(9)

Call deleteDestinationin ControlSystemto deletetheelevatordestination.

If setUnprocessedDestinationFlag(9)

Call addStaticDestinationsin ControlSystemto addthe passengerdestinationsto

thelist of elevatordestination.

13. If setElevatorReadyFlag(9)

Evalautethe list of destinationsandcall setScheduleChangedin Control System

Output.

14. If setUnprocessedDestinationFlag(9)

Evalautethe list of destinationsandcall setScheduleChangedin Control System

Output.
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15. Notify observer (Protocol)with schedulechanged.

16. Call getNewDestinationin ControlSystemOut to getthenew elevatordestination.

17. Notify observer (SystemManager)with schedulechanged.

18. Call getNewDestinationin Protocolto getthenew elevatordestination.

19. Call setDestinationin Elevatorto setthenew elevatordestination.

20. Call getNewActionTimein Protocolto gettheelevatorarrival time.

21. Call addElevatorEventin TimeManagerto addthenext elevatorarrival time to list

of elevatorevents.
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Part iii

Implementation
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Chapter 10

Implementation

Thischapterdescribesthestepstakento convert thedesigninto aJAVA program.

Theprogramonly usesclassesandmethodesfrom Sun's JDK 1.1.6.

Thismakesit possibleto executetheprogramondifferentplatforms.

Thisversionof theprogramis testedsuccesfullyonbothaPC-andaUNIX platform.

Theuseof standardJDK classesmakestheprogramableto loadandsave �les usingthe

�le dialogimplementedin theplatform.

Therearedifferentwaysof implementingtheprogram.Theorderof theimplementation

determinetheamountof extrasourcecodeto beimplementedin orderto testthe

differentclassesasthey areimplemented.A combinationof earlyuserinterface

andbutton-upimplementation,givesagraphictestplatformandasmallamountof

extra test-sourcecodeto beimplemented.

Somepartsof theprogramhave not beenimplemented,speciallypartsof theGUI have

beenlet out. E.g.only four passenger�o wshavebeenimplementedthoughthis is enough

to show the funtionality of the program. The edit function in the GUI is not neededto

show the functionalityof theprogramandthereforenot implemented.Thestatisticpart

of thesimulationis not fully graphiclyimplemented.

10.1 ClassStructur e

Thedifferentclassesdescribedin thedesignchapteris implementedby themembersof

thegroup.Eachmemberis responsiblefor theimplementation

of anumberof classes.To makesurethecommunicationbetweentheclassesis

51



in agreementwith thedesign,eachpublicmethodweredesignedwith acontractde�ning

whatis requiredandwhathasto beinsuredthroughthecommunicationandfunctionality

of themethod.

By ful�lling thesecontractsit shouldbepossibleto implementall theclasses

into oneprogram.

Theorderof implementationis asfollows:

� Userinterface

� Modelcomponent(Simulation)

� Modelcomponent(Controlsystem)

� Functioncomponent

� Systeminterfacebetweenthesimulationandthecontrolsystem.

10.2 User Interface

Theuserinterfaceis controlledby theuseof pulldown menusandconsistof a

numberof windowsto changethesetupof theprogram.

Figure10.1:UserinterfaceComponent.

52



Eachmenuitem is implementedas a class. (SeeFigure 10.1) This makes it easyto

implementandtestonewindow ata time. Each

window is anunit with its own actionlistener, this makesit possibleto addor remove a

window withouttoomany changesin theotheruserinterfaceclasses.Theclasscontaining

aGUI interfacehasthe

responsibilityof saving the dataspeci�ed on the GUI. The classDataContainerkeeps

trackof all parametersspecifyingasimulation.

The parametersfrom BuildingSetupis saved as attributesto the DataContainerclass.

Thesedatais usedto limit someof the otherparameterse.g. StartFloor of a passen-

geris limited to thenumberof

�oors in the building. The parametersof the elevators(ElevatorSetup)is saved in an

array of ElevatorDataobjects,one for eachelevator in the building. The array is an

attributeof theclassDataContainer. Theparametersof theParameterSetupareattributes

of ElevatorDatatooandwill beaddedto eachElevatorDataobject.

The most complex GUI is the PassengerSetup.It consistof two windows. The �rst

GUI of thePassengerSetupis usedto specifythegroup.ThesecondGUI dependon the

typeof travel performedby thepassengersof thegroup. This GUI is baseduponthree

GUIscontainingspeci�cationof thepassengerstimetable,andthreeGUIscontainingthe

speci�catonof thepassengerstravel table.ThesecondGUI consistsof a timetablein the

upperpartof theGUI anda travel tablein the lower part. By combiningthesesix half

partGUIs, it is possibleto show ninedifferentGUIs. Eachoneof thenineGUIs got its

own dataclasswith attributesspeci�ed for theparametersof theGUI. Thedataclasses

aresavedin form of a linkedlist andrepresentedat thebottomlevel in Figure10.2.

TheclassesSetupSpinText andSetupSpinTextDoublearetwo componentsusedasinput

controlsin the setupGUIs, thesecomponentsusesstandardJAVA components.Read-

ObjectFileandWriteObjectFilearetheclassesthatcontrolstheaccessof thesetup�les.

The classSimElevator andInitMenu is usedto generateandcontrol the main window.

RunSimulationis resonsiblefor theexecutionof ansimulation.

Whentheuserinterfaceis implementedit is possibleto usethis to instantiatetheclasses

of themodelcomponentandtesttheinstantiationof theclasses.This will minimizethe

amountof sourcecodeusedto testtheclassesof themodelcomponent.
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10.3 Model Component(Simulation)

It is importantto implementtheclassesof themodelcomponentearly in theimplemen-

tationphase,becausetheseclassesareusedin thetestof thefunctioncomponentclasses.

It is very importantthat thecontractsbetweenthemethodsareful�lled. This makesthe

connectingof theclasseseasier. Theuseof button-upimplementationmakesit possible

to usethe testedclassesof themodelcomponentwhenimplementingtheclassesof the

functioncomponent.Themodelcomponentis dividedin two, a modelcomponentof the

simulationandthemodelcomponentof thecontrolsystem.Thesimulationpartcontains

theclassesof thesystemthatusesthecontrolsystemto circulatein thebuilding.

10.4 Model Component(Control System)

It is possibleto look uponthecontrolsystemasasmallpartof theentireprogram.Using

the userinterfaceto setupthe control systemandrede�ning someof the menuitemsit

is possibleto testthecontrolsystem.Thedatafrom thesetupwindows combinedwith

thealreadyimplementedclassescanbeusedto checkif theprogramis workingproperly.

Whenusing alreadyimplementedand testedclassesto test the implementationof the

controlsystemclassesit is possibleto makeamorecompletetestof theuserinterfaceand

minimizethechancesof makingtestcodewith bugs.

10.5 Function Component

Theimplementationof thefunctioncomponentclassesstartswhentheimplementationof

themodelcomponentclassesis in the �nal state(testof the functionalityandcontract).

The �rst classof the function componetto be implementedis the DestinationManager.

Thisclassmakesit possibleto createthepassengersandplacethemontheright �oor .

Thenext classto implementis SystemManager. TheSystemManageris special,because

it is an observer of the classesQueue,Elevator andProtocol. The purposeof the Sys-

temManagerclassis to ensureencapsulation.It is necessaryto implementtheSystem-

Managerasthreeclasses(SystemManagerObserverForQueue,SystemManagerObserver-

ForElevatorandSystemManagerObserverForProtocol),eachof theseclassesin theSys-

temManagerareobservers. At this time in thetotal implementationphase,it is possible
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to testtheimplementationin away, thatmakesapassengercapableof travelingfrom one

�oor to another, with theuseof anelevator.

Thelastof thefuntioncomponentclassesis theDestinationManager. WhentheDestina-

tionManageris fully implementedthepassengeris capableof obtaininganew destination

anddeparturetime.Thisendthecycleof thepassenger�ow. TheDestinationManagergets

theinformationaboutthepassenger�o w for apassengerfrom theDataContainer.

Thestructureof thepassenger�o w in theDataContaineris asshown in Figur10.2.Each

passengers�o w is de�ned in DataPassengerFlow. The DataPassengerFlow hasan at-

tribute of the type Group. The classGroupis an abstractclasscontainingtwo abstract

methods(getNewTimeandgetNewDestinaton).

TheclassesGroupGetTypeSpeci�cTime andtheotherclasseson thesamelevel inherits

from theclassGroupandthey alsoimply themethodgetNewTime.

TheclassesGroupGetTypeSpeci�cTimeAndOneFloorandtheotherclasseson thesame

level inheritsfrom theclassesonthelevel aboveandinheritsthemethodgetNewDestina-

tion.

GetNewDestinationhasto becalled�rst, becauseit getstheinformationfromdataclasses

placedon thebottomlevel of thedatastructure.

Becauseall of thegetNewTimeis calledwith thesametypeof parametersit is posibleto

overloadthemethodgetNewTimein Group.

Thesameappliesto themethodgetNewDestination.

Theimplementationis at this time in a �nal state.

Now it is possibleto try thedifferenttypesof passenger�ow.

10.6 SystemInterface

Thesysteminterfacebetweenthesimulationandthecontrolsystemconsistsof theSys-

temManagerandtheProtocol.It is basedon theuseof thedesignpatternObserver. The

SystemManageris implementedastheProtocolsobserver andcontrolsthecommunica-

tion betweenthesimulationandthecontrolsystemthroughtheProtocol.Thepurposeof

theProtocolis to actasconverterbetweentheelevatorandthecontrolsystem.Depend-

ing on how advancedtheelevator is theProtocolmustcontainmethodsto calculatethe

informationneededfor thecontrolsystemto determinethe�o w of theelevators.
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Figure10.2:DataClassStructure.
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Chapter 11

Test

11.1 TestStrategy

As an overall teststrategy it hasbeendecidedthat eachprogrammeris responsiblefor

the testof theclasseshehasprogrammed.In theprocessof integrationtestshave been

performed“bottom up”, that is classesin themodelcomponentweretestedthouroughly

beforeintegratedwith theclassesin the functioncomponent.This procedurewerethen

repeatedbeforeintegrationwith theuserandsysteminterfaces.Finally thetwo mainparts

of theprogramwerecombinedandtestedupagainsteachother.

11.2 White Box

11.2.1 Method

Theprincipleof awhiteboxtestis thatyouidentifyall possibleindependentpathsthrough

agivenmethodandusethemastestcases.

This testmethodis very extensive andtime-consuming.Thuswe have not beenableto

useit throughoutthe whole program. We have, however, performedit thouroughlyon

a singlesequenceof themovePassengermethodin theElevatorclassto demonstratethe

principle.
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11.2.2 Elevator.movePassenger

Thefollowing is a partof themethodmovePassengerin Elevator. We presumethat the

variableNextDirectionis Undecided:

if (NextDirection == UNDECIDED)
�

if (!CurrentFloor.getUpQueue().isEmpty() &&

!CurrentFloor.getDownQueue().isEmpty())
�

if (CurrentFloor.getUpQueue().getFirstPassenger().getDepartureTime() �

CurrentFloor.getDownQueue().getFirstPassenger().getDepartureTime())

NextDirection = UP;

else

NextDirection = DOWN;
�

else
�

10

if (CurrentFloor.getUpQueue().isEmpty() &&

CurrentFloor.getDownQueue().isEmpty())
�

setElevatorReadyFlag();
�

else
�

if (CurrentFloor.getUpQueue().getNoOfPassengers() �

CurrentFloor.getDownQueue().getNoOfPassengers())

NextDirection = UP;

else

NextDirection = DOWN; 20
�

�

�

11.2.3 Flow Graph

Basedon the sourcecodethe possiblerami�cations of the methodmovePassengerare

displayedin Figure11.1,eachnodereferingto a line in thecodeandthearrowsbeingthe

transitionto thenext line.
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Figure11.1:Flow graphof Elevator.movePassenger.

11.2.4 Indenti�cation of IndependentPaths

Therearevariouswaysto indentify thedifferentindependentpaths,thenumberof inde-

pendentpathsbeing ������� :

� Counttheregions(theR's),giving �������	��
 .

�

���
�������������������������� !�#"%$&�('!
)�*���)�!�+�,�-'/.)������ !�0"1$&��
 .

�

���
�����2�)�*3547684:9;�*<=4>���?�@"�'A�CBD���*35476E4>9F�D<=4>���?�,"�'A��
 .

Figure11.2.4showstheindependtpathsof themethod.
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TestCase Path
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Figure11.2:Theindependentpathsof Elevator.movePassenger.

11.2.5 TestCases

Thefollowingtestcasescompletesawhiteboxtestof Elevator.movePassenger. All details

arenot included.

Onceagain,wepresumethatNextDirectionis UNDECIDED.

Theresults(NextDirection,setInvokeElevatorFlag)of eachtestcasecanbeobtainedby

substituting(orNextDirectionandsetInvokeElevatorFlagwith System.out.println(<string>).

Case1

PassengerKarsten= new Passenger(1,355);

PassengerTonny = new Passenger(2,355);

Floor A5 = new Building(NoOfElevators, NoOfFloors);

Karsten.setDepartureTime(60);

Tonny.setDepartureTime(90);

A5.getFloor(ThisFloor).getUpQueue().addPassenger(Karsten);

A5.getFloor(ThisFloor).getDownQueue().addPassenger(Tonny); 10

A5.getElevator(ThisElevator).setDestination(ThisFloor);

A5.getElevator(ThisElevator).movePassenger(TimeOfMovement);

Case2

PassengerKarsten= new Passenger(1,355);

PassengerTonny = new Passenger(2,355);
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Floor A5 = new Building(NoOfElevators, NoOfFloors);

Karsten.setDepartureTime(90);

Tonny.setDepartureTime(60);

A5.getFloor(ThisFloor).getUpQueue().addPassenger(Karsten);

A5.getFloor(ThisFloor).getDownQueue().addPassenger(Tonny); 10

A5.getElevator(ThisElevator).setDestination(ThisFloor);

A5.getElevator(ThisElevator).movePassenger(TimeOfMovement);

Case3

Floor A5 = new Building(NoOfElevators, NoOfFloors);

A5.getElevator(ThisElevator).setDestination(ThisFloor);

A5.getElevator(ThisElevator).movePassenger(TimeOfMovement);

Case4

PassengerKarsten= new Passenger(1,355);

Floor A5 = new Building(NoOfElevators, NoOfFloors);

A5.getFloor(ThisFloor).getUpQueue().addPassenger(Karsten);

A5.getElevator(ThisElevator).setDestination(ThisFloor);

A5.getElevator(ThisElevator).movePassenger(TimeOfMovement);

Case5

PassengerTonny = new Passenger(2,355);

Floor A5 = new Building(NoOfElevators, NoOfFloors);

A5.getFloor(ThisFloor).getDownQueue().addPassenger(Tonny);

A5.getElevator(ThisElevator).setDestination(ThisFloor);
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A5.getElevator(ThisElevator).movePassenger(TimeOfMovement);

NotethatthesetestswereperformedbeforetheSimElevatormodel,functionandsystem

interfacecomponentswereintegrated.No couplingexistedbetweenthecomponentsand

theconstructorsweresimplerthanthe�nal ones.

11.3 Black Box

11.3.1 Method

Mostof ourprogramhasbeentestedby theblackboxmethod.

11.3.2 Performing The Test

Thefollowing is thesourcecodeusedfor theblackbox testof theSimElevatormodel-

component.Themainpurposeof thiscomponentis circulationof passengers.

class Test
�

public static void main(String[ ] args)
�

���

Create building and passengers

Building A5 = new Building(1,3);

PassengerKarsten= new Passenger(666,1);

PassengerTonny = new Passenger(4,1);

PassengerLars = new Passenger(9,1); 10

PassengerClaus = new Passenger(13,1);

���

Circulate passengers

Tonny.setNewDestination(2);

Karsten.setNewDestination(2);

Lars.setNewDestination(3);

Claus.setNewDestination(2);

A5.getElevator(0).setDestination(1); 20

A5.getElevator(0).setNextDirection(ELEVATOR.UP);
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A5.getFloor(1).getPool().addPassenger(Tonny);

A5.getFloor(1).getPool().addPassenger(Claus);

A5.getFloor(1).getPool().addPassenger(Karsten);

A5.getFloor(1).getPool().addPassenger(Lars);

A5.getFloor(1).getPool().movePassenger(Tonny,1);

A5.getFloor(1).getPool().movePassenger(Karsten,2);

A5.getFloor(1).getPool().movePassenger(Claus,3); 30

A5.getFloor(1).getPool().movePassenger(Lars,1);

A5.getElevator(0).movePassenger(4);

A5.getElevator(0).setDestination(2);

A5.getElevator(0).movePassenger(7);

Claus.setNewDestination(1);

Tonny.setNewDestination(1);

40

A5.getFloor(2).getPool().movePassenger(Tonny,8);

A5.getFloor(2).getPool().movePassenger(Claus,8);

A5.getElevator(0).setDestination(3);

A5.getElevator(0).setNextDirection(ELEVATOR.DOWN);

A5.getElevator(0).movePassenger(10);

A5.getElevator(0).setDestination(2);

A5.getElevator(0).movePassenger(12);

50

A5.getElevator(0).setDestination(1);

A5.getElevator(0).movePassenger(15);

���

Verify movementof passengers and elevator

for (int i = 0; i � A5.getElevator(0).getMovementArray().length; i++)

System.out.println("ELEVATOR: Ankomst kl. " +

A5.getElevator(0).getMovementArray()[i].getTimeOfMovement()+

" til " +A5.getElevator(0).getMovementArray()[i]. getContainerID()+ 60

". etage" );
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for (int i = 0; i � Karsten.getMovementArray().length; i++)

System.out.println("KARSTEN: Flytning kl. " +

Karsten.getMovementArray()[i]. getTimeOfMovement()+

" fra " +Karsten.getMovementArray()[i] .getContainerID());

for (int i = 0; i � Tonny.getMovementArray().length; i++)

System.out.println("TONNY: Flytning kl. "

+Tonny.getMovementArray()[i].getTimeOfMovement()+ 70

" fra " +Tonny.getMovementArray()[i].getContainerID());

for (int i = 0; i � Lars.getMovementArray().length; i++)

System.out.println("LARS: Flytning kl. "

+Lars.getMovementArray()[i].getTimeOfMovement()+

" fra " +Lars.getMovementArray()[i]. getContainerID());

for (int i = 0; i � Claus.getMovementArray().length; i++)

System.out.println("CLAUS: Flytning kl. "

+Claus.getMovementArray()[i].getTimeOfMovement()+ 80

" fra " +Claus.getMovementArray()[i].getContainerID());

���

Calculate statistics

StatisticManagerBigBrother = new StatisticManager();

A5.endSimulation(BigBrother);

BigBrother.calculateCycles();

90

System.out.println("Gennemsnitlig rejsetid per rejst etage: "

+BigBrother.calculateAverage());

System.out.println("Spredning: " +Math.sqrt(BigBrother.calculateSD()));

System.out.println("Antal rejser: " +BigBrother.getNoOfCycles());

� � �

main
� � �

Test

Theoutputis thencomparedto theexpectedresults.

By substitutingall notify(this)with somethinglikeSystem.out.println("InvokeElevator");

theoutgoingsignalsto thefunctionandinterfacecomponentsaretested.
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Study Journal
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Chapter 12

Study Journal

This Studyreportis intendedto explain theorigin of this projectaswell assumop the

mostimportantselectionsanddecisionsduringthedevelopingprocess.Furthermorethe

usedmethodsandprogrammingtoolswill becommentedto make a basisto evaluatethe

experiencesin objectorientedanalysis,designandprogramming.

12.1 Method

The methodusedin this softwaredevelopmentprojectis ObjectOrientedAnalysisand

Design(OOAD). During the coursein OOAD we used[3]. The purposeof the course

wasto learnhow to think objectorientedandanalyseanddesignby thatmethod.

A shortcommentto theOOAD book,is thelagof examplesof dynamicprograms,simu-

lations,etc.It showsonlyadministrativeprogramslikeelectronicschedules,whichmakes

it dif�cult to abstractfrom thebookexamplesto ourprojectwhichis alittle morecomplex

aswesimulateadynamicenvironmentwith moving passengersandelevators.

12.2 Programming Tools

With referenceto thePE-courseObjectOrientedProgramming(OOP),thesource-code

for the programhave beenwritten in the objectorientedprogramming-languageJAVA,

beingspeci�c JDK v. 1.1.6,asthis is theversionusedin theOOP-course,andavailable

on thecomputersystematKOM-departmentonAalborg University.

The literatureusedin the courseis "Java Software Solutions,Foundationof Program
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Design", [5] by JohnLewis and William Loftus. As supplementalliteraturewe have

receiveddocumentsaboutdesignpatterns[2], threads[1], tests[7] andcontracts[6].

Consideringthedif�culties in creatingthegraphicaluserinterfacewemighthaveobtained

greatadvantageby usingSwing(integratedin JDK 1.2.0)which is a GUI componentkit

thatsimpli�es thedevelopmentof window componentsin JAVA.

12.3 The Working Process

12.3.1 Time Schedule

During the projectperiod,we have not useda speci�ed time plan, but a calendarwith

milestonesanddeadlines.This typeof planhave beensatisfyingfor all membersin the

group,andtherehave not occurredany kind of problemsrespectingthe deadlines.To

make a few commentsto our plan,we might have disposedmoretime to theimplemen-

tationandtesting.But we decidedfrom thebeginningto spendquitea lot of time to get

acquaintedwith themethods,furthermorewe used3 weeksof our projectperiodon the

mini-projectin the"AnalogElektronik"coursewhichdemandedour full attention.

12.3.2 Group Decisions

The Grouphave worked asa democraticgroup,but the decision-makingprocesshave

beencharacterizedby listening to thosewith experiencein a speci�c �eld. This type

of decision-makinghave especiallyin thedesignphasebeenpracticedaswe distributed

the work to singlepersonsor small subgroups.Thenis wasup to the person(s)in the

subgroupsto designpartsof thesystem,thusthey shouldobservecertainrulesandspeci-

�cations setby thewholegroup.

12.4 Choosingthe Project

Fridaythe4thof Septemberall studentsin theD3 - ComputerEngineeringsemesterhad

to chooseamainproject.Thethemeof all projectswas,dueto anexemptionof thestudy

arrangementmiddleof 97, controllingof dynamicsystemse.g.. traf�c lights, elevators,

network traf�c, etc. As this projectgrouphadworked togetherin former projects,we

madea brie�y discussion,anddecidedthatwe did not wantto do a projectwhich would
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demandalot of specializedknowledge(wetriedthatlastsemester),but a"simple"project

sowecoulddevotethissemesterto learningOOPandOOAD. ThereforewechosetheEl-

evatorControlsystemprojectaswesaw thisasamoresimpleprojectthane.g..computer

network traf�c controllingwherewe �rst hadto learnaboutcomputernetwork protocols

thatmighthavemeantlearningalmostevery rfc-document!

12.5 Analysis

After choosingtheproject"ElevatorControlsystem",we startedto do the�rst exercises

in theanalysisphaseaccordingto theOOAD course.

12.5.1 De�ning The System

First thing to do wasde�ning the basesystem,andthensetupsomecriteria explaining

how the systemshouldwork, e.g. what tasksthe userof the systemshouldbe able to

accomplish,what philosophyand idea to be underlyingthe system,etc. The project

grouphadnearlysimilar thoughtsaboutwhat thesystemshouldlook like, thuswe had

quitedifferentopinionswhetherthesystemshouldbecentralor decentralcontrolled.The

majoritydecidedcentralcontrol,with theargumentthatwewantedthecontrolsystemto

beanentireunit, that is thecontrolsystemfor all timesshouldkeeptrackof andknow

everythingaboutall elevators.

Thefactthatthereis notanactualuserof ourprogram,mightseemto havemadeit easier

to develop the elevator control system,but actuallyit hasunnecessarycomplicatedthe

analysisof the problemdomain,becausewe have spenta lot of time discussingthings

aboutthe elevator control systemthat would have beengiven if we hadan actualuser

(e.g.elevatordesign).

To sumop theanalysisphase,we plannedthebasicfunctionalityof thesystem.Perhaps

we shouldhave split the programin two parts,a control systemanda simulationeach

with correspondinginterfaces.If wehaddonesowecouldhavedividedtheprojectgroup

into two, onedesigningthe simulationandthe otherdesigningthe control system. By

doingthiswecouldhave takenmoreadvantageof theresourcesin thegroup.
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12.6 Design

Whenweenteredthedesignphasewestill hadto �nish someminor thingsin theanalysis

document.But not morethanwe couldstartdesigningtheprogram.First of all we had

to setup somedesigncriteriaspecifyingwhetherthesystemshouldbesecure,ef�cient,

reusable,etc.

12.6.1 Criteria

As we weregoing to make a control systemto an elevator systemtherewerespeci�c

criteriawe hadto give higherpriority thanother. Speciallywe wantedthesystemto be

integratable,aswe wantedto beableto take out thecontrolsystemanintegrateit in an

existingbuilding. Ontheotherhandwedid notwantaverysecuresystemasit shouldrun

onastand-alonecomputer. All in all wewanteda�e xible andreliablesystem,whichwas

easyto maintain.Furthermoreit shouldberathereasyto make someteston it, because

wehadto simulatethepassenger/building environment.

During the designphasewe couldhave usedsomeexperiencein programmingin Java.

This would have madeus ableto includesomeof theJava speci�c partse.g. observers

andtherebyavoiding inconsistencebetweendesignandimplementation.Furthermoreit

wouldgenerallyhavemadeit easierto designtheprogram.

12.7 Implementation

Theimplementationphasehasbeenthemosthecticperiodin theproject,assaidearlierin

this chapter, we couldhave usedmoretime to implementtheprogram.Beforewe began

to write thesourcecodewe satdown andwrotesomesimplecontracts,telling what the

differentpiecesof theprogramshouldrequire,containandensure.Thenwe dividedthe

tasksamongsinglepersonsor subgroupslettingeachonedecidehow thecodeshouldbe

implemented.It showedout, thatit might havebeena goodideato usea little moretime

makingthecontracts,thuswewerenotableto write all thecodefrom thecontractsonly.

But it wasa stepin the right direction,andwe learnedthat it is de�nitely a necessary

processto completebeforemakingprogramsbiggerthanthis. Neverthelesswe learneda

greatdealaboutteamwork, supportingoneanotherto gettheinformationneededto write

thepiecesof theprogramin a waythatmadeit possibleto integrateall partseasily.
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The graphicaluserinterfaceis not implementedusingcontracts.Fortunatelywe heard

rumorsthat it is a little tricky gettingthegraphicaluserinterfaceto look asintended,so

webeganworkingonit at theendof thedesignphase.Thisshowedout to beagoodidea,

becauseit turnedout thattherumorsabouttheGUI weretrue. We might have beenable

to savesometimeif wehadusedSWING,but wedecidednot to dothis,becauseSWING

only existedasanbetaversionwhenwebeganto implementtheprogram.

By letting thesubgroupsdecidefor themselveshow they shouldimplementthecodere-

sultedin makingsomeminor new classesandmethods,which werenot describedin the

analysisanddesigndocuments.Thishappenedbecausewewasnotawareof theneedfor

theseclassesandmethodsto realizetheprogramparts.Anywaymostof theseclassesand

methodsareprivateandthereforthey cannotbeseenfrom otherobjects.

12.8 Testing

During the implementationphasewe actuallydid someof the testing. First of all, the

syntaxandsemanticfailureshadto be �x ed,so theprogrampartscouldcompile! Then

we hadto setup sometestroutinesto checkwhether, thepartswouldact likewe wanted

to. As theprocesswenton moreandmorepartsof theprogramcouldbejoined,andwe

couldmake furtherteststo seeif thepartscouldwork together.

This kind of testingcanonly beconsideredasa basictest. To do a morestructuredtest

we could have speci�ed sometest routinesto differentpartsof the program,from the

contractsfor all themethodsandclasses.By doing thatwe couldmoreeasyensurethe

testswereperformedon theright methodsandclasses.Of courseit would beanoverkill

to testall thetrivial methods.

12.9 Experience

The purposewith this projecthasfrom the beginning beento develop an almostfully

operatingelevator control systemandmake a simulationof a building with passengers

andelevatorsto testtheef�ciency of theprogram, supportedby agraphicaluserinterface.

And of courselearnthemethodsof objectorientedanalysisanddesign.Ourmainbene�t

mustbeto gatherknowledgeto supportour furtherstudies.

Beforewestartedthisprojectonly a few of thegroupmembershadactuallywrittensome
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Javacode,sowe hadto learnthemostof Java from basicswhichwasnot thathardaswe

learnedto think objectoriented,thoughsomeaspectsof learningJava werecomplicated

dueto lack of adequateexplanationsin Sun's Java DevelopmentKit Documentation[4].

Still asa resultof this projectwe now have obtaineda goodoverview of thepossibilities

of Java.

It hasbeenachallengeto makethisprogramexecutingadynamicsimulation,becausenot

only did we have to createthesimulationpart,which is quitecomplicated,but we also

hadto make thesurroundings,sowe could testthesimulation.A resultof this reportis

our insightin simulationandthecomplicationsin testingagivensimulation.

74



Part vi

Appendix

75





Chapter 13

Statistics

To give a crudeevaluationof theperformanceof thecontrolsystem,differentstatistical

valuesarecalculated.

If time-ef�ciency is important,thetime consumationof eachpassengerfrom thetime he

entersthequeuetill heleavestheelevator, is of interest.Thismustbeseenin connection

with thenumberof �oors traveled.

Thefollowing equationgivestheaveragetimeconsumationper�oor traveled:
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� is thenumberof cyclesof all passengers,
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< thetimeconsumationfrom thepassengers
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A goodmeasurementfor thetimeconsumationof eachpassengerwould thenbe ���

$


 .

95,4%of thecycleswouldhaveconsumedtimewithin this interval. In otherwords:One
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passengerusingtheelevatoronceis 95,4%likely to spendthis time in queueandelevator

combined.

Similar valuescanbecalculatedfor �oors (e.g. queuelength,averagewaiting time) and

theelevators(e.g.utilizationof maxspeed)

78



Chapter 14

Elevator mechanics

To calculatethepositionof theelevatorsat a giventimeandthetimeof arrival at a given

place,we have to simulatethemechanicalbehaviour of theelevator. To simplify things

wehavedecidedthattheelevatorsof oursystemwill moveatconstantacceleration.This

leavesthefollowing characteristicsfor theelevator:

1. Maximumvelocitygoingup

2. Maximumvelocitygoingdown

3. Constantaccelerationgoingup

4. Constantdeccelerationgoingup

5. Constantaccelerationgoingdown

6. Constantdeccelerationgoingdown

Sincetheelevatorsmoveatconstantacceleration,theelevatorcanbein 4 differentstates:

1. Elevatoris accelerating

2. Elevatoris moving atmaximumspeed

3. Elevatoris braking(deccelerating)

4. Elevatoris waitingata �oor
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Figure14.1: thefour statesof theelevator

In the following equations,theseformulars for movementwith constantacceleration

known from physicsareused:
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Thefollowing notationwill beused
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if theelevatoris moving in theoppositedirectionof thedestination,or if theelevatorhas

a �

)#���!�-� sohighthatit cannotstopat thedestination,thusit hasto gopastit andafterwards

travel backto thedestination,thenit hasto brake.

To calculatethetime neededto stoptheelevatorandthepositionafter it hasstoppedwe

use( Speedafterbraking � � )
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If the elevator is moving in the directionof the destination,we have to calculateif the

elevator will be ableto stopat the destination,or if it hasto go pastit, andafterwards

travel backto thedestination.This is calculatedusing:
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Usingthis formulawecancalculatethevelocityasa functionof time:
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All put togetherthisgives:

if ( S_destination > S_start ) {

( if V_start < 0 ) brake; }

else {

if ( (V_start^2 +

2 * Updecceleration * ( S_brake - S_start ))

> 0 ) brake; }

else {

if ( V_start > 0 ) brake; }

else {

if ( (V_start^2 +

2 * Downdecceleration * ( S_brake - S_start ))

< 0 ) brake; }

}

To calculateatwhichpositiontheelevatorhasto startdecceleratingto stopat thedestina-

tion, weuseformula14.4:
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Combinedthisgives( �
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Isolating
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This is only trueif �
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 is below or equalto theelevator'smaximalvelocity. If

not thenwehave thefollowing equation:
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Thetimeneededto deccelerateis calculatedusingthesamemethodsasin formula14.2
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Now thetimeneededto accelerateandthepositionafteraccelerationcaneasilybecalcu-

latedby usingthesameprocedureasin 14.2:
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Likewisethetimemoving atmaximumspeedis:

�%$&�

�

�

$&'($ ) *

����


�

�

$&�

�

�

$ '($ ) *

����


�

�

��"#"

�

�

�

�-�!�

�

�

�

�

$&�

�

�

$&'($ )+*

����


(14.10)

Finally thetimeof arrival of theelevatoris
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Chapter 15

Control Systemevaluation

15.1 GeneralDescription

Thecontrolsystemcontainstwo differenttypesof destinations,movableandstaticdes-

tinations.Thestaticdestinationsaretheonescomingfrom thepassengersinsideanele-

vator, thereforethey areconnectedto acertainelevator. Themovabledestinations,onthe

otherhand,arecomingfrom passengerswaitingon the�oors, andarethusnotconnected

to aspeci�c elevator.

Thestaticdestinationscontaina time of insertionanda destination�oor , while themov-

abledestinationscontainatimeof insertion,starting�oor andadirection,whichindicates

in whichdirectionthepassengerwantsto go(upor down).

Becauseof this,theinternalstructureof thecontrolsystemisdividedintoalist of movable

destinations,andalist for eachelevatorfor thestaticdestinations.Thedestinationsarenot

sortedin any wayin thestaticlists. In thelist of movabledestinationsthedestinationsare

sortedin theway thattheeldestdestinationis �rst in thelist andtheyoungestdestination

is lastin thelist.

To addor remove destinationsfrom thelists, thecontrolsystemcanbeinvokedby three

actions.Theseare:

1. AddMovableDestination.Thisactioninsertsanew destinationinto thelist of mov-

abledestinations.A destinationwith thesamedestination�oor anddirectioncannot

beaddedtwice in thelist.

2. AddStaticDestinations.This actioninsertsnew destinationsinto thelist belonging
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to theelevatorwhich theactionis sentfrom. Destinationsthatalreadyexistsin the

list will notbeadded.

3. DeleteDestination.This actiondeletesa staticdestinationin a certainelevator. If

thereis a movabledestinationat the same�oor with the right directionit is also

deleted,becausethewaitingpassengersonthat�oor now canwalk into theelevator

andthemovabledestinationin thelist is no longerneeded.(seethedirectionpart).

Eachtimeanew destinationisadded,oradestinationisdeleted(whenanelevatorarrives),

thecontrolsystemrecalculatesthebestorderof thedestinations.Thecontrolsystemhas

a sortedlist of destinationsfor eachelevator for this purpouse.First the sortedlist is

�ushed. The staticdestinationsget sortedandput in the sortedlist (for all elevators).

Thenthemovabledestinationsgetdistributedbetweenthesortedlists of destinationsfor

all elevators.This sortingis donein a way thatgivesthelowesttime-value,andfollows

certainguidelineswhichare:

1. An elevatorcarryingpassengerscannotpassby a�oor if any of itspassengerswants

to getoff at that�oor .

2. An elevatorcarryingpassengerscannotchangeits directionif there's any passen-

gersleft wantingto go in thatdirection.

Theseguidelinesareincludedbecausepassengersprobablywould�nd it verystrangeand

stressingif theelevatordidn't follow them,but alsobecausethey aregreatlylimiting the

numberof possiblecombinationsto test. In the sortingof the staticdestinationsthese

guidelineslimit the sorting to only one combination. The sorting algorithm usesthe

currentelevatorpositionandcurrentdirectionfor thesorting.

15.1.1 Time-Value

Thetime-valueis asumof two valueseachweightedby a factorthatis adjustablefor the

user. Theideabehindour time-valuealgorithmis to minimizethetotalexpectedsquared

waiting time for eachdestination,both movableandstatic. The reasonwhy the time is

squaredfor eachdestinationis thatpassengersthathavewaiteda longtimemustbegiven

higherpriority ([8]). The�rst adjustablefactorrepresentstheimportanceof themovable

destinations(thepassengerswaiting for anelevator),while thesecondadjustablefactor
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representsthe importanceof the staticdestinations(the passengerstravelling insidethe

elevators):
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whereF1andF2arethetwo factors,and:
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Where:

j = numberof sorteddestinations

M(i) = 1 if i pointsto a movabledestinationin thesorteddestinationlist, otherwiseM(i)

= 0

S(i) = 1 if i pointsto astaticdestinationin thesorteddestinationlist, otherwiseS(i) = 0

CurrentTime= thecurrenttimeof theevaluation

ActionTime(i) = thetimewhenthei' th destinationwasinvoked
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CalculatedTravelTime(i) is the total expectedtravel time from thecurrentelevatorposi-

tion to the i' th destination.All destinationsandstopsbetweenthesetwo positionsare

alsocountingandeachstopaddsan averagewaiting time. DirectTravelTime andPosi-

tionAfterBrakingaremethods,whichuseelevatormechanicsfor calculation(14)
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15.1.2 Complexity

Whenthedestinationsfrom themovablelist aredistributedbetweenthesorteddestination

lists,eachmovabledestinationcanbeinsertedin oneof two possiblewaysfor eachsorted

destinationlist becauseof therestrictionsgivenaboveandthefactthatthesortedlists of

destinationsnow holdsstaticdestinationsthataresorted.The�rst of thepossibleinsertion

pointsin asorteddestinationlist is thepoint in thelist, wherethemovabledestinationlies

betweentwo otherdestinationsandhastheright directionbetweenthosetwo. A movable

destinationfor examplewith destination�oor 5 and directiondown could be inserted

between6 and2, but notbetween2 and6 or between3 and2. It is notalwayspossibleto

�nd suchinsertionpoint. Thesecondpossibleinsertionpoint in a sorteddestinationlist

is alwayspresentandis at theendof thelist.

Figure15.1: thetwo possibleinsertionpointsfor a movabledestinationin a sortedlist of

destinations

If we shouldtry to insert the movabledestinationsin all possiblewaysit would give a

totalof ��$2� 3 �

�

combinations,where3 is thenumberof elevatorsand � is thenumberof

movabledestinations.A systemwith 10 �oors and10 movabledestinationswould give

$	�

�

� combinations(approx. '�� �*$�B �*'��

�

�

), whichunfortunatelyis toomany combinations

to be tried out in realtime.Sincetheperfectsolutionrequirestoo many calculationswe

have to useanotherapproach.Oneapproachwouldbeto selecttheeldestmoveabledes-

tinationandlocatethebestelevatorandpositionin thetemporaryelevatordestinationlist

for it, andthenrepeatthis procedurewith thenext movabledestinationuntil all movable

destinationsareinserted.With this approachthecomplexity is reducedto $	��� �!3 com-

binations.Thisof courseis not theperfectsolution,but it is a prettygoodapproximation
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of it.

To locatethebestelevatorandpositionfor themovabledestinationin thesortedlists of

destinationswecomparethechangein time-valuesfor the $ �/3 possibleinsertionpoints

andchoosea point thatgivesthe lowestchangeof time-value. Themovabledestination

is theninsertedin thecorrectelevator'ssortedlist at thecorrectpositionanddo thesame

with thenext movabledestination.Thisprocessis repeateduntil thereis nomoremovable

destinationsto insert.

15.1.3 Directions

Whenthe temporaryelevatordestinationlists have beensortedthe top destinationfrom

eachof the lists mustbe sentto eachcorrespondingelevator, if they arechangedsince

last evaluation. Herethe control systemalsogiveseachelevatora next direction. This

next directionis sentwith the new destination(the new directionreplacesthe direction

of thenew destinationwhensent).This next directionis usedby thepassengersto know

in which directiontheelevatorwill go next. It is alsothedirectionthat is returnedform

theprotocolwhendeletinga destination.This way thedeletemethodknows if or which

movabledestinationto delete.Thenext directionis calculatedfrom thestaticdestinations

in thesorteddestinationlist. If thenumberof staticdestinationsis lessthan2, thenext

directionwill equalNODIRECTION,elseit will beeitherUPDIRECTIONor DOWNDI-

RECTIONdependingon theorderof thetwo topdestinations.

The control systemalsocalculatesa currentdirectionfor eachelevator. This direction

is calculatedby comparingthe elevator's currentposition to the top static destination

in the list of sorteddestinations.If there's no staticdestinationsthe directionwill be

NODIRECTION.This currentdirectionis usedwhensortingthe staticdestinationsthe

next time thattheelevatorsystemis called.
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Chapter 16

Screendumps

Figure16.1:TheBuilding setupwindow.
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Figure16.2:TheElevatorsetupwindow.
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Figure16.3:Thegroupsetupwindow.

Figure16.4:ThePassengergroup�o w setupwindow.
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Figure16.5:TheParametersetupwindow.

Figure16.6:Thestartsimulationwindow.
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Figure16.7:Theaboutwindow.
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Chapter 17

Abstracts fr om Sourcecode

Thefollowingsectionsin thisappendixcontainsabstractsfrom thefull sourcecodefor the

program.Eachgroupmemberis beeinghelpresponsiblethepieceof sourcecodemarked

with theirname.

17.1 Tonny Gregersen

Part of the methodactionPerformedin actionListener:

public void actionPerformed(ActionEvent action)
�

. .

. .

caseviewObject.SAVE:

viewObject.clearMenuSetupItem();

FileDialog saveDialog = new FileDialog(viewObject,

"Save setup" ); 10

saveDialog.setFile(viewObject.FileName);

saveDialog.setMode(FileDialog.SAVE);

saveDialog.show();

if (saveDialog.getFile() != null )
�

viewObject.FileName= saveDialog.getFile();

writeObjectFileObject= new WriteObjectFile();
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try
�

20

writeObjectFileObject.openWriteObjectFile(

viewObject.FileName);

writeObjectFileObject.writeObjectToLog(

viewObject.DataVar);
�

�nally
�

writeObjectFileObject.closeWriteObjectFile();
�

�

break;

. . 30

. .
�

The class WriteObjectFile:

import java.io. � ;

import actionListener;

import DataContainer; 40

import InitMenu;

�

�����������������������������������������������������������������������������������������������������������������

� The WriteObjectFile class controls the storing of the

� con�guration objects.

���������������������������������������������������������������������������������������������������������������

�

class WriteObjectFile
�

�

�������������������������������������������������������������������������������������������������������������

� SetsFileObject as an instanceof File 50

�����������������������������������������������������������������������������������������������������������

�

pri vate File FileObject;

�

�������������������������������������������������������������������������������������������������������������

� SetsFileOutput as an instanceof FileOutputStream

�����������������������������������������������������������������������������������������������������������

�

pri vate FileOutputStreamFileOutput;

�

�������������������������������������������������������������������������������������������������������������
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� SetsOut as an instanceof ObjectOutputStream 60

�����������������������������������������������������������������������������������������������������������

�

pri vate ObjectOutputStreamOut;

�

�������������������������������������������������������������������������������������������������������������

� The nameof the �le that is to be stored

�����������������������������������������������������������������������������������������������������������

�

pri vate String FileName;

�

�������������������������������������������������������������������������������������������������������������

� The constructorof WriteObjectFile 70

�����������������������������������������������������������������������������������������������������������

�

public WriteObjectFile()
�

�

�

�������������������������������������������������������������������������������������������������������������

� Method openWriteObjectFile opensa given �le for

� output to a speci�ed stream

�����������������������������������������������������������������������������������������������������������

�

public void openWriteObjectFile(String FileName)
�

this.FileName= FileName; 80

try
�

FileObject = new File(FileName);

FileOutput = new FileOutputStream(FileObject);

Out = new ObjectOutputStream(FileOutput);
�

catch(IOExceptione)
�

System.out.println(" (WriteObjectFile

IOException): Unable to create " + FileName);
�

� � �

End Method openWriteObjectFile

90
�

�������������������������������������������������������������������������������������������������������������

� Method writeObjectToLog writes a given object to a

� speci�ed stream

�����������������������������������������������������������������������������������������������������������

�

public void writeObjectToLog(ObjectLogThisObject)
�

try
�

Out.writeObject(LogThisObject);
�

catch(IOExceptione)
�

System.out.println(" (WriteObjectFile
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IOException): Unable to write to " + FileName); 100
�

� � �

End Method writeObjectToLog

�

���������������������������������������������������������������������������������������������������������������

� Method closeWriteObjectFile closesthe the output �le

�������������������������������������������������������������������������������������������������������������

�

public void closeWriteObjectFile()
�

try
�

Out.close();
�

catch(IOExceptione)
�

110

System.out.println(" (WriteObjectFile

IOException): Unable to close " + FileName);
�

� � �

End Method closeWriteObjectFile

� ���

END CLASSWriteObjectFile

The ContainerClass: 120

The class Container

import java.lang.� ;

import java.util.� ;
�

�������������������������������������������������������������������������������������������������������������������

� Superclass of the following classes: Elavator, Queue,

� Pool.

�����������������������������������������������������������������������������������������������������������������

�

130

abstract class Containerextends Observable
�

protected int ContainerID;

protected int Command;

protected ContainerNextContainer= null ;

protected PassengerListOfPassengers= null ;

protected int NoOfPassengers= 0;

protected PassengerLastPassenger= null ;

pri vate PassengerNewPassengerToAdd;
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protected PassengerSeekPassenger; 140

�

���������������������������������������������������������������������������������������������������������������

� Instantiates(Constructor)a new Container Object

� which gets a ContainerID

� paramSetContainerIDThe containeridenti�cation

� number.

�

�

public Container(int SetContainerID)
�

ContainerID= SetContainerID;
� � �

Constructor 150

public Container()
�

� � �

Constructor

�

���������������������������������������������������������������������������������������������������������������

� Returnsthe numberof passengers in the container.

� return The numberof passengersin the container.

�

�

public int getNoOfPassengers()
�

160

return NoOfPassengers;
�

�

���������������������������������������������������������������������������������������������������������������

� Returnsthe commandto be executedby the observer.

� return The type of operation.

�������������������������������������������������������������������������������������������������������������

public int getCommand()
�

return Command;
�

170

�

���������������������������������������������������������������������������������������������������������������

� Instantiatesa new commandobject with a command.

� paramNewCommandNew command.

�

�

public void setCommand(int NewCommand)
�

Command= NewCommand;
�
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�

��������������������������������������������������������������������������������������������������������������� 180

� Method to check if a container is empty.

� return Wether the containeris empty.

�

�

public boolean isEmpty()
�

if (NoOfPassengers==0) return true;

else return false;
�

�

���������������������������������������������������������������������������������������������������������������

� Returnsthe passengers in the container in an array. 190

� return Array of passengers.

�

�

public Passenger[] getPassengerArray()
�

Passenger[] PassengerArray= new Passenger[

NoOfPassengers];

SeekPassenger= ListOfPassengers;

for (int i = 0; i � NoOfPassengers;i++)
�

PassengerArray[i]= SeekPassenger;

SeekPassenger= SeekPassenger.getNextPassenger();
�

200

return PassengerArray;
� � �

getPassengerArray

�

���������������������������������������������������������������������������������������������������������������

� Returnsthe ID of the container.

� return The containerID.

�������������������������������������������������������������������������������������������������������������

public int getContainerID()
�

return ContainerID;
� �

getContainerID 210

�

���������������������������������������������������������������������������������������������������������������

� Get the �r st passenger of the container.

� return The �rst passengerin the container.

�

�

public PassengergetFirstPassenger()
�

return ListOfPassengers;
� � �

getFirst
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�

��������������������������������������������������������������������������������������������������������������� 220

� Add a passenger to the list of passengers.

� paramAddPassengerWhich passengerto add.

�

�

public void addPassenger(PassengerAddPassenger)
�

try
�

NewPassengerToAdd = (Passenger)AddPassenger.clone();
�

catch (CloneNotSupportedExceptione)
�

System.exit(0); 230
�

if (ListOfPassengers== null )

ListOfPassengers= NewPassengerToAdd;

else
�

SeekPassenger= ListOfPassengers;

while(SeekPassenger.getNextPassenger()!= null )
�

SeekPassenger= SeekPassenger.getNextPassenger();
�

240

SeekPassenger.setNextPassenger(NewPassengerToAdd);
�

NoOfPassengers++;
� � �

addPassenger

�

���������������������������������������������������������������������������������������������������������������

� Setsthe reference to the next container in the

� curcuit.

� paramSetNextContainerWhich containerto set as next 250

� container.

�

�

public void setNextContainer(ContainerSetNextContainer)
�

this.NextContainer= SetNextContainer;
�

�

���������������������������������������������������������������������������������������������������������������

� Returnsthe next container.

� return Next container.
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�

�

260

public ContainergetNextContainer()
�

return NextContainer;
�

�

���������������������������������������������������������������������������������������������������������������

� Deletesa passenger and decreasenumberof passengers

� by 1.

� param DeletePassenger The passengerthat should be

� deletedfrom a container.

� param TestPassenger List control object, e.g. 270

� ListOfPassengers.

�������������������������������������������������������������������������������������������������������������

�

protected void deletePassenger(PassengerDeletePassenger,

PassengerTestPassenger)
�

SeekPassenger= ListOfPassengers;

if (SeekPassenger.getPassengerID()==

DeletePassenger.getPassengerID())
�

ListOfPassengers= null ; 280

ListOfPassengers= SeekPassenger.getNextPassenger();

NoOfPassengers��� ;
�

else
�

while((SeekPassenger.getNextPassenger()!= null ) &&

(DeletePassenger.getPassengerID()!=

SeekPassenger.getNextPassenger().

getPassengerID()))

SeekPassenger= SeekPassenger.getNextPassenger(); 290

if (DeletePassenger.getPassengerID()==

SeekPassenger.getNextPassenger().getPassengerID())
�

if (SeekPassenger.getNextPassenger().

getNextPassenger()

!= null )
�

PassengerDelPassenger= SeekPassenger.

getNextPassenger();

SeekPassenger.setNextPassenger(SeekPassenger.
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getNextPassenger().getNextPassenger()); 300

DelPassenger.setNextPassenger(null );

DelPassenger= null ;
�

else
�

SeekPassenger.setNextPassenger(null );

ListOfPassengers= SeekPassenger;
�

NoOfPassengers��� ;
�

else 310

System.exit(0);
�

� � �

deletePassenger

�

���������������������������������������������������������������������������������������������������������������

� Move a given passenger to the next container. The

� NextContainermust be set!

� paramPassengerToMove The passengerto move.

�

�

320

public void movePassenger(PassengerPassengerToMove)
�

NextContainer.addPassenger(PassengerToMove);

deletePassenger(PassengerToMove, ListOfPassengers);

� � �

movePassenger
� � �

Container

17.2 Karsten Jensen

import java.awt. � ;

import java.awt.event. � ;

import java.lang. � ;

class SetupSpinTextDouble
�
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�nal public static int BDEC = 1;

�nal public static int BINC = 2;

�nal public static int TEXT = 3;

10

pri vate SetupSpinTextDoubleActionListenerBDec = new

SetupSpinTextDoubleActionListener(this,BDEC);

pri vate SetupSpinTextDoubleActionListenerBInc = new

SetupSpinTextDoubleActionListener(this,BINC);

pri vate SetupSpinTextDoubleActionListenerText = new

SetupSpinTextDoubleActionListener(this,TEXT);

pri vate SetupSpinTextDoubleFocusListenerFocusText = new

SetupSpinTextDoubleFocusListener(this,TEXT);

20

pri vate Panel SetupSpinTextDoublePanel;

pri vate GridBagLayoutgridbag;

pri vate GridBagConstraintsc;

pri vate TextField eText = new TextField ("" ,4);

pri vate Button eDec = new Button("<" );

pri vate Button eInc = new Button(">" );

pri vate Double Number;

pri vate double Min;

pri vate double Max;

pri vate double Step; 30

public SetupSpinTextDouble(Panel SetupSpinTextDoublePanel,

double InitNumber, double Min, double Max, double Step)
�

this.SetupSpinTextDoublePanel = SetupSpinTextDoublePanel;

this.Min = Min;

this.Max = Max;

this.Step = Step;

gridbag = new GridBagLayout();

c = new GridBagConstraints(); 40

SetupSpinTextDoublePanel.setLayout(gridbag);

c.�ll = GridBagConstraints.BOTH;

SetupSpinTextDoublePanel.add(eDec);

SetupSpinTextDoublePanel.add(eText);

SetupSpinTextDoublePanel.add(eInc);

setNumber(InitNumber);
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eDec.addActionListener(BDec);

eInc.addActionListener(BInc);

eText.addActionListener(Text); 50

eText.addFocusListener(FocusText);

�

void setNumber(double intNumber)
�

Number = new Double(intNumber);

eText.setText(Number.toString());
�

void setNumber(String NumberString)
�

60

Number = new Double(NumberString);

eText.setText(Number.toString());
�

Button getIncButton()
�

return eInc;
�

Button getDecButton()
�

return eDec; 70
�

TextField getTextField()
�

return eText;
�

double getNumber()
�

return Number.doubleValue();
�

80

String getNumberInString()
�

return Number.toString();
�

public double getMin()
�

return Min;
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�

public double getMax()
�

return Max; 90
�

public double getStep()
�

return Step;
�

�

class SetupSpinTextDoubleActionListenerimplements 100

ActionListener
�

pri vate SetupSpinTextDouble viewObject;

pri vate int command;

pri vate double Number;

pri vate Double INumber;

pri vate String NumberString;

public

SetupSpinTextDoubleActionListener(SetupSpinTextDouble 110

viewObject, int listening command)
�

this.viewObject = viewObject;

command= listening command;
�

public void actionPerformed(ActionEvent action)
�

switch(command)
�

120

caseviewObject.BDEC :

Number = viewObject.getNumber();

if (Number � viewObject.getMin())

Number = Number � viewObject.getStep();

viewObject.setNumber(Number);

break;
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caseviewObject.BINC :

Number = viewObject.getNumber();

if (Number � viewObject.getMax()) 130

Number = Number + viewObject.getStep();

viewObject.setNumber(Number);

break;

caseviewObject.TEXT :

if ((viewObject.getMin() � = viewObject.getNumber()) &&

(viewObject.getMax() � = viewObject.getNumber()))

Number = viewObject.getNumber();

break;
�

140
�

�

class SetupSpinTextDoubleFocusListenerimplements

FocusListener
�

pri vate SetupSpinTextDouble viewObject;

pri vate int command;

pri vate double Number; 150

pri vate Double INumber;

pri vate String NumberString;

public

SetupSpinTextDoubleFocusListener(SetupSpinTextDouble

viewObject, int listening command)
�

this.viewObject = viewObject;

command= listening command;
�

160

public void focusLost(FocusEvent focuslost)
�

switch(command)
�

caseviewObject.TEXT :

try
�

NumberString= viewObject.getTextField().getText();
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if ((viewObject.getMin() � =

(INumber.valueOf(NumberString)).doubleValue()) &&

(viewObject.getMax() � =

(INumber.valueOf(NumberString)).doubleValue())) 170

viewObject.setNumber(NumberString);

else
�

viewObject.setNumber(viewObject.getNumber());
�

�

catch(NumberFormatException

e)
�

viewObject.setNumber(viewObject.getNumber());
�

break;

�

�

180

public void focusGained(FocusEvent focusgained)
�

switch(command)
�

�

�

�

190
�

�����������������������������������������������������������������������������������������������������������������������

�����������������������������������������������������������������������������������������������������������������������

�

import java.util. � ;

public class Passengerimplements Cloneable
�

pri vate int PassengerID;

pri vate int GroupID; 200

pri vate int Destination= � 1;

pri vate int TravelState;

pri vate int Command;

pri vate double ActionTime;

pri vate double DepartureTime;

pri vate PassengerNextPassenger= null ;
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pri vate MovementListOfPassengerMovement= new

Movement( � 3, � 1);

pri vate MovementLastMovement= null ;

pri vate int NoOfMovements= 0; 210

public Passenger(int PassengerID, int GroupID)
�

this.PassengerID= PassengerID;

this.GroupID = GroupID;

TravelState= 0;
�

public void setTravelState(int New)
�

TravelState= New; 220
�

public void logPassengerMovement(double ActualTime, int

ContainerID)
�

if (ListOfPassengerMovement.getNextMovement() == null )
�

ListOfPassengerMovement.setNextMovement(new

Movement(ActualTime, ContainerID));

LastMovement=

ListOfPassengerMovement.getNextMovement(); 230
�

else
�

LastMovement.setNextMovement(new

Movement(ActualTime,ContainerID));

LastMovement= LastMovement.getNextMovement();
�

NoOfMovements++;

LastMovement.setNextMovement(null );
�

240

public Object clone() thr ows CloneNotSupportedException
�

return super.clone();
�

public void setNewTime(double DepartureTime)
�

TravelState++;
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this.DepartureTime = DepartureTime;
�

public void setNewDestination(int Destination)
�

250

this.Destination= Destination;
�

public void setPassengerID(int PassengerID)
�

this.PassengerID= PassengerID;
�

public int getPassengerID()
�

return PassengerID;
�

260

public int getNoOfMovements()
�

return NoOfMovements;
�

public void setGroupID(int GroupID)
�

this.GroupID = GroupID;
�

public int getGroupID()
�

270

return GroupID;
�

public int getDestination()
�

return Destination;
�

public Movement[ ] getMovementArray()
�

Movement[ ] MovementArray= new Movement[NoOfMovements];

MovementTempMovement= ListOfPassengerMovement; 280

for (int i = 0; i � NoOfMovements; i++)
�

MovementArray[i] = TempMovement.getNextMovement();

TempMovement= TempMovement.getNextMovement();
�

return MovementArray;
�
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public int getTravelState()
�

return TravelState; 290
�

public int getCommand()
�

return Command;
�

public double getActionTime()
�

300

return ActionTime;
�

public void setActionTime(double NewActionTime)
�

ActionTime = NewActionTime;
�

public double getDepartureTime()
�

return DepartureTime;
�

310

public void setNextPassenger(PassengerNextPassenger)
�

this.NextPassenger= NextPassenger;
�

public PassengergetNextPassenger()
�

return NextPassenger;
�

320

public void setPassengerState()
�

�
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�

330

17.3 Mads GræsbøllChristensen

�

�����������������������������������������������������������������������������������������������������������������

� Class : Elevator

�����������������������������������������������������������������������������������������������������������������

�

class Elevator extends Container
�

pri vate int NextDirection = UNDECIDED;

pri vate int Destination= 1;

pri vate int MaxNoOfPassengers= 10;

pri vate int [ ] UnprocessedDestination; 10

pri vate Building BuildingRef;

pri vate boolean[ ] ButtonPressed;

pri vate MovementListOfElevatorMovement=

new Movement( � 1, � 1);

pri vate MovementLastMovement= null ;

pri vate int NoOfMovements= 0;

pri vate double ActionTime = 0; 20

pri vate double DoorDelay = 5;

pri vate double PassengerDelay= 3;
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pri vate SystemManagerObserverForElevator

SystemManagerObserverForElevatorObject;

�

�������������������������������������������������������������������������������������������������������������

� Elevator constructor.

�������������������������������������������������������������������������������������������������������������

�

30

public Elevator(int SetElevatorID,

int SetMaxNoOfPassengers,

double SetPassengerDelay,

double SetDoorDelay,

Building Ref,

SystemManagerObserverForElevator

SystemManagerObserverForElevatorObject)
�

addObserver(SystemManagerObserverForElevatorObject);

40

ContainerID= SetElevatorID;

BuildingRef = Ref;

MaxNoOfPassengers= SetMaxNoOfPassengers;

PassengerDelay= SetPassengerDelay;

DoorDelay = SetPassengerDelay;

ButtonPressed= new

boolean[BuildingRef.getNoOfFloors()];

50

UnprocessedDestination= new int [MaxNoOfPassengers];

for (int i=0; i � BuildingRef.getNoOfFloors(); i++)

ButtonPressed[i] = false;

for (int i=0; i � MaxNoOfPassengers; i++)

UnprocessedDestination[i] = 0;

� � �

Constructor

60
�

�������������������������������������������������������������������������������������������������������������

� Log elevator arrival.

�������������������������������������������������������������������������������������������������������������

�

public void logElevatorMovement(double ActualTime,
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int Floor)
�

if (ListOfElevatorMovement.getNextMovement() == null )
�

ListOfElevatorMovement.

setNextMovement(new Movement(ActualTime, Floor));

70

LastMovement=

ListOfElevatorMovement.getNextMovement();
�

else
�

LastMovement.setNextMovement

(new Movement(ActualTime, Floor));

LastMovement= LastMovement.getNextMovement();
�

NoOfMovements++; 80

LastMovement.setNextMovement(null );
� � �

log ElevatorMovement

�

�������������������������������������������������������������������������������������������������������������

� Unloads and loads passengers.

�������������������������������������������������������������������������������������������������������������

�

public void movePassenger(double Time)
�

NextContainer= BuildingRef.getFloor(Destination). 90

getPool();

logElevatorMovement(Time, Destination);

PassengerNext = null ;

ActionTime = Time + DoorDelay;

SeekPassenger= ListOfPassengers;

while(SeekPassenger!= null )
�

100

if (SeekPassenger.getDestination()==

this.Destination)
�

SeekPassenger.
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logPassengerMovement(Time,ContainerID);

SeekPassenger.setActionTime(Time);

ActionTime += PassengerDelay;

((Pool)NextContainer). 110

getNewDestination(SeekPassenger);

super.movePassenger(SeekPassenger);
�

SeekPassenger= SeekPassenger.getNextPassenger();
�

NextContainer= null ;

int NoBefore = NoOfPassengers; 120

ActionTime += DoorDelay;

Floor CurrentFloor= BuildingRef.getFloor(Destination);

CurrentFloor.getDownQueue().getNoOfPassengers();

CurrentFloor.getDownQueue().getNoOfPassengers();

if (NextDirection == UNDECIDED)
�

if (!CurrentFloor.getUpQueue().isEmpty() &&

!CurrentFloor.getDownQueue().isEmpty())
�

if (CurrentFloor.getUpQueue().getFirstPassenger(). 130

getDepartureTime()�

CurrentFloor.getDownQueue().getFirstPassenger()

.getDepartureTime())

NextDirection = UP;

else

NextDirection = DOWN;
�

else
�

if (CurrentFloor.getUpQueue().isEmpty() &&

CurrentFloor.getDownQueue().isEmpty())
�

140

setElevatorReadyFlag();
�

else
�

if (CurrentFloor.getUpQueue().
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getNoOfPassengers()�

CurrentFloor.getDownQueue().

getNoOfPassengers())

NextDirection = UP;

else

NextDirection = DOWN; 150
�

�

�

switch (NextDirection)
�

caseUP :
�

if (CurrentFloor.getUpQueue().isEmpty())

setElevatorReadyFlag();

else
�

CurrentFloor.getUpQueue(). 160

setNextContainer(((Container)this));

CurrentFloor.getUpQueue().

movePassenger(MaxNoOfPassengers�

NoOfPassengers,Time);

CurrentFloor.getUpQueue().setNextContainer(null );
�

break;
�

caseDOWN:
�

if (CurrentFloor.getDownQueue().isEmpty()) 170

setElevatorReadyFlag();

else
�

CurrentFloor.getDownQueue().

setNextContainer(((Container)this));

CurrentFloor.getDownQueue().

movePassenger(MaxNoOfPassengers�

NoOfPassengers,Time);

CurrentFloor.getDownQueue().setNextContainer(null );
�

break; 180
�

�

CurrentFloor= null ;

114



ActionTime += (PassengerDelay� (NoOfPassengers�

NoBefore));

if (NoBefore � NoOfPassengers)
�

int j = 0; 190

for (int i=0; i � BuildingRef.getNoOfFloors();i++)
�

if (ButtonPressed[i]==true)
�

setUnprocessedDestination(j,(i+1));

j++;
�

�

if (UnprocessedDestination[0] != 0)

setUnprocessedDestinationFlag();

for (int i = 0; i � MaxNoOfPassengers;i++) 200

UnprocessedDestination[i]= 0;

for (int i=0; i � BuildingRef.getNoOfFloors();i++)

ButtonPressed[i]= false;

�

� � �

movePassenger

�

�������������������������������������������������������������������������������������������������������������

� Returnsthe log of the elevator's movement.

�������������������������������������������������������������������������������������������������������������

�

210

public Movement[] getMovementArray()
�

Movement[] MovementArray= new Movement[NoOfMovements];

MovementTempMovement= ListOfElevatorMovement;

for (int i = 0; i � NoOfMovements;i++)
�

MovementArray[i] = TempMovement.getNextMovement();

TempMovement= TempMovement.getNextMovement();
�

return MovementArray;
� � �

getElevatorMovementArray

220
�

�������������������������������������������������������������������������������������������������������������

� Notify the SystemManager.

�������������������������������������������������������������������������������������������������������������

�

public void setElevatorReadyFlag()
�
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Command= ELEVATORREADY;

setChanged();

notifyObservers(this);
�

230
�

�����������������������������������������������������������������������������������������������������������

� Noti�es the SystemManager with UnprocessedDest.

�����������������������������������������������������������������������������������������������������������

�

public void setUnprocessedDestinationFlag()
�

Command= UNPROCESSEDDESTINATION;

setChanged();

notifyObservers(this);
�

� � �

Elevator 240

�

�����������������������������������������������������������������������������������������������������������������

� Class : Container

�����������������������������������������������������������������������������������������������������������������

�

abstract class Containerextends Observable
�

protected int ContainerID;

protected int Command;

protected ContainerNextContainer= null ;

protected PassengerListOfPassengers= null ; 250

protected int NoOfPassengers= 0;

protected PassengerLastPassenger= null ;

pri vate PassengerNewPassengerToAdd;

protected PassengerSeekPassenger;

�

�������������������������������������������������������������������������������������������������������������

� Add a passenger to the list of passengers.

�������������������������������������������������������������������������������������������������������������

�

public void addPassenger(PassengerAddPassenger)
�

260

try
�

NewPassengerToAdd = (Passenger)AddPassenger.clone();
�

catch (CloneNotSupportedException e)
�
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System.exit(0);
�

if (ListOfPassengers== null )

ListOfPassengers= NewPassengerToAdd;

else
�

270

SeekPassenger= ListOfPassengers;

while(SeekPassenger.getNextPassenger()!= null )
�

SeekPassenger= SeekPassenger.getNextPassenger();
�

SeekPassenger.setNextPassenger(NewPassengerToAdd);
�

NoOfPassengers++;
� � �

addPassenger 280
� � �

Container

17.4 Robert Stepien

�

�����������������������������������������������������������������������������������������������������������������

� Evaluatesthe Destinations.Calls the calcNewDirections

� to �nd the new elevator directions.Calls

� calcNewDestinationin the ControlSystemOutputsto �nd

� the newDestinationfor each elevator. The protocol is

� not notifyed here.

�����������������������������������������������������������������������������������������������������������������

�

pri vate void evaluate(ElevatorInfo[] ElevatorInformation)
�

���

�r st sort the static destinationsand calculate the

new directions 10

for (int i = 0; (i � NumberOfElevators); i++)
�

ListOfOutputs[i].updateListOfSortedDestinations(

ElevatorInformation[i]);

ListOfOutputs[i].calcNewDirections(Elevator

Information[i]);
�

���

then insert the movable destinationsinto the static
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ones 20

int BestInsertionElevatorNumber= 0;

double LowestDeltaTimeValue;

double MaybeLowestDeltaTimeValue;

for (int i = 0; (i � ListOfMovableDestinations.getNumber

OfDestinations());i++)
�

BestInsertionElevatorNumber= 0;

LowestDeltaTimeValue = ListOfOutputs[0].tryMovable 30

Destination(ListOfMovableDestinations.getDestination(

i), ElevatorInformation[0]);

for (int j = 1; (j � NumberOfElevators); j++)
�

MaybeLowestDeltaTimeValue = ListOfOutputs[j].try

MovableDestination(ListOfMovableDestinations.get

Destination(i),ElevatorInformation[j]);

if (LowestDeltaTimeValue � MaybeLowestDeltaTime

Value)
�

LowestDeltaTimeValue = MaybeLowestDeltaTimeValue; 40

BestInsertionElevatorNumber= j;
� � �

lower deltatime?

� � �

inner for-loop

ListOfOutputs[BestInsertionElevatorNumber].addMovable

Destination(ListOfMovableDestinations.getDestination(

i), ElevatorInformation[BestInsertionElevatorNumber]);

� � �

outer for-loop

50
���

now we just have to sendsomedeststo the protocol.

for (int i = 0; i � NumberOfElevators; i++)
�

ListOfOutputs[i].calcNewDestination();
� � �

for loop
� � �

methodevaluate

�

�����������������������������������������������������������������������������������������������������������������

� calculatesthe directionsused for updating and for

� calculating the new destination.This methodmust be
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� called before the insertion of the movable destinations 60

� in the sorted destinationlist (but after the updateof

� the static desitnations)

�����������������������������������������������������������������������������������������������������������������

�

public void calcNewDirections(ElevatorInfo Elevator

Information)
�

���

�r st calculate the current direction

if (ListOfSortedDestinations.getNumberOf

Destinations() � 0)
�

if (ElevatorInformation.getPosition() � ListOfSorted

Destinations.getDestination(0).getDestination 70

Floor())
�

CurrentElevatorDirection=

Destination.DOWNDIRECTION;
�

else
�

CurrentElevatorDirection= Destination.UPDIRECTION;
�

�

else
� ���

if no static destinationsin the list then

give the elevator NODIRECTION 80

CurrentElevatorDirection= Destination.NODIRECTION;
� � �

end of current direction calculation

���

then calculate the next direction (usedby the

passengercurcuit)

if (ListOfSortedDestinations.getNumberOf

Destinations() � 2)
� ���

less than 2 dests= � NODIRECTION

NextElevatorDirection= Destination.NODIRECTION;
�

90

else
� ���

more than 1 destinationmeansDOWN or UP

if (ListOfSortedDestinations.getDestination(0).get

DestinationFloor() �

ListOfSortedDestinations.getDestination(1).get

DestinationFloor())
�

NextElevatorDirection= Destination.DOWNDIRECTION;
�

else
�

NextElevatorDirection= Destination.UPDIRECTION;
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���

no other possibilitiesbecaucewe cannot add two 100

equal static destinationsto the list.
�

� � �

end of next direction calculation
� � �

methodcalcNewDirections

�

�����������������������������������������������������������������������������������������������������������������

� changes the NewDestinationand LastDestinationand tells

� the protocol to get the data.

�����������������������������������������������������������������������������������������������������������������

�

public void calcNewDestination()
�

110

if (ListOfSortedDestinations.getNumberOf

Destinations()== 0)
� � �

no more destinations,but the

elevator must always have at

least 1 destination

NewDestination= new Destination(0.0, LastDestination

.getDestinationFloor(),Destination.NODIRECTION);
�

else
�

NewDestination= new Destination(0.0, ListOfSorted 120

Destinations.getDestination(0).getDestination

Floor(), NextElevatorDirection);
�

� � �

methodsendDestToProtocol

�

�����������������������������������������������������������������������������������������������������������������

� returns a possibleinsertion point for a movable

� destinationin the ListOfSortedDestinations(follows the

� given guidelines)

�����������������������������������������������������������������������������������������������������������������

�

130

pri vate int possibleInsertionPoint(DestinationDest,

ElevatorInfo ElevatorInformation)
�

int ReturnValue = ListOfSortedDestinations.getNumberOf

Destinations();
� �

Returnsthis value if this is the only

possibleinsertion point

if (ReturnValue� 0)
�

if (Dest.getDirection()== Dest.UPDIRECTION)
�

120



if ((Math.round(positionAfterBraking(Elevator 140

Information)) � = Dest.getDestinationFloor())&&

(Dest.getDestinationFloor()� = ListOfSorted

Destinations.getDestination(0).getDestination

Floor()))
�

ReturnValue = 0;
�

for (int i = 1; i � ListOfSortedDestinations.get

NumberOfDestinations();i++)
�

if ((ListOfSortedDestinations.getDestination(i� 1). 150

getDestinationFloor()� = Dest.getDestination

Floor()) &&

(Dest.getDestinationFloor()� = ListOfSorted

Destinations.getDestination(i).getDestination

Floor()))
�

ReturnValue = i;
�

�

�

160

if (Dest.getDirection()== Dest.DOWNDIRECTION)
�

if ((Math.round(positionAfterBraking(Elevator

Information)) � = Dest.getDestinationFloor())&&

(Dest.getDestinationFloor()� = ListOfSorted

Destinations.getDestination(0).getDestination

Floor()))
�

ReturnValue = 0;
�

for (int i = 1; i � ListOfSortedDestinations.get 170

NumberOfDestinations();i++)
�

if ((ListOfSortedDestinations.getDestination(i� 1).

getDestinationFloor()� = Dest.getDestination

Floor()) &&

(Dest.getDestinationFloor()� = ListOfSorted

Destinations.getDestination(i).getDestination

Floor()))
�

ReturnValue = i;
�
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�

180
�

�

return ReturnValue;
� � �

methodpossibleInsertionPoint

�

�����������������������������������������������������������������������������������������������������������������

� adds the given movable destinationto the

� ListOfSortedDestinationsin the ControlSystemOutput

� object at the position which gives the lowest TimeValue

� and follows the given guidelines. 190

�����������������������������������������������������������������������������������������������������������������

�

public void addMovableDestination(DestinationDest,

ElevatorInfo ElevatorInformation)
�

double OldTimeValue = getTimeValue(ElevatorInformation);

ListOfSortedDestinations.insertDestination(Dest,

ListOfSortedDestinations.getNumberOfDestinations());

double LowestDeltaTimeValue = getTimeValue(Elevator

Information)� OldTimeValue; 200

ListOfSortedDestinations.removeDestination(Dest);

ListOfSortedDestinations.insertDestination(Dest,

possibleInsertionPoint(Dest,ElevatorInformation));

double MaybeLowestDeltaTimeValue = getTimeValue(Elevator

Information)� OldTimeValue;

if (MaybeLowestDeltaTimeValue � LowestDeltaTimeValue)
�

ListOfSortedDestinations.removeDestination(Dest);

ListOfSortedDestinations.insertDestination(Dest,

ListOfSortedDestinations.getNumberOfDestinations()); 210
�

� � �

methodaddMovableDestination

�

�����������������������������������������������������������������������������������������������������������������

� returns the change of the timevalue after trying to

� insert the given movable destinationin the

� sorted list in the ControlSystemOutputobject at the

� position which gives the lowest change in TimeValue and

� follows the given guidelines.
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�����������������������������������������������������������������������������������������������������������������

�

220

public double tryMovableDestination(DestinationDest,

ElevatorInfo ElevatorInformation)
�

double OldTimeValue = getTimeValue(ElevatorInformation);

ListOfSortedDestinations.insertDestination(Dest,

possibleInsertionPoint(Dest,ElevatorInformation));

double LowestDeltaTimeValue = getTimeValue(Elevator

Information)� OldTimeValue;

ListOfSortedDestinations.removeDestination(Dest);

230

ListOfSortedDestinations.insertDestination(Dest,

ListOfSortedDestinations.getNumberOfDestinations());

double MaybeLowestDeltaTimeValue = getTimeValue(Elevator

Information)� OldTimeValue;

ListOfSortedDestinations.removeDestination(Dest);

if (MaybeLowestDeltaTimeValue � LowestDeltaTimeValue)
�

LowestDeltaTimeValue = MaybeLowestDeltaTimeValue;
�

240

return LowestDeltaTimeValue;
� � �

methodtryMovableDestination

�

�����������������������������������������������������������������������������������������������������������������

� updatesthe ListOfSortedDestinationsby sorting

� ListOfStaticDestinationsin the ControlSystemOutput

� object. The sorting can only be done in one way because

� of the given guidelines.ALERT! The direction in the

� elevatorinformationmust indicate the current direction

� of the elevator! (NODIRECTIONwill work as 250

� DOWNDIRECTION!)

�����������������������������������������������������������������������������������������������������������������

�

public void updateListOfSortedDestinations(ElevatorInfo

ElevatorInformation)
�

int FloorAfterBraking = (int )Math.round(

positionAfterBraking(ElevatorInformation));

ListOfSortedDestinations.�ush();
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if (ListOfStaticDestinations.getNumberOf 260

Destinations()� 0)
�

ListOfSortedDestinations.insertDestination(ListOf

StaticDestinations.getDestination(0),0);

if (ElevatorInformation.getDirection() ==

Destination.UPDIRECTION)
� ���

current direction of elev.

for (int i = 1; i � ListOfStaticDestinations.getNumber

OfDestinations();i++)
�

if (ListOfStaticDestinations.getDestination(i).get

DestinationFloor() � = FloorAfterBraking)
�

int j; 270

for (j = 0; ( (ListOfSortedDestinations.get

NumberOfDestinations()� j) &&

(ListOfStaticDestinations.get

Destination(i).getDestinationFloor()�

ListOfSortedDestinations.get

Destination(j).getDestinationFloor())&&

(ListOfSortedDestinations.get

Destination(j).getDestinationFloor()� =

FloorAfterBraking) ); j++);

ListOfSortedDestinations.insertDestination(List 280

OfStaticDestinations.getDestination(i),j);
�

else
�

int j;

for (j = 0; ( (ListOfSortedDestinations.get

NumberOfDestinations()� j) &&

(ListOfStaticDestinations.get

Destination(i).getDestinationFloor()�

ListOfSortedDestinations.get

Destination(j).getDestinationFloor())); j++); 290

ListOfSortedDestinations.insertDestination(List

OfStaticDestinations.getDestination(i),j);
�

�

�

else
�

for (int i = 1; i � ListOfStaticDestinations.getNumber

OfDestinations();i++)
�

if (ListOfStaticDestinations.getDestination(i).get
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DestinationFloor() � = FloorAfterBraking)
�

300

int j;

for (j = 0; ( (ListOfSortedDestinations.get

NumberOfDestinations()� j) &&

(ListOfStaticDestinations.get

Destination(i).getDestinationFloor()�

ListOfSortedDestinations.get

Destination(j).getDestinationFloor())&&

(ListOfSortedDestinations.get

Destination(j).getDestinationFloor()� =

FloorAfterBraking) ); j++); 310

ListOfSortedDestinations.insertDestination(List

OfStaticDestinations.getDestination(i),j);
�

else
�

int j;

for (j = 0; ( (ListOfSortedDestinations.get

NumberOfDestinations()� j) &&

(ListOfStaticDestinations.get

Destination(i).getDestinationFloor()�

ListOfSortedDestinations.get 320

Destination(j).getDestinationFloor())); j++);

ListOfSortedDestinations.insertDestination(List

OfStaticDestinations.getDestination(i),j);
�

�

�

�

� � �

methodupdateListOfSortedDestinations

17.5 ClausAlbøge

�

�������������������������������������������������������������������������������������������������������������������

public class ElevatorSetupextendsMenuWindow
�

�

�������������������������������������������������������������������������������������������������������������������

MaxUpDeAccelerationbSetupSpinTextDouble =

new SetupSpinTextDouble(PMaxUpDeAcceleration,100,10,1000,1)
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MaxDownDeAccelerationbSetupSpinTextDouble =

new SetupSpinTextDouble(PMaxDownDeAcceleration,100,10,1000,1); 10

�

�������������������������������������������������������������������������������������������������������������������

� Setsthe input data in DataVar.

�������������������������������������������������������������������������������������������������������������������

�

public void setData()
�

mWindow.DataVar.createListOfElevatorData();

ListOfElevatorData=

new ElevatorData[mWindow.DataVar.getNoOfElevatorInBuilding()];

ElevatorDataObject=

new ElevatorData( 20

~

~

� MaxUpDeAccelerationbSetupSpinTextDouble.getNumber()
�

mWindow.DataVar.getDistanceBetweenFloor(),

MaxDownDeAccelerationbSetupSpinTextDouble.getNumber()
�

mWindow.DataVar.getDistanceBetweenFloor());

for(int i = 0; i � mWindow.DataVar.getNoOfElevatorInBuilding(); i++)

ListOfElevatorData[i] = ElevatorDataObject;

mWindow.DataVar.setListOfElevatorData(ListOfElevatorData); 30

mWindow.DataVar.testPrintElevatorData();
�

�

�������������������������������������������������������������������������������������������������������������������

public abstract class Group implementsSerializable
�

�

�������������������������������������������������������������������������������������������������������������������

� Private reference to the setupof the entire simulation 40

�������������������������������������������������������������������������������������������������������������������

�

pri vate DataContainerDataContainerObject;

�

�����������������������������������������������������������������������������������������������������������������

� Cannot be called directly becauseit is abstract.

� paramDataContainerObject Referenceto the setupof t

� he entire simulation
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�������������������������������������������������������������������������������������������������������������������

public Group (DataContainerDataContainerObject)
�

50

this.DataContainerObject= DataContainerObject;
� �

constructerGroup

�

�����������������������������������������������������������������������������������������������������������������

� Get new departure time for the passenger. (abstract)

� paramPassengerObject Which passengerto change

� param DataPassengerFlowObjectThe passenger�ow of the

� passenger.

���������������������������������������������������������������������������������������������������������������������

abstract public void getNewTime(Passenger PassengerObject,D 60

ataPassengerFlow DataPassengerFlowObject);

�

�����������������������������������������������������������������������������������������������������������������

� Get new destinationfor the passenger. (abstract)

� paramPassengerObject Which passengerto change

� param DataPassengerFlowObject The passenger�ow of

� the passenger.

���������������������������������������������������������������������������������������������������������������������

abstract public void getNewDestination(Passenger Passenger O

bject, DataPassengerFlow DataPassengerFlowObject); 70

� � �

class Group
�

�������������������������������������������������������������������������������������������������������������������

�

�����������������������������������������������������������������������������������������������������������������

abstract class GroupTypeGetSpeci�cTime extendsGroup

implementsSerializable
�

�

����������������������������������������������������������������������������������������������������������������� 80

� The list of departure times for the getNewTime(Passenger

� P) method.

�����������������������������������������������������������������������������������������������������������������

�

pri vate int ClockHour;

pri vate int ClockMinute;

pri vate int DayInSimulation;

pri vate PassengerPassengerObject;
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pri vate DataPassengerFlow DataPassengerFlowObject;

pri vate DataContainerDataContainerObject;

90
�

���������������������������������������������������������������������������������������������������������������������

Cannot be called directly becauseit is abstract.

� paramDataContainerObject The DataContainerObject!

�

�

public GroupTypeGetSpeci�cTime (DataContainerDataContainerObject)
�

super(DataContainerObject);

this.DataContainerObject= DataContainerObject;

� � �

constructerGroupTypeGetSpeci�cTime

100
�

���������������������������������������������������������������������������������������������������������������

� Get speci�c departure time for the passenger

� (from departureTime[TravelState]).

� paramPassengerObject Which passengerto change.

� param DataPassengerFlowObjectWhere to get the data for

� the passenger.

�������������������������������������������������������������������������������������������������������������������

���

setTimeData must be executedbefore getNewTime is called

public void getNewTime(Passenger PassengerObject, 110

DataPassengerFlow DataPassengerFlowObject)
�

this.PassengerObject = PassengerObject;

this.DataPassengerFlowObject= DataPassengerFlowObject;

PassengerObject.setNewTime(60� 60� ((24� DayInSimulation)+

ClockHour)+60� ClockMinute);
���

PassengerObject.setNewTime(ClockHour+ClockMinute);
� � �

methodgetNewTime

120

protectedvoid setTimeData(int ClockHour,int ClockMinute,

int DayInSimulation)
�

this.DayInSimulation= DayInSimulation;

this.ClockHour = ClockHour;

this.ClockMinute = ClockMinute;
�
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� � �

class GroupTypeGetSpeci�cTime
�

�����������������������������������������������������������������������������������������������������������������

�

130

�

�������������������������������������������������������������������������������������������������������������������

class GroupTypeGetSpeci�cTimeAndOneFloor extends

GroupTypeGetSpeci�cTime implementsSerializable
�

private DataClockOneFloor ListOfDataClockOneFloor = null;

private DataClockOneFloor SeekListOfClockOneFloor = null;

private Passenger PassengerObject;

private DataPassengerFlow DataPassengerFlowObject;

private DataContainerDataContainerObject; 140

private int DayInSimulation;

�

���������������������������������������������������������������������������������������������������������������������

Instantiatesa new Group Object which gives a speci�c de� parture time and a

� speci�c destinationeach time.

� � br � � b � Alert! �

�

b � The Destinationparametermust not have � two adjecentdestinations

� of the samevalue (not even �r st
�

last)� br �

� paramDataContainerObject Referenceto the setupof th� e entire simulation

����������������������������������������������������������������������������������������������������������������� 150

public GroupTypeGetSpeci�cTimeAndOneFloor(DataContainer

DataContainerObject)
�

super(DataContainerObject);

this.DataContainerObject= DataContainerObject;

DayInSimulation= 0;

� �

constructerGroupTypeGetSpeci�cTimeAndOneFloor

�

����������������������������������������������������������������������������������������������������������������� �

Get a new destinationfor the passenger. This method 160

� returns one speci�c �oor

� from DestinationFloor[TravelState]

� � br � � b � Must be called before the getNewTime()

� method!�
�

b � � br �

� paramPassengerObject Which passengerto change.

� param DataPassengerFlowObjectWhere to get the data for � the passenger.

�����������������������������������������������������������������������������������������������������������������

�
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public void getNewDestination(PassengerPassengerObject,

DataPassengerFlow DataPassengerFlowObject)
�

170

this.PassengerObject= PassengerObject;

this.DataPassengerFlowObject = DataPassengerFlowObject;

SeekListOfClockOneFloor= ListOfDataClockOneFloor;

���

seekthroug the list of destination

if (PassengerObject.getDestination()!= � 1)
�

while((SeekListOfClockOneFloor.getNextInList()

!= null ) && (PassengerObject.getDestination()

!= SeekListOfClockOneFloor.getNextFloor()))
�

SeekListOfClockOneFloor 180

= SeekListOfClockOneFloor.getNextInList();
�

if (SeekListOfClockOneFloor.getNextInList() == null )
�

DayInSimulation++;

SeekListOfClockOneFloor= ListOfDataClockOneFloor;

PassengerObject.setTravelState(1);
�

else

SeekListOfClockOneFloor 190

= SeekListOfClockOneFloor.getNextInList();
�

���

System.out.println(“DayInSimulation = ” + DayInSimulation);

setTimeData(SeekListOfClockOneFloor.getClockHour(),

SeekListOfClockOneFloor.getClockMinute(),DayInSimulation );

PassengerObject.setNewDestination(SeekListOfClockOneFloor.getNextFloor());

200
� � �

methodgetNewDestination

public DataClockOneFloorgetListOfDataClockOneFloor()
�

return ListOfDataClockOneFloor;
�

public void setListOfDataClockOneFloor(DataClockOneFloor
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ListOfDataClockOneFloor)
�

this.ListOfDataClockOneFloor

= ListOfDataClockOneFloor; 210
�

� � �

class GrouptypeGetSpeci�cTimeAndOneFloor
�

�����������������������������������������������������������������������������������������������������������������

�

17.6 Peter Koorsgaard

�

�����������������������������������������������������������������������������������������������������������������

� A class which calculatesthe time neededto travel from

� the current position to it`s destination.(Only positive

� direction shown becauseof spacerestrictions)

�����������������������������������������������������������������������������������������������������������������

�

class TravelTime
�

pri vate ElevatorInfo StartPosition;

pri vate ElevatorInfo BrakePosition;

pri vate ElevatorInfo AccelerationPosition; 10

pri vate ElevatorInfo MaximumSpeedPosition;

pri vate ElevatorInfo DeAccelerationPosition;

pri vate ElevatorDataDataOfElevator;

public TravelTime(ElevatorDataDataOfElevator,

DestinationDestinationFloor,

ElevatorInfo CurrentPosition)
�

double T start = CurrentPosition.getTime(); 20

double S start = CurrentPosition.getPosition();

double V start = CurrentPosition.getVelocity();

double T brake = 0.0;

double S brake = S start;

double V brake = V start;

double S acc; double T acc; double T deacc;
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double S max; double V max; double T max; 30

StartPosition = CurrentPosition;

if (DestinationFloor.getDestinationFloor() � S start)
�

if (V start� 0)
�

���

brake - becausewe want to go up

T brake = � V start
�

DataOfElevator.getDownDeAcceleration();

S brake = V start� T brake + 0,5 �

DataOfElevator.getDownDeAcceleration() 40

� T brake� T brake + S start;

V brake = 0.0;
� � �

brake - for updirection
���

are we going to miss the destinationin �r st try?

else if ( ( 0.5 � V start� V start +

DataOfElevator.getUpDeAcceleration() �

DestinationFloor.getDestinationFloor()

� DataOfElevator.getUpAcceleration()� S start)
�

( DataOfElevator.getUpDeAcceleration()

� DataOfElevator.getUpAcceleration()) 50

� S start)
�

���

brake - becausewe are going too far

T brake = � V start
�

DataOfElevator.getUpDeAcceleration();

S brake = V start� T brake + 0.5 �

DataOfElevator.getUpDeAcceleration()

� T brake� T brake + S start;

V brake = 0.0;
� � �

brake - becausewe are going too far
� � �

going up 60

else
�

���

do the samething for down direction.. .
�

if ( DestinationFloor.getDestinationFloor()� S brake )
�

���

going up

S max = ( 0.5 � V brake� V brake

+ DataOfElevator.getUpDeAcceleration()�
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DestinationFloor.getDestinationFloor() 70

� DataOfElevator.getUpAcceleration()� S brake

)
�

( DataOfElevator.getUpDeAcceleration()

� DataOfElevator.getUpAcceleration());

V max = Math.sqrt(2 �

DataOfElevator.getUpDeAcceleration() �

(S max � DestinationFloor.getDestinationFloor()));

if ( V max � DataOfElevator.getMaxUpVelocity() )
�

���

V max bigger than maxspeed
���

recalculatedeacceleration position 80

S max = ( DataOfElevator.getMaxUpVelocity() �

DataOfElevator.getMaxUpVelocity() )
�

( 2 � DataOfElevator.getUpDeAcceleration() )

+ DestinationFloor.getDestinationFloor();
���

maximumspeedis reset..

V max = DataOfElevator.getMaxUpVelocity();
� � �

V max � MaxUpVelocity

T deacc= � V max
�

DataOfElevator.getUpDeAcceleration();

T acc = ( V max � V brake )
�

90

DataOfElevator.getUpAcceleration();

S acc = V brake� T acc + 0.5 �

DataOfElevator.getUpAcceleration()� T acc� T acc

+ S brake;

if (!(V max == 0))
�

T max = (S max� S acc)
�

V max;
�

else
�

T max = 0;
�

� � �

going up

else
�

���

do the samefor downdirection 100
� � �

going down

BrakePosition = new ElevatorInfo (S brake,

V brake,CurrentPosition.getDirection(),

T brake);

AccelerationPosition = new ElevatorInfo (S acc,V max,

CurrentPosition.getDirection(),

T acc+T brake);
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MaximumSpeedPosition = new ElevatorInfo (S max,V max, 110

CurrentPosition.getDirection(),

T max+T acc+T brake);

DeAccelerationPosition= new ElevatorInfo

(DestinationFloor.getDestinationFloor(),

0.0,CurrentPosition.getDirection(),

T deacc+Tmax+T acc+T brake);

� � �

constructorTravelTime

public double getTotalTime ()
�

120

return StartPosition.getTime() + BrakePosition.getTime()

+ AccelerationPosition.getTime()

+ MaximumSpeedPosition.getTime()

+ DeAccelerationPosition.getTime();
� � �

methodgetTotalTime

� � �

class TravelTime

�

�������������������������������������������������������������������������������������������������������������������

� The Group SuperClass. 130

�����������������������������������������������������������������������������������������������������������������

�

public abstract class Group implements Serializable
�

pri vate DataContainerDataContainerObject;

public Group (DataContainerDataContainerObject)
�

this.DataContainerObject= DataContainerObject;
� � �

constructerGroup

�

�����������������������������������������������������������������������������������������������������������������

� Get new departure time for the passenger. (abstract) 140

�����������������������������������������������������������������������������������������������������������������

�

abstract public void getNewTime(PassengerPassengerObject,

DataPassengerFlow DataPassengerFlowObject);

�

�������������������������������������������������������������������������������������������������������������������

� Get new destinationfor the passenger. (abstract)

�������������������������������������������������������������������������������������������������������������������

�

abstract public void getNewDestination(Passenger

PassengerObject,DataPassengerFlow
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DataPassengerFlowObject); 150

� � �

class Group

�

�������������������������������������������������������������������������������������������������������������������

� The Protocol. This class is the interface betweenthe

� control systemand the model. (only partly included

� becauseof spacerestrictions)

�����������������������������������������������������������������������������������������������������������������

�

class Protocol extends Observable implements Observer
�

160

public static �nal int SCHEDULECHANGED= 60;

pri vate int CurrentElevatorNumber;

pri vate DestinationCurrentDestination;

pri vate double CurrentTime;

pri vate ElevatorMovement[] ListOfElevatorMovements;

pri vate ControlSystemControlSystemObject;

�

�����������������������������������������������������������������������������������������������������������������

� constructorprotocol. 170

�����������������������������������������������������������������������������������������������������������������

�

public Protocol (int NumberOfFloorsInBuilding,

int NumberOfElevatorsInBuilding,

ElevatorData[] DataOfElevators,

Observer ObserverObject)
�

���

add the observer, so that we can notify it later.

addObserver(ObserverObject);
���

create listOfElevatorMovementsof correct size

ListOfElevatorMovements= 180

new ElevatorMovement[NumberOfElevatorsInBuilding];

���

instantiatesthe ListOfElevatorMovements

for (int i=0; i � NumberOfElevatorsInBuilding;i++)
�

ListOfElevatorMovements[i] =

new ElevatorMovement(DataOfElevators[i],

new Destination(0.0,1,Destination.NODIRECTION),

new ElevatorInfo(1.0,0.0,Destination.NODIRECTION,0.0));
� � �

for loop
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190
���

create ControlSystemobject

ControlSystemObject=

new ControlSystem(NumberOfFloorsInBuilding,

NumberOfElevatorsInBuilding,DataOfElevators,this);
� � �

constructorProtocol

�

�����������������������������������������������������������������������������������������������������������������

� Update method.This methodis invoked by the

� notifyobservers of an observableof this observer.

� ( see Observerinterface and Observableclass ) 200

�����������������������������������������������������������������������������������������������������������������

�

public void update(Observable o, Object args)
�

if ( ((ControlSystemOutput)args).getCommand()

== ControlSystemOutput.SCHEDULECHANGED)
�

CurrentElevatorNumber=

((ControlSystemOutput)args).getElevatorNumber();

CurrentDestination =

((ControlSystemOutput)args).getNewDestination();

210

ListOfElevatorMovements[CurrentElevatorNumber].

setNewDestination(CurrentDestination,CurrentTime);

CurrentDestination= new

Destination(ListOfElevatorMovements

[CurrentElevatorNumber].getNextActionTime(),

CurrentDestination.getDestinationFloor(),

CurrentDestination.getDirection());

setChanged(); 220

notifyObservers(this);
� � �

is it a ControlSystemOutputobject?
� � �

methodupdate
� � �

class Protocol

17.7 Lars JochumsenKristensen

�

���������������������������������������������������������������������������������������������������������������������
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� The class DestinationManager

�������������������������������������������������������������������������������������������������������������������

�

public class DestinationManagerimplements Observer
�

pri vate RunSimulationrSimulation;

pri vate DataPassengerFlow SeekDataPassengerFlow;

pri vate int GroupID;

pri vate int NoOfPassengerInGroup; 10

pri vate int StartFloor;

pri vate int StartHour;

pri vate int StartMinute;

pri vate int PassengerID= 0;

pri vate Pool PoolObject;

pri vate PassengerPassengerObject;

�

���������������������������������������������������������������������������������������������������������������������

� Instantiatesthe DestinationManager which give all the

� Passengers a start destinationand departuretime. 20

� (speci�c destinationeach time.)

�������������������������������������������������������������������������������������������������������������������

�

public DestinationManager(RunSimulation rSimulation)
�

this.rSimulation = rSimulation;

� � �

constructorDestinationManager

�

��������������������������������������������������������������������������������������������������������������������� 30

� Createsthe passenger with there destiantionsand

� departure times.

� The passengers is placed on there start �oor s.

� The departure times is added to the TimeManagers list

� of passenger events

�������������������������������������������������������������������������������������������������������������������

�

public void createPassengerInBuilding()
�

SeekDataPassengerFlow =

rSimulation.getMenuWindow().DataVar.

getListOfDataPassengerFlow(); 40
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PassengerID= 0;

while(SeekDataPassengerFlow != null )
�

���

get speci�c data about the group

GroupID = SeekDataPassengerFlow.getGroupID();

NoOfPassengerInGroup=

SeekDataPassengerFlow.getNoOfPassengerInGroup();

StartFloor= SeekDataPassengerFlow.getStartFloor();

StartHour= SeekDataPassengerFlow.getStartHour(); 50

StartMinute= SeekDataPassengerFlow.getStartMinute();
���

Create all passenger in the group with a destination
���

and a departuretime

for(int i = 0; i � NoOfPassengerInGroup;i++,PassengerID++)
�

PoolObject= rSimulation.getBuildingObject()

.getFloor(StartFloor).getPool();

PassengerObject= new Passenger(PassengerID,GroupID);
���

get new destinationand departuretime

SeekDataPassengerFlow.getListOfGroupEvent().getNewDestination 60

(PassengerObject,SeekDataPassengerFlow);

SeekDataPassengerFlow.getListOfGroupEvent().getNewTime(

PassengerObject,SeekDataPassengerFlow);
���

Savenew destinationand departuretime in the object of
���

the passenger and timemanager

PoolObject.addPassenger(PassengerObject);

rSimulation.getTimeManagerObject().addPassengerEvent

(PoolObject,PassengerObject);
�

SeekDataPassengerFlow = SeekDataPassengerFlow.getNextInList(); 70
� � �

loop
� � �

end while

�

���������������������������������������������������������������������������������������������������������������������

� This metodeis called the obsevable class pool notifyes

� this observer. Get the type of commandto be executed

� in pool. The commandbe executedis to get a new

� destinationfor the passenger.

���������������������������������������������������������������������������������������������������������������������

�

80

public void update(Observable o, Object arg)
�
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if (((Pool)arg).getCommand() ==

((Pool)arg).GETNEWDESTINATION)
�

���

get information from pool

PassengerObject= ((Pool)arg).getPassengerToMoveObject();

PoolObject= ((Pool)arg).getPoolObject();
���

�nd reference to passenger�ow of the group the
���

passenger are palced in.

SeekDataPassengerFlow = rSimulation.getMenuWindow()

.DataVar.getListOfDataPassengerFlow(); 90

while((SeekDataPassengerFlow != null ) &&

(SeekDataPassengerFlow.getGroupID()!=

PassengerObject.getGroupID()))
�

SeekDataPassengerFlow = SeekDataPassengerFlow

.getNextInList();
�

���

if passenger�ow of the group exist then get the
���

passenger a new desinationand departuretime

if (SeekDataPassengerFlow != null )
�

SeekDataPassengerFlow 100

. getListOfGroupEvent().getNewDestination

(PassengerObject,SeekDataPassengerFlow);

SeekDataPassengerFlow.getListOfGroupEvent()

.getNewTime(PassengerObject,SeekDataPassengerFlow);

���

Savenew destinationand departuretime in the object of
���

the passenger and timemanager

PoolObject.addPassenger(PassengerObject);

110

rSimulation.getTimeManagerObject().addPassengerEvent

(PoolObject,PassengerObject);
�

� � �

is command= GETNEWDESTINATION
� � �

methodupdate

� � �

class DestinationManager

120
�

���������������������������������������������������������������������������������������������������������������������
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� The class DataClockOneFloor

�������������������������������������������������������������������������������������������������������������������

�

class DataClockOneFloorimplements Serializable
�

pri vate int ClockHour;

pri vate int ClockMinute;

pri vate int NextFloor;

pri vate DataClockOneFloorNextInList = null ; 130

�

�������������������������������������������������������������������������������������������������������������������

� Constructorof the class DataClockOneFloor

���������������������������������������������������������������������������������������������������������������������

�

public DataClockOneFloor(int ClockHour, int ClockMinute,

int NextFloor)
�

this.ClockHour = ClockHour;

this.ClockMinute = ClockMinute;

this.NextFloor = NextFloor;
�

140

�

�������������������������������������������������������������������������������������������������������������������

� Add an object of DataClockoneFloor to the linked list of

� DataClockOneFloor

���������������������������������������������������������������������������������������������������������������������

�

public DataClockOneFlooraddDataClockOneFloor(int

ClockHour, int ClockMinute, int NextFloor)
�

NextInList = new DataClockOneFloor(ClockHour,

ClockMinute, NextFloor);

return NextInList; 150
�

[. . .]

�

�������������������������������������������������������������������������������������������������������������������

� Returnsthe next �oor

�������������������������������������������������������������������������������������������������������������������

�

public int getNextFloor()
�

return NextFloor;
�

160

140



�

�������������������������������������������������������������������������������������������������������������������

� Returnsthe next elementin the linked list of

� DataClockOneFloor

�������������������������������������������������������������������������������������������������������������������

�

public DataClockOneFloorgetNextInList()
�

return NextInList;
�

�

170

�

�������������������������������������������������������������������������������������������������������������������

� The class GroupTypeGetSpeci�cTimeAndOneFloor

�������������������������������������������������������������������������������������������������������������������

�

class GroupTypeGetSpeci�cTimeAndOneFloor extends

GroupTypeGetSpeci�cTime implements Serializable
�

[. . .] 180

�

�������������������������������������������������������������������������������������������������������������������

� Get a new destinationfor the passenger. This method

� returns one speci�c �oor

�������������������������������������������������������������������������������������������������������������������

�

public void getNewDestination(PassengerPassengerObject,

DataPassengerFlow DataPassengerFlowObject)
�

this.PassengerObject= PassengerObject;

this.DataPassengerFlowObject = DataPassengerFlowObject; 190

SeekListOfClockOneFloor= ListOfDataClockOneFloor;

���

seekthroug the list of destination

if (PassengerObject.getDestination()!= � 1)
�

while((SeekListOfClockOneFloor.getNextInList() != null )

&& (PassengerObject.getDestination()!=

SeekListOfClockOneFloor.getNextFloor()))
�

SeekListOfClockOneFloor=

SeekListOfClockOneFloor.getNextInList(); 200
�
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if (SeekListOfClockOneFloor.getNextInList() == null )
�

DayInSimulation++;

SeekListOfClockOneFloor= ListOfDataClockOneFloor;

PassengerObject.setTravelState(1);
�

else

SeekListOfClockOneFloor= SeekListOfClockOneFloor 210

.getNextInList();
�

setTimeData(SeekListOfClockOneFloor.getClockHour(),SeekListO

fClockOneFloor.getClockMinute(),DayInSimulation);

PassengerObject.setNewDestination(SeekListOfClockOneFloor

.getNextFloor());

� � �

methodgetNewDestination 220

public DataClockOneFloorgetListOfDataClockOneFloor()
�

return ListOfDataClockOneFloor;
�

public void setListOfDataClockOneFloor(DataClockOneFloor

ListOfDataClockOneFloor)
�

this.ListOfDataClockOneFloor= ListOfDataClockOneFloor;
�

230
�
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