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Generalinformation about Programming |

Thegoalsof "Programmingl” are...

[J introducingthe building blocksof programs,
[1 giving anunderstandin@f dynamicsystems,
[J enablingyou to program(small) applications,
[1 teachingthe principlesof objectorientation

[ ... andkeeping(or making!) you interestedn Programmingasa process
of delibeate decisionsnot”ad hoc” solutions.

Programmingl — © GuidoRoRling (roessling@acm.oy) Generalnformation 1.2

Intr oduction to Program Design

This chaptercoversthefollowing topics:

[1 Whatis acomputermprogram?

[0 Whatarethe componentsf aprogram?
[1 How arethe componentputtogether?
1 Whatarethe cential designissue®
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What is a Computer Program?

[1 Computergrovide servicedor mary differentactuvities

[1 However, they mustbetold how to provide the service- andberequested
to do so!

[J] Programsareusedto tell computerdiowto provide a givenservice

[ Programgonsistof instructionsin alanguagehecomputer’'understands”.
[J Programexecutionconsistof performingthe programinstructions.

[1 A programby itself doesno do anything: it hasto be executed

[1 The executioncanbe repeatedbut the result may dependon certaincir-
cumstancesuchasuserinteraction
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What is a Computer Program?

[1 Onespecialtype of programalwaysrunson the computer:the opemating
system

[1 The operatingsystemis responsibldor coordinatingwhat happensn the
computerandalsohandleghe startingof otherprograms

[ Installinganew programonly placesacopyof theinstructionsonthecom-
puter— similarto placinga nenv bookonabookshelf

[1 Afterwards,the programcanbeexecuted”run”) asoftenaswe want.
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Programming Languages

[1 The instructionsunderstoodoy the computermust be givenin a certain
programminglanguage
[1 In thiscoursewe will useJava

[ Programminganguagesreusuallyverydifferentfrom "natural”’ languages

[J Statements programmindanguagesnustbe unambiguousndverypre-
cise

[1 Usually, we have to specifyead actionprecisely- andnot glossover de-
tails!

[ Instructingcomputerss (somavhat) similar to teachingyoung children:
bevery carefulwhatis done,preciseanddetailed!

Programmingl — (© GuidoRoRling(roessling@acm.g) __ Intro ProgramDesign— Programmind-anguages 2.4

Programming Language”Example”

Look atthefollowing instructionson how to make ajam sandwich:

1. Getaloaf of bread.

2. Cut off two slicesof thebreadandputit onatable.

3. Geta packageof butterandputit onthetable.

4. Getajar of jam andplaceit next to the packageof butter.
5. Getaknife.

6. Openthe packageof butter.

7. Usetheknife to pick up somebutter.

8. Spreadhebutteron oneslice of bread.

9....

Programmingl — © GuidoRoRling (roessling@acm.op) Intro ProgramDesign— Programmind_.anguagesExample 25




Programming Language”Example”

[1 Theinstructionsonthe previousslide arevery specific.
[1 To make ajam sandwichthe”user” only hasto follow themstepby step.

[ If eadhinstructionis understoodby theuser theresultof theexecutionwill
beajam sandwich.

[1 However, if atleastoneinstructionis not understoodit mustbe rewritten
sothatit becomesinderstandable.

[1 For example,pick up somebutter might not be specificenough:

7(a) Placethe knife edgeparallel to the surface of the butter and
lower the knife blade2 mm

(b) Move the knife to the othersideof the butterpackage
(c) Lift theknife bladefrom the butter package

[ Instructionsthatneedfurtherexplanationarecalledhigh level.

Programmingl — (© GuidoRoRling(roessling@acm.g) __ Intro ProgramDesign— Programmind.anguagesExample ____ 2.6

Programming Language”Example”

[1 The typesof statementshe computerunderstandslependon the specific
programminganguage

[1 Somepartsaresimilar in mostprogrammingdanguages
[ arithmetic(+, -, %, /)

[1 As aprogrammerit is our taskto make our wishesunderstandablfor the
computer

[1 Therefore we shouldoftenaskoursehes” Whatdo | do next?’
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High Level Functions or "Methods”

[J Programsareusuallygroupednto high level functions

1. Assembleheingredients
2. Spreadbutteron slice

3. Spreadamonslice

4. Putsandwichtogether

5. Stow away ingredients
6. Cleanup kitchen

1 In Java , we canalsogroupthe operationgogetherin methods
[1 Eachmethodmustprovide preciseinstructionson how to handlethetask
[1 Methodsmayalsocall othermethods.
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Programming Primiti ves

[1 Computergdo not "understand’'muchon their own - they canmostly ma-
nipulatewordsandnumbes

[1 Java containsmary methoddor performingspecialactions
[1 openanewn window, sendmessageto othercomputers,..

[ Therearebasicallythreetypical primitive operations:
[J Executecommandsn sequence

[1 Determinenext actionaccordingto a condition
[1 Repeakxecutingoperationsintil a certainconditionis met
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Programming Primiti ves

[1 Executecommandsn sequence
[1 Thisis whatthe examplecovered!

[1 Make a choice("conditional™):

8. If top of the slice of breadis coveredwith butter, go to step9.
Otherwise, goto step?.

[J Repeabperationg”loop”):

7. Repeatuntil thetop of theslice of breadis coveredwith butter:

(a) Pick up aglob of butter
(b) Spreadt onthetop of theslide of bread

1 We will comebackto theseimportantpartsof building programdater.
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Interaction betweenProgramsand Computers

[J Theexampleusedin thelastslidesis autonomous
[1 it doesnothave to communicater interactwith others

[1 However, mostcurrentcomputerprogramsanteract with
[1 people(usens),
[1 madines

[J othercomputes,
[1 or otherprogramson the samecomputer

[ Interactiveprogramsarenot concerneavith solvingapre-definegroblem
andthenstopping

[J Ratherthey oftenperforma control loop thatrespondgo requests
[1 Suchprogramsareembeddeadnto anernvironmentthey interact with

Programmingl — © GuidoRoRling(roessling@acm.g) __ Intro ProgramDesign- Interaction 2.11




Interaction betweenProgramsand Computers

[J Runninginteractve programss morethansimply executingthem— they
mustbe coodinated

[1 For example,insteadof makinga sandwichfor ourselvesconsiderhaving
severalpeoplerunningarestauant

[ Typically, thetasksareshaed by their content:

[1 Take ordersandsene food (waiter),
[J Prepardhefood,
[1 Checkingandmaintainingsupplies
[1 Eachtaskprovidesservicego othersandrequestservicesn return.

[1 Coodinating thetasksrequiresdifferentquestiondrom simply "What do
| do next?”

Programmingl — © GuidoRoRling(roessling@acm.g) __ Intro ProgramDesign- Interaction 2.12

Interaction betweenProgramsand Computers

[1 Let us take a quick look at one of the tasks andwe will noticethatthe
"old” role of sandwichess still important.

[ Thesearetypical instructionsfor a chef:

1. Pickup anew food order

2. Find theinstructiondfor thedishorderedandfollow them.

3. Putthe completeddish andthe orderinformationon the counter
for pickup.

4. Go backto stepl

[ Thesecondstepof this”program”is ahigherlevel stepasdescribedefore
[I it is notcomplete put refersto moredetailedinstructions

[ Thecomputerstill follows simplesequencedtepsn its execution

Programmingl — © GuidoRoRling (roessling@acm.op) Intro ProgramDesign— Interaction: Example 2.13




Interaction betweenProgramsand Computers

[1 However, morethanoneprocessnaybeactive atary time
[1 While thechefcooksa dish,awaitercantake otherorders

[1 Thechefsinstructionsareplacedin aninfinite control loop
[1 Wheneer oneorderis finished,the chefwill look for the next order

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

[1 However, the centralquestionis how we cancoordinateéhe communityof
programg”"computationakcommunity”)
I how will waitersnotethatadishis complete?

[J how canaclient call awaiter?

Programmingl — © GuidoRoRling(roessling@acm.g) __ Intro ProgramDesign- Interaction: Example 2.14

Coordinating a Computational Community

[1 Deepdown, eachprogramconsistof simpleinstructions

[1 A single programmay have mary entitiesfollowing their own setof in-
structions
[1 think of the staf of therestaurant

[0 Whenwe look at the whole program,we do not necessarilyseethe indi-
vidual steps
[0 Wewill ratherseea coodinatedactivity amongthe entities

[1 Thebehaviorof thecommunityis not theresponsibilityof onememberof
thecommunity
[I it is theresultof manycommunitymembersvorking together!

Programmingl — © GuidoRoRling(roessling@acm.g) _ Intro ProgramDesign— Coordination 2.15




Coordinating a Computational Community

[ The programmerhasto figure out how to tell thecomputemwhatto do
[1 Therearesomefundamentatfjuestionghatwill have to beasled
[1 For acommunityof entities,we have to specify

[1 themembes of thecommunity
[0 how eadh membemworks,
[1 andhow they interact.

[ This processs someavhatsimilar to settingthe castof a play

Programmingl — © GuidoRoRling(roessling@acm.gp) _ Intro ProgramDesign— Coordination 2.16

Central Questionsin DesigningCommunicating Entities

[ We have to considerthefollowing questionduring design:

[0 Whatis thedesiredbehaviorof the (whole)program?

[1 Whoaretheentitieswho interactto producethis behaior?
[1 How doesead entity work?

[1 How dotheentitiesinteract?

[J We will briefly regard thesequestionsnow and returnto themin more
detaillateron.
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What is the Desired Behavior of the Program?

[1 We shouldaddresghis questionbefore we startdesigningour program!
[J We mustaskoursehes..

1 Whatserviceshouldthe programprovide?
[J Whatguaranteesdoesthe programmake abouttheseservices?
[J Underwhatassumptionsloesto the programmake theseguarantees?

[] For therestaurantthis mightlook asfollows:

[1 Providecleantablestake orders,sene food, presentill, collectpay

[1 Guarante€’acceptable'waitingtime; presenappropriatéill; haverev-
enueexceedexpenseshave sufiicient freshsuppliesreadyatall times

[1 Assumethat customertraffic is reasonable- specify what this means
precisely andwhathappen®stherwise!
Assumethatmore thanonecustomercanbesenedatatime.

[1 Therearemoreconsideration$o take into accountput theseare”central”.

Programmingl — © GuidoRoRling (roessling@acm.op) Intro ProgramDesign— CentralQuestions DesiredBehavior __ 2,18

Who Ar e the Members of the Community?

[1 We cannot answetthis questionin isolation
[ theanswerdepend®nwhattheentitiesareandhowthey work!

[1 Answerthis questionin high-level, geneal terms,thentry to addresgshe
morepreciseguestionn "how” and”what”

1 Normally, we will haveto returnto this questiorandrearrangeheanswers
[ incrementalprogramdesign

[ In therestaurantye coulddefinethefollowing entities:
[1 waiterstaf unit (for dealingwith customers),

[ kitchenstaf unit (for cookingthefood)
[I financialunit (settingof prices,collectingpaymentpuying supplies)

[ This structuredoesnot definehow manyindividual entitieswe will need
[ Is onewaiterenoughor will we needmore?

Intro ProgramDesign— CentralQuestions Members 2.19
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How DoesEach Entity Work?

[ Answeringthis questionrequiressomeknowledgeabouttheinteraction
[1 For eachentity, we shouldaskourselhes. .:

[J Whatareits responsibilites?
[J Whatguaranteedoesit make, andunderwhatassumptions?
[1 Whatresourcesloesit control?
[1 How doesit work?
[ Isit acommunityof entities,or a singleentity?
[J Waiting personsnight bedividedinto person(swho
[ clearthetables,
[ take theordet
[1 senethewine.
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How Do the Entities Interact?

[1 Herearesomebasicquestionsabouttheinteraction:

[J Whataretheentities’interface®
[ promiseamade fulfilled contractsprovidedservices
[J How dotheentitiescommunicate?
[1 mechanisminteractionpatternhow to keepthemalive?
[1 Whatinteractionpatternsarepossible?
[1 Whathappensvhensomethinggoeswrong?

[J Thecommunications specifiedoy a protocol in therestauranta pieceof
paper

[1 Someprocessesnust happenin real time, othersmay be performedin
batdh

[1 Foodshouldbe senedin realtime, but turningin the day’s payments
may happenn batch
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The DevelopmentCycle

[1 Typically, we will begivena setof specification@ndsomecomponent$o
integrateinto our new system

[ It is helpfulto askourselesthefollowing questions:
[1 Whatis thebehaviorof the program?

[1 Who arethecomponentshatcombineto producethis behaior?
[J How dothey interact?

[J Whatis eachentity madeof? (for examplea communityof entitiesor a
controlloop)

[1 Onthelevel of instructions

[1 Whathappensext?
[1 How canthisbeaccomplished?

Programmingl — (© GuidoRoRling(roessling@acm.g) __ Intro ProgramDesign— DevelopmeniCycle 2.22

The DevelopmentCycle

[1 Oncewe have answeredhe questionon on page2.22,we canstartbuild-
Ing our program

[1 We shoulddiscussour designwith others:programmes andespeciallyour
customes!

[1 We may oftenhave to "go back” andchangepartsof the specification

[J Make sureto carefully considerwhat interdependenciesight be af-
fected!

[ It is helpful to implementonly a small pieceof the systemat first ("proto-
type’)
[1 Stageourdesignwith "building blocks” thatcaneasilybeadded

[1 Testour systembeforewe addnew featureqandafternards!)
1 Producaundesstandablecode:usecommentsandhelpful identifiers
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The Interactive Control Loop

[ We will focuson designingnteractivesoftwae in this course
[1 Thecentralpieceof thisis theinteractivecontrol loop

[J The loop is a simple programthat responddo input, usually by starting
"appropriate”actwvities

[ While the concepts very powerful, it is alsorathersimple

[1 The(probably)simplestinteractive controlloop is anedo program
[1 Theprogramwaitsfor input andsimply edhostheinput back

[1 While extremelysimple,this programexhibits mary importantproperties:

[ it is embeddedn anernvironment(thetyping anddisplay)
[ it isinteractve — it couldalsosendthe outputto anothemser!),
[ it is concurent (theusermay continuetyping while theline is printed)
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A Community of Interacting Entities

[I In the following, we will take a look at transformationson words and
phrases

[ More preciselywe will build asystemwhich cancontainmary transform-
ersthatcanbecombinedn almostany order

[1 As theunderlyingexample ,we usePig Latin
[1 Pig Latin is just plain Englishwith somemodificationsputin

[1 Example:placethefirstletterof eachword attheendandthenadd”ay
"Hel | o, how are you" 00 "ell ohay, owhay rehay ouhay”

[1 Therearemanyapplicationgncluding

[1 capitalizes: hel l o 0 HELLO
[1 namegivers. hel | o 0 Gui do says "hel |l 0"
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A Community of Interacting Entities

[1 Therearetwo furtherspecialtransformeitypes:collectois andrepeates

[] Collectors listento multiple sourcesput produceonly one (usuallycom-
bined)output
[1 usedwhenmary peopletry to "talk” atthesametime

[1 Repeates producemorethanoneoutputfrom oneinput
[J usedwhenwe wantto broadcasa messagé¢o others

[1 Our systemwill containmary transformer’boxes” shovnin figure 1

Input Pig Latin Transformer Output Input Repeater Transformer

Output A
1———>4ﬂ ellohay ‘ ‘ Hello }—» —————— ‘ Output B
; -
Figurel: Transformeiprinciple
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A Community of Interacting Entities

[1 At the endof the designprocesswe shouldbe ableto provide a scenario
for eadh of themajorinteractionswith thesystem

[1 Thisincludes

[1 whatroleshave to befilled (thetypesof thingsin the system),
[ whofills theseroles(theindividual objects)
[ how theseobjectscommunicatemongthemseles(flow of control)

[ Let usview the systemasa communityof interactingtransformes
[1 Eachtransformetthenwill beanentity

[J The interactionconsistsof requestingnput and providing (transformed)
output

1 We wantto be ableto combineall transformers
[1 Outputof transformer® mustbe usableasinputfor transformer®
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A Community of Interacting Entities

[1 We needto connectransformersothatinput/ outputcanbereused

[1 A connectiorsimply letsusinsertsomethingatoneend,andletssomeone
receveit attheotherend

Transformerentity interactionsyersionl:

[J Readaword or phrasefrom a connection
[1 Write aword or phraseto a connection

Connectiorentity interactions:

[1 Acceptaword or phrasewritten on the connection
[1 Supplyaword or phrasevhenrequested

Programmingl — © GuidoRoRling(roessling@acm.g) A Communityof InteractingEntities 3.4

The Userand the System

[] Let usconsidertheinteractiondetweera userandthe system:
System/Useinteractions:
[ Createatransformei(of aspecifiedtype)
[J Connecttwo transformergin a particularorder)

[1 To supportthis, we adda userinterfacewith a contol panelof buttons
[1 Theuserinterfacesupportghe creationof a specifictransformer

[1 By selectingtwo transformersthey will be connectedn the orderthey
wereselectedisinganew connection

Userlinterfaceinteractions:
[J Createatransformel(of a specifiedtype)
[1 Connecta connectiorbetweernwo transformers

Programmingl — © GuidoRoRling(roessling@acm.g) A Communityof InteractingEntities 35




The Userand the System

Transformerentity interactionsyersion2:

[1 Acceptaninput connection

[1 Acceptanoutputconnection
[J Readawordor phrase€rom a connection
[1 Write aword or phraseto a connection

[1 We alsohave to updatethe transformerentity transactions:

Programmingl — © GuidoRoRling (roessling@acm.oy)
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Transformer User Interface
click button
Inputter Outputter Inputter Outputter
NameDropper || UpperCaser . e NameDropper|| UpperCaser
Pig Latin Transformer : Name Dropper Transformer
Pedant Pig Latin Pedant Pig Latin
click button J :
: <forner 4 | °ooccccocscecocosocscoosssoaos »i- >
s Sl new transfomer
Inputter Outputter
NameDropper || UpperCaser Pig Latin Transformer NameDropper Transformer
Pedant Pig Latin Connection
A :
click byttons
,,,,,,,,,,,,,,,,,,, »
create connection
Figure2: Diagramof the TransformeiUserInterface
A Communityof InteractingEntities 3.7




Control Flow: Creatinga Transformer

User Control Panel New Transformer

Click —T

Determine Button

»
|
Create transformer

P |

Wait for input

Figure3: Controlflow whencreatingatransformer
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Control Flow: Creatinga Connection
_User Control Panel Transformer A Transformer B new Connection
| I
Click Waiting for Requests Waiting for Requests
Determine Button | |
Register
Remember target of click
Click
Determine Button
Reg‘ister
i:
Create Connection
"l
Created
accept C%;meclion § 3
accept Connection i
Figure4: Controlflow whencreatinga connectiorbetweertransformers
Programmingl — © GuidoRoRling(roessling@acm.g) A Communityof InteractingEntities 3.9




What goeslinside?

[1 Thelastdiagramsshavedtheinteractionsbetweerthe entities
[1 We have alsoaddresse@vhothe communitymembersare
I Thecontrol flow diagramsshawv theinteraction

[1 We may have an arbitrarynumberof transformes andconnectionsn the
system

[1 Forexample,5 transformer@and2 connections
[1 However, therewill beonly onecontrolpanel

[J Next, we would have to checkthe entitieswhetherthey arecomposedf
otherentities

[1 However, we still lack somebackgroundor this
[1 therestof thechaptewill look insteadransformes instead

Programmingl — (© GuidoRoRling(roessling@acm.g) A Communityof InteractingEntities 3.10

Building a Transformer

[1 A Transformemustbeableto

[J Acceptaninput connection
[1 Acceptanoutputconnection

[J Have anindependentagent” thatreadsinput, transformst, andwrites
the output

[ Thereforethetransformeiis acommunityof entities:

[ two connectionacceptos which are actvatedon a connectionaccept
request
[ they will have to remembethe connectionghatthey accept
[ they mustalsodecidewhatto doif a connections requesteanore
thanonce

[ aninputtransformerthatwill readfrom theinputconnectionperforms
thetransformationandwritestheresultto the outputconnection
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Transformer Examples

[1 Herearetheinstructionsfor the behavior of Capitalizer transformers:
Capitalizer
1. Readfrom theinput connection
2. Producea capitalizedversionof it
3. Write this to the outputconnection

[1 NameDroppers have to storetheir own name

NameDropper
1. Readfrom theinput connection

2. Producea phrasecontainingyour namefollowedby says ', the
input,and’

3. Write thisto the outputconnection

Programmingl — © GuidoRoRling(roessling@acm.g) A Communityof InteractingEntities— BuildingaTransformer ____ 3.12

Transformer Examples

[J Repeaters sendthe unmodifiedoutputto two outputconnections:

NameDropper

1. Readfrom theinput connection

2. Write thisto thefirst outputconnection

3. Write this to the secondoutputconnection

[1 Thegeneralinstructionform for any Transformeiis

NameDropper

1. Readfrom theinput connection

2. Produceatransformedrersionof theinput
3. Write this to the outputconnection

[1 We will now look atthe secondnstruction.
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Strings

[1 Stringsarespeciallava objectsfor representingvordsandphrases

[0 A Java String canbe anythingthatis placedbetweena pair of double
quotes'..."

1 Thedoublequotesareusedto markthe startandendof the String
[1 they donotbelongto thephrase

[J SomédegitimateJava Stringsare” Hel | 0", " Spaces "m "! &p#! "

[J Thetransformes arereally StringTransformes
[ eachtransformettakesa Stringandproducesa Stringasits output

[ In thefollowing, we will look atsomeof thepredefinedlava Stringtrans-
formations
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Fundamental String Operations

[1 Stringsareconcatenate(puttogetherjusingaplus+
"Hello, I'm" + "Guido" OO "Hello, 1I"m Gui do"

[1 Thus,a NameDropper canproduceits outputasfollows, assuminghe
nameis storedasmyName
myNamet+ " says

+ input +

[ Therearemary methodghatcanbe performedon Strings suchastrans-
forming a Stringinto uppercase

[J Usingsuchanoperationis calledinvokingit

[1 To invoke a methodon a String putadot. betweenthe String andthe
methodname
"Hello”.toUpperCase()J "HELLO”
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Fundamental String Operations

[J A Stringcanreturna substringof itself
[1 Thecharacterarenumberedstartingwith O

[1 Forretrieving a substringstarting at position3, invoke
"Hel | 0" . substring(3) O "lo”

[1 Forretrieving themiddlethreecharactersf "Hello”, invoke
"Hel | 0" . substring(1l, 3) O "ell”

[t oUpper Case() canbeusedto produceanuppercasetext:
"M xedCase".toUpperCase() O "M XEDCASE"

[1t oLower Case() producesalowercasetext:
"M xedCase" .t oLower Case() L "mixedcase”
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Fundamental String Operations

[ trim() removesleadingandtrailing white space(spacestabs.etc):
" lots of space ".trim() O "lots of space"

[J substring(fomInde) produces Stringstartingat positionfromString sub-
string(frominde, tolndex) containsall charactersintil tolndex - 1.

[ "Hello".substring(3) O "lo"
[0 "Hell o".substring(1, 4) O "ell"
0 "Hell o".substring(0, 5 0O "Hello"
01 engt h() returnsthe numberof charactersn a String:
"Hello".length() O 5
[1 Notethatthelastcharacterpositionis atl engt h() - 1

O replace(ol d, new) replacesll occurrencesf ol d by new:
"Hell 0" .replace(’l’, %) O "Hexx0"
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Fundamental String Operations

[ char At ( pos) returnsthecharacteiat positionpos
"Hell o".charAt(2) O I’

[1 Foravalid invocation,make surethatO < pos < Stringl engt h()
"Hell o".charAt(-1), "Hello".charAt(5) O Error
i ndexO (char) returnsthefirstindex of thecharacteor - 1
"Hello".indexOF(” 1) O 2
"Hello".indexOF("h') O -1
Ol astl ndexOF (char) returnsthelastindex of thecharacteor - 1
"Hello".lastlndexOF(*1') O 3
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Rulesand Methods

[] The String operationsntroducedcanbe usedto constructthe instructions
neededor a Transformer:

totransf ormaStri ng (sayt hePhr ase),
return thePhrase.toUpper Case();

[ Thisrule describeshetransformatiorrule for anUpperCaser
[J Thetransformatiorrequiresa Stringthatis to betransformed
[1 Within therule, this Stringis addressedst hePhr ase

1t hePhr ase is calledthe parameterof therule

[J A concetevaluefor t hePhr ase is calledanargument

[1 thenameof the parametecanbe choserarbitrarily

[1t hePhr ase canbereplacedoy any Stringto betransformed
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Rulesand Methods

[1 Therule or method from the previousslideis notvalid Java code
[J However, we only have to changat slightly to make it correctJava!

[1 The”correct” methodfor UpperCasetookslik e this:
String transform (String thePhrase)

{

return thePhrase.toUpperCase ();

}

[1 TheSt ri ng atthebeginningof the methodis thereturntype
[1 Thus,themethodtakesa St ri ng agumentandreturnsaSt ri ng

[1 Thismethodcanbe usedby anybodywith anarbitrary St r i ng.
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Classesand Instances

[ The methodjust describeds the only thing that distinguisheghe Trans-
formels from eachother

[ It is usefulto make eachTransformera new type

[1 Typesconsistof aname methodandinternalvalues(calledattrib utes)

[ In Java (andotherobject-orientedanguages)atypeis calledaclass

[1 A Java classis startedwith thekeywordspublic classfollowedby its name

[1 Theclassmay extendanotherclass- in this case)et uscall the basicclass
StringTransf or mer

[1 Theclassbodysimply containghemethodsindattributes placedbetween
curly braces{ }
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Classesand Instances

[ Thedefinition of theappropriateclassfor UpperCaselooksasfollows:
public class UpperCaser extends StringTransformer

{

String transform (String thePhrase)

{

return thePhrase.toUpperCase ();

}
}

[] Thecodefor aPedantis very similar:
public class Pedant extends StringTransformer

{
String transform(String thePhrase)
{
return "Obviously ” +thePhrase;
}
}

[1 How canwe specifythe othertransformerdrom this example?
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Classesand Instances

[1 Theseclassesaredescription®of whata Transformershoulddo
[1 However, they arenot UpperCases or Pedantshemseles

[] Ratherthey arelike a”recipe” or templatefrom which a particular Trans-
formercanbe made

[1 Toturntheclassinto a”real” transfomerwe usethe new command:
new Upper Caser () or new Pedant ()

[1 Theseoperationswill returna particular instancecalledanobject
[ If we usethenew commandagain, anotherobjectwill begenerated

[ Thisis exactly whatthe GUI buttonsaresupposedo do (seeslide 3.7):

[1 Pressing the button labelled Pedant will invoke new
Pedant (), generatinganew Pedant object
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Classesand Instances

[ A UpperCasercanbe connectedo anPedantthroughthe GUI

[ Whatwill happenf the UpperCaselinputis "not much”?
[1 TheUpperCasemproducegheoutput’NOT MUCH”
[J ThePedantprependsObviously”: "Obviously NOT MUCH”

[ If we pasghis outputinto anotherPedantit will output”’Obviously Obvi-
ouslyNOT MUCH”

[ Thus,theoutputof a Pedantwill alwaysstartwith atleastone”Obviously”
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Fields

[1 How canberealizethe slightly morecomplex classNameDopper?

[0 The NameDopperis supposedo addits namefollowedby says ', the
phraseandthefinal’

[ Thus,myNameDoppershouldoutput”Guido says'Hi""”” oninputHi!
[ Therule lookslik e this:

totransformasStri ng (sayt hePhr ase),
r et ur n myNamet” says' ” +thePhrase”’ ”;

[1 However, myNamas not aparameter-it is apersistentpartof thespecific
NameDropper!

[1 Thus,eadh NameDroppemustbe suppliedwith anamewhenit is created
[ Thegivennamemustbe stored sothatit canbe usedwhenneeded
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Fields

[1 To store the nameof a NameDopperobject,we needa storage space
[1 In Java, thesearecalledfieldsor attributes

[1 In thiscasewe will call thefield nane

[J Thetypeof thefield will beSt ri ng O why

[J To make clearthatwe wantto referto theobject'sownnamen themethod,
we canuset hi s. nane

1t hi s alwaysrefersto the currentobject

[J TheNameDpppermethodthuslooksasfollows:
String transform(String thePhrase)

{

return this.name +” says '” +thePhrase +7'";

}

[1 Of coursethis methodhasto beembeddedn aclass too!
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Fields

[1 A typical examplefor NameDopperusagds shavn in figure5

Input NameDropper(Patrick) Output

pgﬂ Patrick says 'Hello’

‘ Patrick says 'Hello’ r

Input NameDropper(Peter) Output

>—4 Peter says 'Hello’

‘ Peter says 'Hello’ r

Figure5: NameDopperexample
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Fields

[1 We needa placeto storethenameusedin aNameDoppper. string name
[1 Theconstructorthatbuilds a newv objectshouldnow askfor atargetname
[1 Basically therule for the constructoiis

to constructa NanmeDr opper withaStri ng (sayt ar get Nane),
assignnane thevalueof targetName

[1 In Java code,the methodwill look asfollows:
public NameDropper(String targetName)

{

name = targetName;

}

[1 To generatea new NameDopper we have to supplya Stringparameter:
new NameDropper("Patrick”);

Programmingl — © GuidoRoRling(roessling@acm.g) A Communityof InteractingEntities— Fields 3.28

Fields

public class NameDropper extends StringTransformer

{

String name;

public NameDropper(String targetName)

{
name = targetName;
}
String transform (String thePhrase)
{
return this.name +” says '” +thePhrase +"'";
}
public void setName(String myName)
{
name = myName;
}
}
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General Nature of Approach

[J Theexamplesrely onthe existenceof agenericStringTransformer class
[J This classmustknow how to...

[ acceptaninputconnectionandstoreit in afield),

[1 acceptanoutputconnectionandstoreit in afield),

[J how to createanindividual StringTransformey

[ how to invoke thet r ansf or mmethodsof specificStringTransformer
instance®ver andover again.

[0 The Stri ngTransf or mer classis similar to the exampleswe have
seenput somevhatlarger

LI All transformersve have seenobey the samegenerakulesandinterfaces
[J EachdefinesaString transforn(Stri ng) method

[J Thus, we canalways speakof "a transformer”,without having to worry
aboutthe actualtype of thetransofmer
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Objects, Typesand Names

[1 This chapteraddressethefollowing questions:

[J Whatkind of "things” cancomputergalk about?
[0 How canwe keeptrackof the"things” we know about?

[1 Theobjectvesincludethatwe will beableto...

[1 recognizelava types,

distinguishJava primitivesfrom objecttypes,
declareanddefinevariables
understandieclarationsasfixing typesto aname,
recognizeéhateachnamecontainsexactlyonevalue
understandhow a namecanreferto somethingor to nothing,
tell whenthevaluesassociateavith two namesareequal

NN A I O B B
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Primiti ve Typesand Literals

[] Like mostprogrammindanguages]ava hassomebuilt-in waysof hand-
ling simpletypes

[ Thisincludesnumbes, characters andtruth values(t r ue, fal se)

[J For example,Java knows thatthevalue6 placedin sourcecoderefersto
anintegervalue.

[1 6 is calledaliteral : anexpressiorthatJava understandditerally”
[ Thus,thefollowing areJava literals:

142
0-3.7
' a’
] true
[] Singlequotesareusedto mark’ 6’ asacharacter, notanumericvalue
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BooleanValues

[1 Java supportdhebooleanvalues(or "truth values”)t rue, fal se
[] Thesearehelpful for manipulatingdecisions

[] Booleanvaluesarecommonlyusedin conditionalinstructions

[ Thereareonly two literal valuesfor booleans:t r ue andf al se

[ NotethatJava is case-sensitive r ue is not thesameasTr ue!
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Strings

[ As we saw in thelastsection Java alsoofferssomesupportfor Strings
[J Sometypical usedfor Stringobjectsare

[1 errormessages,

[1 promptingthe userfor input,
[ window titles,

[J messagesentto theuser

[ Stringsaresurroundedy doublequotes’...”
[0 If wewantto useadoublequoteinsidea String use\"
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Objects

(I Theprimitive typesarevery specific,andthuslimited in their functionality

[ Most of whatJava doesthereforeworkswith morecomplex typescalled
objects

[1 For example,think of the elementof the graphicuserinterface— they are
farmorecomplex thana simplenumbet

[ Java hasasimplerule: anything thatis not a primitive is anobject
[1 Therearelots of differentobjectkinds: buttons,windows |ists, ...
[ We alreadyknow severalobjecttypes:

[1 the StringTransformerobjects
[1 Stringsarealsoobjects
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Objects

[] Eachobjecthasa numberof servicest canprovide
[] Two objectsof the sametypeoffer the sameservices

[ However, the resultsmay differ dependingon parametes andthe object
state

[1 Someobjectsactontheirown
[1 Animatos may painta seriesof picturesevery %s
1 A clock will continuerunningafterit hasbeenstarted

[1 Objectsarethusfar moreinterestingthanprimitive types
[1 However, they arealsomorecomple

[1 Furthermorethereareno literal valuesfor objects(exceptfor Stringliter-
als)

[] Nearlyeverythingwe will doin Java dealswith objects
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Naming Things

1 We will needsomeway to keeptradk of the primitive valuesand objects
usedin aprogram

1 Thisis accomplishedby giving thema name— a’nameassignment”
[J Namingathingis similarto stickingalabelonit
[1 Afterwards,the nameis boundto the valueassociateavith it

[ TheJdava syntaxfor assigningavalueto anameis easy:
nane = val ue;

[1 Forexample, nfWheels= 4;
[] This associatethevalue4 with thenamenr Wheel s
[J Usingnr Wheel s in theprogramis now the sameasusing4
[1 Severalnamescanreferto the samevalue
[1 However, eachnamewill alwaysreferto only onevalue
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Types

[1 Until now, we wererathercasualboutour "things”

[] Java is strongly typed— which meanst is far from casualaboutwhat a
thingis!

[1 EachJava "thing” hasatypestatingwhatkind of thingit is
[1 Java namesarecreatedwith atypeandcanonly labelobjectsof thistype
[] Beforeusinga name we have to declae it asbeingof a certaintype

[ This declarationstatesthat the particularnamecan be usedfor labeling
primitivesor objectsof only the particular type

[1 Java declarationhave theform "type-of-thingname-of-thing”:

int nrOfWheels;
boolean canDrive ;
String brandOfCar;

[1 Somenamesarereservecandmaynot bechosen-see4.20
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Types

[1 Java is case-sensitie: a andA aredifferentwords

[1 We canusean arbitraryamountof white space- spacestabs,line breaks
— betweerelementsbut not in names.

[1 Notethatthelabelsticksto the object

[J Thus,evenif we changanternal dataof theobject,thenamewill still stick
to it

myFace myFace

v

v
efejicle

smiley smiley

myFace = smiley grin smiley

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

Figure6: Labelsstick to objects,nottheirinternaldata
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Definition = Declaration and Assignment

[1 Declaringa namerequestdhatJava reseresstorageor theobject
[J However, we will oftenwantto immediatelyassigna valueto thename
[1 This defineghe names typeandvaluein onestep

[1 To do so,adda standardassignemtmmediatelyafter the declarationbe-

fore thesemicolon; ):
int i = 42;
boolean amlHappy = true;
Face smiley = new Face(amlHappy);
Face frowney = new Face(false);
public int round(float f);

[ The first two definitionsuseliterals, while the othersactually createnewn
objects- onehappy andoneunhappy face

Programmingl — © GuidoRoRling(roessling@acm.g) __ Objects,TypesandNames- Types: Definition 4.10

Primiti ve Types

[1 Java supportghefollowing primitive types:

Default

Type Description Range value
boolean| Truthvalues true, false fal se
char 16 bit Unicodecharacter’\u0000’..."\uFFFF’ or keyboardchars('x") |"\u0000’
byte 8 bit integer -128... 127 0
short |16 bit integer -32768.. 32767 0
int 32 bit integer 23t 281 0
long 64 bit integer 268,281 0
float 32 bit realnumber +3.402& + 38...+ 1.4024& — 45 0.0
double |64 bit realnumber +1.7976%F + 308... +4.9406&E — 324 0.0
Tablel: Java Primitive typesandtheirrange
[ Notethatthe namesof the primitive typesarereservedn Java
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SpecialCharacter Literals and Umlauts

[] Table2 shavs the specialcharactersisablein Java

Character Interpretation Character Interpretation
'\b’ |Badspace \f’ Form Feed
'\n" | Newline \r’ Carriage Return
\\ Badkslash "\ Apostrophé singlequote
"\ Doublequote '\ddd | Octal(0<d <7),’\000"..."\377’)
"\UXXXX | Unicodecharacter0 < X < F| ’\u00C4’| GermarumlautA
"\u0OD6’ | GermarumlautO *\u00DC’| GermanumlautU
"\UOOE4’ | Germanumlauta "\UOOF6’ | Germanumlaut®
"\UOOFC’| Germanumlauti "\UOODF’ | Germarumlautf3

Table2: SpecialCharacteLiterals
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Object Types

[1 Java containsalarge numberof predefinedbjecttypes
[ For example,think of the String classwe have used!

[ We will focuson how we candefinenew objecttypesandgeneratebjects
in the next sections

[1 By convention,the nameof objecttypesalwaysstartswith a capital letter
[1 Notethatwe maynot usespecialcharactersvhendefininga new object
[1 Eachindividual objecthasa numberof propertiesandabehavior

[1] Objects’do” somethingvhenwe requesia serviceor invoke a method

[ Thetypical notationfor invoking a methodis
namef Cbj ect . net hodNane()

UpperCaser upperCaser = new UpperCaser();
upperCaser.transform(”Hello World!”);
/1l output will be "HELLO WORLD!”
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Example Object: Syst em out

[1 Syst em out isaspeciallava objectthatprintsmesageso theterminal
[0 Systemout. print(aString); printstheString
[ Systemout. println(aString); printsandthenstartsanew line

[] Thus,the outputfor thefollowing codewill beA is for ' Apple’:

System.out. print ("A”);
System.out. print(” is for "Apple’”);

[1 However, thefollowing codewill insteadoroduceA
Is for ' Apple:
System.out. println ("A");
System.out. println(” is for 'Apple’”);

[1 Syst em out is very helpful for printing out informationaboutour pro-
gram- the simplestform of interaction!

Programmingl — © GuidoRoRling (roessling@acm.op) Objects,TypesandNames- ObjectTypes 4.14

Typesof Names

[J EachJava namehasatypeassociateavith it
[J We cannot changehetypeassociateavith a particularname!

] Therearetwo differentkinds of namesan Java : valuenamesandrefer
encenames

[0 Whenwe declarea nameasa value a spaceis resened for holding the
appropriatevalue

[ inti thusassociates with astoraggor a 32 bit integer

[1 We mustassignecdavaluebeforewe canreadthevariable!
[ (ForadwancedorogrammersJava doesnot initialize local variables!)

[1 Assigninga valuereplaceghe currentvaluewith a copyof theappropriate
value
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Typesof Names

[1 Whathappensn thefollowing definition®

int i;
i = 42;
int j = i;
I = 54;

Before changing the value of i

Name: E Name: |I|
Type: Type:
Value: Value:
After changing the value of i
Name: |I| Name: |I|
Type: Type:
Value: Value:

Figure7: Primitivescontaina copyof thevalues
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ReferenceNames

[1 Namesassociatedvith objectsarerefelencenames
[J Thenamecanthenbe usedto easilyreferto agivenobject
[1 Thesame'type-of-thingname-of-thinf form for declarations used:

String demoStringl;

createsalabeldenoSt ri ng for stickingona Stringobject

[1 However, the nameis not stuckon anything!

[1 Having alabelis not the sameashaving somethingo stic it to!
[ If thelabelis notstudk to anything, it hasthe special’non-value” nul |
[1 To avoid errorsin our coding, alwaysreplacethe declarationaborve with

eitherof thefollowing:

String demoString2
String demoString3
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null ;
"Hil";

/1 no value yet...
[/l known value, so assign it

show by setting to null
directly
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Interlude: JRadi oButt on

[1 For the next example,we introducea new type: JRadi oBut t on

[1 Objectsof typeJRadi oBut t on areusedfor buttonsthatcanbeselected
or deselected

[ Typically, aJRadi oBut t on is generatedavith adisplayeditle

[ Thedisplayeditle is setin the new invocationandstoredinternally
[1 Recallhow we did thatin theNameDr opper class!

[J Thelabelof a buttoncanalsobe changed by calling the method
set Label (String newlLabel)

[] Calling this methodaffectstheinternal valueof the button
[1 Thelabelof all referenceso the currentbuttonis changed!
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Interlude: JRadi oButt on

[J Whathappensn thefollowing code?

JRadioButton buttonl, button2; // reserve storage space
buttonl = new JRadioButton(”Hi!”); // instantiate first button
button2 = buttonl; // let button2 refer to the same object
buttonl.setLabel(”"Hello!”); // change the internal label

[J Whathappenss thatthelabelrefersto theassociatedalue:

Before changing the label of button1

Name:
Type: |JRadi oButt on

Name:

vaue:l  ———7

After changing the label of buttonl

Name:
Type: |[JRadi oBut t on

vaue:l  ——f8—

Type: |JRadi oButton
Value:

valer[ —

Type: |JRadi oButt on T

Name:

Type: |JRadi oButton
Value:

Type: |JRadi oBut t on T

vale:[ —

Figure8: Changinganobjectreferencedy two labels
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Resered Keywords

[1 Java namegq”identifiers”) mustfollow thefollowing rules:

[0 Thefirst charactemustbeletter, $ or _
[ All following charactersnustbe alphanumeridlettersor digits), $ or _

1 Thereservedhameq’keywords”) holdaspeciaimeaningn 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 Note on Equality

[J Whenarethe valuesassociateavith two namesequaPr

[J Two valuenamesareequalif they have the samevalue

[J Two refelencenamesareonly equalif they referto the sameobject

[ All Java objectsprovide a method

bool ean equal s(Obj ect ot her)

thatcompareghe currentobjectwith the parameter

[1 Thus,therearetwo testsfor equality:
[ Checkfor samerefeienceor primitive value ==
[ Checkfor equalcontentof objects equal s( ot her Cbj ect)

[1 Theequal s methodwill alwaysreturntrue if bothreferto the same
object

[ In mostcasesthe methodwill alsoreturntrue if all primitive or object
valuesof bothobjectareequal
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A Note on Equality

int i =42;

int j =42; // equal to i: value name, same value
System.out. printin (”i==j ? " +(i==j)); // true

j =43; I/ not equal to i: j (==43) =i (==42)
System.out. println(7i==] ? 7 +(i==j)); [/l false

JRadioButton buttonl, button2;

buttonl = new JRadioButton("Hi!”);

button2 = buttonl; // equal: same referenced object

System.out. println (buttonl == button2); // false(!)

System.out. println (buttonl.equals(button2)); // true

button2 = new JRadioButton("Hi!”); // MAY be equal

System.out. println (buttonl.equals(button2)); // true

/1 however , this depends on how the ' equals’ method is implemented

[ Thelast operationdepend®ntheimplementatiorof theequal s method

[0 For JRadi oBut t ons, themethodwill returnf al se
[1 thetwo buttonsreferto differentobjectsthatjust have the samelabel
[1 However, their behaviorcould be completelydifferent!
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SpecifyingBehavior: Interfaces

[J We will now examinethefollowing questions:
[J How do programs(andpeoplé) know whatto expectof anobject?

[J How canwe describean entity’s part or property to other community

membes?
[1 By theendof thechapterwe shouldbe ableto. ..

[J recognizeandreadJava methodsignatures
[ understandhow aninterfacespecifiesa contract betweentwo entities

[1 seehow aninterfaceseparatethe userfrom theimplementation
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Interfaces Ar e Contracts

[ Programsarecommunitie®f interacting entities
[1 But: how deosoneentity know whatservicesanotherentity provides?

[0 How canwe as programmes know the behaior of objectswe have not
programmeaursehes?

[ Interfacesareakey to understandinghesequestions
[1 An interfaceis a contract betweenentities

[1 Theinterfacerepresentanagreemenbetweerthe implementorof anob-
jectandits uses

I Theinterfacespecifiesequiredbehavior
[ However, it doesnot necessarilysayhow the behaior is implemented
[1 Thecontractdoesnot forbid the userfrom addingotheropeiations
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Example Interface: Electrical Outlets

[1 Electrical outletsarea standadizedinterface

[1 Theshape sizeandelectrical propertiesof wall outletsarestandardized
[J Therefore anyelectricalappliancecanbe pluggedin andwill work

[J Theusercannottell howtheelectricitywasproduced- by wind, water . ..
[1 However, thereis more thanonly oneoutletinterface:

European Outlet US Outlet

Figure9: Pawer outletinterfaces- (Continental)lEuropearandUS

[ If youwantto useEuropeanappliancesn theUS, you needanadapter
[1 Thesamais truefor softwarecomponents!
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GeneralizedInterfaces and Java Interfaces

[1 A dictionary definesinterfacesas "the area common to two or more
systems” [1]

[I In ComputelSciencewe useinterfaceso meantheboundarybetweerntwo
(or more)entities

[J In generaljn constructingacommunityof interactingentities theinterface
is the”face’ theseentitiesshawv to eachother:

[ whatservicesareprovided?
[ whatinformationis expectedvhenrequestinga service?
[ whatinformationis returnedafteraservice(if any)?

[1 Thereforejnterfacesarecentralto the questionof interaction.
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User Interfaces

[J User Interfacerefersto the the part of a programthat the useractually
interactswith

[1 Often,thisis a GraphicalUserlInterface(GUI) usingwindows, menusand
buttons

[ Gooduserinterfacestake into accountboth the propertiesof the program
andof theuser

[ It is thereforeimportantthat we try to designthe interfaceto fulfill the
needsf the entitieson both sidesof the keyboard
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Java Interfaces

[J Java hasarelated but rathermorelimited, useof theword interface
[1 A Java interfaceis aparticularformal specificatiorof the objectbehaior

[J Thekeywordi nt er f ace is usedto specifythe declarationof a contract
for this behaior

[1 Java definegherulesfor settingoutthe contract

[J However, someinterestingpropertiescannot be expressedn Java inter-
faces

[J Theresources calculationneedsthevalid parameterange,. ..

Programmingl — © GuidoRoRling(roessling@acm.g) — Interfaces-Java Interfaces 5.6

An ExampleJava Interface

[ Think of a counterasthoseusedon mary WWW pages
1 Thebasicoperationf sucha counterare

[1 incrementhe counter(addoneto theinternalnumber)
[1 reador "get” thecurrentvalueof thecounter

[1 This specifications usefulindependenbf whatyou actuallycount!
[1 Forexample astopwatdch mightbeaspecial’counter”with auto-incement
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An Example Java Interface

[1 The Countinginterfacein Java maythuslooksasfollows:

/! describe the name of the interface
public interface Counting

{

/! describes the increment contract
public void increment();

[/l describes the getValue contract
public int getValue ();

}

[J Now thattheinterfacehasbeendefined we canbuild a countingentity

[1 We canalsouseother foreigncountingentities

[0 We only know thatthe methodsget Val ue() andi ncrement ()
areimplemented

[1 However, we do not have to know howthe methodsareimplemented.
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An Example Java Interface

WebPageCounter

+ void increment()
Counting + int getValue()

o + int getValueSince(Date)
+ void increment() I

+ int getValue()
[

ResettableCounter

+ void increment()

+ int getValue()

+ void resetCounter()
[

Figure10: The Countinginterfaceandtwo implementations

[1 However, we maywantto know moreaboutthe entities
[1 Partsof the specificatiorwill bein thedocumentation:

[1 Countingguaranteethatthe countis alwayspositive
[1 TheResettableountermayberesetusingresetCounter()
[1 TheWebRageCountercandeliver the countsincea givendate
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Method Signatures

[J Themethodswve have alreadyseenin the StringTransformerexamplesare
rulesfor how to accomplishparticularbehaviors

[ Interfacesfocuson the specificationof theserules,not on theinstructions
neededo achieve them

[ Thus,aninterfaceis a collectionof rule specifications

[1 All objectsimplementingtheinterfacemustsatisfythesespecifications
[ Howtheimplementorswill dothisis left to them!

[ Theformal namefor arule specifications methodsignatue
[1 Countingspecifiedwo methodsi ncr enent andget Val ue
1 Thesemethodanustbe providedby all Countingobjects!
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Method Signatures

[1 Themethodsignaturesonsistof. ..

[J thereturnedresultof themethod,

[ the nameof themethod,

[1 theentitiesthe methodexpectsasparametes.

[ Furthermorethemethodmayalsospecifypossibl€’error” (exceptions.

[1 Themethodsignaturedoesnot requirea body (implementation)
[J Theactualrealizationis left to theimplementingntities
[ Users only needto know the elementdistedabove
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Method Signatures

[ It issensibldgo choose helpfulnamefor boththeinterfaceandits method(s)
[ Parametergonsistof typeandnamefor eachparameter

[1 We needalsousehelpful namedor the parametes!

I If thereis morethanoneparameterthey areseparateavith commas

[ Theorder of the parameterss fixed- make agooddecisionin which order
they haveto begiven!

[1 By corvention,bothmethodandparameternamesstartwith alower case
letter

[1 In mary casesthemethodwill returnavalue

[1 In this case,the type of the result mustbe placedbeforethe method
name

[1 Thekeywordvoi d is usedif nothingis returned
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Method Signatures

[ If wewantto dosomethingwith thereturnedvalue we have to assignit to
avariable

[J Let usassumeahatmy Count er is of type Counting
int counterValue = myCounter.getValue()

[ count er Val ue now holdsthe valueof the counternmy Count er atthe
time of themethodcall
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Abstract Method Declaration Syntax

[1 Here'sthe synopsidor declaringa method

access returnType methodName(paramTypel paramNamel,
paramTypeN paramNameN);

[] access will typically beeitheromittedor public

[ returnType canbeary valid type

[ paramTypel, ..., paramTypeN arethetypesof the parameters
[J Thesemicolon; attheendstateghatthisis a specification

[ Suchamethodss calledabstract, theabstract keyword maybeprepended:
public abstract int getValue();

[ Interfaceonly specifysignaturesthe methodsarealwaysabstract
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Open Questions

[1 Thesignaturedeavesseveralquestionsinanswered
[] For eachparameterwe have to figureout . .

[1 whatthe parameters intendedo represent

[J whatrelationshipgheremight be betweerparameters,

[ whethertherearerestrictionson thelegal values,

[1 andwhetherthe objectrepresentetly the parametewill be modified

[] For thereturntype,we haveto find out ..

[1 whattherelationshipof thereturnedobjectto the parameterss,
[J whatcanbedonewith theresult
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Open Questions

[J Furthermorethefollowing questiongemainopen,but mayberelevant:

[1 Whatarethe preconditiondor callingthemethod?
1 Whatcanbe expectedof theresult?

[J How long doesthe methodtake?

[J Whatotherpropertiesareusedin themethod?

[J Not all of thesequestionsarerelevantto every method

[1 Theprecisetime neededor theget Val ue() methodis probablynot
important- is shouldonly bereasonablyquick
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Method Documentation Guidelines

[1 Why andwhenshouldusersusethe method?

1 Whatdoesthe methoddo?

[1 Whenis it appropriateéo usethe method wheninappropriate?

[1 Are thereothermethodghatshouldbe usedinstead or in addition?
[ Are thereary assumptionsnadein the method?

[ Whatis the meaningof eachparameter?

[J Which parameteraremodifiedin the method?

[0 Whatassumptioraboutparametevaluesaremade?
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Method Documentation Guidelines

[0 Whatdoesthereturnvalueof the methodrepresent?
[ Whatis therelationto thearlgumentsor otherentities?
[1 Are thereassumptionsboutthereturnvalue?

[J Whatelsemight be affectedby the methodexecution?

[1 Are ary otherentitieschangedy the method?
[1 thisis calledasideeffect

[ If thereareadditionalassumptionsalsoincludethem!
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5.18

Interface Declaration

[J Placeeadh Java interfacein aseparatdile

[ Thefile namemustmatchtheinterfacenameandendwith .java
[1 TheCountinginterfaceis declaredn thefile Count i ng. j ava

[1 Thedeclaratiorstartswith interface followed by theinterfacename
[0 Theinterfacebodyis a setof methodsignatureplacedbetweery...}

[1 Theorder of the methodsdoesnot matter
/! describe the name of the interface
public interface Counting

{

/1 describes the increment contract
public void increment();

/1 describes the getValue contract
public int getValue ();
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Method Footprints

[1 An interfacemay containmorethanonemethodwith the samename
[ However, thefootprint mustbe different
[1 Themethodfootprint consistof

[ themethodname
[1 andtheorddekedlist of parametertypes

[ Thereturntypeandthe parametemamesarenot partof thefootprint

[void reset(int newal ue) has a different footprint from
voi d reset ()

[Jvoid reset(int initial) and void reset(int newal)
have the samefootprint
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Method Overloading

[ An interface may have multiple methodsof the samenamebut different
footprints

[I Thisis calledmethodoverloading

[1 Overloadingis helpful if the interfacehassomesimilar methodsthat do
(slightly) differentthings

[1 For example,Java offerstwo methoddor corvertingrealsto integers:

public int round(float f);
public long round(double d);

[1 Thus,a32bitf | oat isroundedio a32biti nt , anda 64 bit doubl e is
roundedo a64bit| ong
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Interfaces Are Types

[ InterfacesarealsoJava types
[1 Everyinterfacenameis alsoatype namein Java

[1 For example,whenwe needa genelal counter we canstate
Counting genericCounter;

[1 genericCounter is of type Counting
[J Thus,it will offer the Countingcontract(interface)

[1 However, we do not know which actualtype genericCounter may have -
for exampleResetableCounter
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Interfaces Ar e Not Implementations

I An interfacecanbe usedasthetypeof anobject
[ All methodgdeclaredn theinterfacecanbeinvoked on the object

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

[1 Keepin mind:
Interfacesarecontractsnot implementatiordetails|

[J The next sectionswill cover how we canbuild implementatiorthat fulfill
the contracts
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Interface Documentation Guidelines

[J Why andwhenshouldusersusetheinterface?

1 Whatdoestheinterfacedo?

[1 Whenis it appropriatdo usetheinterface,wheninappropriate?

] Are thereotherinterfacesthatshouldbe usedinsteador in addition?
[1 Are thereary assumptionsnadein theinterface?

[ Whatservicesdoestheinterfaceprovide?

[1 How doyou usetheservices?
[1 Thisis typically coveredin the methoddocumentation
[1 However, ashortoverview of all servicesshouldbeincluded

[J Which methodsareappropriaten which context?
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Interface Documentation Guidelines

[J Thedocumentatiorshouldmalke it easyto find the method(suserswant

[ Usersshouldalsobe ableto determinaf a new implementatiorfulfills the
expectations

[ Remembethatthe interfaceis mostly concernedvith whatit offers, not
howthis canberealized

[ Thus,it will give acontractandpromisesnotimplementatiordetails
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javadoc

[ JavaDOCexample!!l [ asseparatelideset!
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Expressions

[1 Expressionsaareusedto transformonething into another
[1 We have alreadyseenthe simplestform of expressionliterals andnames
[1 Expressionslsocover

[I arithmeticincluding+, -, x,/, (, )

[ logicincludingand,or, not,

[0 methodghatreturnavalue— suchas public String transform(String s)

[1 After this chapteywe should..

[ understandhatexpressionsareJava codewith atypeandavalue
[ befamiliarwith the evaluationof basicJava expressions,

[1 be ableto understanaccomplex expressionsascombinationsof simpler
expressions,

[J beableto evaluatesimpleandcomplex expressions.

Programmingl — © GuidoRoRling (roessling@acm.op) Expressions 6.1




Simple Expressions

[1 Expressiongrethe simplestpieceof Java code

[1 As expression@re”things, they have bothvalueandtype
[1 Whenthe codeis executedthe expressions evaluated

[1 Evaluationyieldsthevalueof the giventype

[1 Someof the expressionsve have seenmalreadyinclude

] myName + ” says ”

[1 “Obviously, ”
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Literals

[ Thesimplestlava expressionis aliteral
[1 thevalueof aliteral is interpretediterally

[1 Exampleanclude?25, 2.5, "Hello”
[ Literalscanbe numbes, charactels, Stringsor booleanvalues

[ Thetypeof aliteral is whattheliteral lookslike
[1 7 hastypeinteger, "7” String and’7’ character

[1 Theexpressionstypeis thetypeof thevalue
[1 For example,integers have type int , realnumberdhave type double
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Names

[1 NamesarealsoJava expressions

[1 However, thenamemustbedeclaedin the context beforeit is used
1 Thevalueof thenameis thevaluestoredin the associatedariable
[ Thetypeof thenameis thetypeit wasdeclaredwith

[ In thefollowing examplecode

int | = 42;

| hasvalue42 andtypeint
[ if weevaluatel, wewill gettheint value42.
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Method Invocation

[J Theserviceghatobjectsprovide arecalledmethods
[1 Calling amethodis calledmethodnvocation
[ Methodinvocationis the primaryway to getoneobjectto do something
[1 Java methodinvocationsinvolve in this order
[1 anexpressiorof thetarget objectwhoseserviceis requested,
[] aperiod”.”
[J the nameof the methodto beinvoked,

[1 apairof parenthese@, possiblyincludingtheexpressionsieededspa-
rametersTheparenthesesust begiven,evenif they containnothing!

[] Oneexampleinvocationis "testString”.toUpperCase()
[1 "testString” is thetarget object toUpperCase() themethodto invoke
[J AstoUpperCase() needsno parameterghe parentheseareempty
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Method Invocation

[1 Anotherexampleis thetransform method:
String transform(String thePhrase)

[1 Here,a String objectmustbe passedisanargument

[1 Thevalueof the methodinvocationexpressionis its returntype
[1 Thisis thetypegivenbeforethe methodname- here,it is String

[1 Somemethodsdo not haveareturnvalue—theirvalueis void

[1 Onesuchmethodis the System.out.print(String) method

[1 This methodsimply prints out the expressionpassed it doesnot gen-
eratearesult!
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Method Invocation Evaluation

[] To evaluatea methodinvocation,we canproceedasfollows:

1. evaluatethe objectexpressionof theinvocationtargetobject
2. evaluateany algumentexpressions,

3. evaluatethemethodnvocationby askingtheobjectto performthemethod
usingthearguments

4. The value of the expressionis the value returnedy the methodinvo-
cation. The type of the invocationis the declared returntype of the
method.

[1 To make step3 work, the objectmustknow how to performthe method
andreturntheresult.

[1 Thisis coveredin thenext chapter
[1 However, for theuser the exactprocessn step3is of no concern
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Combining Expressions

[1 As we saidbefore,expression@areagain things- with typeandvalue
[1 Thereforewe cancombinesxpressionso build morecomplex expressions

[] For example, 2+ 16*8 Is acombinedexpressiornconsistingof anaddition
andamultiplicationexpression

(I If you invoke a methodexpectinganint, the following argumentsare all
legal:
1 42 (literal value),
[1 6 * 9 (expressiorusingliteral values),
[J i (assuming hasbeendeclaredasint beforetheinvocation),
Oi*4+7 -1 (againassuming to beof typeint
[1 andmary others.
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Evaluation of Combined Expressions

[J Thebasicrule for evaluationis simple:

1. Evaluateall subepression,
2.combinethevaluesof the subepressiondo thevalueof the expression

[1 Evaluating "teststring”.toUppercase() thusworksasfollows:

1. Determinethevalueof theliteral "testString”: "testString”
2. Evaluatethe methodinvocation:"TESTSTRING”

[J The evaluationof the subepressionsnay alsocontainfurther subexpres-
sions
[1 applythesamerule to the subexpressions

[1 We alsohave to evaluatethe subexpressionsn the correctorder
[J 5+ 3*2shouldreturn1l, not 16!
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Assignments

[1 Assignmentarealsoaform of expression

[ The left side of the assignmenbperator= mustbe a nameor expression
thatcanreferto alabel—notonly avalue

(1 if thisis thecasewe call theleft sideanassignablesxpression
[ Theright-handsidecanbeary expression
[1 However, thetypeof the expressioron theright andleft sidemustmatch
[1 Thetypeof theassignmenis thetype of the operandontheleft side
[1 Thevalueof theassignmenis thevalueof theexpressiorontheright side
[ Thus, int myint= 42; hastypeint andvalue42.
[1 We will notusethevalueof assignmentm expressions.
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Other ExpressiondJsing Objects: Fields

[1 Fieldsaredatamembersf anobject: think of NameDropper’'s name!

[1 Fields are accessedising the period notation, just as methodsare - but
withoutthe parentheses

[1 Thevalueis storedin the objectandretrievedonaccess

[1 Thetypeof afield accesss thetype of thedeclaration

[J For example,Math.Pl is afield of typedouble with value3.14159. ..
[1 Field accessesanbe combinedwith otherexpressionsif applicable

[ As thefield storesthedata,you canuseit on boththeright andleft sideof
anassignment

[ myNameDropper.name = "Herb” changeghe contentof field name in
aNameDropper

1 Wewill laterlearnhow to preventunwantedield changes
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Instance Creation

[1 Thenew operatorcanbe usedto generatea new object

[J new mustbe followed by a classname for exampleNameDropper, and
aparameterlist

[ Thus,thebasicformis
new ClassName( parameters )

[1 Thewordsin italics have to bereplacedoy concretevalues

[J For example,avalid creationof anew NameDropper might be
new NameDropper("Herb”);

[1 Typically, theresultof new is assignedo a variableor field

1 As with methodinvocationsthe parametelist maybeempty

[1 Thetypeof new expressions thetype of the objectcreated

[ Thevalueof thenew expressiornis the new instanceof therequestedlass
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Type Membership

1 Thelastoperatomusableonly with objectsis instanceof
[ instanceof testswhethera givenobjecthas(or canhave) a certaintype

[ Thesyntaxfor instanceof is asfollows:
anObjectExpr instanceof ObjectTypeName

[1 anObjectExpr canbeary expressiorthatis anobject—i.e., not primitive

[1 ObjectTypeName mustbe valid objecttypeclass
[1 We canusethenameof ary classor interface

[1 The operatortestsif the objecton theleft "matches”thetype ontheright
andreturnstrue or false.

[1 Therefore,
"aString” instanceof String == true
new NameDropper() instanceof String == false
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Operations on Primiti ve Types

[1 Most of theexpressionsn programsareopetionson primitive types
[1 Foremostof thearethearithmeticandlogical operations

[1 Eachopemator takesargumentsof the specifiedtypesandreturnsa result
of a particulartypeandvalue

LI If x, y havetypeint, x + y will returnanint
[1 However, if X, y havetypedouble, x + y will returnadouble
[1 Therearethreetypesof operators:

[ unaryoperatorswhich take only oneargument,

[1 binary operatorgakingtwo arguments- oneto theleft andthe otherto
theright,

[1 andoneternaryoperatomwith threearguments
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Arithmetic Operators

opl + op2 addition;alsoStringconcatenation
opl - op2 subtractionalsousedasunaryngyation
opl * op2 multiplication,

opl / op2 division,

opl | op2 bitwiseor

opl & op2 bitwiseand

opl op2 bitwisenegation
opl % op2 remainderof division ("modulo”)
op++ postincementequaltoop =op + 1

op— postdecementequaltoop =op -1
++0p preincremeniequaltoop =op + 1
—op predecementequaltoop =op -1

Table4: Arithmetic operatordor op, opl, op2 of typebyte, short, int, long, float, double

[J Note: x=42; system.out.printin(x++) Will first print thevalueof x (42),
andthen setx to 42+1 = 43!
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Arithmetic Operators for Integral Types

opl << op2 leftshift equalto opl * 20
opl >> op2 right shiftwith signextensionequalto opl / 2°P2
opl >>> op2 right shiftwith zeroextension

Table5: Arithmetic operatordor opl, op2 of integral type (byte, short, int, long)

[1 byte andshort areautomaticallycorvertedto int beforethe operation

[ If thetypesof both operandsarethe same(int, long, float, double), the
valueof the expressiorhasthe sametype

[0 Thus, 5/2 hastypeint and returns?2
[1 For gettingthe”real” result,uses.o/2 or 5/2.0

[1 Otherwisethe”wider” typeis chosenlong overint, double over float

Programmingl — © GuidoRoRling(roessling@acm.g) ___  Expressions- Operationon Primitive Types: ArithmeticOperators __ 6.16

Comparator Operators

opl < op2 testif oplislessthanop2

opl <= op2 testif opl islessor equalto op2
opl == op2 testif opl equalsop?2

opl >= op2 testif opl is greateror equalto op2
opl > op2 testif oplisgreatethanop2

opl != op2 testif opl isnotequalto op2

Table6: Comparatooperators

[ All comparatooperationswill returnaboolean: eithertrue or false
[ Note the differencebetweenassignmentsising= and comparisonsaising

[J] Two objectlabels are only equalusing == whenthey refer to the same
object
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Logical Expressions

opl && op2 logical conjunction,”and”
opl || op2 logical disjunction,’or”
I op logical disjunction

Table7: Logic operatorexpressions

[ Theoperand®pl, op2 mustbeexpression®f typeboolean
[1 Theresulttypeis alsoof typeboolean

[] & returnstrue onlyif bothopl, op2 are true

[ || returnstrue if atleastoneof opl, op2is true

[] 1op returnstrue if opis faise, andreturnsfaise if opis true
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Parenthetical Expressions

[1 A parentheticalexpressionsimply placesa parenthesisaroundan expres-
sion
[1 Thevalueof the expressions the valueof the expressioncontained

[J Theseexpressionareveryhelpfulwhencombiningmorecomplex expres-
sions

[J They make expressionsnorereadable
[1 They arealsonecessaryor resolvingprecedence

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

[1 Hint: Useparenthesewheneer you arenot absolutelysure how the ex-
pressionwill beevaluated!

[ Whathappensere(for x=35,y=7)?

System.out.printin("The answer is ” + X +y);
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Compound Assignments

leftSide
leftSide
leftSide
leftSide
leftSide
leftSide
leftSide
leftSide
leftSide
leftSide
leftSide

%=
<<L=
>>=

>>>=

expr;
expr;
expr;
expr;
expr;
expr;
expr;
expr;
expr;
expr;
expr;

sameas leftSide = leftSide + expr;
sameas leftSide = leftSide - expr;
sameas leftSide = leftSide * expr;
sameas leftSide = leftSide / expr;
sameas leftSide = leftSide | expr;
sameas leftSide = leftSide & expr;
sameas leftSide = leftSide ~ expr;
sameas leftSide = leftSide % expr;
sameas leftSide = leftSide << expr;
sameas leftSide = leftSide >> expr;
sameas leftSide = leftSide >>> expr;

Figure1ll: Compoundassignmenbperators

O leftSide mustbeanassignablexpression
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Ternary ExpressionConditional

[1 Thereis only oneternaryoperatorin Java : ()2 :
[1 Theform of the operatolis

(logicalExpression) ? expressionl : expression2

[1 ThelogicalExpessionis first evaluated
[ Otherwisethevalueis expression2

[1 expressionl andexpression2 musthave the samereturntype
1 Thereturntypeof the operatois thetype of the choserexpression
[ If theresultis true , thevalueof the operatoris expressionl

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

[ It is usuallysaferto be moreverboseandnotuse( ) ? :
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Type Conversion

[1 Sometimespperationseturna differenttype thanwe want

[1 For example, math.sqrt@) Will returnthesquae rootof 9 asa double o 3.0
I If wewantto assignthevalueto an int , Java will complain!

[1 Java canautomaticallywiden(’coerce”) primitive datatypes:

[ byte short,

[J shortd int,

O int O long,

[ longd float (which possiblylosesinformation!),
[J floatd double

[1 However, Java will notautomaticallynarrow datatypes

[1 Narrowingmight resultin thelossof data
[1 Whatwould happernto thesquae root if wereplaced by 8?
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Explicit Type Conversion: "Casting”

[1 Castingallows usto force Java to changetheviewedtype of anobject
[] Thesyntaxis simple: ( targetTypeName ) expression

[1 Java now viewstheexpression ashaving typetargetTypeName
System.out.printin(Math.sqrt(8.0)); O 2.8284271247461903
System.out.printin((int)Math.sqrt(8.0)); O 2

[1 Castingmayresultin alossof information
[1 system.out.printin((double)42); 0 42.0 losesnoinformation
[1 Note: theactualtypeof the expressions not changedy the casting!

[J Notall castingoperationsarelegal: thetypesmustbe”conforming”
[1 Castingaboolean toint resultsin acompileerror
[1 Otheroperationsnayresultin runtimeerrors
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Order of Evaluation: Precedence

[ For complex operationsye have to know the order of evaluation
[1 Should2+3*5 returniz or 25 ?

[1 To resole theseissuesgachoperatorthasa precedenceshowvn in figure 8
onpages.25

[ Thehigherin thetableanoperatoiis, the soonerit will beevaluated
[J Thus,since« is higherin thetablethan + , 2+3+5==2+15==17
[ Thehigherprecedenceperatorlaimsits operatordirst
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Order of Evaluation: Precedence

() asparentheticalexpression
++,--, unary +, unary -, !, explicit cast
* 1, %
binary +, binary -
< >> >>>
<, <=,>,>=, instanceof

&&

|
0O7:

= andall compoundassignmentsuchas+=

Table8: Java operatomprecedence
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ExpressionsSummary

[ Every expressionfiasatypeandavalue

[ Simpleexpressionsncludeliterals andnames

[1 Operatorexpressiontombineor modify simplerexpressions

[J Theautode-(++) andautoincement(-) operationmodify the parameters

Operator Operation(s) type of result

arithmetic arithmetics thewider of the operandypes
assignment | valueassignment typeof thevalueassigned
cast typecornversion typeof the castoperation
constructoicall | generatenew instance typeof theinvoked constructor
fieldaccess |accesslatafield typeof thedeclaredield
logical binarylogic alwaysboolean

methodcall methodinvocation | returntypeof themethod

Table9: Summaryof Java operators
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