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Preface
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appendixcontainthe accountfor scienti ¢ theoriesusedin the project,a descriptionof
partsof the progamwe have optednot to treatthoroughlyin our analysisanddesignand
sourcecodefor partsof theprogram.

Figuresandtalularsarenumberedn successiomccordingto chapters.To bene t fully
from readingthis reporta basicknowledgeto the methodOOA&D, UML-notationand
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canbefoundonthefollowing url: http://wwwkom.auc.dkjacmet/jaadoc.
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Chapter 1

Preliminary Analysis

1.1 Purpose

The computersystemis intendedfor usein an elevator control systemcompary. The
purposes to helpthe usercon guring, adaptingandtestingelevator control systemsn
multiple oor/elevator buildings, accordingto time ef ciency, economy etc. The user
shouldbeableto give ervironment-speci cvariablescharacteristi¢co theactualbuilding,
thushe shouldnot be ableto editthe mainalgorithmor createa new one,but the system
mustenablehim to alterthe parametersisedin the algorithm. To testand measurehe
resultsof thecon gurationwithoutactuallyinstallingthe systemin a building, a simula-
tion of agivenpassengeio w will beincluded. It shouldbe possibleto changethe o w
of peoplein the building in orderto simulaterushhours,etc.

1.2 SystemDe nition

Conditions: A computersystentor userswith variousquali cations.

Application domain: Adaptionof an elevator control systemto speci ¢ ervironments
by atechnician.

Technology: Java-consoléasedn JDK 1.1.6(PC-platform).

Object system: Elevators,passengersoors.
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Functionality: Adjustmentandtestof the elevatorcontrolsystemwith 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 ¢ ervironments. The tool includesa simulationof both the elevator
systemandthe passengetircuitin it. Theuserwill beableto adjusta nite numberof
parameteraccordingo a numberof quality measurement3.hecomputersystenmust
supportthe userin modi cation andintegrationof the elevator control system. It will

bebasedn a Jara-consoleandwill runonaPC-platform

1.3 Surroundings

1.3.1 ProblemDomain

Figurel.1l: Overvien shaving the computersystemsurroundings.

The computersystemis a systemto testan algorithm,with differentparametergor an
elevatorcontrolsystem.Thealgorithmsimulatetheelevatormovementn abuilding with
multiple oors andelevators.
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To measurehe quality of an algorithmyou have to be ableto registerthe travel time
of eachpassengein the passengeo w of the building. 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 differentparametersndtherebychoosingthe mostef cient con guration of
the elevator control system. Figure 1.1 shavs an overview over the computersystems
surroundings.

1.3.2 Application Domain

Thecomputesystemnis atoolto nd themostef cient con gurationof anelevatorcontrol
systemlt canbeusedin two differentkindsof ervironments:

An alreadyexisting building with someprede nedparametersor the elevatorsys-
tem.

A non-«isting building without prede nedparameter$or the elevatorsystem.

It is possibleto createa passengeio w like the onein the building, wherethe elevator
controlsystemsto beinstalled.Thisincludescreatingapassengeo w thatsimulateghe
peak o w of passengeiisetweerthe oors andthetime cycle of thepassengemovement.
Whenthe passengearrives at the destinationthe travel time is storedfor later usein
the statisticevaluation. Thenthe passengecontinuesn the passengero w with a new
destinatioranddeparturdgime. This resultsin a morerealisticsimulationof a passenger
o W.
The elevator control systemis basedupon a generalalgorithm, which canbe adjusted
by the userof the computersystem. The systemspeci eshow the usercanalter some
parameterandtherebyoptimizethealgorithmthatis usedin the elevatorcontrolsystem.
The parametersn questionwill bethosede ning the relationbetweerthe waiting time
for passengergnthe oors andthetravel timein theelevators.If thetravel timefor each
elevatoris reducedthewaiting time onthe oors is increase@ndvice versa
It is possibleto optimisethe algorithm on the samepassengero w using the statistic
evaluationto determinehe parameters

12



1.4 Assumptions

In our work with the simulationwe have madethe following assumptionsn orderto
simplify our problemdomainmodels:

Peopledonotusestairs.
Theelevatorsystemdoesnot breakdown.
Theelevatormotoris very simple.
Themotorsuppliesconstanticceleration.

Themovementof theelevatorsis not affectedby theload.

13



Chapter 2

Problem Domain

2.1 Structure

Figure2.1shavsthecoherencef theproblemdomainclasses.

2.2 Classes

2.2.1 Building

The building (Figure 2.2) is an aggre@ation of the physicalervironmentin which the
elevatorsystemexistsandthe passengersirculate.

2.2.2 Control System

The controlsystem(Figure2.3) handlesall input regardingthe elevator systemandcon-
trolsthe destination®f theelevators.
To initialize theevaluation,oneof thethreefollowing eventshave to appear:

Elevator called: Whena passengeinvokesan elevator, the control systemevalu-
atesall schedulesindselectsfo which elevatorschedulghe destinatiorshouldbe
added.

Elevatorready:Whenanelevatoris emptyandreadyto receve anew destinationit
sendgheelevatorreadysignalto thecontrolsystem.Thenif thereis any destination

14



Biuiilcling cantrol system

=

1

1 p.2 Lo
Pouol QLieLe Elesvator Schedule
1 1 1
Lﬂ—‘—\ D.*T ]’II\_‘Q>
Passenger

Cortainer

T

[ [ I

Powl Queve Elewator

Figure2.1: Structurediagram.

pending,the control systemevaluatesand addsa new destinationto the elevator
schedule.

DestinatiorselectedWhenapassengeselectsa destinationfrom insidetheeleva-
tor, thecontrolsystenmevaluateshelocalelevatorscheduleandaddsthedestination
accordingo thealgorithm.

2.2.3 Schedule

Eachelevatorhasa schedul€Figure2.4) containingfuturedestinationsOnly the control
systencanchangeheschedule.
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Building destroyped

Builcling crested
.—{ In existence

Aftribwtes

-Type af building
-Ligt of floors

-Ligt of slevators
~Mumber of floars
-Mumber of slevators

Figure2.2: Building statediagram.

Building =
——  m— destroyed
created Elevator calle 4
- > : O
Elewator ready
Waiting Destination Gratumiang
selected -
M ——
Schedule not changed
Schedule changed

Attrbutes
- &l elevator system
properties

Figure2.3: Control Systemstatediagram.

2.2.4 Elevator

An elevator (Figure2.5) is a containerthat movespassengerom one oor to another
It represents real-life elevatorbut the mechanicapropertief the elevatorsystem(e.g.
enginewires)arealsoembodiedn theelevator.

2.2.5 Floor

Each oor (seeFigure2.6)consistof apoolandtwo queues.

2.2.6 Container

Thecontainerclass(Figure2.7) embodieshe generapassengetircuit relatedproperties
of queue pool andelevatorsuchasmethodgor moving passengerandlists of contained

16



Schedule changed

Puiiding creatnd m Building destroyed

Adtrib utes
-Elewator
-List of destination

Figure2.4: Schedulestatediagram.

passengers.

A queueis a specializatiorof a container Passengersvaiting for an elevatorwait in a
gueueona oor. Each oor containgwo queuesup anddown.
Thepoolsrepresenthewhereaboutsf the passengersyhenthey arenotin the queueor
theelevator, beit in anapartmentof ce, or store.

2.2.7 Passenger

The passengefseeFigure2.8)is the entity thatcirculatesn the building andis usedfor
statisticalevaluation(measurement)f the performancef the elevatorsystem.

2.3 Eventsand Classes

Figure2.9shavs theeventsandrespectire classes.
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Elevator Schedule

ready changed s
Buiding Buildng
created destroyed
® Coing for the "’@

next destination

Loading/
unloading

Passengers

Elewvator ready Elewrator arrived

Passenger moved from Passenger moved from
elevator to pool queue to elevator

Attributes:
-ID
-Postion

W eight

Figure2.5: Elevatorstatediagram.

Builcling crested
.—{ In existence

Aftribwtes:

- Pool

- Up-gueue

- Doy r-cpuieLe

Building destroyped

Figure2.6: Floor statediagram

Passenger moved
[Fool -» Queue]
[Queue->Elevator]
[Elevator->F oal]

Contamer O O O Container
created destroyed
.—{ In existence j—a@

Attributes:
-Hext container

Figure2.7: Container(Pool, Queue Elevator) statediagram. Seealsothe elevator state
diagram.
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Buiding

created

._

In edstence

)

Passenger moved

Building
destroyed

—®

Attributes

<ID

-Time of departure
-Tune of arrivel
-Destination

Figure2.8: Passengestatediagram.

Events/Classes

Schedule | Elevator | Passenger

Queue

Pool

ControlSystem

Elevatorcalled

*

Elevatorready

*

Elevatorarrived

Destinatiorselected

Schdulechanged

Passengemoved from Elevatorto Pool

Passengemovedfrom Poolto Queue

Passengemoved from Queueto Elevator

Destinatioradded

Destinatiordeleted

Figure2.9: Eventsandclasses.
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Chapter 3

Application Domain

3.1 Actors

Thereis only oneuserof the system.Thefollowing goesfor him:

Purpose

A personwho intendsto adaptthe given control systemto a speci ¢ ernvironment
by settingup andsimulatingthe passengen w andadjustingthe parameters the
controlsystemalgorithm.

Characteristics

Theability to obtainthe mechanicapropertieof the elevator system(e.g. motor)
andthe building mustbe possessedlsothe personmustunderstandh statistical
evaluation.

Example

A technicianwho is going to install the control systemin a building. To make
the elevator systemrun ef ciently he mustadaptthe control systemto the speci ¢
ernvironmentasde ned by theuser

3.2 Patternsof usage

Thesepatternsapplyto theuser:

Adaptation of Algorithm
Before the simulationis started,the physicalpropertiesof the building and the

20



Function Compleity Type
ParameteAdjustment Medium Update
RunSimulation Hard Calculation
Shaov SimulationResults| Medium Read

Figure3.1: Functions

elevatorsystems enteredandthealgorithmis adjustedo ful I demandsetby the
user Thetime ef ciency is optimizedthroughchangesnadein oor prioritiesand
thetravel time for theelevators.

PassengeiFlow Control
Theuserde nesthestatisticabehaiour of the passengershusmakingsimulation
of certainbuilding typespossible.

Statistical Evaluation

After thesimulationhasbeenrun, a statisticalevaluationis presentedo theuseras
ameasuremerdf the performancef the controlsystemassetup by theuser This
evaluationmaye.g.includeaveragdravel timefor eachpassengeandperformance
of eachelevator.

Iteration
After the statisticalevaluation,the processanbe iterated,until the mostoptimal
con gurationhasbeenachiered.

3.3 Functions

Figure3.1shav thefunctionsandtheir compleity andtype.

3.4 Userinterface

Theusershouldinteractwith theprogramn connectiorwith parameteadjustmenthrough
a graphicaluserinterface. In Figure3.2it is shavn whatthis GUI may look like. Also
the statisticalevaluationof the simulationshouldbe presentedhroughGUI or optionally

onaprinter!
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Figure3.2: Graphicaluserinterface.
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Chapter 4

Preliminary Design

4.1 Analysis Corrections
Thefollowing amendmentbhave beenmadeto theanalysis:

TheclassScheduléhasbeenremovedfrom the structurediagram.It now existsas
differentattributes(lists of destinationsjn severalclasses.

Two classesControl SystemOutputand Passengemovement,was found when
restructuringhe statediagrams.

It hasbeenmademore explicit that the control systemandthe simulationof the
passengep w areseparatenits. Thesimulationunit (SimElevator)andthecontrol
systenmunit areseerasactorsusingtheothersystem.To handlethisinteractiontwo
moreclassesSystemManagerandProtocol wereadded.

Thegraphicaluserinterfacehasbeenspeci ed.

4.2 Criteria

Figure4.1 shavs the designcriteria. The purposeof settingthe designcriteriais to get
the prioritiesstraightwithin the softwaredevelopmenteam.

To minimize the consequencesf possibleerrorsdue to our inadequatéknowledge of
the physicsof elevator systemghe systemmustbe designede xible by extensve useof
encapsulation.

25



Criteria Veryimportant | Important | Lessimportant | Irrelevant | Triviality
Useful X
Secure X
Ef cient X
Correct
Reliable
Maintainable
Testable
Flexible X
Understandable X
Reusable X
Movable X
Integratable X

XX [X]|X

Figure4.1: Designcriteria.

Theimportanceof the systembeingintegratables basedon thewholeideaof the simu-
lation - To testa controlsystemalgorithm,in principleanexternalsystem.

26



Chapter 5

TechnicalPlatform

5.1 Equipment

Thesystemis intendedor useona PC,but the platformwill defactobedecidedby JDK
1.1.6compabilityandavailability. It will be developedon PC-UNIX-terminalsusingthe
universityfacilities.

5.2 BasicPrograms

SunsJDK 1.1.6will beusedin thedevelopmentAlso abasictext editoris required.

5.3 Systemsand Devices

Besidesa PC with standardequipmenta JDK 1.1.6 compatibleJava-consolea GUI-
system,is needede.g. Windows 95/98/NT, X11, to run the program. Java Runtime
Environment(JRE)is a Java virtual machinecontainingall you needto run the program.
It canbedownloadedat http://www.java.sun.com.

5.4 DesignLanguage

Thedesignanguages generallybasednthenotationusedn the OOA&D bookby Peter
Axel Nielsenetal.
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Chapter 6

Ar chitecture

6.1 Componentarchitecture

Dueto thefactthatthisis a programintendedfor testof a speci ¢ controlsystemalgo-
rithm the control systemis seenasan independentomponentwith aninterfaceto the
simulatedervironment.Figure6.1 shaw this dyarchiccomponenarchitechture.

The designphasethuscontainstwo parts. A partinvolving the simulationdomain,and
oneconcerninghe control system.The simulationcomponenhasa systeminterfaceto

thecontrolsystemunitandauserinterface. Thecontrolsystermunithasasysteninterface
to the simulationcomponent.

Youmustbeableto extractthecontrolsystermunit anduseit in areal-life elevatorsystem.
Thedesignof the systeminterfacesshallmalke this possible.

6.2 Processes

We have optednotto usemultiple threads.

28



Figure6.1: Systemarchitecture.
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Chapter 7

Sim-elevator

7.1 Model Component

7.1.1 Structure

By substitutingterationsin the statediagramsof the analysisdocumeniwvith classegor
attributes),we geta new structurediagram,Figure7.4. The procesf substitutingthe
iterationdeadto restructuredtatediagrams.

Figure7.1: Restructured¢ontainerstatediagram.

7.1.2 PassengeMovement

Figures7.1and7.2,shaving therestructuredtatediagramsof the containerandpassen-
gerclassesleadto the conceptioraf a new classcontaininginformationon eachmove-
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Figure7.2: Restructureghassengestatediagram.

mentof a passengecalledPassengemovement.This classis usefulin connectiorwith
thestatisticalevaluation.lt makesit possibleo reconstructheexactmovemenif agiven
passengeasa functionof time.

Purpose: Ragjistrationof passengemovements
Attrib utes: PassengelD, Time of movement

Operations: N/A

7.1.3 Passenger

Purpose:containgdatafor a passenger

Attrib utes: ID numbeygrouplD, List of movementgreferencdo passengenove-
ment),lastmovementdestinationtime of departurgwhenpassengemovesfrom
poolto queue) Passengestate(indicatesf passengenasanew destination)

Operations: setNavDestination(inDestinationupdatgassengeattestinatiorand
departurdime),

LogPassengerMeement(doublédctualTime, int ContainerID)(Add an object of

passengerM@ementwith parameterso theendof alist of passengemovements),
getActionTime() (returnspassengearrival time)

7.1.4 Container

Purpose: Move passengert® next container
Attrib utes: List of Passengerd\o. of Passengerd\ext ContaineriD
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Operations: MovePRassenger@ssengelPassengerdMove) (move a passengenb-
jectfrom onecontainerto another),
AddPassenger@ssengeAddPassengerjAdd a passengeto the list of passen-
gers),
DeleteRssenger@ssengebeleteRssengerPassengefiestRssengerfDeletesa
passenger),

setNetContainer(ContainédetNextContainer)referenceo next container),
getContainerID(JreturnscontaineriD),

getCommand(jreturnsthe commando be executedby theobsenrer)

7.1.5 Elevator

Figure7.3: Restructure@levatorstatediagram.

In gure 7.3youseetheiterationElevatorready It hasbeensubstitutedy anattributein
theelevatorclasscalledstate.

Purpose: Move passengerisetweenoors

Attrib utes: ID number next destination list of unprocessedlestinationsstate
(ready/notready),maxcapacity actualcapacity

Operations: setDestination(inllewDestinationupdateelevatordestination),
setUnprocessedDestinationFlagotify obserer (SystemManager)with unpro-
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cessedlestination),
setElevatorReadyFlag(notify obsener (SystemManager)with elevatorready),

7.1.6 Queue
Purpose: Signalsthata passengemeedsanelevator
Attrib utes: Next Container
Operations: setlrvokeElevatorFlag()(notify obserer (SystemManager)with call

for anelevator)

7.1.7 Pool

Purpose: Containpassengersghenthey're notcirculatingin the elevatorsystem
Atrib utes: N/A

Operations: getNevDestination(BssengeNewPassengerjnotify obserer (Des-
tinationManager)o getnew passengedestination),
getRassengerdMoveObject()returnsreferencdo the passengeenteringpool)

7.1.8 Floor

Purpose: ConnectghedifferentContaineroneachFloor
Attrib utes: ID, Reference$o poolsandqueues

Operations: N/A

7.2 Function Component

Specifyingoperationsandplacingthemin classesit hasbeenfoundthata functioncom-
ponentis neededn the simulationunit. The functioncomponentontainsthreeclasses:
DestinationManager Time ManagerandStatisticManager
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Figure 7.4: Model componensstructurediagramwith new classes.Note that both the
building modelcomponenandthe controlsystemcomponenareincluded.

7.2.1 Destination Manager

Purpose: Setup all passengenwith destinatioranddeparturg¢ime, duringinitiali-
sation,give new passengedestinationanddeparturdgimesduringsimulation

Attrib utes: Passengeio w algorithm

Operations: N/A
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7.2.2 Time Manager

Purpose:Managecritical momentgeventsin thesimulationlik e Passengemoved,
Elevatorarrived, etc.) andexecutenecessaryasksat thesemoments

Attrib utes: List of Passengeevents,List of Elevatorevents

Operations: AddPassengerEant(PoolPoolObjectPassengePassengerdAdd),
AddElevatorEent(intElevatorID, doubleActionTime, int Direction)

7.2.3 Statistic Evaluation

Purpose: Calculatestatisticsandextracttheresults
Attrib utes: All Passengers

Operations: CalculateAerage()Calculateaveragetravel time per oor traveled),
CalculateSD(JCalculatestandardieviationin travel time per oor traveled),
calculateCycles((transformpassengemovementsnto cycles)

7.3 Userinterface component

7.3.1 Overview

The userinterfaceincludestwo kinds of elements.The simulationis setup througha
numberof windows, andthe statisticresultsof the simulationareshavn in a transcript.
A menu,commonfor all thewindows, allows the userto navigatebetweerthe windows.
Below is adescriptionof thefunctionalityof the menuitems.

7.3.2 File

New

Activatesthe setupwindows in thefollowing order: Building setup,Elevator setup,Pas-
sengesetupandParametesetup.
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Figure7.5: Thepull down menuFiles.

Open

Readthe setupof asimulationfrom adisk. A le dialogboxwith optionsis shavn.

Save

Save thesetupof theactualsimulationon a disk.

save as

Sare acopy of theactualsimulationonadisk. A le dialogboxwith optionsis shavn.

Exit

Exit theprogram.

7.3.3 Setup
Building

Openghewindow, wherethe setupfor Building is speci ed. Allows changeso be made
in the Building setup.
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Figure7.6: Thepull down menuSetup.

Elevator

Openghewindow, wherethe setupfor Elevatoris speci ed. Allows changeso bemade
in the Elevatorsetup.

Passengers

Openghewindow, wherethesetupfor Passengeis speci ed. Allowschange$o bemade
in the Passengesetup.

Parameter

Openghewindow wherethe parameter$or thealgorithmarespeci ed. Allows changes
to bemadein the Parametesetup.

Statistics

Openghewindow wherethe setupfor the calculationof statisticds speci ed.

7.3.4 Simulation
Start

Openghewindow wherethe periodto be simulateds setandthe simulationis started.
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Figure7.7: Thepull down menuSimulation.

Stop

Stopsarunningsimulation.

7.3.5 Statistics

Figure7.8: Thepull down menuStatistics.

Show Statistics

Shaws atranscriptof theresultsof the calculationof the statistics.
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7.3.6 Help

Figure7.9: Thepull down menuHelp.

About

Openghewindow with programinformation.

7.4 Systeminterface component

7.4.1 SystemManager

Purpose: Managethe exchangeof databetweerSim-Elevatorandthe Protocolin
the Control SystemUnit

Attrib utes: Objectsof Building, Time ManageyElevator, QueueandProtocol

Operations: N/A
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Figure7.10: Navigationdiagramfor the userinterface. The diagramshaows threetypical
statedor the mainwindow on a verticaltime axiswith the earlierstateson top andthe
laterdownwards.In thelaterstatesoptionsin the earlierarestill intact. Thisis notshovn

onthediagram.
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Chapter 8

Control System

8.1 Model Component

8.1.1 Structure

Thestructureof the controlsystemmodelcomponents depictedn Figure7.4.

8.1.2 Control System

Purpose: Addsandremovesdestinationgrom lists of destinationsevaluatesorder
of elevatormovements

Attrib utes: State List of MoveableDestinationsl.ist of Control Systemoutput

Operations: AddMovableDestination(Destinatiddest,Eleatorinfo[] Elevatorin-
formation)(Addsanenr movabledestinationpassengedestinationsn queue)),
AddStaticDestinationfAddsa new List of StaticDestinationgpassengetestina-
tionsin elevators)),

DeleteDestination(Destinati@est,int ElevatorNumbelElevatorinfo[] Elevatorin-
formation)(Deletesa destination)

8.1.3 Control SystemOutput

By restructuringthe control systemstatediagram(seeFigure 8.1) we get a new class
calledcontrolsystemoutput. The classcontainsthe resultof the evaluationalgorithmin
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Figure8.1: Restructureadontrolsystemstatediagram.

thecontrolsystemin theform of lists of destinationgor the elevators.

Purpose: Supplythecontrolsystemwith methoddo calculatenew destinationgor
theelevators

Attrib utes: List of staticdestinationsl.ist of sorteddestinations

Operations: addMovableDestination(Destinationest, Elevatorinfo Elevatorin-
formation)(addsthe givenmovabledestinatiorto the ControlSystemOutpuibject
atthepositionwhich givesthelowestTimeValueandfollowsthegivenguidelines),
addStaticDestination(Destinatibest)(addghegivenstaticdestinatiorio theCon-
trol SystemOutputobject),

setScheduleChangediptify obsener(Protocol)with schedulehanged)getNevDes-
tination() (returnsnew elevatordestination)

8.2 Function Component

The controlsystemmaincomponentloesnot containary functioncomponentall func-
tions areimplementedhroughthe systeminterfacecomponenor are containedn the
modelcomponent.
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8.3 Systeminterface Component

8.3.1 Protocol

PurposeManagethe exchangeof databetweenSim-elevatorandthe control sys-
tem

Attrib utes: N/A

Operations: addMovableDestination(DestinatioDest,doubleActionTime) (add
destinationgor passengeris elevators),
addStaticDestination(ListOfDestinatidnestinationListjnt ElevatorNumbeidouble
ActionTime,doubleArrivalTime) (adddestinationgor passengens queues),
setScheduleChanged(potify obsenrer (SystemManager)with schedulehanged),
getNevDestination()returnsnew elevator destination) getNavActionTime() (re-
turnstheelevatorarrival time),

setEleatorReady(doubléctionTime,int ElevatorNumber)updateElevatorReady

ag),
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Chapter 9

Program Flow

9.1 CreatePassenger

Figure9.1.

Whenthe simulationis startedan objectof the classDestinationManagelis instantiated.
The movementof the passengeis de ned for groupsof passengerthroughthe setupin
theuserinterface.

1. Call setDestinatioin Passengeto setthe rst passengedestination.
2. CalladdRassengein Poolto addthe passengeto list of passengers.

3. Call addrRassengerEantin TimeManageto addthe passengeto list of passenger
events.

Figure9.1: Createpassenger
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Figure9.2: Passengeevent.

9.2 Passengelkevent

Figure9.2.
Passengedeparturdime.

1. Call setNetContaineiin Poolto setthenext container
Call movePassengein Poolto movethe passenger

2. CalladdRassengein Queueto addthepassengeto list of passengers.
Call setlrvokeElesatorFlagin queueto invoke anelevator.

3. Notify obsenrer (SystemManager)with setlrvokeElevatorFlag.
4. Call getContainerlDn Containelto getthe oor numberfor theinvokation.
5. CalladdMovableDestinatiom Protocolto gettheinvokationprocessed.

6. Call addMovableDestinatiomn Control Systemto getthe destinatioraddedto list
of elevatordestinations.

7. If the rst destinationin list of elevator destinationss changed:call setSched-
uleChangedh Control SystemOutput.

8. Notify obsenrer (Protocol)with setScheduleChanged.

9. Call getNavDestinationn Control SystemOutputto getthe new elevatordestina-
tion.
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Figure9.3: Elevatorevent.

10. Notify obsenrer (SystemManager)with schedulehanged.

11. Call getNevDestinationn Protocolto getthe new elevatordestination.
12. Call setDestinatioin Elevatorto setthe new elevatordestination.

13. Call getNevActionTimein Protocolto gettheelevatorarrival time.

14. Call addElevatorEventin TimeManageto addthe next elevatorarrival time.

9.3 Elevator Event

Figure9.3.
Theelevatorarrivesata oor.

1. Call MoveRassengein Elevatorto unloadandload passengers.

2. Call addRassengein Poolto addthe passengeto list of passengers.
3. Notify obserer (DestinationManager).

4. Call getRassengerdMoveObjectin Pool
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10.

11.

12.

13.

14.

. Call getActionTimein Passengeandcalculatethe new destination.

Call setNavDestinationn Passengeto setthe new destinatioranddepaturetime.

. Call addRassengerEantin TimeManageto addthe passengeeventto list of pas-

sengeevents.

. Call movePassengein Queueto loadthe passengeirom the queueto theelevator.

. If passengerareloadedcall setUnprocessedDestinationFlad=levator.

If nopassengerareloadedcall setElevatorReadyFlag Elevator.

. Notify obserer (SystemManager)with eithersetEleatorReadyFlagr SetUnpro-

cessedDestinationFlag.

If setElevatorReadyFlago)

Call getCommanah Elevator. getCommandeturnsElevatorReady

If setUnprocessedDestinationF(&

Call getCommandh Elevator getCommandeturnsUnprocessedDestination.

If setElevatorReadyFla¢)

Call setEleatorReadyn protocol.

If setUnprocessedDestinationF (&
Call addStaticDestinations protocol.

If setElevatorReadyFlago)

Call deleteDestinatiom ControlSystento deletethe elevatordestination.

If setUnprocessedDestinationF(&

Call addStaticDestinations ControlSystento addthe passengedestinationgo
thelist of elevatordestination.

If setElevatorReadyFla¢O)
Evalautethe list of destinationsand call setScheduleChangea Control System
Output.

If setUnprocessedDestinationF(&
Evalautethe list of destinationsand call setScheduleChangeal Control System
Output.
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15.

16.

17.

18.

19.

20.

21.

Notify obsenrer (Protocol)with scheduleehanged.

Call getNavDestinationn Control SystemOutto getthe new elevatordestination.
Notify obserer (SystemManager)with schedulehanged.

Call getNavDestinationn Protocolto getthe new elevatordestination.

Call setDestinatiomn Elevatorto setthe new elevatordestination.

Call getNavActionTime in Protocolto getthe elevatorarrival time.

Call addEleatorEentin TimeManageto addthe next elevatorarrival time to list
of elevatorevents.
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Implementation
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Chapter 10
Implementation

This chapterdescribeshe stepsakento corvertthedesigninto a JAVA program.

Theprogramonly usesclasseandmethodegrom SunsJDK 1.1.6.

This makesit possibleto executethe programon differentplatforms.

This versionof the programis testedsuccesfullyon botha PC-anda UNIX platform.
Theuseof standardIDK classesnakesthe programableto loadandsave les usingthe
le dialogimplementedn theplatform.

Therearedifferentwaysof implementinghe program.The orderof theimplementation
determinghe amountof extra sourcecodéo beimplementedn orderto testthe
differentclassessthey areimplementedA combinatiorof earlyuserinterface
andbutton-upimplementationgivesa graphictestplatformanda smallamountof
extratest-sourcecod® beimplemented.

Somepartsof the programhave not beenimplementedspeciallypartsof the GUI have
beenletout. E.g. only four passengep ws have beenmplementedhoughthisis enough
to shav the funtionality of the program. The edit functionin the GUI is not neededo
shaw the functionality of the programandthereforenot implemented.The statisticpart
of thesimulationis notfully graphiclyimplemented.

10.1 ClassStructure

The differentclasseslescribedn the designchapteris implementedyy the membersof
thegroup.Eachmembeliis responsibldor theimplementation
of anumberof classesTo make surethecommunicatiorbetweertheclassess
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in agreemenivith thedesign.eachpublic methodweredesignedvith a contractde ning
whatis requiredandwhathasto beinsuredthroughthe communicatiorandfunctionality
of themethod.

By ful lling thesecontractst shouldbe possibleto implementall theclasses

into oneprogram.

Theorderof implementations asfollows:

Userinterace

Model componen{Simulation)
Modelcomponen{Controlsystem)
Functioncomponent

Systeminterfacebetweerthe simulationandthe controlsystem.

10.2 UserInterface

Theuserinteréceis controlledby the useof pulldown menusandconsistof a
numberof windowsto changehe setupof the program.

Figure10.1: UserinterabceComponent.
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Eachmenuitem is implementedas a class. (SeeFigure 10.1) This makesit easyto
implementandtestonewindow atatime. Each

window is an unit with its own actionlistenerthis makesit possibleto addor remove a
window withouttoo mary change theotheruserinterfaceclassesTheclasscontaining
aGUl interfacehasthe

responsibilityof saving the dataspeci ed on the GUI. The classDataContainekeeps
trackof all parameterspecifyinga simulation.

The parameterdrom BuildingSetupis sared as attributesto the DataContaineclass.
Thesedatais usedto limit someof the otherparameter®.g. StartFloor of a passen-
geris limited to thenumberof

oors in the building. The parameter®f the elevators (ElevatorSetup)s saved in an
array of ElevatorDataobjects,one for eachelevator in the building. The arrayis an
attribute of the classDataContainerThe parametersf the ParameterSetuareattributes
of ElevatorDataoo andwill beaddedo eachElevatorDataobject.

The mostcomplex GUI is the PassengerSetuplt consistof two windows. The rst
GUI of the PassengerSetup usedto specifythegroup. The secondGUI dependonthe
type of travel performedby the passengersf the group. This GUI is baseduponthree
GUIs containingspeci cationof the passengergmetable andthreeGUIs containingthe
speci catonof the passengersavel table. The secondGUI consistof atimetablein the
upperpartof the GUI anda travel tablein the lower part. By combiningthesesix half
partGUIs, it is possibleto shav ninedifferentGUIs. Eachoneof the nine GUIs got its
own dataclasswith attributesspeci ed for the parametersf the GUI. The dataclasses
aresavedin form of alinkedlist andrepresentedtthe bottomlevel in Figure10.2.

The classesSetupSpin&t andSetupSpin&tDoublearetwo componentsisedasinput
controlsin the setupGUIs, thesecomponentaisesstandardlAVA components.Read-
ObjectFileandWriteObjectFilearethe classeghatcontrolsthe acces®f the setup les.
The classSimElevator and InitMenu is usedto generateand control the main window.
RunSimulatioris resonsibldor the executionof ansimulation.

Whenthe userinterfaceis implementedt is possibleto usethis to instantiatehe classes
of the modelcomponentindtestthe instantiationof the classes.This will minimizethe
amountof sourcecodesedto testtheclasse®f themodelcomponent.
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10.3 Model Component(Simulation)

It is importantto implementthe classe®f the modelcomponenearlyin theimplemen-
tationphasepecaus¢heseclassesreusedin thetestof thefunctioncomponentlasses.
It is very importantthatthe contractdbetweerthe methodsareful lled. This makesthe
connectingof the classesasier The useof button-upimplementatiormakesit possible
to usethe testedclasse®f the modelcomponentwwhenimplementingthe classef the
functioncomponentThe modelcomponents dividedin two, a modelcomponenbf the
simulationandthe modelcomponenbf the controlsystem.The simulationpartcontains
theclasse®f thesystemhatusesthe controlsystento circulatein the building.

10.4 Model Component(Control System)

It is possibleto look uponthe controlsystemasa smallpartof theentireprogram.Using
the userinterfaceto setupthe control systemandrede ning someof the menuitemsit
is possibleto testthe control system. The datafrom the setupwindows combinedwith
thealreadyimplementedtlassesanbeusedto checkif theprogramis working properly
When using alreadyimplementedand testedclassedo testthe implementationof the
controlsystentlassedt is possibleto make amorecompleteestof theuserinterfaceand
minimizethe chance®f makingtestcodewith bugs.

10.5 Function Component

Theimplementatiorof thefunctioncomponentlassestartswhentheimplementatiorof
the modelcomponentlassess in the nal state(testof the functionalityandcontract).
The rst classof the function componeto be implementeds the DestinationManager
This classmalesit possibleto createthe passengerandplacethemontheright oor.
Thenext classto implementis SystemManagei he SystemManages special because
it is an obserer of the classefQueue,Elevator and Protocol. The purposeof the Sys-
temManageclassis to ensureencapsulationlt is necessaryo implementthe System-
Managerasthreeclasse¢SystemManagerObsanForQueue SystemManagerObseaw
ForElevatorand SystemManagerObsemForProtocol) ,eachof theseclassesn the Sys-
temManageareobsenrers. At this time in the totalimplementatiorphasejt is possible
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to testtheimplementationn away, thatmakesa passengecapableof traveling from one
oor to anotheywith theuseof anelevator.

Thelastof thefuntion componentlassess the DestinationManageiWhenthe Destina-
tionManageis fully implementedhepassenges capableof obtaininganew destination
anddeparturetimeThisendthecycle of thepassenger w. TheDestinationManagegets

theinformationaboutthe passengen w for a passengeirom the DataContainer
Thestructureof the passengen w in the DataContaineis asshavn in Figur10.2.Each
passenger w is de ned in DataRassengerFle. The DataRissengerFlo hasan at-

tribute of the type Group. The classGroupis an abstractclasscontainingtwo abstract
methodggetNevTime andgetNevDestinaton).

The classesGroupGetVpeSpeci cTime andthe otherclasse®n the samelevel inherits

from the classGroupandthey alsoimply themethodgetNevTime.

The classesGroupGetVpeSpeci cimeAndOneFlooandthe otherclasse®n the same
level inheritsfrom the classe®n thelevel above andinheritsthe methodgetNevDestina-

tion.

GetNeavDestinatiorhasto becalled rst, becausé getstheinformationfrom dataclasses
placedonthebottomlevel of thedatastructure.

Becausalll of thegetNevTimeis calledwith the sametype of parameterd is posibleto

overloadthe methodgetNevTimein Group.

Thesameappliesto themethodgetNavDestination.

Theimplementations atthistimein a nal state.

Now it is possibleto try the differenttypesof passenger w.

10.6 Systeminterface

The systeminterfacebetweerthe simulationandthe control systemconsistsof the Sys-
temManageandthe Protocol.It is basedon the useof thedesignpatternObserer. The
SystemManages implementedasthe Protocolsobsener andcontrolsthe communica-
tion betweerthe simulationandthe control systemthroughthe Protocol. The purposeof
the Protocolis to actascorverterbetweerthe elevatorandthe controlsystem.Depend-
ing on how adwancedthe elevatoris the Protocolmustcontainmethodso calculatethe
informationneededor the controlsystemo determinghe o w of theelevators.
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Figure10.2: DataClassStructure.
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Chapter 11

Test

11.1 TestStrategy

As anoverall teststratgy it hasbeendecidedthat eachprogrammeiis responsibldor
the testof the classese hasprogrammed.n the procesof integrationtestshave been
performed‘bottom up”, thatis classesn the modelcomponentveretestedthouroughly
beforeintegratedwith the classesn the function component.This procedureverethen
repeatedbeforeintegrationwith theuserandsysteninterfaces Finally thetwo mainparts
of theprogramwerecombinedandtestedup againseachother

11.2 White Box

11.2.1 Method

Theprincipleof awhite boxtestis thatyouidentify all possiblandependerpathshrough
agivenmethodandusethemastestcases.

This testmethodis very extensve andtime-consuming.Thuswe have not beenableto
useit throughoutthe whole program. We have, however, performedit thouroughlyon
asinglesequencef the movePassengemethodin the Elevator classto demonstrat¢he
principle.
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11.2.2 Elevator.movePassenger

Thefollowing is a partof the methodmoveRassengein Elevator We presumehatthe
variableNextDirectionis Undecided:

if (NextDirection == UNDECIDED)
if (!CurrentFloorgetUpQueu@.isEmpgy() &&
ICurrentFloorgetDavnQueu€).isEnmpty())
if (CurrentFloorgetUpQueuf.getFirstRssengéd).getDemrture Time()
CurrentFloorgetDavnQueué).getFirstRissengr().geDepatureTime())
NextDirection = UP,
else
NextDirection = DOWN;
else 10
if (CurrentFloorgetUpQueu@.isEmpty) &&
CurrentFloorgetDovnQueué).isEmpy())
setElewatorReadyFla@;

else
if (CurrentFloorgetUpQueu@.getNaOfPassengry)
CurrentFloorgetDovnQueué).getNoOPassengex))
NextDirection = UP,
else

NextDirection = DOWN; 20

11.2.3 Flow Graph

Basedon the sourcecodethe possiblerami cations of the methodmovePassengeare
displayedn Figurell.1,eachnodereferingto aline in thecodeandthearrons beingthe

transitionto thenext line.
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Figurell.1:Flow graphof ElevatormoveRassenger

11.2.4 Indenti cation of IndependentPaths

Therearevariouswaysto indentify the differentindependenpaths,the numberof inde-
pendenpathsbeing

Counttheregions(theR's), giving

Figurell.2.4shovstheindependpathsof the method.
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TestCase| Path

Figurell.2: Theindependenpathsof ElevatormovePassenger

11.2.5 TestCases

Thefollowing testcasesompleteawhite boxtestof ElevatormovePassengeiAll details

arenotincluded.

Onceagain,we presumehatNextDirectionis UNDECIDED.
Theresults(NextDirection, setlrvokeElevatorFlag)of eachtestcasecanbe obtainedby

substitutingor NextDirectionandsetlrvokeElevatorFlagwith System.out.printin(<string>).

Casel

Passengelarsten= new Passeng€l,355);
Passengeionry = new PassengégR,355);

Floor A5 = new Building(NoOfElevators NoOfFloors;

KarstensetDepartureiine(60);
Tonry.setDepartureime(90);

A5.getFloo(ThisFloo).getUpQuer().addPassengr(Karster;
A5.getFloo(ThisFloo).getDovnQueue().addPassengéionny);

A5.getElevato(ThisElevator).setDestinatin(ThisFloa);
Ab5.getElevatoThisElevator.movePassengdiTimeOfMovemer);

Case?

Passengelarsten= new Passeng€l,355);
Passengeionry = new PassengégR,355);
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Floor A5 = new Building(NoOfElevators NoOfFloors;

KarstensetDepartureime(90);
Tonry.setDepartureime(60);

A5.getFloo(ThisFloo).getUpQuew().addPassenggKarsten;
A5.getFloo(ThisFloo).getDovnQueud).addPassenggiTonny);

A5.getElevatoThisElevator).setDestinatin(ThisFloa);
Ab.getElevatoThisElevator).movePassengr(TimeOfMovemert);

Case3

Floor A5 = new Building(NoOfElevators NoOfFloors;

A5.getElevatoThisElevator).setDestinatin(ThisFloa);
A5.getElevatoThisElevator).movePassengr(TimeOfMovemert);

Case4

PassengelKarsten= new Passeng€l,355);

Floor A5 = new Building(NoOfElevators NoOfFloors;

A5.getFloo(ThisFloo).getUpQuew().addPassenggKarsten;

Ab.getElevatoThisElevator).setDestinatin(ThisFloa);
Ab.getElevatoThisElevator).movePassengr(TimeOfMovemert);

Caseb

Passengeifonry = new Passeng€R,355);

Floor A5 = new Building(NoOfElevators NoOfFloors;

A5.getFloo(ThisFloo).getDovnQueud).addPassenggiTonny);

A5.getElevato(ThisElevator).setDestinatin(ThisFloa);
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Ab5.getElevato(ThisElevator).move PassengdiTimeOfMovemert);

Notethatthesetestswereperformedbeforethe SimElevatormodel,functionandsystem
interfacecomponentsvereintegrated.No couplingexistedbetweerthe componentsand
theconstructorsveresimplerthanthe nal ones.

11.3 Black Box

11.3.1 Method

Mostof our programhasbeentestedby the blackbox method.

11.3.2 Performing The Test

The following is the sourcecodeusedfor the black box testof the SimElevator model-
componentThemainpurposeof thiscomponents circulationof passengers.

class Test

public static void main(Strind] args)

Create building and passengrs

Building A5 = new Building(1,3);

PassengelKarsten= new Passengef{66,1);

Passengeifonny = new Passenged1);

PassengelLars = new Passengef(1); 10
PassengelClaus = new Passengef(3,1);

Circulate passengrs

Tonry.setNevDestination®);
Karsten.setN@Destination®);
Lars.setNe/Destination8);
Claus.setNeDestination@);

Ab.getElevator(0).setDestinatiori(); 20
A5.getElevator(Q).setNetDirection(HLEVATOR.UP);
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A5.getFloor().getPool().add&sengégiionny);
A5.getFloor().getPool().add&ssengdlaus);
A5.getFloor().getPool().add&ssenggKarsten);
A5.getFloor().getPool().add&sengét ars);

A5.getFloor().getPool().muePassengdiTonny,1);
A5.getFloor().getPool().muePassengdiKarsten?);
A5.getFloor().getPool().muePassengdiClaus3);
A5.getFloor().getPool().muePassengdtars,1);

Ab.getElevator(0).movePassengr(d);

A5.getElevator().setDestinatiorg);
A5.getElevator(Q).movePassengr(7);

Claus.setNwDestinationl);
Tonry.setNaevDestinationl);

A5.getFloor@).getPool().muePassengdiTonny,8);
A5.getFloor@).getPool().muePRassengdiClaus);

A5.getElevator().setDestinatiorg);

A5.getElevator(Q).setNetDirection(HLEVATOR.DONN);

A5.getElevator(Q).moveRassengr(10);

Ab.getElevator(D).setDestinatiorq);
Ab5.getEleator(0).movePassengr(12);

A5.getElevator(D).setDestinatiori();
A5.getElevator(Q).moveRassengr(15);

\erify movementof passengrs and elevator

for (int i = 0; i  Ab.getElevatorQ).getMorementArray().length; i++)

System.out.printifELEVATOR: Ankomst KI.

Ab.getElevator(Q).getMovermentAray()[i].getTimeOfMovemert()+
" til " +Ab.getElwator(0).getMovemenArray()i]. getCortainetD()+

etage" );
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for (int i = 0; i Karsten.getMeementArray()engh; i++)
System.out.printifKARSTEN: Flytning  kl. "+
Karsten.getMagementArray(}i]. getTimeOfMovement()+
' fra " +Karsten.getMeementArray)[i] .geContairerID());

for (int i = 0; i  Tonry.getMovementArray).lengh; i++)
System.out.printifTONNY:: Flytning kl.
+Tonny.getMavementAray()[i].getTimeOMovenment()+
' fra " +Tonry.getMorementAray()[i].getContairriD());

for (int i = 0; i Lars.getMaementArray().legth; i++)
System.out.printifCARS: Flytning  kl. "
+Lars.getMeementArray(ji].g etTimeOfMovemert()+
' fra " +Lars.getM@ementArray()i]. getCortainetD());
for (int i = 0; i Claus.getMgementArray().lenth; i++)
System.out.printifCLAUS: Flytning kl.
+Claus.getMuementArray()[ijgetTimeOfMovement(+
' fra " +Claus.getMeementArray()i.getContairriD());
Calculate statistics
StatisticManageBigBrother = new StatisticManager();
A5.endSimulation(BigBrother);

BigBrother.calculateCycles();

System.out.printifGennemsnitlig rejsetid per rejst etage:
+BigBrother.calculateyerage());

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

System.out.printif@ntal  rejser: " +BigBrother.getNoOfCycles());
main

Test
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Theoutputis thencomparedo theexpectedresults.
By substitutingall notify(this)with somethindik e System.out.printin("Imoke Elevator™”);
theoutgoingsignalsto thefunctionandinterfacecomponentsiretested.
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Chapter 12
Study Journal

This Studyreportis intendedto explain the origin of this projectaswell assumop the
mostimportantselectionsanddecisiongluringthe developingprocessFurthermorethe
usedmethodsandprogrammingoolswill becommentedo make a basisto evaluatethe
experiencesn objectorientedanalysisdesignandprogramming.

12.1 Method

The methodusedin this software developmentprojectis ObjectOrientedAnalysisand
Design(OOAD). During the coursein OOAD we used[3]. The purposeof the course
wasto learnhow to think objectorientedandanalyseanddesignby thatmethod.

A shortcommento the OOAD book, is thelag of examplesof dynamicprogramssimu-
lations,etc. It shavsonly administratve programsik e electronicschedulesyhichmakes
it dif cult to abstractromthebookexamplego ourprojectwhichis alittle morecomplex

aswe simulatea dynamicervironmentwith moving passengerandelevators.

12.2 Programming Tools

With referenceo the PE-courseéDbjectOrientedProgrammingOOP),the source-code
for the programhave beenwritten in the objectorientedprogramming-languagdiVA,
beingspeci c JDK v. 1.1.6,asthisis the versionusedin the OOP-courseandavailable
onthe computersystemat KOM-departmenon Aalborg University.

The literatureusedin the courseis "Java Software Solutions,Foundationof Program
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Design”, [5] by JohnLewis and William Loftus. As supplementaliteraturewe have
receveddocument@boutdesignpatterng?2], threadq1], tests[] andcontractg46].
Consideringhedif culties in creatinghegraphicaluserinterfacewe mighthave obtained
greatadwantageby usingSwing(integratedin JDK 1.2.0)whichis a GUI componenkit
thatsimpli es the developmenbf window componentin 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 type of plan have beensatisfyingfor all membersn the
group, andtherehave not occurredary kind of problemsrespectinghe deadlines.To

malke a few commentdo our plan,we might have disposednoretime to theimplemen-
tationandtesting. But we decidedfrom the beginningto spendquite a lot of time to get
acquaintedvith the methodsfurthermorewe used3 weeksof our projectperiodon the
mini-projectin the"Analog Elektronik” coursewhich demandeaur full attention.

12.3.2 Group Decisions

The Group have worked as a democraticgroup, but the decision-makingprocesshave
beencharacterizedy listeningto thosewith experiencein a specic eld. This type
of decision-makindhave especiallyin the designphasebeenpracticedaswe distributed

the work to single personsor small subgroups.Thenis wasup to the person(s)n the
subgroupgo designpartsof thesystemthusthey shouldobsenre certainrulesandspeci-
cations setby thewholegroup.

12.4 Choosingthe Project

Fridaythe 4th of Septembeall studentsn the D3 - ComputerEngineeringsemestehad
to choosea mainproject. Thethemeof all projectswas,dueto anexemptionof the study
arrangemenmiddle of 97, controlling of dynamicsystemse.g.. trafc lights, elevators,
network trafc, etc. As this projectgrouphadworked togetherin former projects,we
madeabrie y discussionanddecidedthatwe did notwantto do a projectwhich would
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demandalot of specializeknowledge(we triedthatlastsemester)lut a“"simple" project
sowe coulddevotethis semesteto learningDOPandOOAD. Thereforenve chosetheEl-
evatorControlsystemprojectaswe saw thisasamoresimpleprojectthane.g..computer
network traf ¢ controllingwherewe rst hadto learnaboutcomputemetwork protocols
thatmight have meantilearningalmostevery rfc-document!

12.5 Analysis

After choosingthe project"Elevator Controlsystem" we startedio do the rst exercises
in theanalysigphaseaccordingo the OOAD course.

12.5.1 De ning The System

First thing to do wasde ning the basesystem,andthen setupsomecriteria explaining
how the systemshouldwork, e.g. whattasksthe userof the systemshouldbe ableto
accomplish,what philosophyandideato be underlyingthe system,etc. The project
group hadnearlysimilar thoughtsaboutwhat the systemshouldlook like, thuswe had
quitedifferentopinionswhetherthesystenshouldbecentralor decentratontrolled.The
majority decidedcentralcontrol,with theargumentthatwe wantedthe controlsystemto
be an entireunit, thatis the control systemfor all timesshouldkeeptrack of andknow
everythingaboutall elevators.

Thefactthatthereis notanactualuserof our programmightseemo have madeit easier
to develop the elevator control system,but actuallyit hasunnecessargomplicatecdthe
analysisof the problemdomain,becauseve have spenta lot of time discussinghings
aboutthe elevator control systemthat would have beengiven if we hadan actualuser
(e.g.elevatordesign).

To sumop the analysisphasewe plannedhe basicfunctionality of the system.Perhaps
we shouldhave split the programin two parts,a control systemanda simulationeach
with correspondingnterfaces.If we haddonesowe couldhave dividedthe projectgroup
into two, one designingthe simulationandthe otherdesigningthe control system. By
doingthiswe could have takenmoreadvantageof theresourcesn thegroup.
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12.6 Design

Whenwe enteredhedesignphasewe still hadto nish someminorthingsin theanalysis
document.But not morethanwe could startdesigningthe program.First of all we had
to setup somedesigncriteriaspecifyingwhetherthe systemshouldbe secure ef cient,
reusableetc.

12.6.1 Ciriteria

As we were going to make a control systemto an elevator systemtherewere speci ¢
criteriawe hadto give higherpriority thanother Speciallywe wantedthe systemto be
integratable aswe wantedto be ableto take out the control systeman integrateit in an
existingbuilding. Ontheotherhandwe did notwantavery securesystemasit shouldrun
onastand-aloneomputerAll in all wewanteda e xible andreliablesystemwhichwas
easyto maintain. Furthermorat shouldbe rathereasyto make someteston it, because
we hadto simulatethe passengeriblding environment.

During the designphasewe could have usedsomeexperiencen programmingn Java.
This would have madeus ableto includesomeof the Java speci ¢ partse.g. obsenrers
andtherebyavoiding inconsistencéetweerndesignandimplementation Furthermoreit
would generallyhave madeit easieito designthe program.

12.7 Implementation

Theimplementatiorphasenasbeenthemosthecticperiodin theproject,assaidearlierin
this chapterwe could have usedmoretime to implementthe program.Beforewe began
to write the sourcecodewe satdown andwrote somesimplecontractstelling whatthe
differentpiecesof the programshouldrequire,containandensure.Thenwe dividedthe
tasksamongsinglepersonsr subgroupgetting eachonedecidehow the codeshouldbe
implementedIt shovedout, thatit might have beena goodideato useallittle moretime
makingthe contractsthuswe werenot ableto write all the codefrom the contractsonly.
But it wasa stepin theright direction,andwe learnedthatit is de nitely a necessary
procesgo completebeforemakingprogramsbiggerthanthis. Neverthelessve learneda
greatdealaboutteamwvork, supportingoneanothetto gettheinformationneededo write
thepiecesof the programin a way thatmadeit possibleto integrateall partseasily
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The graphicaluserinterfaceis not implementedusing contracts. Fortunatelywe heard
rumorsthatit is alittle tricky gettingthe graphicaluserinterfaceto look asintendedso
we beganworkingonit attheendof thedesignphase Thisshavedoutto beagoodidea,
becausét turnedout thattherumorsaboutthe GUI weretrue. We might have beenable
to save sometimeif we hadusedSWING, but we decidedhotto dothis,becaus&WING

only existedasanbetaversionwhenwe beganto implementhe program.

By letting the subgroupslecidefor themseleshow they shouldimplementthe codere-

sultedin makingsomeminor new classesandmethodswhich werenot describedn the
analysisanddesigndocumentsThis happenedecauseve wasnot avareof the needfor

theseclassesndmethoddo realizetheprogramparts.Anyway mostof theseclassesnd
methodsareprivateandthereforthey cannotbe seerfrom otherobjects.

12.8 Testing

During the implementatiorphasewe actually did someof the testing. First of all, the
syntaxandsemantidailureshadto be x ed,sothe programpartscould compile! Then
we hadto setup sometestroutinesto checkwhetherthe partswould actlike we wanted
to. As the processventon moreandmorepartsof the programcould be joined,andwe
couldmalke furtherteststo seeif the partscouldwork together

This kind of testingcanonly be consideredasa basictest. To do a morestructuredest
we could have speci ed sometestroutinesto differentpartsof the program,from the
contractdor all the methodsandclasses By doingthatwe could moreeasyensurethe
testswereperformedon theright methodsandclassesOf courset would be anoverkill

to testall thetrivial methods.

12.9 EXxperience

The purposewith this projecthasfrom the beginning beento develop an almostfully
operatingelevator control systemand make a simulationof a building with passengers
andelevatorsto testtheef ciency of theprogram, supportedy agraphicaluserinterface.
And of coursdearnthe methodf objectorientedanalysisanddesign.Our mainbene t
mustbeto gatherknowledgeto supportour furtherstudies.

Beforewe startedhis projectonly afew of thegroupmemberdiadactuallywritten some
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Java code,sowe hadto learnthe mostof Java from basicswhichwasnotthathardaswe
learnedto think objectoriented thoughsomeaspect®of learningJava werecomplicated
dueto lack of adequatexplanationsn Sun's Java DevelopmenKit Documentatior4].
Still asaresultof this projectwe now have obtaineda goodoverview of the possibilities
of Java.

It hasbeenachallengeo make this programexecutingadynamicsimulation becaus@ot
only did we have to createthe simulationpart, which is quite complicated but we also
hadto make the surroundingsso we couldtestthe simulation. A resultof this reportis
ourinsightin simulationandthe complicationsn testinga givensimulation.
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Chapter 13
Statistics

To give a crudeevaluationof the performanceof the control system differentstatistical
valuesarecalculated.

If time-efciency is important,thetime consumatiorof eachpassengeirom thetime he
enterghequeudill heleavestheelevator, is of interest.This mustbe seenn connection
with thenumberof oors traveled.

Thefollowing equationgivesthe averagetime consumatiorper oor traveled:

S — (13.1)

is thenumberof cyclesof all passengers, thetime consumatiorirom thepassengers
enteringthe queueuntil heleavestheelevator, and is thenumberof oors traveled.
Also, the standardieviation givesa pictureof the variationin the time consumatiorper
oor traveled.

o (13.2)

— (13.3)

A goodmeasuremerfor thetime consumatiorof eachpassengewould thenbe
95,4%o0f the cycleswould have consumedime within thisinterval. In otherwords: One
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passengausingtheelevatoronceis 95,4%lik ely to spenahistime in queueandelevator

combined.
Similar valuescanbe calculatedor oors (e.g. queudength,averagewaiting time) and
theelevators(e.g. utilization of maxspeed)
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Chapter 14
Elevator mechanics

To calculatethe positionof the elevatorsat a giventime andthetime of arrival ata given
place,we have to simulatethe mechanicabehaiour of the elevator. To simplify things
we have decidedthatthe elevatorsof our systemwill move at constanticcelerationThis
leavesthefollowing characteristicfor the elevator:

1. Maximumvelocity goingup

2. Maximumvelocity goingdown
3. Constanacceleratiomgoingup
4. Constantecceleratiomgoingup
5. Constantcceleratiomgoingdown

6. Constantlecceleratiomgoingdown
Sincetheelevatorsmove at constanticcelerationtheelevatorcanbein 4 differentstates:

1. Elevatoris accelerating

2. Elevatoris moving atmaximumspeed
3. Elevatoris braking(deccelerating)

4. Elevatoris waitingata oor
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Figurel14.1:thefour statef theelevator

In the following equations,theseformularsfor movementwith constantacceleration
known from physicsareused:

Thefollowing notationwill beused

= Positionafter[index]
= Time neededo performthis partof themovement( time)

= Velocity after[index]
Thetime neededo travel from onepositionto anotheris givenby

(14.1)

if theelevatoris moving in the oppositedirectionof thedestinationpr if theelevatorhas
a sohighthatit cannotstopatthedestinationthusit hasto go pastit andafterwards
travel backto thedestinationthenit hasto brake.

To calculatethe time neededo stopthe elevatorandthe positionafterit hasstoppedwve
use( Speedafterbraking )

(14.2)
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If the elevatoris moving in the directionof the destinationwe have to calculateif the
elevatorwill be ableto stopat the destinationpor if it hasto go pastit, and afterwards
travel backto thedestinationThisis calculatedising:

(14.3)
Usingthis formulawe cancalculatethe velocity asafunctionof time:
(14.4)

All puttogethetthisgives:

if ( S_destination > S start ) {
( if V_stat < 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 calculateatwhich positiontheelevatorhasto startdecceleratingo stopatthedestina-
tion, we useformulal14.4:

(14.5)

Combinedhis gives( ):
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Isolating _ thisgives:

(14.6)

Thisis only trueif _ is below or equalto the elevator's maximalvelocity. If
notthenwe have thefollowing equation:

B} - (14.7)

Thetime neededo decceleratés calculatedusingthe samemethodsasin formula14.2
e (14.8)

Now thetime neededo accelerat@andthe positionafteracceleratiortaneasilybe calcu-
latedby usingthe sameprocedureasin 14.2:

(14.9)
Likewisethetime moving at maximumspeeds:
_ = (14.10)
Finally thetime of arrival of the elevatoris
_ (14.112)
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Chapter 15

Control Systemevaluation

15.1 General Description

The control systemcontainstwo differenttypesof destinationsmovableandstaticdes-
tinations. The staticdestination@rethe onescomingfrom the passengermsidean ele-
vator, thereforethey areconnectedo a certainelevator The movabledestinationspnthe
otherhand,arecomingfrom passengenzaitingonthe oors, andarethusnotconnected
to aspeci c elevator.

The staticdestinationgontainatime of insertionanda destinationoor, while the mov-
abledestinationgontainatime of insertion starting oor andadirection,whichindicates
in which directionthe passengewantsto go (up or down).

Becaus®f this,theinternalstructureof thecontrolsystemis dividedinto alist of movable
destinationsandalist for eachelevatorfor thestaticdestinationsThedestinationgrenot
sortedin ary wayin thestaticlists. In thelist of movabledestinationshedestinationgire
sortedin theway thattheeldestdestinatioris rst in thelist andtheyoungestiestination
is lastin thelist.

To addor remove destinationgrom thelists, the control systemcanbe invoked by three
actions.Theseare:

1. AddMovableDestinationThis actioninsertsa newv destinationnto thelist of mov-
abledestinationsA destinatiorwith thesameadestinationoor anddirectioncannot
beaddedwicein thelist.

2. AddStaticDestinationsT his actioninsertsnew destinationsnto thelist belonging
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to theelevatorwhich theactionis sentfrom. Destinationghatalreadyexistsin the
list will notbeadded.

3. DeleteDestinationThis actiondeletesa staticdestinationn a certainelevator. If
thereis a movabledestinationat the same oor with the right directionit is also
deletedbecaus¢hewaiting passengersnthat oor now canwalk into theelevator
andthemovabledestinatiorin thelist is nolongerneeded(seethedirectionpart).

Eachtimeanew destinations addedpr adestinations deletedwhenanelevatorarrives),
thecontrolsystenrecalculateshe bestorderof the destinationsThe controlsystemhas
a sortedlist of destinationdor eachelevator for this purpouse. First the sortedlist is
ushed. The static destinationgget sortedand put in the sortedlist (for all elevators).
Thenthe movabledestinationgetdistributedbetweernthe sortedlists of destinationgor
all elevators. This sortingis donein away thatgivesthe lowesttime-value,andfollows
certainguidelineswhichare:

1. An elevatorcarryingpassengersannofpasdy a oor if ary of its passengemsants
to getoff atthat oor.

2. An elevator carryingpassengersannotchangeits directionif theres ary passen-
gersleft wantingto go in thatdirection.

Theseguidelinesareincludedbecaus@assengensrobablywould nd it verystrangeand
stressingf theelevatordidn't follow them,but alsobecausehey aregreatlylimiting the
numberof possiblecombinationgo test. In the sortingof the static destinationghese
guidelineslimit the sortingto only one combination. The sorting algorithm usesthe
currentelevatorpositionandcurrentdirectionfor the sorting.

15.1.1 Time-Value

Thetime-valueis a sumof two valueseachweightedby a factorthatis adjustabldor the
user Theideabehindour time-valuealgorithmis to minimizethetotal expectedsquared
waiting time for eachdestinationpoth movableandstatic. The reasorwhy the time is
squaredor eachdestinations thatpassengerhathave waitedalongtime mustbegiven
higherpriority ([8]). The rst adjustabldactorrepresenttheimportanceof the movable
destinationgthe passengerwaiting for an elevator), while the secondadjustableactor
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representshe importanceof the staticdestinationgthe passengersavelling insidethe
elevators):

(15.1)

whereF1 andF2 arethetwo factorsand:

(15.2)

Where:

j = numberof sorteddestinations

M(i) = 1if i pointsto amovabledestinationn the sorteddestinatiorist, otherwiseM(i)
=0

S(i) = 1if i pointsto a staticdestinationin the sorteddestinatiorlist, otherwiseS(i) = 0
Currentime = the currenttime of theevaluation

ActionTime(i) = thetime whenthei' th destinatiorwasinvoked

(15.3)

CalculatedTavelTime(i) is the total expectedtravel time from the currentelevator posi-
tion to thei'th destination. All destinationsand stopsbetweenthesetwo positionsare
alsocountingand eachstopaddsan averagewaiting time. DirectTravelTime andPosi-
tionAfterBrakingaremethodswhich useelevatormechanicsor calculation(14)
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15.1.2 Complexity

Whenthedestination$rom themovablelist aredistributedbetweerthesorteddestination
lists,eachmovabledestinatiorcanbeinsertedn oneof two possiblevaysfor eachsorted
destinatiorist becaus®f therestrictionsgivenabove andthe factthatthe sortedlists of
destinationsiow holdsstaticdestinationshataresorted.The rst of thepossiblansertion
pointsin asorteddestinatiorist is thepointin thelist, wherethemovabledestinatiorlies
betweertwo otherdestinationgndhastheright directionbetweerthosetwo. A movable
destinationfor examplewith destinationoor 5 anddirectiondown could be inserted
betweert and2, but notbetweer? and6 or betweer8 and2. It is notalwayspossibleto

nd suchinsertionpoint. The secondpossibleinsertionpointin a sorteddestinatiorist
is alwayspresentindis attheendof thelist.

Figurel5.1:thetwo possibleinsertionpointsfor amovabledestinatiorin a sortedlist of
destinations

If we shouldtry to insertthe movabledestinationsn all possiblewaysit would give a
total of combinationswhere isthenumberof elevatorsand is thenumberof
movabledestinations A systemwith 10 oors and 10 movabledestinationsvould give
combinationgapprox. ), which unfortunatelyis too mary combinations
to betried outin realtime. Sincethe perfectsolutionrequirestoo mary calculationsve
have to useanotherapproachOneapproactwould beto selectthe eldestmoveabledes-
tinationandlocatethe bestelevatorandpositionin thetemporaryelevatordestinatiorlist
for it, andthenrepeatthis procedurewith the next movabledestinatioruntil all movable
destinationsreinserted.With this approacthe compleity is reducedo com-
binations.This of courseis notthe perfectsolution,but it is a prettygoodapproximation
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of it.

To locatethe bestelevator andpositionfor the movabledestinationin the sortedlists of

destinationsve comparehe changen time-valuesfor the possibleinsertionpoints
andchoosea point thatgivesthe lowestchangeof time-value. The movabledestination
is theninsertedn the correctelevator's sortedlist at the correctpositionanddo thesame
with thenext movabledestinationThis processs repeatedintil thereis nomoremovable
destinationgo insert.

15.1.3 Directions

Whenthe temporaryelevator destinationlists have beensortedthe top destinatiorfrom
eachof the lists mustbe sentto eachcorrespondingelevator, if they arechangedsince
last evaluation. Herethe control systemalso giveseachelevator a next direction. This
next directionis sentwith the new destination(the new directionreplaceghe direction
of the new destinatiorwhensent). This next directionis usedby the passenger® know
in which directionthe elevatorwill go next. It is alsothe directionthatis returnedform
the protocolwhendeletinga destination.This way the deletemethodknows if or which
movabledestinatiorto delete.Thenext directionis calculatedrom the staticdestinations
in the sorteddestinationlist. If the numberof staticdestinationss lessthan2, the next
directionwill equalNODIRECTION,elseit will beeitherUPDIRECTIONor DOWNDI-
RECTIONdependingon theorderof thetwo top destinations.

The control systemalso calculatesa currentdirectionfor eachelevator This direction
is calculatedby comparingthe elevator's currentpositionto the top static destination
in the list of sorteddestinations.If theres no static destinationghe directionwill be
NODIRECTION. This currentdirectionis usedwhensortingthe staticdestinationghe
next timethatthe elevatorsystemis called.
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Chapter 16

Screendumps

Figurel6.1: TheBuilding setupwindow.
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Figurel16.2: TheElevatorsetupwindow.
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Figurel6.3: Thegroupsetupwindow.

Figure16.4: The Passengegroup o w setupwindow.
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Figurel6.5: The Parametesetupwindow.

Figure16.6: Thestartsimulationwindow.
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Figure16.7: Theaboutwindow.
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Chapter 17
Abstracts from Sourcecode

Thefollowing sectionsn thisappendixcontainsabstractérom thefull sourcecodéor the
program.Eachgroupmembetis beeinghelpresponsiblehe pieceof sourcecodenarked
with theirname.

17.1 Tonny Gregersen

Part of the method actionPerformedn actionListener:

public void actionPerformeghctionEvent action)

case viewObjectSAVE:
viewObjectclearMenuSetuplte(y
FileDialog saveDialog = new FileDialogviewObject
"Save setup" );

saveDialogsetFilgviewObjectFileNams;

saveDialogsetModéFileDialog SAVE);
saveDialogshaw();

if (saveDialoggetFilg) !'= null)
viewObjectFileName = saveDialoggetFild);
writeObjectFileObject= new WriteObjectFil€);
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try 20
writeObjectFileObjecbpenWriteObjectFile
viewObjectFileNamé;
writeObjectFileObjectvriteObjectDLog(
viewObjectData\ar);
nally
writeObjectFileObjectloseWriteObjectFilg;

break
30

The class WriteObjectFile:
import javaio. ;
import actionListener

import DataContainer 40
import InitMenu;

The WriteObjecthle class contmls the storing of the

con guration objects.

class WriteObjectFile

SetsFileObject as an instanceof File 50

private File FileObject

SetsFileOutput as an instanceof FileOutputSteam

private FileOutputStreantileOutput
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SetsOut as an instanceof ObjectOutputStam

private ObjectOutputStrean®ut,

The name of the le that is to be stored

private String FileName

The constructor of WriteObjectHe

public WriteObjectFilg)

Method openWriteObjectlife opensa given le for
output to a speci ed stream

public void openWriteObjectFiléString FileName
this.FileName = FileName
try
FileObject= new File(FileNamg;
FileOutput = new FileOutputStrearffileObjecj;
Out = new ObjectOutputStrea(rileOutpuy;
catch(IOExceptione)
Systemout.printin(* (WriteObjectFile

IOException): Unable to create " + FileNameg;

End Method openWriteObjectife

Method writeObjectBLog writes a given objectto a
speci ed stream

public void writeObjectbLog(ObjectLogThisObject)
try
Out.writeObject(LogThisObject);
catch(IOExceptione)
System.out.printld( (WriteObjectFile
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IOException): Unable to write to "+ FileName); 100

End Method writeObject®Log

Method closeWriteObjectife closesthe the output le

public void closeWriteObjectFile()
try
Out.close();
catch(IOExceptione) 110
System.out.printin( (WriteObjectFile
IOException): Unable to close " + FileName);

End Method closeWriteObjectife

END CLASSWriteObjectie

The ContainerClass: 120

The class Container

import java.lang.;
import java.util. ;

Superclass of the following classes: Elavator Queue
Pool.

130

abstract class Containerextends Obserable

protected int ContainerlD;

protected int Command,;

protected ContainerNextContainer= null;
protected PassengelListOfPassengers: null;
protected int NoOfPassengers: 0O;
protected PassengelLastRassenger null;
private PassengeNewPassengerdAdd,;
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protected PassengeiSeekRssenger;

Instantiates(Constructor)a new Container Object
which gets a ContainerlD

param SetContainerIDThe containeridenti cation
number.

public Containerint SetContainerID)
ContainerID= SetContainerID;
Constructor
public Container()
Constructor
Returnsthe number of passengrs in the container

return The numberof passengerin the container.

public int getNoOfRissengers()
return NoOfPassengers;

Returnsthe commandto be executedby the observer
return The type of operation.

public int getCommand()
return Command;

Instantiatesa new commandobject with a command.

param NewCommandNew command.

public void setCommandiit NewCommand)
Command= NewCommand,;

97

140

150

160

170



Method to ched if a containeris empty
return Wether the containeris empty.

public boolean isEmpty()
if (NoOfPassengers=3) return true;
elsereturn false

Returnsthe passengrs in the containerin an array.
return Array of passengers.

public Passengef[ getRassengerArray()
Passengel PassengerArray= new Passenger|
NoOfPassengers];
SeekRssenger ListOfPassengers;
for (int i = 0; i NoOfPassengersit++)
PassengerArray[iE SeekRssenger;
SeekRssenger SeekRssenger.geth&Passenger();

return PassengerArray,
getRassengrArray

Returnsthe ID of the container
return The containerlD.

public int getContainerID()
return ContainerID;
getContainerlD

Get the r st passengr of the container
return The rst passengein the container.
public PassengegetFirstRssenger()

return ListOfPassengers;
getHrst
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220
Add a passengr to the list of passengrs.
param AddPassengeMVhich passengeto add.

public void addRissenger@ssengeAddPassenger)

try
NewPassengerdAdd = (Passenger)Addissenger.clone();

catch (CloneNotSupportedExceptios)
System.git(0); 230

if (ListOfPassengers= null)
ListOfPassengerss NewPassengerdAdd;
else
SeekRssenger ListOfPassengers;

while(SeekRssenger.getM&Passenger()= null)
SeekRssenger SeekRssenger.gett&Passenger();
240

SeekRssenger.setittPassenger(NePassengerdAdd);

NoOfPassengers++;
addRassengr

Setsthe refeenceto the next containerin the

curcuit.

param SetNextContainerWhich containerto set as next 250
container.

public void setNetContainer(ContaineSetNetContainer)
this.NextContainer= SetNetContainer;

Returnsthe next container
return Next container.
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260
public ContainergetNextContainer()
return NextContainer;

Deletesa passengr and deceasenumberof passengrs

by 1.

param DeleteRssenger The passengethat should be

deletedfrom a container.

param TestRissengr List contol object, e.g. 270
ListOfFassengrs.

protected void deleteRssenger@ssengeDeleteRssenger,
PassengeiTestRssenger)

SeekRssenger ListOfPassengers;

if (SeekRssenger.getBsenger|D(F=
DeleteRssenger.get3sengerlID())
ListOfPassengers null; 280
ListOfPassengers: SeekRssenger.getNé&Passenger();
NoOfPassengers ;

else

while((SeekRssenger.getMé&Passenger()= null) &&
(DeleteRssenger.getidsengerID()=
SeekRssenger.gethM&Passenger().
getRassengeriD()))
SeekRssenger SeekRssenger.getMé&Passenger(); 290

if (DeleteRssenger.getBsengerID(F=
SeekRssenger.getM&Passenger().getBsengriD())
if (SeekRssenger.getN&Passenger().

getNetPassenger()

I= null)

PassengemDelPassenger= SeekRssenger.
getNetPassenger();

SeekRssenger.setiNtPassenger(SeekBsenger.
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getNetPassenger().getM&Passengely;
DelPassenger.setM&Passengenull);
DelPassenger null;

else
SeekRssenger.setiXtPassengernull);
ListOfPassengers SeekRssenger;

NoOfPassengers ;

else
System.git(0);

deleteRssengr

Move a given passengr to the next container The
NextContainer must be set!
param PassengerdMove The passengeto move.

public void moveRassenger@ssengePassengerdMove)

NextContainer.add&ssenger@ssengdioMove);
deleteRssenger@ssengerdMove, ListOfPassengers);

moveRassengr
Container

17.2 Karsten Jensen

import javaawt. ;
import java.awt.event ;
import javalang ;

class SetupSpin&tDouble
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nal public static int BDEC = 1;

nal public static int BINC = 2;

nal public static int TEXT = 3;

10

private SetupSpin&tDoubleActionListeneBDec = new
SetupSpin&tDoubleActionListener(this,BDEC);

private SetupSpin&tDoubleActionListeneBInc = new
SetupSpin&tDoubleActionListener(this,BINC);

private SetupSpin&tDoubleActionListenefText = new
SetupSpin&tDoubleActionListener(this, TEXT);

private SetupSpin&tDoubleFocusListenerFocus®xt = new
SetupSpin&tDoubleFocusListener(this, TEXT);

20
private Panel SetupSpin&tDoubleRanel

private GridBagLayoutgridbag

private GridBagConstraint;

private TextField eText = new TextField (" ,4);

private Button eDec = new Button("<" );

private Button elnc = new Button(">" );

private Double Number

private double Min;

private double Max;

private double Step 30

public SetupSpin&tDoublgPanel SetupSpin&tDoubleRanel|
double InitNumber, double Min, double Max, double Step

this.SetupSpin&tDoubleRinel = SetupSpin&tDoubleRanel

this.Min = Min;

this.Max = Max;

this.Step = Step

gridbag = new GridBagLayouf);

¢ = new GridBagConstraint}; 40
SetupSpin&tDoubleRinelsetLayoufgridbag;

c. Il = GridBagConstraintBOTH;

SetupSpin@&tDoubleRaneladdeDeg;

SetupSpin&tDoubleRineladdeText);

SetupSpin@&tDoubleRaneladdeInc);

setNumbefinitNumbe);
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eDecaddActionListener(BDeg);
elncaddActionListenenBInc);
eText.addActionListenern(Text);
eText.addFocusListener(Focusext);

void setNumbefdouble intNumbej)
Number = new DoublgintNumbej;
eText.set®ext(NumbertoString));

void setNumbe(String NumberString
Number = new Doublg NumberString;
eText.set®ext(NumbertoString));

Button getincButtorf)
return eing

Button getDecButtof)
return eDeg

TextField getTextField()
return eText;

double getNumbef)
return Numberdouble\alug);

String getNumberInStrin
return NumbertoString);

public double getMin()
return Min;
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public double getMax)
return Max;

public double getStel)
return Step

class SetupSpin&tDoubleActionListeneiimplements
ActionListener

private SetupSpin&tDouble viewObject
private int command

private double Number

private Double INumber,

private String NumberString

public
SetupSpin&tDoubleActionListengiSetuspinTextDouble
viewObiject int listening.commandl
this.viewObject = viewObject
command=listening.commangl

public void actionPerformeg@ictionEvert action)
switch(command

case viewObjectBDEC :
Number = viewObjectgetNumbef);
if(Number  viewObjectgetMin())
Number= Number viewObjectgetStef);
viewObjectsetNumbefNumbe);
break
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case viewObjectBINC :
Number = viewObjectgetNumbeg);
if(Number  viewObjectgetMax)) 130
Number= Number + viewObjectgetSte);
viewObjectsetNumbefNumbey;
break;

case viewObjectTEXT :
if (viewObjectgetMin() = viewObjectgetNumbef)) &&
(viewObjectgetMaX) = viewObjectgetNumbef)))
Number = viewObjectgetNumbef);
break;
140

class SetupSpin&tDoubleFocusListenetiimplements
FocusListener

private SetupSpin&tDouble viewObject

private int command

private double Number 150
private Double INumber,

private String NumberString

public
SetupSpin&tDoubleFocusListendiSetupSmTextDouble
viewObiject int listening.command
this.viewObject = viewObject
command=listening.command

160
public void focusLosfFocusEent focuslos)
switch(commandl

case viewObjectTEXT :

try
NumberString= viewObjectgetTextField().getText();
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if (viewObjectgetMin() =
(INumbervalueOf{NumkberStrirg)).doubleValug)) &&
(viewObjectgetMax) =
(INumbervalueOfNumberStrirg)).doubleValug))) 170
viewObjectsetNumbefNumberString;
else
viewObjectsetNumbefviewObjectgetNumltzr());
catch(NumberfrmatExcetion
€) viewObjectsetNumbefviewObjectgetNunber());
break;

180

public void focusGaine(FocusEent focusgainejl

switch(command

190

import java.util. ;

public class Passengeimplements Cloneable

private int PassengerID

private int GrouplD; 200
private int Destination= 1,

private int TravelState

private int Commang

private double ActionTime;

private double Departureime;

private PassengeiNextPassenger null;
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private MovementListOfPassengerMeement= new
Movemen( 3, 1);

private MovementLastMovement= null;

private int NoOfMovements= O;

public Passengémt PassengerlDint GrouplD)
this.PassengerlD= PassengerlD
this.GroupID = GrouplD,
TravelState= 0;

public void setTravelStatéint New)
TravelState= New;

public void logPassengerMeemenfdouble ActualTime,
ContainerlD

nt

if (ListOfPassengerMeementgetNextMovement() == null)
ListOfPassengerMeementsetNextMovement(new

Movemen(ActualTime, ContainerlD);
LastMovement=

ListOfPassengerMeementgetNextMovemer();

else

LastMovementsetNextMovemenf{new
Movemen(ActualTime,ContainerD));

LastMovement= LastMovementgetNextMovemert();

NoOfMovements+;

LastMovementsetNexctMovemengnull);

public Object clong) throws CloneNotSupportedException
return super.clong);

public void setNevTime(double Departureime)
TravelState-+;
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this.Departureime = Departureime;

public void setNevDestinatioifint Destinatiof 250
this.Destination= Destination

public void setRssengerlnt Passengerlp
this.PassengerlD= PassengerID

public int getRassengerl)
return PassengerlD
260

public int getNoOfMorements)
return NoOfMovements

public void setGrouplQint GrouplD)
this.GrouplID = GrouplD,

public int getGroupl¥) 270
return GrouplD;

public int getDestinatiof)
return Destination

public Movemenf] getMovementArray)
Movemenf] MovementArray= new MovemenfNoOfMovemerns];
Movement TempMovement= ListOfPassengerMeement 280
for (int i = 0; i NoOfMovements i++)
MovementArrayi] = TempMorementgetNexctMovement);
TempMovement= TempMovementgetNextMovemaent();

return MovementArray
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public int getTravelStat€)
return TravelState

public int getComman¢)

return Commangd

public double getActionTme()
return ActionTime;

public void setActionTme(double NewActionTime)
ActionTime = NewActionTime;

public double getDepartureime()

return Departureime;

public void setNetPassengéPassengeilNextPassenger
this.NextPassenger NextPassenger

public PassengegetNextPassengé)
return NextPassenger

public void setRssengerStafe
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17.3 Mads GraeshgllChristensen

Class . Elevator
class Elevator extends Container
private int NextDirection = UNDECIDED;
private int Destination= 1,
private int MaxNoOfRassengers 10;
private int[] UnprocessedDestinatipn 10
private Building BuildingRef

private boolear{] ButtonPressed

private MovementListOfElevatorMovement=
new Movemen{ 1, 1);

private MovementLastMovement= null;
private int NoOfMovements= 0;

private double ActionTime = 0; 20

private double DoorDelay = 5;
private double PassengerDelay 3;
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private SystemManagerObsessForElevata
SystemManagerObseaxForElevataObject;

Elevator constructor

public Elevator(int SetEleatorID,
int SetMaxNoOfRssengers
double SetRassengerDelay
double SetDoorDelay
Building Ref,
SystemManagerObseaxForElevatar
SystemManagerObsesxForElevataObject)

addObserenSystemManagerObsantorElevatoiObjec);

ContainerlD= SetEl&atorID;
BuildingRef = Ref;

MaxNoOfPassengerss SetMaxNoOfRssengers
PassengerDelay SetRissengerDelay

DoorDelay = SetRissengerDelay

ButtonPressed new
booleariBuildingRefgetNoOfFloor§)];

UnprocessedDestination new int[MaxNoOfRassengels

for (int i=0; i BuildingRefgetNoOfFloor§); i++)
ButtonPressdg = false
for (int i=0; i MaxNoOfPassengersi++)

UnprocessedDestinatiph = 0;

Constructor

Log elevator arrival.

public void logElevatorMovement(louble ActualTime,
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int Floor)

if (ListOfElevatorMovement.getNetMovement() == null)

ListOfElevatorMovement.

setNextMovementfiew Movement(Actualime, Floor));

LastMovement=
ListOfElevatorMovement.getNetMovement();

else
LastMovement.setNetMovemern
(new Movement(Actualime, Floor));
LastMovement= LastMovement.getNetMovemeri();
NoOfMovements++;
LastMovement.setNeMovemern(null);
log ElevatorMovement
Unloads and loads passengrs.
public void moveRassengetouble Time)
NextContainer= BuildingRef.getFloor(Destination).
getPool();

logElevatorMovement(Tme, Destination);

PassengeMNext = null;
ActionTime = Time + DoorDelay;

SeekRssenger ListOfPassengers;
while(SeekRssenget= null)
if (SeekRssenger.getDestinatior€r

this.Destination)

SeekRssenger.

112

70

80

90

100



logPassengerMeement(Tme,ConainerD);

SeekRssenger.setActioime(Time);
ActionTime += PassengerDelay;

((Pool)NetContainer). 110
getNavDestination(Seeldssenger);

super.movePassenger(SeekBsenger);

SeekRssenger SeekRssenger.gett&Passenger();

NextContainer= null;

int NoBefore = NoOfPassengers; 120
ActionTime += DoorDelay;

Floor CurrentFloor= BuildingRef.getFloor(Destination);
CurrentFloor.getDenQueue(getNdOfPassengrs()
CurrentFloor.getDenQueue(getNdOfPassengrs()

if (NextDirection == UNDECIDED)
if (!CurrentFloor.getUpQueue().iskty() &&
ICurrentFloor.getDanQueue(JsEmpy())
if (CurrentFloor.getUpQueue(kt-irstRissengs). 130
getDepartureife()
CurrentFloor.getDe@nQueue()getFirstRssengr()
.getDepartureime())
NextDirection = UP;
else
NextDirection = DOWN;

else
if (CurrentFloor.getUpQueue().istty() &&
CurrentFloor.getDenQueue(YsEmpy()) 140
setEleatorReadyFlag();

else
if (CurrentFloor.getUpQueue().
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getNoOfRassengers()
CurrentFloor.getDanQueue().
getNoOfRassengers())
NextDirection = UP;
else
NextDirection = DOWN;

switch (NextDirection)
caseUP :
if (CurrentFloor.getUpQueueQEmpy())
setEleatorReadyFlag();
else
CurrentFloor.getUpQueue().
setNeatContainer(((Containethis));
CurrentFloor.getUpQueue().
movePRassenger(MaxNoO#3senger
NoOfPassengers]ime);
CurrentFloor.getUpQueue().setki€ortaineg(null);

break

case DOWN:
if (CurrentFloor.getDanQuew() isEmpgy())
setEleatorReadyFlag();
else
CurrentFloor.getDanQueue().
setNetContainer(((Containethis));
CurrentFloor.getDanQueue().
moveRassenger(MaxNoO#3senger
NoOfPassengers]ime);
CurrentFloor.getDenQueue().setNeéCortainenull);

break;

CurrentFloor= null;

114

150

160

170

180



ActionTime += (PassengerDelayNoOfPassengers
NoBefore));

if (NoBefore NoOfPassengers)

int j =0; 190
for (int i=0; i BuildingRef.getNoOfFloors()j++)
if (ButtonPressed[i]=true)
setUnprocessedDestination(j,[)¥;
jt+;

if (UnprocessedDestinatidd][ != 0)
setUnprocessedDestinationFlag();

for (int i =0; i MaxNoOfPassengersi++) 200
UnprocessedDestination[g O;
for (int i=0; i BuildingRef.getNoOfFloors()j++)

ButtonPressed[iE false

moveRassengr

Returnsthe log of the elevator's movement.
210
public Movement]] getMovementArray()

Movement] MovementArray= new Movement[NoOfMwenents];
Movement TempMovement= ListOfElevatorMovement;
for (int i = 0; i NoOfMovements;i++)

MovementArray[i] = TempMovement.getNetMovemer();

TempMorement= TempMovement.getNetMovemern();

return MovementArray;
getElevatorMovementAray
220

Notify the SystemManager.

public void setEleatorReadyFlag()
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Command= ELEVATORREADY;
setChanged();
notifyObserersthis);

Noti es the SystemManager with UnprocessedDest.

public void setUnprocessedDestinationFlag()

Command= UNPROCESSEDDESTIKTION;
setChanged();
notifyObserersthis);

Elevator

Class : Container

abstract class Containerextends Obserable

protected int ContainerlD;

protected int Command,;

protected ContainerNextContainer= null;
protected PassengelListOfPassengers: null;
protected int NoOfPassengers: 0O;
protected PassengelLastRassenger null;
private PassengeNewPassengerdAdd,;
protected PassengeiSeekRssenger;

Add a passengr to the list of passengrs.

public void addRassenger@ssengeAddPassenger)

try

NewPassengerdAdd = (Passenger)Addissenger.clone();

catch (CloneNotSupportedExceptioe)
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System.git(0);

if (ListOfPassengers= null)
ListOfPassengerss NewPassengerdAdd;

else 270
SeekRssenger ListOfPassengers;

while(SeekRssenger.gett&Passenger()= null)
SeekRssenger SeekRssenger.getM&Passenger();
SeekRssenger.setidPassenger(NePassengerdAdd);
NoOfPassengers++;

addRassengr 280
Container

17.4 Robert Stepien

Evaluatesthe Destinations.Calls the calcNevDirections
to nd the new elevator directions. Calls
calcNevDestinationin the ContolSystemOutputto nd
the newDestinationfor ead elevator The protocol is
not notifyed here.

private void evaluatéElevatorinfd] Elevatorinformatior)
r st sort the static destinationsand calculate the
new directions 10

for (int i = 0; (i NumberOfEl@ators); i++)
ListOfOutputs|i].updateListOfSortedDestinations(
Elevatorinformation[i]);
ListOfOutputs[i].calcNe/Directions(Eleator
Information(i]);

then insert the movable destinationsinto the static
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ones

int BestlnsertionEkatorNumber= 0;
double LowestDeltaTmeValue;
double MaybelLowvestDeltaTmeValue;

for (int i = 0; (i ListOfMovableDestinations.getNumber
OfDestinations());i++)
BestInsertionEleatorNumber= 0;

LowestDeltaTmeValue = ListOfOutputsp].tryMovable
Destination(ListOfM@ableDestinations.getDestinat{on
i), Elevatorinformation]);

for (int j = 1; (j NumberOfEl@ators); j++)

MaybeLavestDeltaimeValue = ListOfOutputs|j]try
MovableDestination(ListOfMeableDestinatios.get
Destination(i), Elevatorinformation(j]);
if (LowestDeltaimeValue MaybelLavestDeltalme
Value)

LowestDeltaTmeValue = MaybelLavestDeltaTmeValue;

BestlInsertionElatorNumber= j;

lower deltatime?

inner for-loop
ListOfOutputs[BestinsertionElatorNumbe}.addMovalle
Destination(ListOfM@ableDestinations.getDestinat(on
i), Elevatorinformation[BestinsertidflevatoNumber));

outer for-loop

now we just have to sendsomedeststo the protocol.

for (int i = 0; i NumberOfEle@ators; i++)
ListOfOutputs[i].calcNe/Destination();
for loop

methodevaluate

calculatesthe directionsused for updating and for
calculating the new destination.This method must be
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called befoe the insertion of the movable destinations 60
in the sorted destinationlist (but after the update of
the static desitnations)

public void calcNevDirections(Eleatorinfo Elevator
Information)
r st calculate the current direction
if (ListOfSortedDestinations.getNumberOf
Destinations() 0)
if (Elevatorinformation.gtPositionf)  ListOfSorted
Destinations.getDestinatidd)(getDestination 70
Floor())
CurrentEl@atorDirection=
Destination.DOVNDIRECTION;

else
CurrentEl@atorDirection= Destination.UPDIRECTION;

else if no static destinationsin the list then
give the elevator NODIRECTION 80
CurrentEl@atorDirection= Destination.NODIRECTION;
end of current direction calculation

then calculate the next direction (usedby the
passengecurcuit)
if (ListOfSortedDestinations.getNumberOf
Destinations() 2) lessthan 2 dests= NODIRECTION
NextElevatorDirection= Destination.NODIRECTION;
90
else more than 1 destinationmeansDOWN or UP
if (ListOfSortedDestinations.getDestinatiOhge
DestinationFloor()
ListOfSortedDestinations.getDestinatithget
DestinationFloor())
NextElevatorDirection= Destination.DOVNDIRECTION;

else
NextElevatorDirection= Destination.UPDIRECTION;
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no other possibilities becaucewe cannotadd two
equal static destinationsto the list.

end of next direction calculation
methodcalcNevDirections

changes the NewDestinationand LastDestinationand tells
the protocol to get the data.

public void calcNevDestination()

if (ListOfSortedDestinations.getNumberOf
Destinations()== 0) no more destinations,but the
elevator must always have at
least1 destination
NewDestination= new Destination.0, LastDestination
.getDestinationFloor()Destination.NODIRECTION);

else
NewDestination= new Destination.0, ListOfSorted
Destinations.getDestinatidd)(getDestination
Floor(), NextElevatorDirection);

methodsendDestdProtocol

returns a possibleinsertion point for a movable
destinationin the ListOfSortedDestinationgfollows the
given guidelines)

private int possiblelnsertionPoint(Destinatiddest,
Elevatorinfo Elevatorinformation)

int Return\alue = ListOfSortedDestinations.getNumberOf
Destinations(); Returnsthis value if this is the only
possibleinsertion point

if (Return\alue 0)
if (Dest.getDirection(F= Dest.UPDIRECTION)
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if ((Math.round(positionAfterBrakg(Elevatar 140
Information)) = Dest.getDestinationFloor(§.&
(Dest.getDestinationFloor() = ListOfSorted
Destinations.getDestinatidd)(getDestination
Floor()))
Return\alue = 0;

for (int i =1; i ListOfSortedDestinations.get
NumberOfDestinations()i++)
if ((ListOfSortedDestinations.getDestinationi). 150
getDestinationFloor() = Dest.getDestination
Floor()) &&
(Dest.getDestinationFloor() = ListOfSorted
Destinations.getDestination(i).getDestination
Floor()))
Return\alue = i;

160
if (Dest.getDirection(= Dest. DOWNDIRECTION)

if ((Math.round(positionAfterBrakg(Elevatar

Information)) = Dest.getDestinationFloor(8.&

(Dest.getDestinationFloor() = ListOfSorted
Destinations.getDestinatidd)(getDestination
Floor()))
Return\alue = 0;

for (int i =1; i ListOfSortedDestinations.get 170
NumberOfDestinations()i++)

if ((ListOfSortedDestinations.getDestinationi).

getDestinationFloor() = Dest.getDestination

Floor()) &&

(Dest.getDestinationFloor() = ListOfSorted
Destinations.getDestination(i).getDestination
Floor()))
Return\alue = i;

121



180

return Return\alue;
methodpossiblelnsertion@int

adds the given movable destinationto the

ListOfSortedDestinations1 the ContwolSystemOutput

object at the position which gives the lowest Time\alue

and follows the given guidelines. 190

public void addMovableDestination(DestinatioDest,
Elevatorinfo Elevatorinformation)
double OldTimeValue = getTimeValue(Elevatorinformation);

ListOfSortedDestinations.insertDestination(Dest,
ListOfSortedDestinations.getNumberOfDestinasioh

double LowestDeltaTmeValue = getTimeValue(Eleator
Information) OldTimeValue; 200
ListOfSortedDestinations.remeDestinatioripest);

ListOfSortedDestinations.insertDestination(Dest,

possiblelnsertionPoint(DesElevatorinformation));

double MaybelLowvestDeltaTmeValue = getTimeValue(Eleator

Information) OldTimeValue;

if (MaybeLowvestDeltalmeValue LowestDeltalmeValue)
ListOfSortedDestinations.remeDestinatiofDest);
ListOfSortedDestinations.insertDestination(Dest,
ListOfSortedDestinations.getNumberOfDestinasigh 210

methodaddMovableDestination

returns the change of the timevalue after trying to

insert the given movable destinationin the

sorted list in the ContwolSystemOutpubbject at the
position which gives the lowest change in Time\alue and
follows the given guidelines.
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220
public double tryMovableDestination(Destinatiobest,
Elevatorinfo Elevatorinformation)

double OldTimeValue = getTimeValue(Elevatorinformatia);

ListOfSortedDestinations.insertDestination(Dest,
possiblelnsertionPoint(DesElevatorinformation));
double LowestDeltaTmeValue = getTimeValue(Elevator
Information) OldTimeValue;
ListOfSortedDestinations.remeDestination(Dst);

230
ListOfSortedDestinations.insertDestination(Dest,
ListOfSortedDestinations.getNumberOfDestinations()
double MaybelLovestDeltaimeValue = getTimeValue(Eleator
Information) OldTimeValue;
ListOfSortedDestinations.remeDestination(Dsgt);

if (MaybelLowvestDeltaTmeValue LowestDeltaTmeValue)
LowestDeltaTmeValue = MaybelLavestDeltaimeValue;

240
return LowestDeltaTmeValue;
methodtryMovableDestination

updatesthe ListOfSortedDestinationby sorting

ListOfStaticDestinationsn the ControlSystemOutput

object. The sorting can only be donein 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(korirfo
Elevatorinformation)

int FloorAfterBraking = (int)Math.round(
positionAfterBraking(EleatorIrformatian));

ListOfSortedDestinations. ush();
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if (ListOfStaticDestinations.getNumberOf 260
Destinations() 0)
ListOfSortedDestinations.insertDestination(ListOf
StaticDestinations.getDestinationQ);
if (Elevatorinformation.getDiretion() ==
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() ) &&
(ListOfStaticDestinations.get
Destination(i).getDestinationFloor()
ListOfSortedDestinations.get
Destination(j).getDestinationFloor(8&
(ListOfSortedDestinations.get
Destination(j).getDestinationFloor() =
FloorAfterBraking)); j++);
ListOfSortedDestinations.insertDestination(List 280
OfStaticDestinations.getDestination(i),));

else
int j;
for (j = 0; ( (ListOfSortedDestinations.get
NumberOfDestinations() ) &&
(ListOfStaticDestinations.get
Destination(i).getDestinationFloor()
ListOfSortedDestinations.get
Destination(j).getDestinationFloor()) j++); 290
ListOfSortedDestinations.insertDestination(List
OfStaticDestinations.getDestination(i),));

else
for (int i = 1; i ListOfStaticDestinations.getNumber
OfDestinations();i++)
if (ListOfStaticDestinations.getDestination(i).get
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DestinationFloor() = FloorAfterBraking)

int j;

for (j = O; ( (ListOfSortedDestinations.get

NumberOfDestinations() ) &&
(ListOfStaticDestinations.get

Destination(i).getDestinationFloor()
ListOfSortedDestinations.get

Destination(j).getDestinationFloor(8&
(ListOfSortedDestinations.get

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

ListOfSortedDestinations.insertDestination(List

OfStaticDestinations.getDestination(i),));

else

int j;

for (j = 0; ( (ListOfSortedDestinations.get

NumberOfDestinations() |) &&
(ListOfStaticDestinations.get

Destination(i).getDestinationFloor()
ListOfSortedDestinations.get

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

ListOfSortedDestinations.insertDestination(List

OfStaticDestinations.getDestination(i),));

methodupdateListOfSortedDestinations

17.5 ClausAlbgge

public class ElevatorSetupextends MenuWhdow

MaxUpDeAccelationbSetupSpTextDoulde =
new SetupSpingxtDouble(PMaxUpDeAccelation,100,10,1000,1)
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MaxDownDeAccelationbSetupSpTextDolble =
new SetupSpindxtDouble(PMaxDownDeActaration,100,10,1000,1); 10

Setsthe input data in Data\ér.

public void setDaté)
mWindow.Data\ar.createListOfEleatorDatd);
ListOfElevatorData=
new ElevatorDatdgmWindow.Data\ar.getNoOfEleatainBuilding()];
ElevatorDataObject=
new ElevatorDatg 20

MaxUpDeAccelerationbSetupSpietDouble.getNunber()
mWindow.Data\ar.getDistanceBetweenFIqQy

MaxDownDeAccelerationbSetupSpiedDouble.getNunber()
mWindow.Data\ar.getDistanceBetweenFIAQy);

for(int i = 0; i mWindow.Data\ar.getNoOfEleatorirBuilding(); i++)
ListOfElevatorDatdi] = ElevatorDataObject

mWindow.Data\ar.setListOfEleatorDatdListOfElevatarData); 30
mWindow.Data\ar.testPrintElgatorDatd);

public abstact class Group implementsSerializable

Private refeenceto the setupof the entire simulation 40

private DataContaineDataContainerObjert

Cannot be called directly becauseit is abstact.

param DataContainerObject Referenceto the setup of t
he entire simulation
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public Group (DataContaineDataContainerObjekt
50
this.DataContainerObject DataContainerObjert
constructerGroup

Get new departue time for the passengr. (abstiact)

param PassengerObject Which passengeto change
param DataPassengrFlowObject The passengr ow of the
passengr.

abstiact public void getNevTime(Rassengr PassengrObject, D 60
ataPassengrFlow DataPassengrFlowObject);

Get new destinationfor the passengr. (abstact)

param PassengerObject Which passengeto change
param DataPassengrFlowObject The passengr ow of

the passengr.

abstiact public void getNevDestination(Bssengr Passengr O
bject, DataPassengrFlow DataPassengrFlowObject); 70

class Group

abstact class GroupTypeGetSpeci cifme extends Group
implementsSerializable

80
The list of departue times for the getNevTime(Rassengr
P) method.

private int ClockHour;

private int ClockMinute;

private int DaylnSimulation;
private PassengePassengerObiject;
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private DataRssengerFlo DataRissengerFleObject;
private DataContaineDataContainerObject;
90

Cannotbe called directly becauseit is abstact.
param DataContainerObject The DataContainerObject!

public GroupTypeGetSpeci cTme (DataContaineiDataContainerObject)
super(DataContainerObject);
this.DataContainerObject DataContainerObject;

constructerGroupTypeGetSpeci cime
100

Get speci ¢ departue time for the passengr

(from departueTime[TravelState]).

param PassengerObject Which passengeto change.
param DataPassengrFlowObjectWhee to get the data for
the passengr.

setTmeData must be executedbefore getNevTime is called

public void getNevTime(Rassengr PassengrObject, 110
DataRPassengrFlow DataRassengrFlowObject)

this.RassengrObject= PassengrObject;
this.DataRssengrFlowObject= DataRassengrFlowObject;

PassengrObject.setN&Time(60 60 ((24 DayinSmulation)+
ClodkHour)+60 ClodkMinute);
PassengrObject.setN&Time(Clo&Hour+ClodkMinute);
methodgetNevTime
120
protectedvoid setTmeData(int ClodkHourint ClodkMinute
int DaylnSimulation)
this.DayInSimulationr= DayInSimulation;
this.Clo&Hour = ClockHour;
this.Clo&Minute = ClodkMinute;
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class GroupTypeGetSpeci cime

130

class GroupTypeGetSpeci cineAndOneFlop extends
GroupTypeGetSpeci cifme implementsSerializable

private DataClo&kOneFloor ListOfDataClo&OneFloor = null;

private DataClo&kOneFloor SeekListOfClddOneFloor = null;

private Passengr PassengrObiject;

private DataPassengrFlow DataRPassengrFlowObject;

private DataContainer DataContainerObject; 140
private int DaylnSimulation;

Instantiatesa new Group Object which givesa speci c de parture time and a
speci ¢ destinationead time
br b Alert! b The Destinationparametermustnot have two adjecentdestinations
of the samevalue (not even r st last) br
param DataContainerObject Referenceto the setupof th e entire simulation
150
public GroupTlypeGetSpeci cTmeAndOneFlogDataContaier
DataContainerObject)
super(DataContainerObject);
this.DataContainerObject DataContainerObject;
DaylInSimulation= 0;

constructerGroupTypeGetSpeci cineAndOneFloo

Get a new destinationfor the passengr. This method 160
returns one speci ¢ oor
from DestinationFloor[FavelState]
br b Must be called befoe the getNevTime()
method! b br
param PassengerObject Which passengeto change.
param DataPassengrFlowObjectWhee to get the data for  the passengr.
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public void getNevDestination(RssengeiPassengerObiject,
DataRissengerFls DataRssengerFleObject)
170
this.PassengerObject PassengerObject;
this.DataRissengerFoObject = DataRissengerFeObject;
SeekListOfClockOneFloor ListOfDataClockOneFloor;

seekthroug the list of destination
if (PassengerObject.getDestinatiot€) 1)
while((SeekListOfClockOneFloor.getXgnList()
I= null) && (PassengerObject.getDestination()
1= SeekListOfClockOneFloor.getM#-loor())
SeekListOfClockOneFloor 180
= SeekListOfClockOneFloor.getdgnList();

if (SeekListOfClockOneFloor.getMenList() == null)
DayInSimulation++;
SeekListOfClockOneFloor ListOfDataClockOneFloor;
PassengerObject.satlelStatel);

else

SeekListOfClockOneFloor 190
= SeekListOfClockOneFloor.getMgnList();

System.out.printin(“DayInSimulatio= " + DayInSimulation);

setTimeData(SeekListOfClockOneFloor.getClockHQu
SeekListOfClockOneFloor.getClockMinutddayIinSimuation  );

PassengerObiject.setiNBestination(SeekListOfClockOneFlogetNextFloon));
200

methodgetNavDestination

public DataClockOneFloogetListOfDataClockOneFloor()
return ListOfDataClockOneFloor;

public void setListOfDataClockOneFloor(DataClockOneFloor
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ListOfDataClockOneFloor)
this.ListOfDataClockOneFloor
= ListOfDataClockOneFloor; 210

class GrouptypeGetSpeci dineAndOneFloor

17.6 Peter Koorsgaard

A classwhich calculatesthe time neededto travel from
the current position to it's destination.(Only positive
direction shown becauseof spacerestrictions)

class TravelTime

private Elevatorinfo StartPosition

private Elevatorinfo BrakePosition

private Elevatorinfo AccelerationPosition 10
private Elevatorinfo MaximumSpeedPositign

private Elevatorinfo DeAccelerationPositign

private ElevatorDataDataOfEleator,

public TravelTime(ElevatorDataDataOfEleator,
DestinationDestinationFloor
Elevatorinfo CurrentPosition

double T_start = CurrentPositiorgetTime(); 20
double S start = CurrentPositiorgetPositiof);
double V_start = CurrentPositiorget\elocity();

double T_brake = 0.0;
double S_brake = S_start

double V_brake = V_start

double S_acg double T_acg double T_deac¢
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double S_max double V_max double T_max
StartPosition = CurrentPosition

if (DestinationFloagetDestinationFlody  S_star)
if (V_start 0)
brake - becausewe want to go up
T_brake =  V_start
DataOfEleator.getDavnDeAcceleratia();
S_brake = V_start T_brake + 0,5
DataOfEleator.getDavnDeAcceleratia()
T_brake T_brake + S_start;
V_brake = 0.0;
brake - for updirection
are we going to miss the destinationin r st try?
elseif ( ( 0.5 V_start V_start +
DataOfEleator.getUpDeAcceleration(
DestinationFloor.getDestinationFloor()
DataOfEleator.getUpAcceleration(B_start)
( DataOfEleator.getUpDeAcceleration()
DataOfEleator.getUpAcceleration()
S_start)
brake - becausewe are going too far
T_brake =  V_start
DataOfEleator.getUpDeAcceleration();
S_brake = V_start T_brake + 0.5
DataOfEleator.getUpDeAcceleration(
T_brake T_brake + S_start;

V_brake = 0.0;
brake - becausewe are going too far
going up

else
do the samething for down direction...

if ( DestinationFloor.getDestinationFloor(p_brake )
going up
S_.max = ( 0.5 V_brake V_brake
+ DataOfEleator.getUpDeAcceleration()
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DestinationFloor.getDestinationFloor() 70
DataOfEleator.getUpAcceleration(B_brake
)
( DataOfEleator.getUpDeAcceleration()
DataOfEleator.getUpAcceleration();
V_max = Math.sqrt@
DataOfEleator.getUpDeAcceleration(
(S_max  DestinationFloor.getDestinationFloor()));
if (V_max DataOfEleator.getMaxUp¥locity() )
V_max bigger than maxspeed
recalculatedeacceleation position 80
S_max = ( DataOfEleator.getMaxUp¥locity()
DataOfEleator.getMaxUp¥locity() )
( 2 DataOfEleator.getUpDeAcceleration()
+ DestinationFloor.getDestinationFloor();
maximumspeedis reset.
V_max = DataOfEleator.getMaxUp¥élocity();
V_max MaxUp\locity

T_deacc= V_max DataOfEleator.getUpDeAcderation);

T_.acc= ( V_max V_brake) 90
DataOfEleator.getUpAccelerationy()

S.acc = V_brake T_acc+ 0.5
DataOfEleator.getUpAcceleration(J _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 downdilection 100
going down

BrakePosition = new Elevatorinfo (S_brake,
V _brake,CurrentPaosition.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);
DeAccelerationPositior new Elevatorinfo
(DestinationFloor.getDestinationFloor(),
0.0,CurrentPosition.getDirection(),
T_deacc+Tmax+T acc+T brake);

constructor TravelTime
public double getTotalTime () 120
return StartPosition.getime() + BrakePosition.getime()
+ AccelerationPosition.gethe()
+ MaximumSpeedPosition.getiie()
+ DeAccelerationPosition.geithe();

methodgetTotalTime

class TravelTme

The Group SuperClass. 130
public abstract class Group implements Serializable
private DataContaineDataContainerObject;
public Group (DataContaineDataContainerObject)

this.DataContainerObject DataContainerObject;

constructerGroup

Get new departue time for the passengr. (abstract) 140

abstract public void getNevTime(PassengeiPassengerObiject,
DataRissengerFls DataRssengerFleObject);

Get new destinationfor the passengr. (abstiact)

abstract public void getNevDestination(Rssenger
PassengerObjecDataRissengerFo
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DataRissengerFaObject);

class Group

The Protocol. This classis the interface betweenthe
contwl systemand the model. (only partly included
becauseof spacerestrictions)

class Protocol extends Obsenable implements Obsener

public static nal int SCHEDULECHANGED= 60;
private int CurrentEl@atorNumber;

private DestinationCurrentDestination;

private double Currentime;

private ElevatorMovement] ListOfElevatorMovements;
private ControlSystemControlSystemObject;

constructor protocol.

public Protocol (int NumberOfFloorsinBuilding,
int NumberOfEleatorsinBuilding,
ElevatorData] DataOfEleators,
Obsener ObsenerObject)

add the observer so that we can notify it later.
addObsergr(ObsererObject);

create listOfElevatorMovementsof correct size
ListOfElevatorMovements=

new ElevatorMovement[NumbebfElevatarsinBuilding];

instantiatesthe ListOfElezatorMovements
for (int i=0; i NumberOfEl@atorsinBuilding;i++)
ListOfElevatorMovements]i] =
new ElevatorMovement(DataOfEMatorsi],
new Destination(.0,1,Destination.NODIRECTION),

new Elevatorinfo(1.0,0.0,Destination.NODIRECTION,0));

for loop
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190
create ControlSystemobject
ControlSystemObject
new ControlSystem(NumberOfFloorsinBuilding,
NumberOfEl@atorsinBuilding,DataElevators this);
constructor Protocol

Update method.This methodis invoked by the
notifyobserves of an observableof this observer
( see Observerinterface and Observableclass) 200

public void update(Obsenrable o, Object args)
if ( ((ControlSystemOutput)gs).getCanmard()
== ControlSystemOutput. SCHEDULECHANGEP

CurrentEleatorNumber=
((ControlSystemOutput)gs).getievataNumber();
CurrentDestination =
((ControlSystemOutput)gs).getNeDestinatiot);
210
ListOfElevatorMovements[CurrentievatarNumber].
setNaevDestination(CurrentDestination,Curreitie);

CurrentDestinatiorn= new
Destination(ListOfEleatorMovemens
[CurrentEleratorNumber].@tNextActionTime(),
CurrentDestination.getDestinationFloor()
CurrentDestination.getDirection{)

setChanged(); 220
notifyObserersthis);
is it a ContolSystemOutpubbject?
methodupdate
class Protocol

17.7 Lars JochumsenKristensen
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The class DestinationManger

public class DestinationManageimmplements Obsenrer

private RunSimulationrSimulation
private DataRssengerFlo SeekData®ssengerFig;

private int GrouplD;

private int NoOfPassengerinGroyp
private int StartFloor

private int StartHour

private int StartMinute

private int PassengerlD= 0;
private Pool PoolObject

private PassengePassengerObject

Instantiatesthe DestinationManger which give all the
Passengrs a start destinationand departuetime
(speci ¢ destinationead time)

public DestinationManagéRunSimulation rSimulation

this.rSimulation = rSimulation

constructor DestinationManger

Createsthe passengr with there destiantionsand
departue times.

The passengrs is placed on there start oors.

The departue timesis addedto the TimeManaers list
of passengr events

public void createRssengerinBuilding()
SeekDataBssengerFlo =
rSimulation.getMenu\iidow().Data\ér.
getListOfDataBssengerFis();
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PassengerlD= O;

while(SeekDatalssengerFwe = null)
get speci ¢ data about the group
GrouplD = SeekDataBssengerFe.getGrouplD();
NoOfPassengerinGroupg
SeekDataBssengerFlu.getNoOfRissengerinGrgy);
StartFloor= SeekDataBssengerFlo.getStartFloor();
StartHour= SeekDataBssengerFlw.getStartHour();
StartMinute = SeekData®ssengerFlo.getStartMinute();
Create all passengr in the group with a destination
and a departuetime
for(int i = 0; i NoOfPassengerinGroupi++,PassengeriD++)
PoolObject= rSimulation.getBuildingObject()
.getFloor(StartFloor).getPool();

PassengerObject new Passenger@ssengerlD,GrouplD);
get new destinationand departuetime
SeekDataBssengerFlo.getListOfGroupEent().getNevDestinatio
(PassengerObject,SeekDataRengerFio);
SeekDataBssengerFle.getListOfGroupEent().getNevTime(
PassengerObject,SeekDataBengerFi);
Savenew destinationand departuetimein the object of
the passengr and timemanaer
PoolObject.add&ssenger@ssengerObject)
rSimulation.getimeManagerObject@dPassengrEvent
(PoolObject,BssengerObject);

SeekDataBssengerFlo = SeekData®ssengerFio.getNextinList();
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 passengr.

public void update(Obsemble o, Object arg)
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if ((Pool)ag).getCommang ==
((Pool)ag).GETNEWDESTIMTION)
get information from pool
PassengerObject ((Pool)ap).getRssengerdMoveOhect();
PoolObject= ((Pool)ag).getPoolObject();
nd refeenceto passengr ow of the group the
passengr are palcedin.
SeekData®ssengerFle = rSimulation.getMenu\vidow()
.Data\ar.getListOfDataBssengerFia(); 90
while((SeekData®ssengerFlo !'= null) &&
(SeekData&ssengerFlo.getGrouplD()!=
PassengerObject.getGrouplD()))
SeekDataBssengerFlw = SeekData&®ssengerFlo
.getNetInList();

if passengrow of the group exist then get the
passengr a new desinationand departuetime
if(SeekData®ssengerFlo !'= null) SeekDataBssengerFlo 100
getListOfGroupEent().getNe/Destination
(PassengerObject,SeekDasaBengerFia);

SeekDatassengerFlo.getListOfGroupEert()
.getNevTime(PassengerObject,SeekDataBengerFiw);

Savenew destinationand departuetimein the object of
the passengr and timemanaer
PoolObject.addéssenger@ssengergbct);

110
rSimulation.getimeManagerObjd¢).addPassengdtvent
(PoolObject,BssengerObject);
is command= GETNEWDESTIATION
methodupdate
class DestinationManger
120
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The class DataClo&kOneFloor

class DataClockOneFlooimplements Serializable

private int ClockHour;
private int ClockMinute;
private int NextFloor;

private DataClockOneFlooNextInList = null; 130

Constructorof the class DataClokOneFloor

public DataClockOneFloon(t ClockHour, int ClockMinute,
int NextFloor)
this.ClockHour = ClockHour;
this.ClockMinute = ClockMinute;
this.NextFloor = NextFloor;
140

Add an object of DataClodoneFloor to the linked list of
DataClodkOneFloor

public DataClockOneFlooraddDataClockOneFloadnt
ClockHour, int ClockMinute, int NextFloor)
NextlnList = new DataClockOneFloor(ClockHour,
ClockMinute, NextFloor);
return NextlnList; 150

Returnsthe next oor
public int getNetFloor()

return NextFloor;
160
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Returnsthe next elementin the linked list of
DataClodkOneFloor

public DataClockOneFloogetNextInList()
return NextlnList;

The class GroupTypeGetSpeci cimneAndOneFloor

class GroupTypeGetSpeci cTmeAndOneFlor extends
GroupTypeGetSpeci cTme implements Serializable

Get a new destinationfor the passengr. This method
returns one specic oor

public void getNevDestination(RssengePassengerObject,
DataRissengerFle DataRssengerFlaObject)

this.PassengerObject PassengerObiject;
this.DataRissengerFlaObject = DataRssengerFaObject;

SeekListOfClockOneFloor ListOfDataClockOneFloor;

seekthroug the list of destination
if (PassengerObject.getDestinatiof) 1)
while((SeekListOfClockOneFloor.getidenList() != null)
&& (PassengerObject.getDestinatior)
SeekListOfClockOneFloor.getde-loon()))
SeekListOfClockOneFloo=
SeekListOfClockOneFloor.getdenList();
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if (SeekListOfClockOneFloor.getMenList() == null)
DayInSimulation++;
SeekListOfClockOneFloor ListOfDataClockOneFloor;
PassengerObject.setlelStatel);

else

SeekListOfClockOneFloor SeekListOfClockOneFloor 210
.getNetInList();

setTimeData(SeekListOfClockOneFloor.getClockHQi5eelk istO

fClockOneFloor.getClockMinute(), DaySimulatian);

PassengerObject.setiNBestination(SeekListOfClockOneFloo
.getNetFloor());

methodgetNevDestination 220
public DataClockOneFloogetListOfDataClockOneFloor()

return ListOfDataClockOneFloor;

public void setListOfDataClockOneFloor(DataClockOneFloor
ListOfDataClockOneFloor)
this.ListOfDataClockOneFloor ListOfDataClockOneFloor;

230

142



Bibliography

[1] Arnold andGosling. TheJavaProgrammingLanguaye.
[2] Gammeetal. DesignPatterns- Elementof ReusablébjectOrientedSoftwae.

[3] Lars Mathiasseret al. ObjektOrienteret Analyseog design ForlagetMarko Aps,
2ndedition,1998.

[4] Sum Microsystems Inc. Jdk 1.1.6 documentation. = December 1998.
http://www.java.sun.com/productslk/1.1/docsindex.html.

[5] JohnLewis andWilliam Loftus. Java Softwae Solutions AddisonWeslgy, 1stedi-
tion, 1998.

[6] BetrandMeyer. ApplyingDesignby Contract IEEE ComputeyOctober1998.
[7] RogerS.PressmanSoftwae Engineering a Practitioners approad.

[8] Richard S. Sutton. Elevator dispatching. December 1998. WWW-
anwcs.umass.eduich/book/11/node5.html.

143



