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General information about Programming I

Contentsof Programming I:

❑ Introductionto programdesign

❑ Programsascommunicatingentities

❑ Specifyingprogrambehavior

❑ Programmingfundamentals:expressions,statements

❑ Classesandobjects

❑ Error handlingusingexceptions
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❑ Inheritance

ProgrammingI – c
�
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General information about Programming I

Thegoalsof ”ProgrammingI” are �����
❑ introducingthebuilding blocksof programs,

❑ giving anunderstandingof dynamicsystems,

❑ enablingyou to program(small)applications,

❑ teachingtheprinciplesof objectorientation

❑ ����� andkeeping(or making!) you interestedin Programmingasa process
of deliberatedecisions, not ”ad hoc” solutions.
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Intr oduction to Program Design

This chaptercoversthefollowing topics:

❑ Whatis acomputerprogram?

❑ Whatarethecomponentsof aprogram?

❑ How arethecomponentsput together?

❑ Whatarethecentral designissues?

ProgrammingI – c
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What is a Computer Program?

❑ Computersprovideservicesfor many differentactivities

❑ However, they mustbe told how to provide theservice- andbe requested
to doso!

❑ Programsareusedto tell computershowto providea givenservice

❑ Programsconsistof instructionsin alanguagethecomputer”understands”.

❑ Programexecutionconsistof performingtheprograminstructions.

❑ A programby itself doesnodoanything: it hasto beexecuted!

❑ The executioncanbe repeated,but the resultmay dependon certaincir-
cumstancessuchasuserinteraction.
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What is a Computer Program?

❑ Onespecialtypeof programalwaysrunson thecomputer:theoperating
system

❑ Theoperatingsystemis responsiblefor coordinatingwhathappensin the
computerandalsohandlesthestartingof otherprograms

❑ Installinganew programonly placesacopyof theinstructionsonthecom-
puter– similar to placinga new bookonabookshelf

❑ Afterwards,theprogramcanbeexecuted(” run ”) asoftenaswewant.

ProgrammingI – c
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Programming Languages

❑ The instructionsunderstoodby the computermust be given in a certain
programminglanguage
☞ In this course,we will useJava

❑ Programminglanguagesareusuallyverydifferentfrom”natural” languages

❑ Statementsin programminglanguagesmustbeunambiguousandverypre-
cise

❑ Usually, we have to specifyeach actionprecisely- andnot glossover de-
tails!

❑ Instructingcomputersis (somewhat) similar to teachingyoungchildren:
bevery carefulwhatis done,preciseanddetailed!

ProgrammingI – c
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Programming Language”Example”

Look at thefollowing instructionsonhow to makea jamsandwich:

1. Geta loaf of bread.

2. Cut off two slicesof thebreadandput it ona table.

3. Geta packageof butterandput it on thetable.

4. Geta jar of jamandplaceit next to thepackageof butter.

5. Geta knife.

6. Openthepackageof butter.

7. Usetheknife to pick upsomebutter.

8. Spreadthebutterononesliceof bread.

9. �����
ProgrammingI – c
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Programming Language”Example”

❑ Theinstructionson thepreviousslideareveryspecific.

❑ To makea jamsandwich,the”user” only hasto follow themstepby step.

❑ If each instructionis understoodby theuser, theresultof theexecutionwill
bea jamsandwich.

❑ However, if at leastoneinstructionis not understood,it mustberewritten
sothatit becomesunderstandable.

❑ For example,pick upsomebutter might notbespecificenough:

7.(a)Placethe knife edgeparallel to the surfaceof the butter and
lower theknife blade2 mm

(b) Move theknife to theothersideof thebutterpackage
(c) Lift theknife bladefrom thebutterpackage

❑ Instructionsthatneedfurtherexplanationarecalledhigh level.

ProgrammingI – c
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Programming Language”Example”

❑ The typesof statementsthe computerunderstandsdependon the specific
programminglanguage

❑ Somepartsaresimilar in mostprogramminglanguages
☞ arithmetics(+, -, � , /)

❑ As a programmer, it is our taskto make our wishesunderstandablefor the
computer

❑ Therefore,we shouldoftenaskourselves”Whatdo I donext?”
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High Level Functions or ”Methods”

❑ Programsareusuallygroupedinto high level functions:

1. Assembletheingredients
2. Spreadbutteronslice
3. Spreadjam onslice
4. Putsandwichtogether
5. Stow away ingredients
6. Cleanupkitchen

❑ In Java , wecanalsogrouptheoperationstogetherin methods

❑ Eachmethodmustprovidepreciseinstructionsonhow to handlethetask

❑ Methodsmayalsocall othermethods.
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Programming Primiti ves

❑ Computersdo not ”understand”muchon their own - they canmostlyma-
nipulatewordsandnumbers

❑ Java containsmany methodsfor performingspecialactions
☞ openanew window, sendmessagesto othercomputers,�����

❑ Therearebasicallythreetypicalprimitive operations:

☞ Executecommandsin sequence
☞ Determinenext actionaccordingto acondition
☞ Repeatexecutingoperationsuntil a certainconditionis met
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Programming Primiti ves

❑ Executecommandsin sequence
☞ This is whattheexamplecovered!

❑ Makeachoice(”conditional”):

8. If top of the slice of breadis coveredwith butter, go to step9.
Otherwise, go to step7.

❑ Repeatoperations(”loop”):

7. Repeatuntil thetop of thesliceof breadis coveredwith butter:
(a)Pick up aglobof butter
(b) Spreadit on thetop of theslideof bread

❑ Wewill comebackto theseimportantpartsof building programslater.
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Interaction betweenProgramsand Computers

❑ Theexampleusedin thelastslidesis autonomous
☞ it doesnothave to communicateor interactwith others

❑ However, mostcurrentcomputerprogramsinteract with

☞ people(users),
☞ machines,
☞ othercomputers,
☞ or otherprogramson thesamecomputer

❑ Interactiveprogramsarenot concernedwith solvingapre-definedproblem
andthenstopping

❑ Rather, they oftenperformacontrol loop thatrespondsto requests

❑ Suchprogramsareembeddedinto anenvironmentthey interact with

ProgrammingI – c
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Interaction betweenProgramsand Computers

❑ Runninginteractive programsis morethansimply executingthem– they
mustbecoordinated

❑ For example,insteadof makinga sandwichfor ourselves,considerhaving
severalpeoplerunninga restaurant.

❑ Typically, thetasksaresharedby their content:

☞ Take ordersandserve food (waiter),
☞ Preparethefood,
☞ Checkingandmaintainingsupplies

❑ Eachtaskprovidesservicesto othersandrequestsservicesin return.

❑ Coordinating thetasksrequiresdifferentquestionsfrom simply ”What do
I donext?”
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Interaction betweenProgramsand Computers

❑ Let us take a quick look at oneof the tasks, andwe will notice that the
”old” roleof sandwichesis still important.

❑ Thesearetypical instructionsfor a chef:

1. Pick upanew foodorder.
2. Find theinstructionsfor thedishorderedandfollow them.
3. Put the completeddish andthe order informationon the counter

for pickup.
4. Gobackto step1

❑ Thesecondstepof this”program”is ahigherlevelstepasdescribedbefore
☞ it is not complete,but refersto moredetailedinstructions

❑ Thecomputerstill follows simplesequencedstepsin its execution
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Interaction betweenProgramsand Computers

❑ However, morethanoneprocessmaybeactiveat any time
☞ While thechefcooksadish,awaitercantake otherorders

❑ Thechef’s instructionsareplacedin an infinitecontrol loop

❑ Wheneveroneorderis finished,thechefwill look for thenext order

❑ Control loops are typical for programsthat handle(acceptand provide)
services

❑ However, thecentralquestionis how we cancoordinatethecommunityof
programs(”computationalcommunity”)
☞ how will waitersnotethatadishis complete?
☞ how cana client call a waiter?
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Coordinating a Computational Community

❑ Deepdown, eachprogramconsistsof simpleinstructions

❑ A singleprogrammay have many entitiesfollowing their own setof in-
structions
☞ think of thestaff of therestaurant

❑ Whenwe look at the whole program,we do not necessarilyseethe indi-
vidual steps
☞ We will ratherseea coordinatedactivity amongtheentities

❑ Thebehaviorof thecommunityis not theresponsibilityof onememberof
thecommunity
☞ it is theresultof manycommunitymembersworking together!
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Coordinating a Computational Community

❑ Theprogrammerhasto figureout how to tell thecomputerwhat to do

❑ Therearesomefundamentalquestionsthatwill have to beasked

❑ For acommunityof entities,wehave to specify

☞ themembers of thecommunity,
☞ how each memberworks,
☞ andhow they interact.

❑ This processis somewhatsimilar to settingthecastof aplay
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Central Questionsin DesigningCommunicating Entities

❑ Wehave to considerthefollowing questionduringdesign:

☞ Whatis thedesiredbehaviorof the(whole)program?
☞ Whoaretheentitieswho interactto producethisbehavior?
☞ How doeseach entitywork?
☞ How do theentitiesinteract?

❑ We will briefly regard thesequestionsnow and return to them in more
detail lateron.
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What is the Desired Behavior of the Program?

❑ Weshouldaddressthisquestionbefore westartdesigningourprogram!

❑ Wemustaskourselves�����
☞ Whatserviceshouldtheprogramprovide?
☞ Whatguaranteesdoestheprogrammakeabouttheseservices?
☞ Underwhatassumptionsdoesto theprogrammake theseguarantees?

❑ For therestaurant,thismight look asfollows:

☞ Providecleantables,take orders,serve food,presentbill, collectpay
☞ Guarantee”acceptable”waitingtime;presentappropriatebill; haverev-

enueexceedexpenses;have sufficient freshsuppliesreadyat all times
☞ Assumethat customertraffic is reasonable- specify what this means

precisely, andwhathappensotherwise!
Assumethatmore thanonecustomercanbeservedat a time.

❑ Therearemoreconsiderationsto take into account,but theseare”central”.
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GuidoRößling(roessling@acm.org) Intro ProgramDesign– CentralQuestions: DesiredBehavior 2.18

Who Ar e the Membersof the Community?

❑ Wecannot answerthisquestionin isolation
☞ theanswerdependsonwhat theentitiesareandhowthey work!

❑ Answerthis questionin high-level, general terms,thentry to addressthe
moreprecisequestionson ”how” and”what”

❑ Normally, wewill haveto returnto thisquestionandrearrangetheanswers
☞ incrementalprogramdesign

❑ In therestaurant,we coulddefinethefollowing entities:

☞ waiterstaff unit (for dealingwith customers),
☞ kitchenstaff unit (for cookingthefood)
☞ financialunit (settingof prices,collectingpayment,buyingsupplies)

❑ This structuredoesnot definehow manyindividual entitieswewill need
☞ Is onewaiterenough,or will we needmore?
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How DoesEachEntity Work?

❑ Answeringthisquestionrequiressomeknowledgeabouttheinteraction

❑ For eachentity, weshouldaskourselves����� :
☞ Whatareits responsibilites?
☞ Whatguaranteesdoesit make,andunderwhatassumptions?
☞ Whatresourcesdoesit control?
☞ How doesit work?
☞ Is it acommunityof entities,or asingleentity?

☞ Waitingpersonsmight bedividedinto person(s)who
➩ clearthetables,
➩ take theorder,
➩ serve thewine.
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How Do the Entities Interact?

❑ Herearesomebasicquestionsabouttheinteraction:

☞ Whataretheentities’ interfaces?
☞ promisesmade,fulfilled contracts,providedservices

☞ How do theentitiescommunicate?
☞ mechanism,interactionpattern,how to keepthemalive?

☞ Whatinteractionpatternsarepossible?
☞ Whathappenswhensomethinggoeswrong?

❑ Thecommunicationis specifiedby a protocol: in therestaurant,a pieceof
paper

❑ Someprocessesmust happenin real time, othersmay be performedin
batch
☞ Foodshouldbeserved in real time, but turning in theday’s payments
mayhappenin batch
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The DevelopmentCycle

❑ Typically, wewill begivenasetof specificationsandsomecomponentsto
integrateinto ournew system

❑ It is helpful to askourselvesthefollowing questions:

☞ Whatis thebehaviorof theprogram?
☞ Whoarethecomponentsthatcombineto producethisbehavior?
☞ How do they interact?
☞ Whatis eachentitymadeof? (for examplea communityof entitiesor a

controlloop)

❑ Onthelevel of instructions:

☞ Whathappensnext?
☞ How canthisbeaccomplished?
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The DevelopmentCycle

❑ Oncewe haveansweredthequestionson onpage2.22,wecanstartbuild-
ing ourprogram

❑ Weshoulddiscussourdesignwith others:programmersandespeciallyour
customers!

❑ Wemayoftenhave to ”go back”andchangepartsof thespecification
☞ Make sureto carefully considerwhat interdependenciesmight be af-
fected!

❑ It is helpful to implementonly a smallpieceof thesystemat first (”proto-
type”)
☞ Stageourdesignwith ”building blocks” thatcaneasilybeadded

❑ Testoursystembeforeweaddnew features(andafterwards!)

❑ Produceunderstandablecode:usecommentsandhelpful identifiers
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The Interacti ve Control Loop

❑ Wewill focusondesigninginteractivesoftware in this course

❑ Thecentralpieceof this is the interactivecontrol loop

❑ The loop is a simpleprogramthat respondsto input, usuallyby starting
”appropriate”activities

❑ While theconceptis verypowerful, it is alsorathersimple

❑ The(probably)simplestinteractive controlloop is anechoprogram
☞ Theprogramwaitsfor input andsimply echostheinputback

❑ While extremelysimple,thisprogramexhibitsmany importantproperties:

☞ it is embeddedin anenvironment(thetyping anddisplay)
☞ it is interactive – it couldalsosendtheoutputto anotheruser!),
☞ it is concurrent (theusermaycontinuetyping while theline is printed)
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A Community of Interacting Entities

❑ In the following, we will take a look at transformationson words and
phrases.

❑ Moreprecisely, wewill build asystemwhichcancontainmany transform-
ersthatcanbecombinedin almostany order

❑ As theunderlyingexample,we usePig Latin

❑ Pig Latin is just plainEnglishwith somemodificationsput in

❑ Example:placethefirst letterof eachword at theendandthenadd”ay”:
"Hello, how are you"➯ ”ellohay, owhay rehay ouhay”

❑ Therearemanyapplicationsincluding

☞ capitalizers: hello ➯ HELLO
☞ namegivers: hello ➯ Guido says "hello"
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A Community of Interacting Entities

❑ Therearetwo furtherspecialtransformertypes:collectors andrepeaters

❑ Collectors listen to multiple sources,but produceonly one(usuallycom-
bined)output
☞ usedwhenmany peopletry to ”talk” at thesametime

❑ Repeaters producemorethanoneoutputfrom oneinput
☞ usedwhenwe wantto broadcasta messageto others

❑ Oursystemwill containmany transformer”boxes” shown in figure1

ellohay

Hello

Hello

Input Pig Latin Transformer

ellohay

Output

HelloHello Output B

Hello

Output A

Hello

Input Repeater Transformer

Figure1: Transformerprinciple
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A Community of Interacting Entities

❑ At theendof thedesignprocess,we shouldbeableto provide a scenario
for each of themajorinteractionswith thesystem

❑ This includes

☞ whatroleshave to befilled (thetypesof thingsin thesystem),
☞ who fills theseroles(theindividual objects)
☞ how theseobjectscommunicateamongthemselves(flow of control)

❑ Let usview thesystemasacommunityof interactingtransformers

❑ Eachtransformerthenwill beanentity

❑ The interactionconsistsof requestinginput andproviding (transformed)
output

❑ Wewantto beableto combineall transformers
☞ Outputof transformersA mustbeusableasinput for transformersB
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A Community of Interacting Entities

❑ Weneedto connecttransformerssothatinput / outputcanbereused

❑ A connectionsimply letsusinsertsomethingatoneend,andletssomeone
receive it at theotherend

Transformerentity interactions,version1:

❑ Readaword or phrasefrom a connection

❑ Write awordor phraseto a connection

Connectionentity interactions:

❑ Acceptawordor phrasewrittenon theconnection

❑ Supplya wordor phrasewhenrequested
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The User and the System

❑ Let usconsidertheinteractionsbetweenauserandthesystem:
System/Userinteractions:
☞ Createa transformer(of a specifiedtype)
☞ Connecttwo transformers(in aparticularorder)

❑ To supportthis,we addauserinterfacewith a control panelof buttons

❑ Theuserinterfacesupportsthecreationof aspecifictransformer

❑ By selectingtwo transformers,they will be connectedin the order they
wereselectedusinganew connection

UserInterfaceinteractions:
☞ Createa transformer(of a specifiedtype)
☞ Connectaconnectionbetweentwo transformers
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The User and the System

❑ Wealsohave to updatethetransformerentity transactions:
Transformerentity interactions,version2:
☞ Acceptan input connection
☞ Acceptanoutputconnection
☞ Readawordor phrasefrom aconnection
☞ Write awordor phraseto aconnection
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GuidoRößling(roessling@acm.org) A Communityof InteractingEntities 3.6

Transformer User Interface

Connection

click buttons

new transfomer
click button

click button

new transfomer

Outputter

UpperCaser

Pig Latin

NameDropper

Inputter

Pedant

Pig Latin Transformer NameDropper Transformer

Pig Latin Transformer

Outputter

UpperCaser

Pig Latin

NameDropper

Inputter

Pedant

Outputter

UpperCaser

Pig Latin

NameDropper

Inputter

Pedant
Name Dropper Transformer

create connection

Figure2: Diagramof theTransformerUserInterface

ProgrammingI – c
�
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Control Flow: Creating a Transformer

User New TransformerControl Panel

Determine Button

Click

Create transformer

Wait for input

Figure3: Controlflow whencreatinga transformer
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Control Flow: Creating a Connection

Transformer A

Determine Button

Click

Register

User Control Panel Transformer B

Remember target of click

Determine Button

Click

Register

Waiting for Requests Waiting for Requests

Create Connection

new Connection

Created

accept Connection

accept Connection

Figure4: Controlflow whencreatingaconnectionbetweentransformers
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What goesInside?

❑ Thelastdiagramsshowedthe interactionsbetweentheentities

❑ Wehave alsoaddressedwhothecommunitymembersare

❑ Thecontrol flowdiagramsshow theinteraction

❑ We mayhave anarbitrarynumberof transformers andconnectionsin the
system
☞ For example,5 transformersand2 connections

❑ However, therewill beonly onecontrolpanel

❑ Next, we would have to checkthe entitieswhetherthey arecomposedof
otherentities

❑ However, we still lacksomebackgroundfor this
☞ therestof thechapterwill look insteadtransformers instead

ProgrammingI – c
�

GuidoRößling(roessling@acm.org) A Communityof InteractingEntities 3.10

Building a Transformer

❑ A Transformermustbeableto

☞ Acceptaninput connection
☞ Acceptanoutputconnection
☞ Have anindependent”agent” that readsinput, transformsit, andwrites

theoutput

❑ Therefore,thetransformeris acommunityof entities:

☞ two connectionacceptors which are activatedon a connectionaccept
request
☞ they will have to remembertheconnectionsthatthey accept
☞ they mustalsodecidewhat to do if a connectionis requestedmore
thanonce

☞ an input transformerthatwill readfrom theinput connection,performs
thetransformation,andwritestheresultto theoutputconnection
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Transformer Examples

❑ Herearetheinstructionsfor thebehavior of Capitalizer transformers:
Capitalizer
1. Readfrom theinput connection
2. Produceacapitalizedversionof it
3. Write this to theoutputconnection

❑ NameDroppers have to storetheir own name:

NameDropper
1. Readfrom theinput connection
2. Produceaphrasecontainingyournamefollowedby says ’, the

input,and’
3. Write this to theoutputconnection
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Transformer Examples

❑ Repeaters sendtheunmodifiedoutputto twooutputconnections:

NameDropper
1. Readfrom theinput connection
2. Write this to thefirst outputconnection
3. Write this to thesecondoutputconnection

❑ Thegeneral instructionform for anyTransformeris

NameDropper
1. Readfrom theinput connection
2. Producea transformedversionof theinput
3. Write this to theoutputconnection

❑ Wewill now look at thesecondinstruction.
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Strings

❑ StringsarespecialJava objectsfor representingwordsandphrases

❑ A Java String canbe anythingthat is placedbetweena pair of double
quotes" ����� "

❑ Thedoublequotesareusedto markthestart andendof theString
☞ they donot belongto thephrase

❑ SomelegitimateJava Stringsare"Hello", " Spaces "m "!&$#!"

❑ Thetransformers arereallyStringTransformers
☞ eachtransformertakesa Stringandproducesa Stringasits output

❑ In thefollowing, wewill look atsomeof thepredefinedJava Stringtrans-
formations
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FundamentalString Operations

❑ Stringsareconcatenated(put together)usinga plus+
"Hello, I’m " + "Guido" ➯ "Hello, I’m Guido"

❑ Thus,a NameDropper canproduceits outputas follows, assumingthe
nameis storedasmyName:

myName+ ” says’” + input +”’”

❑ Therearemany methodsthatcanbeperformedon Strings, suchastrans-
formingaStringinto uppercase

❑ Usingsuchanoperationis calledinvokingit

❑ To invoke a methodon a String, put a dot . betweenthe String andthe
methodname:

”Hello”.toUpperCase()➯ ”HELLO”
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GuidoRößling(roessling@acm.org) A Communityof InteractingEntities– Fundamentaloperations 3.15



FundamentalString Operations

❑ A Stringcanreturna substringof itself
☞ Thecharactersarenumberedstartingwith 0
☞ For retrieving asubstringstartingat position3, invoke

"Hello".substring(3) ➯ ”lo”
☞ For retrieving themiddlethreecharactersof ”Hello”, invoke

"Hello".substring(1, 3) ➯ ”ell”

❑ toUpperCase() canbeusedto produceanuppercasetext:
"MixedCase".toUpperCase() ➯ "MIXEDCASE"

❑ toLowerCase() producesa lower casetext:
"MixedCase".toLowerCase() ➯ ”mixedcase”
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FundamentalString Operations

❑ trim() removesleadingandtrailing whitespace(spaces,tabs.etc):
" lots of space ".trim() ➯ "lots of space"

❑ substring(fromIndex) producesaStringstartingatpositionfromString, sub-
string(fromIndex, toIndex) containsall charactersuntil toIndex - 1:

☞ "Hello".substring(3) ➯ "lo"

☞ "Hello".substring(1, 4) ➯ "ell"

☞ "Hello".substring(0, 5) ➯ "Hello"

❑ length() returnsthenumberof charactersin aString:
"Hello".length() ➯ 5

☞ Notethatthe last characterpositionis atlength() - 1

❑ replace(old, new) replacesall occurrencesof old by new:
"Hello".replace(’l’, ’ � ’) ➯ "He ��� o"
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FundamentalString Operations

❑ charAt(pos) returnsthecharacterat positionpos
"Hello".charAt(2) ➯ ’l’

☞ For a valid invocation,makesurethat0 � pos � String.length()
"Hello".charAt(-1), "Hello".charAt(5) ➯ Error

❑ indexOf(char) returnsthefirst index of thecharacteror -1
"Hello".indexOf(’l’) ➯ 2
"Hello".indexOf(’h’) ➯ -1

❑ lastIndexOf(char) returnsthe last index of thecharacteror -1
"Hello".lastIndexOf(’l’) ➯ 3
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Rulesand Methods

❑ TheStringoperationsintroducedcanbeusedto constructthe instructions
neededfor aTransformer:

to transform aString (say, thePhrase),
return thePhrase.toUpperCase();

❑ This ruledescribesthetransformationrule for anUpperCaser

❑ Thetransformationrequiresa Stringthatis to betransformed

❑ Within therule, thisStringis addressedasthePhrase

❑ thePhrase is calledtheparameterof therule

❑ A concretevaluefor thePhrase is calledanargument

❑ thenameof theparametercanbechosenarbitrarily

❑ thePhrase canbereplacedby anyStringto betransformed
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Rulesand Methods

❑ Therule or method from thepreviousslideis not valid Java code

❑ However, we only have to changeit slightly to make it correctJava!

❑ The”correct” methodfor UpperCaserlookslike this:
String t rans form ( String thePhrase )�

return thePhrase . toUpperCase ( ) ;	

❑ TheString at thebeginningof themethodis thereturntype
☞ Thus,themethodtakesaString argumentandreturnsaString

❑ This methodcanbeusedby anybodywith anarbitrary String.
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Classesand Instances

❑ The methodjust describedis the only thing that distinguishesthe Trans-
formers from eachother

❑ It is usefulto makeeachTransformeranew type

❑ Typesconsistof aname, methodandinternalvalues(calledattrib utes)

❑ In Java (andotherobject-orientedlanguages),a typeis calledaclass

❑ A Java classis startedwith thekeywordspublic classfollowedby its name

❑ Theclassmayextendanotherclass- in this case,let uscall thebasicclass
StringTransformer

❑ Theclassbodysimplycontainsthemethodsandattributes, placedbetween
curly braces
��
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Classesand Instances

❑ Thedefinitionof theappropriateclassfor UpperCaserlooksasfollows:
public class UpperCaser extends Str ingTrans former�

String t rans form ( String thePhrase )�
return thePhrase . toUpperCase ( ) ;		

❑ Thecodefor aPedantis very similar:
public class Pedant extends Str ingTrans former�

String t rans form ( String thePhrase )�
return ” Obviously ” +thePhrase ;		

❑ How canwe specifytheothertransformersfrom thisexample?
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Classesand Instances

❑ Theseclassesaredescriptionsof whataTransformershoulddo

❑ However, they arenot UpperCasers or Pedantsthemselves

❑ Rather, they arelikea”recipe” or templatefrom whichaparticular Trans-
formercanbemade

❑ To turn theclassinto a ”real” transfomer, weusethenew command:
newUpperCaser() or newPedant()

❑ Theseoperationswill returnaparticular instancecalledanobject

❑ If weusethenew commandagain,anotherobjectwill begenerated

❑ This is exactlywhattheGUI buttonsaresupposedto do (seeslide3.7):
☞ Pressing the button labelled Pedant will invoke new

Pedant(), generatinga new Pedant object
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Classesand Instances

❑ A UpperCasercanbeconnectedto anPedantthroughtheGUI

❑ Whatwill happenif theUpperCaserinput is ”not much”?
☞ TheUpperCaserproducestheoutput”NOT MUCH”
☞ ThePedantprepends”Obviously”: ”ObviouslyNOT MUCH”

❑ If wepassthisoutputinto anotherPedant,it will output”ObviouslyObvi-
ouslyNOT MUCH”

❑ Thus,theoutputof aPedantwill alwaysstartwith at leastone”Obviously”
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Fields

❑ How canberealizetheslightly morecomplex classNameDropper?

❑ TheNameDropper is supposedto addits namefollowedby says ’, the
phrase,andthefinal ’

❑ Thus,myNameDroppershouldoutput”Guido says’Hi!’” on inputHi!

❑ Therule lookslike this:

to transform aString (say, thePhrase),
return myName+” says’” +thePhrase+”’”;

❑ However, myNameis not aparameter– it is apersistentpartof thespecific
NameDropper!

❑ Thus,each NameDroppermustbesuppliedwith anamewhenit is created

❑ Thegivennamemustbestoredsothatit canbeusedwhenneeded
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Fields

❑ To store thenameof a NameDropperobject,weneedastorage space

❑ In Java, thesearecalledfieldsor attributes

❑ In this case,we will call thefield name

❑ Thetypeof thefield will beString ☞ why

❑ To makeclearthatwewantto referto theobject’sownnamein themethod,
wecanusethis.name

❑ this alwaysrefersto thecurrentobject

❑ TheNameDroppermethodthuslooksasfollows:
String t rans form ( String thePhrase )�

return th is . name + ” says ’ ” + thePhrase + ” ’ ” ;	

❑ Of course,thismethodhasto beembeddedin aclass,too!
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Fields

❑ A typical examplefor NameDropperusageis shown in figure5

Hello

Patrick says ’Hello’

Hello

Patrick says ’Hello’

OutputInput NameDropper(Patrick)

Hello

Peter says ’Hello’

Hello

Peter says ’Hello’

OutputInput NameDropper(Peter)

Figure5: NameDropperexample
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Fields

❑ Weneedaplaceto storethenameusedin aNameDropper: String name

❑ Theconstructorthatbuilds anew objectshouldnow askfor a target name

❑ Basically, therule for theconstructoris

to constructaNameDropper with aString (say, targetName),
assignname thevalueof targetName;

❑ In Java code,themethodwill look asfollows:
public NameDropper ( String targetName )�

name = targetName ;	

❑ To generateanew NameDropper, wehave to supplyaStringparameter:
new NameDropper(”Patrick”);
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Fields

public class NameDropper extends Str ingTrans former�
String name ;

public NameDropper ( String targetName )�
name = targetName ;	

String t rans form ( String thePhrase )�
return th is . name + ” says ’ ” + thePhrase + ” ’ ” ;	

public void setName ( String myName)�
name = myName;		
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GeneralNatureof Approach

❑ Theexamplesrely on theexistenceof agenericStringTransformer class

❑ This classmustknow how to �����
☞ acceptan input connection(andstoreit in afield),
☞ acceptanoutputconnection(andstoreit in a field),
☞ how to createanindividual StringTransformer,
☞ how to invoke thetransform methodsof specificStringTransformer

instancesover andoveragain.

❑ The StringTransformer classis similar to the exampleswe have
seen,but somewhatlarger

❑ All transformerswehave seenobey thesamegeneralrulesandinterfaces
☞ EachdefinesaString transform(String) method

❑ Thus,we canalwaysspeakof ”a transformer”,without having to worry
abouttheactual typeof thetransofmer.
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Objects,Typesand Names

❑ This chapteraddressesthefollowing questions:

☞ Whatkind of ”things” cancomputerstalk about?
☞ How canwekeeptrackof the”things” we know about?

❑ Theobjectivesincludethatwewill beableto �����
☞ recognizeJava types,
☞ distinguishJava primitivesfrom objecttypes,
☞ declareanddefinevariables,
☞ understanddeclarationsasfixing typesto a name,
☞ recognizethateachnamecontainsexactlyonevalue
☞ understandhow a namecanreferto somethingor to nothing,
☞ tell whenthevaluesassociatedwith two namesareequal.
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GuidoRößling(roessling@acm.org) Objects,TypesandNames 4.1



Primiti ve Typesand Literals

❑ Likemostprogramminglanguages,Java hassomebuilt-in waysof hand-
ling simpletypes

❑ This includesnumbers,characters andtruth values(true, false)

❑ For example,Java knows thatthevalue6 placedin sourcecoderefersto
anintegervalue.

❑ 6 is calleda literal : anexpressionthatJava understands”literally”

❑ Thus,thefollowing areJava literals:

☞ 42
☞ -3.7
☞ ’a’
☞ true

❑ Singlequotesareusedto mark’6’ asa character, nota numericvalue.
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BooleanValues

❑ Java supportsthebooleanvalues(or ”truth values”)true, false

❑ Thesearehelpful for manipulatingdecisions

❑ Booleanvaluesarecommonlyusedin conditionalinstructions

❑ Thereareonly two literal valuesfor booleans:true andfalse

❑ NotethatJava is case-sensitive: true is not thesameasTrue!
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Strings

❑ As wesaw in thelastsection,Java alsoofferssomesupportfor Strings

❑ Sometypical usesfor Stringobjectsare

☞ errormessages,
☞ promptingtheuserfor input,
☞ window titles,
☞ messagessentto theuser.

❑ Stringsaresurroundedby doublequotes” ���
� ”
☞ If we wantto useadoublequoteinsideaString, use � "
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Objects

❑ Theprimitive typesareveryspecific,andthuslimited in their functionality

❑ Most of whatJava doesthereforeworkswith morecomplex typescalled
objects

❑ For example,think of theelementsof thegraphicuserinterface– they are
farmorecomplex thanasimplenumber!

❑ Java hasasimplerule: anything thatis not aprimitive is anobject

❑ Therearelotsof differentobjectkinds: buttons,windows,lists, ���
�
❑ Wealreadyknow severalobjecttypes:

☞ theStringTransformerobjects
☞ Stringsarealsoobjects
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GuidoRößling(roessling@acm.org) Objects,TypesandNames– PrimitiveTypesandLiterals: Objects 4.5



Objects

❑ Eachobjecthasanumberof servicesit canprovide

❑ Two objectsof thesametypeoffer thesameservices

❑ However, the resultsmay differ dependingon parameters andthe object
state

❑ Someobjectsacton their own
☞ Animators maypainta seriesof picturesevery 1

30s
☞ A clock will continuerunningafterit hasbeenstarted

❑ Objectsarethusfarmoreinterestingthanprimitive types

❑ However, they arealsomorecomplex

❑ Furthermore,thereareno literal valuesfor objects(exceptfor String liter-
als)

❑ Nearlyeverythingwewill do in Java dealswith objects
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Naming Things

❑ We will needsomeway to keeptrack of the primitive valuesandobjects
usedin a program

❑ This is accomplishedby giving themaname– a ”nameassignment”

❑ Naminga thing is similar to stickinga labelon it

❑ Afterwards,thenameis boundto thevalueassociatedwith it

❑ TheJava syntaxfor assigningavalueto anameis easy:
name = value;

☞ For example, nrWheels= 4;

❑ This associatesthevalue4 with thenamenrWheels

❑ UsingnrWheels in theprogramis now thesameasusing4

❑ Severalnamescanreferto thesamevalue

❑ However, eachnamewill alwaysreferto only onevalue
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Types

❑ Until now, we wererathercasualaboutour ”things”

❑ Java is strongly typed– which meansit is far from casualaboutwhat a
thing is!

❑ EachJava ”thing” hasa typestatingwhatkind of thing it is

❑ Java namesarecreatedwith a typeandcanonly labelobjectsof this type

❑ Beforeusinganame,wehave to declare it asbeingof acertaintype

❑ This declarationstatesthat the particularnamecanbe usedfor labeling
primitivesor objectsof only theparticular type

❑ Java declarationshave theform ”type-of-thingname-of-thing;”:
i n t nrOfWheels ;
boolean canDrive ;
String brandOfCar ;

❑ Somenamesarereservedandmaynot bechosen– see4.20
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Types

❑ Java is case-sensitive: a andA aredifferentwords

❑ We canuseanarbitraryamountof whitespace– spaces,tabs,line breaks
– betweenelements,but not in names.

❑ Notethatthelabelsticksto theobject

❑ Thus,evenif wechangeinternaldataof theobject,thenamewill still stick
to it

myFace labels the Face, not the name of it!
Thus, changing the name of the face does not affect myFace.

smiley smiley

myFace myFace

myFace = smiley grin
smiley

smiley
frowney

Figure6: Labelsstick to objects,not their internaldata

ProgrammingI – c
�
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Definition = Declaration and Assignment

❑ DeclaringanamerequeststhatJava reservesstoragefor theobject

❑ However, we will oftenwantto immediatelyassignavalueto thename

❑ This definesthename’s typeandvaluein onestep

❑ To do so,adda standardassignemtimmediatelyafter thedeclaration(be-
fore thesemicolon;):

i n t i = 4 2 ;
boolean amIHappy = true ;
Face smi ley = new Face ( amIHappy ) ;
Face frowney = new Face ( fa lse ) ;
public i n t round ( f l o a t f ) ;

❑ The first two definitionsuseliterals, while the othersactuallycreatenew
objects- onehappy andoneunhappy face
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Primiti ve Types

❑ Java supportsthefollowing primitive types:

Type Description Range Default
value

boolean Truthvalues true, false false
char 16bit Unicodecharacter ����������������������������������� � or keyboardchars(’x’) �!���"�������#�
byte 8 bit integer -128 ����� 127 0
short 16bit integer -32768����� 32767 0
int 32bit integer -231 ����� 231 $ 1 0
long 64bit integer -263 ����� 263 $ 1 0
float 32bit realnumber % 3 � 4028E & 38 �����'% 1 � 4024E $ 45 0.0
double 64bit realnumber % 1 � 79769E & 308 ������% 4 � 94066E $ 324 0.0

Table1: Java Primitive typesandtheir range

❑ Notethatthenamesof theprimitive typesarereservedin Java
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GuidoRößling(roessling@acm.org) Objects,TypesandNames– Types: PrimitiveTypes 4.11



SpecialCharacter Literals and Umlauts

❑ Table2 shows thespecialcharactersusablein Java

Character Interpretation Character Interpretation
’ � b’ Backspace ’ � f ’ Form Feed
’ � n’ Newline ’ � r’ Carriage Return
’ �(� ’ Backslash ’ � ” Apostrophe/ singlequote
’ � ”’ Doublequote ’ � ddd’ Octal(0 ) d ) 7), ’ � 000’ �'��� ’ � 377’)

’ � uXXXX’ Unicodecharacter, 0 ) X ) F ’ � u00C4’ GermanumlautÄ
’ � u00D6’ GermanumlautÖ ’ � u00DC’ GermanumlautÜ
’ � u00E4’ Germanumlautä ’ � u00F6’ Germanumlautö
’ � u00FC’ Germanumlautü ’ � u00DF’ Germanumlautß

Table2: SpecialCharacterLiterals
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Object Types

❑ Java containsa largenumberof predefinedobjecttypes
☞ For example,think of theStringclasswe haveused!

❑ Wewill focusonhow wecandefinenew objecttypesandgenerateobjects
in thenext sections

❑ By convention,thenameof objecttypesalwaysstartswith a capital letter

❑ Notethatwe maynot usespecialcharacterswhendefininga new object

❑ Eachindividual objecthasanumberof propertiesandabehavior

❑ Objects”do” somethingwhenwe requestaserviceor invoke a method

❑ Thetypical notationfor invokinga methodis
nameOfObject.methodName()

UpperCaser upperCaser = new UpperCaser ( ) ;
upperCaser . t rans form ( ” He l lo World ! ” ) ;
/ / out put w i l l be ” HELLO WORLD! ”
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ExampleObject: System.out

❑ System.out is aspecialJava objectthatprintsmesagesto theterminal

❑ System.out.print(aString); printstheString

❑ System.out.println(aString); printsandthenstartsanew line

❑ Thus,theoutputfor thefollowing codewill beA is for ’Apple’:
System . out . p r i n t ( ”A” ) ;
System . out . p r i n t ( ” i s f o r ’ Apple ’ ” ) ;

❑ However, thefollowing codewill insteadproduceA
is for ’Apple’:

System . out . p r i n t l n ( ”A” ) ;
System . out . p r i n t l n ( ” i s f o r ’ Apple ’ ” ) ;

❑ System.out is very helpful for printing out informationaboutour pro-
gram- thesimplestform of interaction!
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Typesof Names

❑ EachJava namehasa typeassociatedwith it

❑ Wecannot changethetypeassociatedwith aparticularname!

❑ Therearetwo differentkindsof namesin Java : valuenamesandrefer-
encenames

❑ Whenwe declarea nameasa value, a spaceis reserved for holding the
appropriatevalue

❑ int i thusassociatesi with a storagefor a 32bit integer

❑ Wemustassignedavaluebeforewecanreadthevariable!
☞ (For advancedprogrammers:Java doesnot initialize local variables!)

❑ Assigningavaluereplacesthecurrentvaluewith acopyof theappropriate
value
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Typesof Names

❑ Whathappensin thefollowing definitions?
i n t i ;
i = 4 2 ;
i n t j = i ;
i = 5 4 ;

Name:

Value:

Type:

42

int

Name:

Value:

Type:

42

int

Name:

Value:

Type: int

Name:

Value:

Type:

42

int

i j

Before changing the value of i

After changing the value of i

i

54

j

Figure7: Primitivescontainacopyof thevalues
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ReferenceNames

❑ Namesassociatedwith objectsarereferencenames

❑ Thenamecanthenbeusedto easilyreferto agivenobject

❑ Thesame” type-of-thingname-of-thing” form for declarationis used:
String demoString1 ;

createsa labeldemoString for stickingonaStringobject

❑ However, thenameis not stuckonanything!

❑ Having a label is not thesameashaving somethingto stick it to!

❑ If thelabelis notstuck to anything, it hasthespecial”non-value”null

❑ To avoid errorsin our coding,alwaysreplacethe declarationabove with
eitherof thefollowing:

String demoString2 = nul l ; / / no val ue yet . . . show by set t i n g to nul l
String demoString3 = ” Hi ! ” ; / / known val ue , so assi gn i t d i r ec t l y
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Interlude: JRadioButton

❑ For thenext example,we introduceanew type:JRadioButton

❑ Objectsof typeJRadioButton areusedfor buttonsthatcanbeselected
or deselected

❑ Typically, aJRadioButton is generatedwith adisplayedtitle

❑ Thedisplayedtitle is setin thenew invocationandstoredinternally
☞ Recallhow we did thatin theNameDropper class!

❑ Thelabelof a buttoncanalsobechangedby calling themethod
setLabel(String newLabel)

❑ Calling thismethodaffectsthe internalvalueof thebutton
☞ Thelabelof all referencesto thecurrentbuttonis changed!
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Interlude: JRadioButton

❑ Whathappensin thefollowing code?
JRadioButton button1 , but ton2 ; / / r eser ve st or age space
button1 = new JRadioButton ( ” Hi ! ” ) ; / / i n st a n t i a t e f i r s t but t on
button2 = button1 ; / / l et but t on2 r ef er t o t he same obj ect
button1 . setLabel ( ” He l lo ! ” ) ; / / change t he i n t er na l l abel

❑ Whathappensis thatthelabelrefers to theassociatedvalue:

JRadioButton

Name:

Type:

Value:

button1

Value:

Type: JRadioButton

"Hi!"

JRadioButton

Name:

Type:

Value:

button2

JRadioButton

Name:

Type:

Value:

button1

Value:

Type: JRadioButton

"Hello!"

JRadioButton

Name:

Type:

Value:

button2

Before changing the label of button1 After changing the label of button1

Figure8: Changinganobjectreferencedby two labels
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Reserved Keywords

❑ Java names(”identifiers”) mustfollow thefollowing rules:

☞ Thefirst charactermustbe letter, $ or
☞ All following charactersmustbealphanumeric(lettersor digits),$ or

❑ Thereservednames(”keywords”)holdaspecialmeaningin Java canthus
notbeusedasnames:

abstract default if private throw
boolean do implements protected throws
break double import public transient
byte else instanceof return try
case extends int short void
catch final interface static volatile
char finally long super while
class float native switch
const for new synchronized
continue goto package this

Table3: Java keywords
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A Noteon Equality

❑ Whenarethevaluesassociatedwith two namesequal?

☞ Two valuenamesareequalif they have thesamevalue
☞ Two referencenamesareonly equalif they referto thesameobject
☞ All Java objectsprovidea method

boolean equals(Object other)
thatcomparesthecurrentobjectwith theparameter

☞ Thus,therearetwo testsfor equality:
➩ Checkfor samereferenceor primitivevalue: ==
➩ Checkfor equalcontentof objects: equals(otherObject)

☞ Theequals methodwill always returntrue if both refer to thesame
object

☞ In mostcases,themethodwill alsoreturntrue if all primitive or object
valuesof bothobjectareequal
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A Noteon Equality

i n t i = 4 2 ;
i n t j = 4 2 ; / / equal t o i : val ue name , same val ue
System . out . p r i n t l n ( ” i == j ? ” + ( i == j ) ) ; / / t r ue
j = 4 3 ; / / not equal t o i : j ( = = 43) ! = i (= = 42)
System . out . p r i n t l n ( ” i == j ? ” + ( i == j ) ) ; / / f a l se
JRadioButton button1 , but ton2 ;
but ton1 = new JRadioButton ( ” Hi ! ” ) ;
but ton2 = button1 ; / / equal : same r ef er enced obj ect
System . out . p r i n t l n ( but ton1 == button2 ) ; / / f a l se ( ! )
System . out . p r i n t l n ( but ton1 . equals ( but ton2 ) ) ; / / t r ue
button2 = new JRadioButton ( ” Hi ! ” ) ; / / MAY be equal
System . out . p r i n t l n ( but ton1 . equals ( but ton2 ) ) ; / / t r ue
/ / however , t h i s depends on how t he ’ equal s ’ method i s i mpl emented

❑ The last operationdependson theimplementationof theequals method

❑ For JRadioButtons, themethodwill returnfalse
☞ thetwo buttonsrefer to differentobjectsthatjusthave thesamelabel
☞ However, theirbehaviorcouldbecompletelydifferent!
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SpecifyingBehavior: Interfaces

❑ Wewill now examinethefollowing questions:

☞ How doprograms(andpeople!) know whatto expectof anobject?
☞ How canwe describean entity’s part or property to othercommunity

members?

❑ By theendof thechapter, weshouldbeableto +�+�+
☞ recognizeandreadJava methodsignatures
☞ understandhow an interfacespecifiesacontract betweentwo entities
☞ seehow aninterfaceseparatestheuserfrom the implementation.
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GuidoRößling(roessling@acm.org) Interfaces 5.1



InterfacesAr e Contracts

❑ Programsarecommunitiesof interactingentities

❑ But: how deosoneentity know whatservicesanotherentityprovides?

❑ How canwe asprogrammers know the behavior of objectswe have not
programmedourselves?

❑ Interfacesarea key to understandingthesequestions

❑ An interfaceis a contract betweenentities

❑ Theinterfacerepresentsanagreementbetweenthe implementorof anob-
jectandits users

❑ Theinterfacespecifiesrequiredbehavior

❑ However, it doesnot necessarilysayhow thebehavior is implemented

❑ Thecontractdoesnot forbid theuserfrom addingotheroperations
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Example Interface: Electrical Outlets

❑ Electrical outletsarea standardizedinterface

❑ Theshape, sizeandelectricalpropertiesof wall outletsarestandardized

❑ Therefore,anyelectricalappliancecanbepluggedin andwill work

❑ Theusercannot tell howtheelectricitywasproduced– by wind, water, +�+�+
❑ However, thereis more thanonly oneoutletinterface:

European Outlet US Outlet

Figure9: Poweroutletinterfaces- (Continental)EuropeanandUS

❑ If youwantto useEuropeanappliancesin theUS,youneedanadapter
☞ Thesameis truefor softwarecomponents!
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GeneralizedInterfacesand Java Interfaces

❑ A dictionarydefinesinterfacesas ” the area common to two or more
systems” [1]

❑ In ComputerScience, weuseinterfacesto meantheboundarybetweentwo
(or more)entities

❑ In general,in constructingacommunityof interactingentities,theinterface
is the” face” theseentitiesshow to eachother:

☞ whatservicesareprovided?
☞ whatinformationis expectedwhenrequestingaservice?
☞ whatinformationis returnedafteraservice(if any)?

❑ Therefore,interfacesarecentralto thequestionof interaction.
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User Interfaces

❑ User Interfacerefersto the the part of a programthat the useractually
interactswith

❑ Often,this is aGraphicalUserInterface(GUI) usingwindows,menusand
buttons

❑ Gooduserinterfacestake into accountboth thepropertiesof theprogram
andof theuser

❑ It is thereforeimportantthat we try to designthe interfaceto fulfill the
needsof theentitiesonbothsidesof thekeyboard
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Java Interfaces

❑ Java hasa related,but rathermorelimited, useof theword interface

❑ A Java interfaceis aparticularformalspecificationof theobjectbehavior

❑ Thekeywordinterface is usedto specifythedeclarationof a contract
for thisbehavior

❑ Java definestherulesfor settingout thecontract

❑ However, someinterestingpropertiescannot beexpressedin Java inter-
faces
☞ Theresourcesa calculationneeds,thevalid parameterrange,+�+�+
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An ExampleJava Interface

❑ Think of a counterasthoseusedonmany WWW pages

❑ Thebasicoperationsof suchacounterare

☞ incrementthecounter(addoneto theinternalnumber)
☞ reador ”get” thecurrentvalueof thecounter

❑ This specificationis usefulindependentof whatyou actuallycount!

❑ Forexample,astopwatchmightbeaspecial”counter”with auto-increment
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An ExampleJava Interface

❑ TheCountinginterfacein Java maythuslooksasfollows:
/ / descr i be t he name of t he i n t er f ace
public inter face Counting,

/ / descr i bes t he i ncr ement cont r act
public void increment ( ) ;

/ / descr i bes t he getVal ue cont r act
public i n t getValue ( ) ;-

❑ Now thattheinterfacehasbeendefined,we canbuild a countingentity

❑ Wecanalsouseother, foreigncountingentities
☞ We only know that the methodsgetValue() andincrement()
areimplemented

❑ However, we donot have to know howthemethodsareimplemented.
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An ExampleJava Interface

WebPageCounter

+ void increment()
+ int getValue()Counting

+ int getValue()
+ void increment()

ResettableCounter

+ int getValue()
+ void increment()

+ void resetCounter()

+ int getValueSince(Date)

Figure10: TheCountinginterfaceandtwo implementations

❑ However, we maywantto know moreabouttheentities

❑ Partsof thespecificationwill bein thedocumentation:

☞ Countingguaranteesthatthecountis alwayspositive
☞ TheResettablecountermayberesetusingresetCounter()
☞ TheWebPageCountercandeliver thecountsinceagivendate
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Method Signatures

❑ Themethodswe have alreadyseenin theStringTransformerexamplesare
rulesfor how to accomplishparticularbehaviors

❑ Interfacesfocuson thespecificationof theserules,not on theinstructions
neededto achieve them

❑ Thus,aninterfaceis a collectionof rule specifications

❑ All objectsimplementingtheinterfacemustsatisfythesespecifications
☞ How theimplementorswill do this is left to them!

❑ Theformal namefor a rulespecificationis methodsignature

❑ Countingspecifiestwo methods:increment andgetValue

❑ Thesemethodsmustbeprovidedby all Countingobjects!
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Method Signatures

❑ Themethodsignaturesconsistsof +�+
+
☞ thereturnedresultof themethod,
☞ thenameof themethod,
☞ theentitiesthemethodexpectsasparameters.
☞ Furthermore,themethodmayalsospecifypossible”error” (exceptions).

❑ Themethodsignaturedoesnot requireabody(implementation)

❑ Theactualrealizationis left to the implementingentities

❑ Users only needto know theelementslistedabove
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Method Signatures

❑ It is sensibletochooseahelpfulnamefor boththeinterfaceanditsmethod(s)

❑ Parametersconsistof typeandnamefor eachparameter

❑ Weneedalsousehelpful namesfor theparameters!

❑ If thereis morethanoneparameter, they areseparatedwith commas

❑ Theorder of theparametersis fixed- makeagooddecisionin whichorder
they have to begiven!

❑ By convention,bothmethodandparameternamesstartwith a lower case
letter

❑ In many cases,themethodwill returna value
☞ In this case,the typeof the resultmustbe placedbeforethe method
name

❑ Thekeywordvoid is usedif nothingis returned
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Method Signatures

❑ If wewantto dosomethingwith thereturnedvalue, wehaveto assignit to
avariable

❑ Let usassumethatmyCounter is of typeCounting:
int counterValue = myCounter.getValue()

❑ counterValue now holdsthevalueof thecountermyCounter at the
time of themethodcall
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Abstract Method Declaration Syntax

❑ Here’s thesynopsisfor declaringa method:

access returnType methodName(paramType1 paramName1,
+�+�+ ,
paramTypeN paramNameN);

❑ access will typically beeitheromittedor public

❑ returnType canbeany valid type

❑ paramType1, +�+
+ , paramTypeN arethetypesof theparameters

❑ Thesemicolon; at theendstatesthatthis is aspecification

❑ Suchamethodis calledabstract; theabstract keywordmaybeprepended:
public abstract int getValue();

❑ Interfaceonly specifysignatures,themethodsarealwaysabstract
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Open Questions

❑ Thesignaturesleavesseveralquestionsunanswered

❑ For eachparameter, wehave to figureout+�+�+
☞ whattheparameteris intendedto represent,
☞ whatrelationshipstheremight bebetweenparameters,
☞ whethertherearerestrictionson thelegal values,
☞ andwhethertheobjectrepresentedby theparameterwill bemodified.

❑ For thereturntype,we have to find out+�+�+
☞ whattherelationshipof thereturnedobjectto theparametersis,
☞ whatcanbedonewith theresult
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OpenQuestions

❑ Furthermore,thefollowing questionsremainopen,but mayberelevant:

☞ Whatarethepreconditionsfor calling themethod?
☞ Whatcanbeexpectedof theresult?
☞ How longdoesthemethodtake?
☞ Whatotherpropertiesareusedin themethod?

❑ Not all of thesequestionsarerelevantto everymethod
☞ Theprecisetimeneededfor thegetValue() methodis probablynot
important- is shouldonly bereasonablyquick
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Method DocumentationGuidelines

❑ Why andwhenshouldusersusethemethod?

❑ Whatdoesthemethoddo?

❑ Whenis it appropriateto usethemethod,wheninappropriate?

❑ Are thereothermethodsthatshouldbeusedinstead,or in addition?

❑ Are thereany assumptionsmadein themethod?

❑ Whatis themeaningof eachparameter?

❑ Whichparametersaremodifiedin themethod?

❑ Whatassumptionaboutparametervaluesaremade?
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Method DocumentationGuidelines

❑ Whatdoesthereturnvalueof themethodrepresent?

❑ Whatis therelationto theargumentsor otherentities?

❑ Are thereassumptionsaboutthereturnvalue?

❑ Whatelsemightbeaffectedby themethodexecution?

❑ Are any otherentitieschangedby themethod?
☞ this is calleda sideeffect

❑ If thereareadditionalassumptions,alsoincludethem!
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Interface Declaration

❑ Placeeach Java interfacein aseparatefile

❑ Thefile namemustmatchthe interfacenameandendwith .java
☞ TheCountinginterfaceis declaredin thefile Counting.java

❑ Thedeclarationstartswith interface followedby theinterfacename

❑ The interfacebodyis asetof methodsignaturesplacedbetween./+
+�+10
❑ Theorder of themethodsdoesnot matter

/ / descr i be t he name of t he i n t er f ace
public inter face Counting,

/ / descr i bes t he i ncr ement cont r act
public void increment ( ) ;

/ / descr i bes t he getVal ue cont r act
public i n t getValue ( ) ;-
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Method Footprints

❑ An interfacemaycontainmorethanonemethodwith thesamename

❑ However, thefootprint mustbedifferent

❑ Themethodfootprint consistsof

☞ themethodname
☞ andtheordderedlist of parametertypes

❑ Thereturntypeandtheparameternamesarenot partof thefootprint

❑ void reset(int newValue) has a different footprint from
void reset()

❑ void reset(int initial) and void reset(int newVal)
have thesamefootprint
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Method Overloading

❑ An interfacemay have multiple methodsof the samenamebut different
footprints

❑ This is calledmethodoverloading

❑ Overloadingis helpful if the interfacehassomesimilar methodsthat do
(slightly) differentthings

❑ For example,Java offerstwo methodsfor convertingrealsto integers:
public i n t round ( f l o a t f ) ;
public long round ( double d ) ;

❑ Thus,a 32 bit float is roundedto a 32 bit int, anda 64 bit double is
roundedto a64bit long
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InterfacesAr eTypes

❑ InterfacesarealsoJava types

❑ Everyinterfacenameis alsoa type name in Java

❑ For example,whenwe needa general counter, we canstate
Counting gener icCounter ;

❑ genericCounter is of typeCounting
☞ Thus,it will offer theCountingcontract(interface)

❑ However, we do not know which actual typegenericCounter mayhave -
for exampleResetableCounter
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InterfacesAr eNot Implementations

❑ An interfacecanbeusedasthetypeof anobject

❑ All methodsdeclaredin theinterfacecanbeinvokedon theobject

❑ However, we do not know which preciseimplementerof the interfacewe
have,andhow it is implemented

❑ Keepin mind:
Interfacesarecontracts,not implementationdetails

❑ Thenext sectionswill cover how we canbuild implementationthat fulfill
thecontracts
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Interface DocumentationGuidelines

❑ Why andwhenshouldusersusetheinterface?

❑ Whatdoestheinterfacedo?

❑ Whenis it appropriateto usetheinterface,wheninappropriate?

❑ Are thereotherinterfacesthatshouldbeusedinstead,or in addition?

❑ Are thereany assumptionsmadein theinterface?

❑ Whatservicesdoestheinterfaceprovide?

❑ How doyouusetheservices?
☞ This is typically coveredin themethoddocumentation
☞ However, ashortoverview of all servicesshouldbeincluded

❑ Whichmethodsareappropriatein which context?
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Interface DocumentationGuidelines

❑ Thedocumentationshouldmake it easyto find themethod(s)userswant

❑ Usersshouldalsobeableto determineif anew implementationfulfills the
expectations

❑ Rememberthat the interfaceis mostly concernedwith what it offers,not
howthis canberealized

❑ Thus,it will give acontract andpromises, not implementationdetails

ProgrammingI – c
*
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javadoc

❑ JavaDOCexample!!! ☞ asseparateslideset!
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Expressions

❑ Expressionsareusedto transformonething into another

❑ Wehave alreadyseenthesimplestform of expression:literals andnames

❑ Expressionsalsocover

☞ arithmeticincluding+, -, 2 , /, (, )
☞ logic includingand,or, not,
☞ methodsthatreturnavalue– suchas public String transform(String s)

❑ After this chapter, we should+�+
+
☞ understandthatexpressionsareJava codewith a typeandavalue,
☞ befamiliarwith theevaluationof basicJava expressions,
☞ beableto understandcomplex expressionsascombinationsof simpler

expressions,
☞ beableto evaluatesimpleandcomplex expressions.
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Simple Expressions

❑ Expressionsarethesimplestpieceof Java code

❑ As expressionsare” things”, they havebothvalueandtype

❑ Whenthecodeis executed,theexpressionis evaluated

❑ Evaluationyieldsthevalueof thegiven type

❑ Someof theexpressionswehave seenalreadyinclude

☞ myName + ” says ”

☞ ”Obviously, ”
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Literals

❑ ThesimplestJava expressionis a literal
☞ thevalueof a literal is interpretedliterally

❑ Examplesinclude25, 2.5, ”Hello”

❑ Literalscanbenumbers,characters,Stringsor booleanvalues

❑ Thetypeof a literal is whattheliteral lookslike
☞ 7 hastype integer, ”7” String, and’7’ character

❑ Theexpression’s typeis thetypeof thevalue
☞ For example,integers have type int , realnumbershave type double
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Names

❑ NamesarealsoJava expressions

❑ However, thenamemustbedeclared in thecontext beforeit is used

❑ Thevalueof thenameis thevaluestoredin theassociatedvariable

❑ Thetypeof thenameis thetypeit wasdeclaredwith

❑ In thefollowing examplecode
i n t i = 4 2 ;

i hasvalue42 andtypeint
☞ if weevaluatei, wewill getthe int value42.
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Method Invocation

❑ Theservicesthatobjectsprovidearecalledmethods

❑ Calling a methodis calledmethodinvocation

❑ Methodinvocationis theprimaryway to getoneobjectto dosomething

❑ Java methodinvocationsinvolve in thisorder

☞ anexpressionof thetarget objectwhoseserviceis requested,
☞ a period” .”
☞ thenameof themethodto beinvoked,
☞ apairof parentheses(), possiblyincludingtheexpressionsneededaspa-

rameters.Theparenthesesmust begiven,evenif they containnothing!

❑ Oneexampleinvocationis ”testString”.toUpperCase()

☞ ”testString” is thetarget object, toUpperCase() themethodto invoke
☞ As toUpperCase() needsnoparameters,theparenthesesareempty.
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GuidoRößling(roessling@acm.org) Expressions– MethodInvocation 6.5



Method Invocation

❑ Anotherexampleis thetransform method:
String t rans form ( String thePhrase )

❑ Here,a String objectmustbepassedasanargument

❑ Thevalueof themethodinvocationexpressionis its returntype
☞ This is thetypegivenbeforethemethodname- here,it is String

❑ Somemethodsdo nothavea returnvalue– their valueis void

❑ Onesuchmethodis theSystem.out.print(String) method
☞ This methodsimply printsout theexpressionpassed- it doesnot gen-
eratea result!
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Method Invocation Evaluation

❑ To evaluateamethodinvocation,we canproceedasfollows:

1. evaluatetheobjectexpressionof theinvocationtargetobject
2. evaluateany argumentexpressions,
3. evaluatethemethodinvocationbyaskingtheobjecttoperformthemethod

usingthearguments
4. The value of the expressionis the value returnedy the methodinvo-

cation. The type of the invocationis the declared return type of the
method.

❑ To make step3 work, the objectmustknow how to performthe method
andreturntheresult.
☞ This is coveredin thenext chapter

❑ However, for theuser, theexactprocessin step3 is of noconcern

ProgrammingI – c
*
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Combining Expressions

❑ As wesaidbefore,expressionsareagain things- with typeandvalue

❑ Therefore,wecancombineexpressionsto build morecomplex expressions

❑ For example, 2 + 16 * 8 is a combinedexpressionconsistingof anaddition
andamultiplicationexpression

❑ If you invoke a methodexpectingan int, the following argumentsareall
legal:

☞ 42 (literal value),
☞ 6 * 9 (expressionusingliteral values),
☞ i (assumingi hasbeendeclaredasint beforetheinvocation),
☞ i * 4 + 7 - 1 (againassumingi to beof type int
☞ andmany others.
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Evaluation of CombinedExpressions

❑ Thebasicrule for evaluationis simple:

1. Evaluateall subexpression,
2. combinethevaluesof thesubexpressionsto thevalueof theexpression

❑ Evaluating ”testString”.toUpperCase() thusworksasfollows:

1. Determinethevalueof theliteral ”testString”: ”testString”
2. Evaluatethemethodinvocation:”TESTSTRING”

❑ Theevaluationof thesubexpressionsmayalsocontainfurthersubexpres-
sions
☞ applythesamerule to thesubexpressions

❑ Wealsohave to evaluatethesubexpressionsin thecorrectorder
☞ 5 + 3 * 2 shouldreturn11, not 16!
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Assignments

❑ Assignmentsarealsoa form of expression

❑ The left sideof the assignmentoperator= mustbe a nameor expression
thatcanreferto a label– not only avalue
☞ if this is thecase,we call theleft sideanassignableexpression

❑ Theright-handsidecanbeany expression

❑ However, thetypeof theexpressionon theright andleft sidemustmatch

❑ Thetypeof theassignmentis thetypeof theoperandon the left side

❑ Thevalueof theassignmentis thevalueof theexpressionontheright side

❑ Thus, int myInt = 42; hastype int andvalue42.

❑ Wewill not usethevalueof assignmentsin expressions.
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Other ExpressionsUsingObjects: Fields

❑ Fieldsaredatamembersof anobject:think of NameDropper’s name!

❑ Fields are accessedusing the period notation, just as methodsare - but
without theparentheses

❑ Thevalueis storedin theobjectandretrievedonaccess

❑ Thetypeof afield accessis thetypeof thedeclaration

❑ For example,Math.PI is afield of typedouble with value3.14159 +�+�+
❑ Fieldaccessescanbecombinedwith otherexpressions,if applicable

❑ As thefield storesthedata,youcanuseit onboththeright and left sideof
anassignment

❑ myNameDropper.name = ”Herb” changesthecontentof field name in
aNameDropper
☞ We will laterlearnhow to preventunwantedfield changes
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InstanceCreation

❑ Thenew operatorcanbeusedto generateanew object

❑ new mustbefollowedby a classname, for exampleNameDropper, and
aparameterlist

❑ Thus,thebasicform is
new ClassName( parameters )

☞ Thewordsin italics have to bereplacedby concretevalues

❑ For example,avalid creationof anew NameDropper might be
new NameDropper(”Herb”);

❑ Typically, theresultof new is assignedto a variableor field

❑ As with methodinvocations,theparameterlist maybeempty

❑ Thetypeof new expressionis thetypeof theobjectcreated

❑ Thevalueof thenew expressionis thenew instanceof therequestedclass
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Type Membership

❑ Thelastoperatorusableonly with objectsis instanceof

❑ instanceof tests,whethera givenobjecthas(or canhave)acertaintype

❑ Thesyntaxfor instanceof is asfollows:
anObjectExpr instanceof ObjectTypeName

❑ anObjectExpr canbeany expressionthatis anobject– i.e.,not primitive

❑ ObjectTypeName mustbevalid objecttypeclass
☞ We canusethenameof any classor interface

❑ Theoperatortestsif theobjecton the left ”matches”thetypeon theright
andreturnstrue or false.
☞ Therefore,

”aString” instanceof String == true

new NameDropper() instanceof String == false
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Operationson Primiti ve Types

❑ Mostof theexpressionsin programsareoperationsonprimitive types

❑ Foremostof thearethearithmeticandlogical operations

❑ Eachoperator takesargumentsof the specifiedtypesandreturnsa result
of a particulartypeandvalue

❑ If x, y have type int, x + y will returnan int
☞ However, if x, y have typedouble, x + y will returnadouble

❑ Therearethreetypesof operators:

☞ unaryoperators,which take only oneargument,
☞ binary operatorstakingtwo arguments– oneto theleft andtheotherto

theright,
☞ andoneternaryoperatorwith threearguments
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Arithmetic Operators

op1 + op2 addition;alsoStringconcatenation
op1 - op2 subtraction;alsousedasunarynegation
op1 * op2 multiplication,
op1 / op2 division,
op1 3 op2 bitwiseor
op1 & op2 bitwiseand
op1 ˆ op2 bitwisenegation
op1 % op2 remainderof division (”modulo”)

op++ postincrement; equalto op = op + 1
op– postdecrement; equalto op = op - 1

++op preincrement; equalto op = op + 1
–op predecrement; equalto op = op - 1

Table4: Arithmeticoperatorsfor op, op1, op2 of typebyte, short, int, long, float, double

☞ Note: x=42; System.out.println(x++) will first print thevalueof x (42),
andthen setx to 42+1 = 43!
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Arithmetic Operators for Integral Types

op1 454 op2 left shift, equalto op1 * 6
7�8:9
op1 ;5; op2 right shift with signextension,equalto op1 / 6 7�8:9
op1 ;5;5; op2 right shift with zeroextension

Table5: Arithmeticoperatorsfor op1, op2 of integral type(byte, short, int, long)

❑ byte andshort areautomaticallyconvertedto int beforetheoperation

❑ If the typesof both operandsarethe same(int, long, float, double), the
valueof theexpressionhasthesametype
☞ Thus, 5 / 2 hastype int and returns2
☞ For gettingthe”real” result,use 5.0 / 2 or 5 / 2.0

❑ Otherwise,the”wider” typeis chosen:long over int, double over float
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Comparator Operators

op1 4 op2 testif op1 is lessthanop2
op1 4=< op2 testif op1 is lessor equalto op2
op1 == op2 testif op1 equalsop2
op1 ;=< op2 testif op1 is greateror equalto op2
op1 ; op2 testif op1 is greaterthanop2
op1 != op2 testif op1 is not equalto op2

Table6: Comparatoroperators

❑ All comparatoroperationswill returnaboolean: eithertrue or false

❑ Note the differencebetweenassignmentsusing= andcomparisonsusing
==!

❑ Two object labels are only equalusing == when they refer to the same
object
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Logical Expressions

op1 && op2 logical conjunction,”and”
op1 3>3 op2 logical disjunction,”or”

! op logical disjunction

Table7: Logic operatorexpressions

❑ Theoperandsop1, op2 mustbeexpressionsof typeboolean

❑ Theresulttypeis alsoof typeboolean

❑ && returns true only if bothop1, op2 are true

❑ ?@? returns true if at leastoneof op1, op2 is true

❑ !op returns true if op is false, andreturns false if op is true
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ParentheticalExpressions

❑ A parentheticalexpressionsimply placesa parenthesisaroundanexpres-
sion

❑ Thevalueof theexpressionis thevalueof theexpressioncontained

❑ Theseexpressionsareveryhelpfulwhencombiningmorecomplex expres-
sions
☞ They makeexpressionsmorereadable

❑ They arealsonecessaryfor resolvingprecedence:

2 + 3 * 5 == 2 + ( 3 * 5) == 17 but ( 2 + 3 ) * 5 == 5 * 5 == 25

❑ Hint: Useparentheseswhenever you arenot absolutelysure how theex-
pressionwill beevaluated!

❑ Whathappenshere(for x=35,y=7)?
System.out.println(”The answer is ” + x + y);
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CompoundAssignments

leftSide += expr; sameas leftSide = leftSide + expr;

leftSide -= expr; sameas leftSide = leftSide - expr;

leftSide *= expr; sameas leftSide = leftSide * expr;

leftSide /= expr; sameas leftSide = leftSide / expr;

leftSide ?= expr; sameas leftSide = leftSide ? expr;

leftSide &= expr; sameas leftSide = leftSide & expr;

leftSide ˆ= expr; sameas leftSide = leftSide ˆ expr;

leftSide %= expr; sameas leftSide = leftSide % expr;

leftSide ABA = expr; sameas leftSide = leftSide ACA expr;

leftSide DBD = expr; sameas leftSide = leftSide DCD expr;

leftSide DCDCD = expr; sameas leftSide = leftSide DCDBD expr;

Figure11: Compoundassignmentoperators

☞ leftSide mustbeanassignableexpression
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Ternary ExpressionConditional

❑ Thereis only oneternaryoperatorin Java : ( ) ? :

❑ Theform of theoperatoris
(logicalExpression) ? expression1 : expression2

❑ The logicalExpressionis first evaluated

❑ Otherwise,thevalueis expression2

❑ expression1 andexpression2 musthave thesamereturntype

❑ Thereturntypeof theoperatoris thetypeof thechosenexpression

❑ If theresultis true , thevalueof theoperatoris expression1

❑ Thefollowing examplewill print ”even” for evenx, else”odd”:
System.out.println((x % 2 == 0) ? ”even” : ”odd”);

❑ It is usuallysaferto bemoreverboseandnot use( ) ? :
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Type Conversion

❑ Sometimes,operationsreturnadifferenttypethanwewant

❑ For example, Math.sqrt(9) will returnthesquare root of 9 asa double ☞ 3.0

❑ If wewantto assignthevalueto an int , Java will complain!

❑ Java canautomaticallywiden(”coerce”)primitive datatypes:

☞ byte☞ short,
☞ short☞ int,
☞ int ☞ long,
☞ long☞ float (whichpossiblylosesinformation!),
☞ float ☞ double

❑ However, Java will not automaticallynarrow datatypes

❑ Narrowingmight resultin thelossof data
☞ Whatwouldhappento thesquare root if we replace9 by 8?
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Explicit Type Conversion: ”Casting”

❑ Castingallows usto forceJava to changetheviewedtypeof anobject

❑ Thesyntaxis simple: ( targetTypeName ) expression

❑ Java now views theexpression ashaving typetargetTypeName
System.out.println(Math.sqrt(8.0)); ☞ 2.8284271247461903

System.out.println((int)Math.sqrt(8.0)); ☞ 2

❑ Castingmayresultin a lossof information

❑ System.out.println((double)42); ☞ 42.0 losesno information

❑ Note: theactualtypeof theexpressionis not changedby thecasting!

❑ Notall castingoperationsarelegal: thetypesmustbe”conforming”
☞ Castingaboolean to int resultsin a compileerror
☞ Otheroperationsmayresultin runtimeerrors
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Order of Evaluation: Precedence

❑ For complex operations,wehave to know theorder of evaluation
☞ Should 2 + 3 * 5 return 17 or 25 ?

❑ To resolve theseissues,eachoperatorhasa precedence, shown in figure8
onpage6.25

❑ Thehigher in thetableanoperatoris, thesoonerit will beevaluated

❑ Thus,since * is higherin thetablethan + , 2 + 3 * 5 == 2 + 15 == 17

❑ Thehigherprecedenceoperatorsclaimsits operatorsfirst
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Order of Evaluation: Precedence

( ) asparentheticalexpression
++, - -, unary +, unary -, ,̃ !, explicit cast

*, /, %
binary +, binary -
4545E�;5;5E�;5;5;

45E�4=<FE�;5E�;=< , instanceof
==, !=

&
ˆ
3

&&
3>3

( ) ? :
= andall compoundassignmentssuchas+=

Table8: Java operatorprecedence
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ExpressionsSummary

❑ Everyexpressionshasa typeandavalue

❑ Simpleexpressionsincludeliterals andnames

❑ Operatorexpressionscombineor modify simplerexpressions

❑ Theautode-(++) andautoincrement(--) operationmodify theparameters

Operator Operation(s) type of result
arithmetic arithmetics thewider of theoperandtypes
assignment valueassignment typeof thevalueassigned
cast typeconversion typeof thecastoperation
constructorcall generatenew instance typeof theinvokedconstructor
field access accessdatafield typeof thedeclaredfield
logical binarylogic alwaysboolean
methodcall methodinvocation returntypeof themethod

Table9: Summaryof Java operators
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