Lecture «: Subclassing and Dynamic Dispatch

Iisllecturelislabout!dynamic dspatch:lhow!alcalllo.m()!maylacually!invoke'thelcode!
ofldi"lerent!methods,alllwith!thelsamelhameim,!dependinglon!theruntime!typeloflthe!
receiver!obgct!o.

Tolexplainlhow!this!happens!we!show!how!onelclass!can!be!delned!as!alsubclassof!
another,landtanlbveridelsomebflitsimethods.! islislcalled!subdassnglorlinheritance,!
andlitslalcentral!featureloflobject!oriented!languages.!At!thelsametime, lit @arguably!a!
rather!dangelous!and!overrused!feature,!for!reasons!that!Weéldiscussllaterlwhen!we!
look!at!subtyping.

I elnotion!ofldynamicdispatchlislbroaderithanthehotionloflinheritance.Youlcanwrite!
allvalprogramiwith!nolinheritancelin'which!dynamicldispatch!still! occurs.! !islisbe-
causelJavahasbuilt-in! support!for!specibcations.!You!can!declarelanlobject!tolsati sfy'a!
kind!oflpartiallspecibcation!calledlaninterfacelandlyoulcaniprovidelmanylimplementa-

tionsloflthelsameinterface.! ! islislactually!almorelimportant!andfundamertal!notion!
than!sulxlassing,!and!it'wll!be!discussed!inlour!lecture!on!specibcation.

! Recap
Herelisithelcode!we!dscussed!inlour!last!lecture:!altassirepresenting!altank!acount:

311  class A&court {

3.1.2 String name;

3.1.3 \ector transv;

3.1.4 int balance;

3.15 Account (String n) {

3.1.6 transv = rew \ector ();

3.1.7 balarce = 0;

318 name = n;

3.1.9 }

3.1.10 bookan cteckTans (Transt) {
3.1.11 return (balance + t.amount >= 0);
3.1.12 }

3.1.13 void post (Trans t) {

3.1.14 transvadd (t);

3.1.15 balarce += t.anount;

3.1.16 }

3.1.17 }

and!altasslrepresenting!altransation:

3.1.18 class Tans {
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3.1.19 int amount;

3.1.20 Date date;
3.1.21 }
3.1.22

«€ Extending a dassby Inheritance

Suppose we vart to implement a new kind of account that allows ovedrafts. We might
call it AccountPlus, and ode it like this:

321  class AcourtPlus extends Accourt {

322 int creditLimit;

323 AccountPlus (String n, int c) {
324 super (n);

325 creditLimit = c;

3.2.6 }

3.2.7 bookan cteckTans (Transt) {
3.2.8 return (balance + ceditLimit + t.amount >= 0);
3.2.9 }

3.2.10 void bump (int i) {

3211 creditLimit +=i;

3.2.12 }

3.2.13 }

3.2.14

le keyword extends indicates that the implemertation of AccountPlus extends the
implementation of Account by adding some new features. AccountPlusis said to inherit
featuresfrom Account; AccountPlusisasubcassof Account, and Account isasuperdass
of AccountPlus.

le reisa newv bdd, creditLimit, and a n&v method, bump, which increases the aedit
limit. Because a nav AccountPlus object needs to have the new Peld initialized, Ac-
countPlus must have its own constructor; thisacdually calls the onstructor of Account
(see &vatext for details of thisdlightly strange gntax). All the other methodsand kelds
of Account are implicitly present in AccountPlus.

le  method checkTrans appears agin in AccountPlus, with di" erent code in its body.
li s is alled overiding When the @de acc.checkTans is executed, which method
acdually gds called will depend on wheher the obgct referenced by acc is an Account
object or an AccountPlus object. ! e mehod call is said © be dynamically resolvel.

At runtime, each object has a type, equal to the dass whase constructor created it. A
variable that appears in the mde also has a type, given by is declaration at compile-
time. At runtime, a variable an refer to an object whose type is not the ariable®type;
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itis su! cient that the obgct typebethetype of a sultlass of he variable type. (For now,
by the way, we@e using the term €ypeQio mean dassibcation by dass name, ¢ distin-
guish it from the term @assQwhich usually carries the wnnotation of the wde in the
class bo. Later in the murse, weOlldbmore precise about what type means)

Sometimes, it will be dear in the mde what type an objct will have d runtime:

3215 AccountPlus acc = rew AccountPlus (OBebO, 100);
3.2.16 Transt = new Trans (100, rew Date ());

3217 if (acccheckTrans (t))

3.2.18 acc.post (t);

In this case, sin@ acc is declared to be of type AccountPlus, and AccountPlus has no
subclasses, we kiow that the method of AccountPlus will be called. But it®not in gen-
eral the type declaration in the program text that determineswhich method gets alled.
Suppose we wote this insiead:

3219 Account acc = rew AccourtPlus (OZebO, 100);
3220 Transt = new Trans (100, rew Date ());

3221 If (acccheckTans (1))

3.2.22 acc.post (t);

where the variable acc is declared in line 3.2.19 @ have the type Account rather than
thetype AccountPlus. What happens? " e code executes exadly as before. Wha deter-
mineswhich checkTans method gdscalled isthe runtimetype of accBthat is, the type
of the dass that provided the constructor used to createit. In general, how ariablesare
declared has no e#ect whatsoever on the behaviour of the program, if it executes sue
cessfully without class cast errors (more on that below).

(Actually, there isone raher obscure case in which the declared type of a \ariable heas
an e#ect. | know this because it wasthe source of a vey nasty bug in ny code that was
painful to track down. By mistake, I®redeclared a Feld in a sullass of a tass, so that
the synadically idertical declaration gppeared in both the class and the sulzlass In
this siuation, an obgct of the sulrlass atually gestwo Pelds of the same name.d@
disambguate them, the compiler uses the mmpile-time type of the expression that is
dereferenced. " e lesoon? Never do this$)

Now suppose we want to handle a ollection of accounts. We might have a Bankclass,
implemented something like this:

3223 class Bank {

3.2.24 Account [] a ccourts;

3.2.25 E

3.2.26 void chaigeMonthlyFee () {

3.2.27 for (inti=0; i< accourtslength; i++) {
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3.2.28 Trans fee = new Trans (-1, new Date ());
3.2.29 if (accourtgi].checkTans (fee)) {

3.2.30 accountsJi].post (fee);

3.2.31 }

3.2.32 }

3.2.33 }

3.2.34 E

3.2.35 }

A Bankobject holds an aray of Account objects. An array isan object just like a\ector,
but it can®grow or shrink dynamically.

Look a the mehod chamgeMonthlyFee used for charging mornthly fees to acounts.
li s bankis urusual: it doesn®hit you when youe down. If deducting the monthly fee
would take you kelow your limit, it won®do it.

le  method works whether the acountsin the aray are regular accounts (in the Ac-
court class), or special acounts (in the AccountPlus class). ! e reason isthat the de-
clared typegiven in the mde saysonly that the object at runtime will belong to that class
or one of its sulzlasses. But at runtime, which checkTransmethod is slected for the all
a line 3.2.29 vill depend on the runtime type of the obgct.

li s mdeissaid to be polymorphic, meaning any shapes(¥ince the same piece of code
text can handle di"erent types of account. If the accounts array contains two obgcts
of the dass Account, and a hird object of dass AccountPlus, the brst and scond time
round the loop the all to the method checkTans will execute code from Account, but
the third time round, it will execute code from AccountPlus. ! e call to postwill always
call the same ode, sine this method has only one ody, although sometimesit will be
called for an Account object, and ®metimes anAccountPlus object.

o> A Template Method

Instead of makng the dient of the Account class call the checkTans method, we ould
call it inside the post method like this:

33.1  boolkan post (Tanst) {

3.3.2 if ('checkTans (t)) r eturn false;
333 transvaddEkment (t);

3.3.4 balarce += t.anount;

3.35 return true;

336 }

Look a the montext this mehod sits in:

337  class A&court {
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3.38 bookan post (Tanst) {E}

33.9 bookan cteckTans (Transt) {E}
3.3.10 }
331 E

33.12 class AcourtPlus extends Accourt {
3.3.13 bookan creckTans (Transt) {E}
3.3.14 }

Now suppose we hare ©me mde that calls poston an obgct of AccountPlus:

3315 Account a = new AccourtPlus (OZebO,100);
33.16 a.post (new Trans (-50, new Date ());
33.17 System.out.println (a.balance);

Which checkTansmethod gescalled inside post? If the mehod from Account iscalled,
it will return False ignoring the credit limit, and he print statement will print 0 asthe
balance. If the mahod from AccountPlusis called, it will return true, the posting will
occur, and te balance will print as-50.

le answer depends on the runtime type of the receiver. Although postbelongsto the
classAccount, sine there is no post method in AccountPlus, its mde will be alled for
both Account and AccountPlus objects. Executing acc.post when acc is an AccountPlus
object will cause the post method of Account to be executed; inside it, the checkTans
method of AccountPlus, and notAccount, will be alled. So although the post method
only gopears in the @mde once, it actually behaves di" erently for AccountPlus and Ac-
court objects.

li s idiom is oten used in implemertations of fBameworksODA framework supplies a
collection of classesthat the programmer tailors to her own purpose by etension B by
adding nev sulclasss. ! e superclass mgy have a meéhod that denes the skeleton

of an algoithm, but acdually leaves mast of the computation to methods that it calls

that are delmed in sulxlasses, by the programmer who etends the framework. Such a
method iscalled atemplate: it letsthe programmer redebre seps of an algorithm with-

out changng its overall stucture.

«.€ Downcasting

Arraysaren®very convenient to program with, since they can®grow or shrink. Suppose
we implement Bankwith a vestor or acountsinstead:

341 [/ badcoce!

342  class Bank {

343 \ector accourts,
3.4.4 E
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3.45 void chalgeMonthlyFee () {

3.4.6 for (inti=0; i< accourts.size(); i++) {

3.4.7 Trans fee = new Trans (-1, new Date ());
3.4.8 if (accourts.elementAt (i).checkTans (fee))
3.4.9 accounts.elementAt (i).post (fee);

3.4.10 }

3.4.11 }

3.4.12 E

3.4.13 }

I elclass!\ectorlisiprovided!as!part! of!'thelstandard!Javallibrary.!Unlikelarrays, vectors!
arelnot! part! oflthellanguagelt self.!So!there€no!speciallsyntax!tol accesshlvector! ele-
ment:lyouhavetolcalllamethod!(here,klementAt (i) ltolgetlthelithlelemenrt).!Also,when!
youldeclarelalMector, lyoulcanfsay'what!it @avector!of.! ! elelementAt!method!hastthis!
signature:

3.4.14 class ¥ctor {

3.4.15 E

3.4.16 Obgct elementAt (int i)
3.4.17 E

3.4.18 }

It!returnslanlobject! of! class! Obpct, !the!superclass!of! alll classes.!So!there€lno!way! to!
know!that!thelexpressionbccounts.element At (i) lwilllactually!evaluate tolan!Account!or!
an!AccountPluslobject . !Iflit! failsito,!'thelcallslon!lines!3.4.8and!3.4.9to!checktrans!and!
postwill! be!lmadeto!objects!without!these! methods! deltned.!Javalis!alsafélanguage,!
which!meansthat! certain!kindslof!runtime!error!cannotloccur,'and!calling!alnon-exis-
tent!methodlisloneloflthem.For!thiskeason,thelcodelaboveWwilll acually!belrejected!by!
thelvalcompiler.

Instead!we!lhae!o!writelthis:

3.4.19 void chamgeMonthlyFee () {

3.4.20 for (inti = 0; i< accourts.size(); i++) {
3.4.21 Trans fee = new Trans (-1, new Date ());
3.4.22 if (((A ccourt) accourts.elementAt (i)).checkTans (fee)) {
3.4.23 ((Accourt) accourts.elementAt (i)).post (fee);
3.4.24 }
3.4.25 }
3.4.26 }
or'better:

3.4.27 void chamgeMonthlyFee () {
3.4.28 for (inti = 0; i< accourts.size(); i++) {
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3.4.29 Trans fee = new Trans (-1, new Date ());

3.4.30 Account acc = (Accourt) accourts.elementAt (i);
3.4.31 if (acccheckTans (fee)) {

3.4.32 acc.post (fee);

3.4.33 }

3.4.34 }

3.4.35 }

I el(Accourt) lonlline!3.4.30is!called!aldowncadt.!At!runtime, it checkslthat! thelobject!
returnedlbytheexpressionlbelongsto!Accountlorlonelboflit ssubclasses.!Iflit!does,lexecu-
tion!continueshormally;liflit'doeslinot, thelprogramisterminatediwithlalClassCastE&p-
tion.!|(WeOll&lk!sbout!exceptionslinlalbter!lecture.)

For!now,!it @important!justitolunderstandtthat!ifl execution! continueslat! thelnext!line,!
thelobject!bound!tolacclisiguararnteed!to!belof!class!Account!or! AccountPlus,landmust!
thereforelhavelthe! postmethod.!So!thelJaval compiler!will! accept! this!code,!sincelthe!
presencelofltheldowncastlensureslthat! therelwilll be!nolattempt!to! calllalmethod!that!
does!not!ist.

Studentslareloften!confused!about!downcasts,landthink!that! somelkind!oflconversion
isitaking!place.! ! islishot!true.! ! eldowncastlislsimplylaltest;!nolchangeto!thelobject!
occurs.

€ Downcasts are notTypecasts
Typecadslare!aldiTerent!matt er.!Executing!this!code

351 double d=1.23;

352 inti=(int)d;

353  System.out.printin (d);

354  System.out.printin (i);
causeslthe!following!to!be!printed

355 1.23
356 1

I elphrasel(int) linlline!3.5.2]slaltypecagt!or!coercim;lit! ensuresltheltypelsakty! oflthe!
program!bylactually!converting!the!doublelcreated!at!line!3.5.1to!anlinteger,!so'that! d!
andi!have!di'lerent!values.INo!sud!thing!hgppens!wth!aldowncast;!iflthe!setement

357  Account acc = (Accourt) accourts.elementAt (i);

completesisuacessillly, 'thelobject!referenced!bylacclafter'thelstatement!islthelsamelob-
ject,'lunmodibed,!as!thelobpct!returned!by!thelexpressionlon!the!right-hand!side.
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Another common misconception is o think that downcasts can alter the elect of
dynamic dispatch. It does no sud thing; which method is alled depends only on an
object® runtime type, whid is unalected by a dowcast. " iscode

358  Obpct x = OzeebO;
359  System.out.printin (x);
35.10 String s = (Strimg) Xx;
3511  System.out.printin (s);

prints the same sting Ozeeb@vice."e downcast at 3.5.10 ha no elect. If the mde
compiles B whid it doesb we @n efrom line 3.5.9 hat System.out.println accepts
an agument of type Obgct, 9 thereisno need to downcast its agument to String. And
when System.out.printin runs, its @de cannot tell whether a dowcast has occurred.

Of courseto obtain a stiing representation of an obgct, ome special code will need to
be executed. " iscode is the mahod toSrin g, which is defed in the Obgct class, and
thus implicitly in every other class " istoSring method, however, simply generdes a
string representation of the addess of the obgct. It is gad practice alwaysto override
toSrin g in auser-defned class wth a method that converts the objct to astring that®
more useful. Having done his, there®no way to recover the elect of Obgctdversion
of the toStrin g method; casting to (Obgct), for example, is simply nonsense and ha no
el ect.

One more onfusion worth noting is o do with the relationship between int and In-
teger. " etypeint isaprimitive type; the value of a ariable of histype is an irteger.
"e typelntegerisan object type; the value of a ariable of thistype is a eferenceto an
object b alleit one that represents an irteger. "e se are used di! erently. "e typeint
isused for local variables and integers in arays; the type Integer is used whenever an
object isrequired (sud as for the demerts of avector).

You cancast between int andInteger. To create an Integer, you se a @nstructor:

3512 inti=5;
3513 Integer obj_i = new Integer (i);

and to extrad the primitive integer from an integer object, you all a mehod:

3514 E
35.15 inti=obj_i.intValue();

€ Type Hierarchy and Safety

Types can be arrangead in a hieraichy. Here is such a hierachy showing some of the
typeswe have discussed:
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Object

Account String AbstractCollection
AccountPlus AbstractList
Vector
Stack

All these typescorrespond to dasses. ! eroot of the treg Obgctisasuperclass directly
or indirectly, of every other class You can sethat \ector is actually positioned quite
deep in the tree its mdeisbuilt by inheritance from the dasses AbstractColkction and
AbstractList which provide keletal implemertations of ®llections and Istsrespective-
ly. Vector itself has asulbclass Steck which is ako part of the &valibrary.

Not every type is a ¢ass, though. Java has sgecibation types, called interfaces, that do
not correspond to executable cwde. An interface is just a ollection of method sigha-
tures. A class that saiskesthe specibtion of an irterface is said b implementit; this
isindicated in the text of the dass by te keyword implenments. WeOll dtuss interface
in more ddail later. For now, all you nesd to know is that a \variable an be declared to
have an interface type, and interfaces thus @ntribute to the type hierarchy. Here is a
fragment of the type hierarchy that shows ssme interfaces implemented by \Vector:
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Object

AbstractCollection

Collection

AbstractList / \ AbstractSet

List Set

Vector/ \

Stack

I elinterface!names!aklitalicized'to!distinguish!them!from!the!names!of!dasses.

Becauselthelruntime!typelof!anlobject!isigivenlby!thelconstructor!that!created!it,!and!
becauselinterfaceslhaveholcode,lit'followsthat!theruntimeltypelbflanbbject!islawaysh!
class! ! eldeclareditypeloflavariablelcanbelakclasslorlaninterface. WeOBliaylthat!alty pe!
(interfacelor!class) Mislalsubtypeloflaltype! T@!therelislalpath!going!uplin!thetypelhier-
archylfrom!Tito!/T® eladges!in!the!path!may!belextendsorlimplementsledges.

Givenlthis!background,welcaninow!statelthelkey!type!sakty! property! of! Java.| Javalis!
saidto!belalstatically typedlanguage What!thisimeansislthat!theltypeslthat!appear!in!
declarationslin!thelprogramltext!tell'youlsomething!about!what!will happeniwhenlthe!
program!runs:

Static typing:!iflalvariablelof!(declared)!typel Tlholdslalreferenceltolanlobject!of ! (run-
time)!typeT MhenTds!alsubtpelof!T.

And!we!@an!now!eplain!downcastsllike!this.!In!thelassigiment
361 TXx=g

thelexpressionelmustlevaluateto'anobject!that!islasubtypelof!T, lotherwiselthisiguaran-
teelcannot!bemaintained.!Soliflthelcompilerlislunablelto!determinelthat!thisisitrue,we!
mustlinsert!aldowncast!like!this

362 Tx=(T)e;

solthat!now!theltest!performed!byltheldowncast!guaranteesitheltyping!property.!if!'the!
cast!fails(that!is,!elevaluatesitolan!object!of'thewrongltype), thelassighmentlisiaborted;!
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if it succeeds, the expressione must have esaluated to an obgct of an appropriate type
b that is, a subtye of T.

«.€ Conclusion

We have distinguished between the declared type of a \ariable, and he @nstructed
type of an obgct, and we hae £en how the mde for a meahod is dhosen acording to
the constructed type of the receiver object. In polymorphic code, thistype annot be
predicted at compile time, and a all that appears gntadically one in the cde may
cause di! erent methods to be invoked at runtime. For this reason, the dispatching
mechanism is sail to be @ynamicO

We®e £en how downcastsallow polymorphic codeto betype checked at compile time,
by introducing runtime tests when he cmpiler cannot statically determine the type
that an expression will evaluate to an mntime. We noted how downcasts are just tests,
and unlike typecasts, have no side eécts.
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