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-Introduction

Java has taken the programming world by storm. In our own experience in developing software at Taligent,
its turnaround time is several times faster than that of C++, a crucial feature in today's markets. Moreover,
it has significant advantages over C++ in terms of portability, power, and simplicity. These advantages are
leading many people to consider replacing C++ with Java, not only for web applets, but increasingly for
client and server applications as well.

Y et thereis alarge amount of code already written in C++. For just this reason, many people are
considering porting their existing C++ code to Java. This paper is addresses those people, providing a
step-by-step approach to porting C++ to Java effectively, with special attention to the following:

e Pitfalls. Inmost cases, the differences between the languages are syntactic, and the compiler will
discover whether you forget to make a change. However, there are afew instances where g
the same code in C++ and Java has dangeroudly different consequences. These pitfalls are
marked with the graphic on the right (Unicode character 2620).

'

e Minimal effort. We assume that you are not, at this point, interested in completely revamping
your code, even though it may be old crufty stuff that you inherited from someone else. As much
as possible, therefore, we minimize your work by providing techniques for a one-for-one match
between your old code and new.

This paper is not specifically directed at the Java beginner, although it can be useful for those getting
started. There are many books available for learning about Java and object-oriented program design; for
some of our favorites, see References.

The following sections are covered in this introduction.



e Ifitain'twrong,...
e Thecompilerisyour friend
o Getting down to business

ilf it ain't wrong...

Since to alarge degree Javafollows C++ conventions, the bulk of your code will remain unchanged:
variable names, flow of control, names of primitive types, and so on. Asyou do in C++, in Javayou will
write classes, override methods, overload methods, write constructors, instantiate objects, and so on. The
following elements of the two languages are very close and generally need little modification.

e Primitives
o char, int, short, long, float, double, void (but not void*)
o variable names
e Flow of Control
o if, else, for, while, do, switch, case, default, break, continue, return, static
e Operators
o+, - L%MN&*|,~L><0,0.{} 2, .=+t -, == <=, >= 1=, >> << ||,
&&, *=
e Comments
o [*.x[ 1l

For example, these snippets of code remain unaltered when ported from C++ to Java.

Bulk of Code Unchanged

C++ Java
/1 sone sanple lines of code /1 sone sanple lines of code
int x = 3; int x = 3;
for (int i =0; i <j; ++) { for (int i =0; i <j; ++) {
X +=1i *i; X +=1i *i;
} }
X = y.methodl(3,4); X = y.methodl(3,4);

When porting from C++ to Java, your job is far easier than when porting to Basic, FORTRAN, Lisp,
Smalltalk or other radically different languages. Keep that in mind as you go through the remainder of this
document: theitems | list are the exceptions, not the rules.

iThe compiler isyour friend

The Java compiler is much more rigorous than that of C++, so much of the code that needs to be changed
will be found by the compiler. With each description of a porting task, examples will show you what you
have to do to C++ code to change it to Java code. In these examples, corresponding lines of code in C++
and Java are lined up (although in some older browsers this doesn't work properly). Thetext isalso
color-coded, in the following fashion.



Color " M eaning

Red “ Pitfall (akafaux amis): code that looks the same, but has quite a different meaning!

Blue " Changes between C++ and Java code.

Black || Codethat isthe samein Javaasitisin C++.

Brown || [tems with specia comments in the notes below.

Green " Comments.

For brevity, code snippets include only enough of the context to be under standabl e!

In discussing Java programming there is also some terminology that we find useful, especialy for
discussing how to deal with references and the lack of const .

Immutables
Those classes or objects whose state can't be changed, such as St ri ng, Nunber, or Local e.
Typicaly this means that there are getters (a.k.a. accessors), but no setters (a.k.a. mutators). The
entire state of the object is determined by the constructor.

Mutables
Those classes or objects that are not Immutable. This aso excludes primitives (boolean, byte, char,
short, int, long, float, double).

Siced
An object that has been converted to a superclass object, with loss of data.

- Getting down to business

Thisarticleis divided up into the web pages below. (It is not split up further, sinceit is pretty annoying to
print very many pages with today's browsers.) It is aso organized to be useful when printed, with some
caveats4

On each page in this article, there are links to the sections on that page, pluslinksto the top of the page (that
look likefl). There are also the occasional footnotes, which are indicated in the text with a superscripted
number in brackets3l and found at the very end of the article.

1. Introduction
o Ifitain't wrong...
o Thecompiler isyour friend
o Getting down to business

2. Basics
The following sections walk you through the main steps necessary to convert your program from
C++ to Java.
o Placement is everything
o To protect the innocent
o All linesare busy
o Giving pointers




o No references necessary
o Honest-to-God arrays
o Only stringing you along

3. Next Steps
The following sections take you further through the steps necessary to convert your program from

C++ to Java

Who owns what?
Garbagein...
Difficult assignments
Decolonization

It'sall conditional

A sign from above
Defaults

Exceptional situations
Checking it twice
Not gooey at dl

0O0O0O000O0O0OO0O0

4, Well-Mannered Objects

The following sections describe particular issues that are common to almost all classes, but are

often tricky to get right.

o Bullet-proofing

On pins and needles
Liberté, Egdlité, Fraternité
Making a hash of it
Doppelganger
Don't try this at home
Allegro manon troppo
Pitfalls

0O00O0O0O0O

5. Esoterica
The following sections deal with somewhat |ess common constructsin C++.

o Primogenitur entall
o Size doesn't matter
o Shave and ahaircut
o Scabs
o Directly tojall
o Javahas no friends
o Liposuction
o Off the charts

6. Background Information
The following sections provide background information, plus an index to topics.
o References
o Introductionsto Java
o Javaand C++
o Object-oriented programming
o About the author
o Acknowledgments
o Topicindex
o Footnotes

e To contact Taligent about these pages, send mail to cookbook@Taligent.com.
e Tofind out more about Taligent'swork in Java, visit hitp://www.Taligent.com.
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The following sections walk you through the main steps necessary to convert your program from C++ to
Java.

Placement is everything
To protect the innocent
All lines are busy

Giving pointers

No references necessary
Honest-to-God arrays
Only stringing you along

i Placement is everything

Before you start porting, first create the directory structure that you will use. To do this, first figure out
what your main package nameis. To get it, reverse the fieldsin your domain name. Thus xyz. cOvbecomes
CoM xyz. If you have two directoriesabc and def for your project, then their packages become

COM xyz. abc and COM xyz. def . Now create directories that correspond to this structure, and copy all of
your sources to the appropriate directory.

e COM
O Xxyz

O abc
O classl.java
O cl ass2.java

O def
O cl ass3.java
O cl ass4. java

Once you have finished your directory structure, you will have to merge your code, since Java does not
distinguish between class interface (declaration) and implementation (definition) as C++ does. To handle
this, rename your header file extensionsto be. j ava. Then take the implementation of each member and
copy it in after the declaration of that member, asif you weredoing ani nl i ne method in C++.

The next step isto take all of the access keywords (publ i ¢, prot ect ed, pri vat e), and copy them at the
front of each of the succeeding methods and fields that they pertain to. Change the inheritance syntax to use
ext ends instead of acolon. If you use multiple inheritance, see Primogenitur entail.

Finally, break apart each classinto a separate file, and at the top of the class, put your package name and a



list of imports. These imports should be alist of all the other packages that you need to access.[2!

Fixing Basic Structure

C++ “ inlined C++ “ Java

Il file h Il file h /'l file.java

package COM xyz. abc;
i nport OOM xyz. abc. *;
inport OOM xyz. def.*;

class Foo : Bar { class Foo : Bar { class Foo extends Bar {
publ i c: publ i c:
int square(); int square() { public int square() {
return x*x}; return x*x};
int cube(); int cube() { public int cube() {
return X*x*x; return x*x*x;
private: private:
int x; int x; private int x;
} } }

/1 file.c (or .cpp)

int Foo::square() {
return x*x;

}

int Foo::cube() {
return X*x*x;

}

Notes

e Javadoes not have the notion of f ri end as does C++. See Java has no friendsfor more
information about how to handle this.

e Java 1.1 does have nested classes, though Java 1.0 does not. If you cannot wait for 1.1, you will
have to move your nested classes out to the top. We suggest concatenating the names: for a nested
classFoo in aclassBar , use Bar _Foo.

e Importsin Javaare not realy likeinterfacesin C++; they are more like namespaces, just alowing
you to abbreviate the full name of a class. For example, even if you omit importingj ava. util . *,
you can still use the Hasht abl e class by ssimply writing itsfull name, j ava. uti | . Hasht abl e.

.To protect the innocent

Next, you need to change afew names. In one particular case this name change is straightforward .



Simple Name Replacements

C++ “ Java

bool x = true; bool ean x = true;

Most name differences, however, depend on the context.

Context-Dependent Name Replacements

C++

Java

/1 const field
static const x = 3;

/1 const nethod
i nt doSorret hi ng() const;

/] character data
char ch ='b';

/1l byte data (e.g. short nunbers)
char b = 31;

/| abstract nethod
i nt soneMet hod() = O;

/1 non-virtual nethod
i nt someMet hod();

/1 virtual rmethod
virtual int soneMethod();

/1 unknown object (not prinitive)
voi d* doAnot her () {}

/1 typedef
typedef unsi gned short Uni Char;

Uni Char ch;

/1 const field
static final x = 3;

[/ const nethod
i nt doSorret hi ng();

/] character data
char ch ='b';

/1l byte data
byte b = 31,

/] abstract nethod
abstract int someMethod();

/] non-virtual mnethod
final int someMethod();

/1] virtual nethod
i nt soneMet hod();

/1 unknown obj ect
oj ect doAnot her () {}

/1 replace by right type

char ch;

The most important language feature missing from Javais const . The smplest approach at the start
isto changeconst tofinal for any field, and remove it otherwise. However, | advise you to
consult Bullet-proofing for more robust techniques.

Notes

e C and C++ do not distinguish between char asasmall number or as a piece of character data; in
general, though, it usually corresponds to character data and can be left alone. Java characters are



16-bit Unicode characters, but since the first 256 Unicode characters are the same as 8-bit ASCII,
you usually don't need to make any changes. Thistopic is also discussed at more length below.
e Thetermfi nal inJavaisroughly equivalent to non-virtual inline in C++, whilethe absence
of fi nal isroughly equivaenttovi rtual non-i nlinein C++.
o Putfinal infront of every method that doesn't contain the word vi r t ual , then delete all
instances of vi rt ual .
o Thereisone complication: in C++, if amethod ismarked vi rt ual ina
superclass, thenitisimplicitly vi rt ual in all subclasses. So, you may need to
look at superclassesto seeif the method isreally vi rt ual .
o Removethewordi nl i ne everywhere.
o C++doesallowinline virtual methods; you could duplicate the effect of thisin Java
with separate methods, but it is usually not worth doing. Just leave them non-f i nal .
e Removethewordr egi st er everywhere. Thisisjust ahint to the compiler anyway, and onethat is
often ignored by modern optimizations.
e Removeaut o, sinceit is redundant.
e Removethet ypedef declarations. All instances of the defined type name need to be replaced by
what they represent. Notice that this replacement may not be one-to-one.

iAII lines are busy

Java does not support operator overloading. You will missthis feature for about 5 minutes if you are
programming in pure Java, but it is a hassle when converting from C++. First you will need to change all
the definitions.

Hereisasample list of operators that could be overloaded, and some typical Java equivaent names (thereis
no fixed set of replacement names; these are only samples). If you are porting well-behaved C++ code, then
the meaning of the operator does not deviate from the core meaning; if not, then you should change the

name to correspond to the real meaning (such asappend for +). The brown items have specia notes below.

Operator Overload Replacement Names

C++ Java C++ Java
+ pl us < i sLess
m nus <= i sLessCr Equal s
! not I = use !a. equal s(b)
% remai nder > use h.islLess(a)
* times >= use b.islLessO Equal s(a)
/ di vi dedBy
@) (see bel ow)
A bi t Xor [1 el enent At, setH ement At
& bi t And
| bitCOr = assi gn
~ bi t Not
>> shift R ght ++ i ncrenent
<< shiftlLeft -- decr ement
*= . (see context)
| or * get X, setX
and -> get X, setX

== equal s &a see bel ow




Notes

e The operator %is remainder in Java, not modulo. For negative numbers, this differenceis

significant. For example, - 396 == -3, while-3 nodul 0 5 == 2. In C++, it isundefined
whether %is remainder or modulo athough most implementations use remainder. So since your
C++ code is portable (right?), you never depended on the result with negative numbers, and you
don't need to make any changes. If you did depend on negative values being modulo, you will
need to change x% to

(x% - ((x <0) ?2y: 0)). .
Don't bother defining an equivalentto! =. Thevaueof (a ! = b) should always be the same asiif
youcadled! (a == b), sojust replace the call siteswith (! a. equal s(b)) . You can replace uses of
> and >=, by just reversing the order of the operands. By the way, for |EEE floats and doubles the
value(a <= b) isnotthesameas! (b > a):

ifa=1.0,andb = 0.0/0.0,then(a <= b) isfase while! (b > a) istrue!

The parentheses operator differs so much from case to case that you will haveto look at the context
to get agood name.

For the pointer operators*, & and - >, Java has no real equivaents. Use getters and setters as
appropriate.

Many homegrown operators will not distinguish between predecrement and postdecrement, or
preincrement and postincrement. If you make use of this distinction, use the longer names.
Assignment (and copy constructors) are more complex than other operators. For more detail, see
Difficult assignments.

For the index operators, define two methods. Y ou will then have to fix the call sites according to
the usage, depending on whether you are accessing the value or changing it (see below).

For the conversion operators, use the pattern below of appendingt o to the name of the type.

Once you have changed all of the definitions, let the compiler find the call sitesfor you to fix.

Replacing Overloaded Operator Calls

C++ Java

/1 defining /1 defining
bool oper at or== bool ean equal s(Foo other) {...
(const Foo& other) const {...

operator int () {... int tolnt () {...

operator AType () {... AType toAType() {...
/1 using /1 using

if (a==Db)... if (a.equals(b))...
a[3] =5; a.set El enent At (3, 5);
x = a[3]; X = a.elenent At (3);

iGiving pointers

Javaistouted as having no pointers. In porting from C++ code, however, you amost want to think of it as
thereverse: all objects are pointers--there are no stack objects or value parameters. The syntax of the



language hides this fact from you, but as the following examples show, you have to be careful!

Replacing Pointers

C++

Java

[/l initializing
Foo* x = new Foo(3);
Foo y(4);

Foo z;

/1 assi gni ng
Foo* a X;
Foo* ¢ 0;
Foo* d = NULL;
Foo b =vy;

/1l calling
x- >doSorret hi ng() ;
y. doSonet hi ng() ;

[/ initializing

Foo x = new Foo(3);
Foo y = new Foo(4);
Foo z = new Foo();

/1 assi gni ng

Foo a = x;

Foo ¢ = null;

Foo d = nul | ;

Foo b = y.clone();
/1 calling

x. doSorret hi ng() ;
y. doSonet hi ng() ;

/1 conparing /1 conparing

if (x == a); if (x ==a);

if (y ==0nb) if (y.equals(b)):
if (& == &) if (y=="0);
Important

assignment. You haveto usecl one() to get anew object.

° g Note that assignment of objects with = does not assign value; it isthe equivalent of pointer
=<

° g Similarly, comparison of objects with == isapointer comparison; you have to use equal s()
3% to get comparison by value.

e Javadoes not automatically convert numbers. Usenul | instead of zero for anull object. If you are
using pointer arithmetic, see Honest-to-God arrays.

-No references necessary

Java also does not have reference parameters in the same way as C++ does. Most C++ programs only use
them in passing parameters to a method, or in getting a return value back.

Fixing Parameter References



C++

Java

/1 val ue input paraneter
i nt et hod1(Foo x);

/1 input paramneter
i nt et hod2(const Foo& X);

/1 Mitabl e out put paraneter
i nt et hod3( Foo& x);

/1 1'mrutabl e out put paraneter
int et hod4(int& x);

/'l val ue input paraneter
i nt et hod1(Foo x);

/1 input paramneter
i nt met hod2(Foo x);

/1 Mitabl e out put paraneter
i nt et hod3(Foo x);

/1 1'mrutabl e out put paraneter
int nethod4(int[] x);

/'l usage /'l usage
Foo x; Foo[] x = new Foo[ 1] ;
z = y. method4(x); z = y. method4(x);
W = X; W = X[ 1] )
Notes

e |nput parameters are those passed by value or as const references. To make your code work, you
can smply remove theconst (however, the robustness of your code definitely suffers with this

simple approach, see Bullet-proofing for better techniques).

e Output parameters are more complex. Mutable objects (such as St ri ngBuf f er ) are passed in
directly. Immutable objects (such as St ri ng, | nt eger ) are more troublesome. Y ou have three

choices:

1. Return the value from the method. This only worksif the return wasvoi d.

2. The simplest way--though ugly--isto passin an array as we did in the example above.
Since arrays are always Mutable, you can just get/set the first value in the array.

3. Thelast way isto create anew class that contains fields corresponding to the output
parameters and return value, and return that. If you make that new class Mutable, you can
also useit as an output parameter and modify it. Thisinvolves more effort, but is

somewhat cleaner than the array method.

Alternative Output Parameters

C++

Java

/1 output paraneter
int met hod4(int& x);

/] usage

int x;

z = y. met hod4(x);
W = X;

/1 output paraneter
i nt net hod4(1 nt Wapper x);

/] usage

I nt Wapper x = new | nt Wapper();
z = y. met hod4(x);

w = X.val ue;

/1 new cl ass
class I nt Wapper {
public Int val ue;

}




Return values can also be references. There are three common idioms for referencereturnsin C++:

1. Return*thi s. Thismethod allows chaining, asinx = y = z. Thisidiom isused by
St ri ngBuf f er in Java, so that you can writex. append(y) . append(z) .

2. Return areference to an input parameter. This allows use of functional returns without requiring
memory allocation. Since the principal use of input parameter returns isin handling memory
alocation, thereislittle need for it in Java, but it may make your porting easier to leaveit asis.

3. Return areferenceto adatic.

All of these idioms can be used in Java, though if you try to set a Mutable the compiler will warn you of
problems. In that case, you will have to use some of the same techniques as with output parameters.

Fixing References

C++

Java

/1 definition
Foo& set X();

/1 return of output paraneter
Foo& get Y(Foo& VY);

/] return static constant
const Foo& get AStatic();

/]l use
nyChj ect . set X(3).setY(4);

Foo x;
nyChj ect . doZ(ny(hj ect. get Y(X));

z = x * Foo::getAStatic();

/1 definition
Foo set X();

/1 return of output paraneter
Foo get Y(Foo V);

/] return static
Foo getAstatic();

/] use
nyChj ect . set X(3).setY(4);

Foo x = new Foo();
nyQoj ect . doZ( nyChj ect. get Y(x));

z = x * Foo.getAStatic();

Notes

e Thereare acouple of other cases where references might be used in C++, although they should not

occur in good C++ code:

o The method creates a new object on the heap, but then hands back a reference rather than
the pointer. Thisis a prime candidate for memory leaks, since there is no way for the

original object to know when to toss the storage. Thisis a bug in the C++ code and should

be corrected.

o The method returns areference to an internal element. For example, it could return

&nyChar Array[ 5] . Although legal, this can be the source of many nasty headaches, since

the results are undefined if the enclosing storage is altered or moved.

i Honest-to-God arrays

Javaarrays are real objects, not just disguised pointers. Generally you replace pointers used to iterate
through an array with offsets, and pointers used with the * operator with an array access. Most of these

cases will be flagged by the compiler.




Fixing Arrays

C++ “ Java
/1 initializing /1 initializing
doubl e x[ 10]; doubl e[] x = new doubl e[ 10] ;
doubl e* end = x + 10; int end = x.length;
doubl e* current = x; int current = 0;
/] iterating /]l iterating
while (current < end) { while (current < end) {
doSorret hi ngTo(*current ++) ; doSorret hi ngTo(x[current ++]);
} }
for (i =0; i <10; ++i) { for (i =0; i <x.length; ++) {
doSonet hi ngTo(*current ++) ; doSorret hi ngTo(x[i]);
} }

Notes

e Both the syntaxesFoo x[] andFoo[] x work, though the latter is recommended.

e Javaarrays can supply you their length, rather than you having to remember it independently.
Wherever possible, use the supplied length instead of a hard-coded value.

e Aswith fields of an object, theitemsin an array areinitialized to zero (for numerical primitives),
f al se for bool ean, and nul | for objects.

behave like pointers, not values. Since arrays of objects are--under the covers--arrays of pointers,

g Declaring an array does not createthe objectstofill thearray! Thisisanother place where objects
xthey areinitializedtonul 1, not to alist of default-constructed objects. If you want them to be

default-constructed objects, you must set them yourself!

Fixing Arrays

C++ “ Java

/1 initializing /1 initializing

Foo x[10]; Foo[] x = new Foo[ 10];
for (int i =0; i <x.length; ++) {
x[i] = new Foo();
}

/1 initializing /1 initializing

static const int x[] = static const int x[] =

{1,2,3,4,5,6,7,8, ... {1,2,3,4,5,6,7,8, ...

If theFoo[ ] array were astatic field, you could still do the initialization, by putting thef or -loop inside a
static block.



One other point: although the allocation of static arraysin Javalooks similar to the alocation of static arrays

in C++,

be aware that there are far different footprint and performance implications. Unlike the C++

compiler, which builds a static table that is loaded in at runtime, the Java compiler actually generates code to
place every single entry in the array, so avery large table could result in a performance and footprint hit.

iOnIy stringing you along

The majority of C++ programs either still use char * to represent strings, or use their own home-grown
string class. For the former case, hereis how to transate some of the common lines of code.

Replacing char*

C++

Java

/1 Strings
char s[100] = "abc";

strcat (s, "def");
char ch = s[5];

s[3] ="a';

[l Strings

char s[100] = "abc";
strcat(s,"def");
char ch = s[5];

s[3] ='a';

/'l character properties
if (islower(ch)) ...

/1 Strings
String s = "abc";

s += "def",;
char ch = s.charAt (5);

s = s.substring(0, 3)
+'a + s.substring(4,s.length());

/1 StringBuffer
StringBuffer sb

= new StringBuffer("abc");
sb. append("def");

char ch = sb.char At (5);
sb.setCharAt(3,'a");

[l character properties
if (Character.isLowerCase(ch)) ...

Notes

e Note that you have substantially different code depending on whether you use St ri ng (an

Immutable class) or St ri ngBuf f er (aMutable class). Stri ng isgenerally smpler to use;

St ri ngBuf f er should be used for efficiency in successive modifications. When you are using

st ri ng and doing modifications, remember that you have to reset the value of your variable to the
result; methods named asif they modify the value (such asr epl ace) redly create new St ri ngs
that you have to assign back.

The propertiesin Char act er are much broader than in C++, and are going to be augmented further
in Java 1.1 to include all the Unicode 2.0 properties. Thisis part of alarger addition of code to
more fully support Unicode, and enable Java's support of the many languages supported by the
tens of thousands of charactersin the Unicode Standard. If you are interested in the Java 1.1
international support provided by Taligent, visit http://www.Taligent.com. Y ou should also
consider getting a copy of the Unicode Standard, Version 2.0.
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The following sections take you further through the steps necessary to convert your program from C++ to
Java.

Who owns what?
Garbagein...
Difficult assignments
Decolonization

It's all conditional

A sign from above
Defaults

Exceptiona situations
Checking it twice

Not gooey at dl

iWho owns what?

In C++, you have to be extremely careful about who owns a pointer--that is, whether the object or acaller
has the right, and the responsibility (or blame) , for deleting the pointer. There are three general casesin
C++:

Adoption
The caller hands over ownership to the object. The caller should relinquish any pointers to the
object, so that it does not mistakenly delete or ater the contents of the pointer.

Aliasing
The caller kegps ownership, and just passes in a pointer. The cleanest case is when the pointer is
const , sinceit isclear that the object cannot own the pointer. (Unfortunately, there is no way of
indicating in C++ that the object can make changes to the pointer but cannot deleteit.)

Assignment
The caller keeps ownership of what it passes in, and the object makes its own copy. Thisisthe
safest mechanism, but must often be avoided because of performance considerations.

o Notethat if the pointer can be a subclass, you had to use some extension of RTTI in C++
instead of new: otherwise your object will be dliced. Since even standard RTTI does not
support this, most people end up having a base class member function called copy or
cl one that all derived classes override.

o To make our examples ssmpler, we will write the C++ code asif you had two global
template functions:



O :: Copy(x,y),which creates a polymorphic copy of y.
O : : Repl aceByCopy(x, y), which deletesx, setsit to NULL, then setsit to a copy of

y.
(After you delete apointer field in C++, you must null it out before assigning it
with afunction call (including new). Thisis a subtle point, but unless you do this
the object's destructor will do a double deletion if the function call throws an

exception!)

Javais considerably simpler, as you will see.

.Garbagein...

Java has built-in garbage collection, which relieves you from much of the grunt work of memory access.
(Not al of it--even if you don't have to worry about who can delete objects, you still have to worry about
who can change objects: see Bullet-proofing). In general, you will just remove al destructors and
deletions, and replace copy constructors by cl one.

Removing Destructors and Deletions

C++ “ Java

/] destructor /1 no destructor

~MQj ect () {
del ete fieldi;

del ete fiel d3;

/1 pointer field adoption /1 field assignnent

voi d setFiel dl (Foo* newal ue) { voi d setFieldl (Foo newal ue) {

del ete fieldi;

fieldl = newal ue; fieldl = newal ue;




/Il pointer field aliasing

voi d setFiel d2 (Foo* newal ue) {

field2 = newval ue;

/1l pointer field assignnent

voi d setFi el d3 (const Foo& newval ue) {

delete field3;

field3 = NULL;

aVal ue = new Foo(newval ue) ;

/1l pointer field aliasing

voi d setFiel d2 (Foo newal ue) {

field2 = newval ue;

/'l field assignnent

voi d setFiel d2 (Foo newal ue) {

aVal ue = newval ue. cl one();

If the object is not going out of scope or going to be reset soon, then you should replace a deletion by
setting to nul | . That allows the garbage collector to get rid of the object without waiting for it to go out of

scope. For example:

Enabling Garbage Collection
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/1 big block with lots of stuff /1 no destructor

{ {
Foo x = new Foo(); Foo x = new Foo();
del ete x; x =null;

} }

The only case you have to worry about iswhere your destructor must also release system resources (such
as open files), or perform some other global action (such as removing a corresponding object from a global
list). In that case, you may need to put some of the guts of your destructor into af i nal i ze method.
Unfortunately, you can't control when this method gets called very well, so you may instead have to add an
explicitr el ease method, and call it in al the places where your object was destroyed in C++.

-Difficult assignments

In C++, you generally define a copy constructor and an assignment operator. Both of these should be
closaly linked in the way they work. In Java, you could replace them both by the use of cl one. However,
to minimize the changes to your C++ code on the calling side (especially for output parameters), it is often
easier to go ahead and write an assi gn method.

An assign method may aso be faster, since it avoids the cost of making a new object by acl one.

You must be careful when writing correct clone, equals, and hashCode operators--see
Well-Mannered Objects for more information.

Fixing Assignment

C++ “ Java

/1 defining “// defining



Foo(const Foo& other) {

fieldl

other.fieldi;

field2

;. Copy(other.field2);

Foo& operator= (const Foo& other) {

if (&other !=this) {

Super Cf Foo: : oper at or =( ot her) ;

fieldl = other.fieldi;

. . Repl aceByCopy

(field2, other.field2);

return *this;

/'l using

Foo a = Foo(c);

a =b;

public clone (Foo other) {

Foo result = super.clone();

field2 = other.field2.clone();

return result;

publ i c Foo assign (const Foo& other) {

if (other '=this) {

super . assi gn(ot her);

fieldl

val ue. fiel di;

field2

other.field2. clone();

return this;

/'l using

Foo a = c.clone();

a = b.clone();




voi d get St uff (Foo& foo, Bar& bar) { public void getStuff(Foo foo, Bar bar) {

foo = ot herFoo(); f 0o. assi gn(ot her Foo() ) ;

bar otherBar (); bar . assi gn(otherBar());

- Decolonization

Double-colons occur in two placesin C++: with statics and with direct base class methods. In both cases,
Javahas a different syntax, but there are few opportunities for error since the compiler will catch most
mistakes.

All statics must be defined in a class, so you have to move your "unclassy" static data or global functions
into an appropriate class, or make up anew classsuch asd obal s .

Statics & Base Class Methods

C++ “ Java
/1 decl aring /'l decl aring
class Foo { class Foo {
static Foo Xx; static Foo x;
voi d someMet hod() ; voi d someMet hod() ;
} }

class Qobals {

int nyd obal Function() {... static int nyd obal Function() {...

static Foo y; static Foo y;




/1l using /'l using

a = Foo: : X; a = Foo. x;
b =vy; b = dobals.y;
¢ = nyd obal Function(); ¢ = @ obal s. ny@ obal Function();

/1 decl aring /1 decl aring
class Fii : Foo { class Fii extends Foo {
voi d soneMet hod() { voi d someMet hod() {
Foo: : soneMet hod() ; super . sonmeMet hod() ;
} }
} }

In Java, above the immediate superclass, you can't call base class methods directly. Luckily, caling higher
base classes is rarely done in C++, so you should have few instances of it. If you do run into a case like
this, then you will have to introduce some artificial methods of the class you want to call.

.It's all conditional

Conditionals look very similar, except that Java enforces the type bool ean. If the condition is flagged as an
error by the compiler, then put it in parentheses, and add ! = 0.

Fixing Conditionals



C++ “ Java
if (x ==3) {} if (x ==23) {}
if (x++) {} if ((x++) '=0) {}
if (x =vy) {} if ((x=y) =0 {}
Notes

e The Javarestriction has the extra benefit of ferreting out the unintended use of = instead of ==. One

only wonders how many millions of dollarsin timethat little gem in C and C++ has cost overall; it
issurprising that no one has yet filed a class-action suit against K & R!

Javahasno#if or #i f def . In many cases, these conditionals are not required since they are often used for
marking machine-specific code, which is not aproblem for Java. Generally, these macro conditionals can

be replaced by use of asimple conditional, since Java optimizes away conditionals that evaluatetof al se at
compiletime.

Replacing #i f def

C++ “ Java

class dobals {

#defi ne DEBUG f al se

static final bool DEBUG = fal se;

#f DEBUG
if (DEBUY {

#endi f




However, where you have commented out parts of ablock or more than one method, there is just no good
substitute for #i f def inJava. Occasionaly, / *. . . */ will substitute; but you have to be careful of
premature termination since these marks do not nest, and people often have these comment blocks at the
front of each method. The last resort isto copy the commented-out material to another file to preserveit, and
then to put acomment in pointing to that file.

Asasideissue, there is one dlight change you might have to maketo f or statements, since declarations
inside af or statement are scoped dightly differently for older C++ compilers. If there are outside
dependencies you might have to pull the declarations out to a higher level, as shown below. The compiler
will warn you of these.

Fixing f or -Loop Declarations

C++ Java

int i;

for (int i =0; i <j; ++) {
for (i =0; i <j; ++) {

X +=1i *i;
X +=1i * i,

N
1]

iA sign from above

The Java primitives do not have signed and unsigned variants. The char typeisawaysunsi gned, while
the others are si gned. First remove al si gned keywords. (Since the char typein Javaislarger than char
in C++, removal of si gned doesn't make a difference. This discussion presumes that you have aready
converted non-character C++ char to bebyt e, asin To protect the innocent).

Once you have removed si gned, take alook at the unsi gned types. If you really need the range they
provide, then you will have to change them to the next higher type.

If your C++ code was portable, you made few assumptions about the sizes of i nt sinceit
could be 16, 32, or even 64 bitswide in C++, and the only one to watch for isunsi gned
short.

The C and C++ languages officially say that bitwise operations on signed integers are not
portable. People do it anyway, assuming that all machines are now two's-complement.
Thankfully, Java officialy defines signed integers to be two's-complement, and bitwise
operations on them are reliably portable.

Once you are done, drop the unsi gned keywords.



Unsigned

C++ “ Java
/1 can be > 2,147, 483, 648
unsi gned int x; | ong x;
/] otherw se
unsi gned int Xx; int x;
/] can be > 32,767
unsi gned short x; int x;
/] otherw se
unsi gned short x; short X;
signed int vy; int y;
zZ =X >>1; Z =X >>>1;
z =y > 1; z =y > 1

instances of >>, and check the type of the arguments. Luckily, most code doesn't use this construct

h.
xvery muc

Also, watch out for number-wrapping assumptions. For example, with a16-bit C++i nt, (x >>
8) givesthe high byte. With a32-bit Javai nt , you need to mask off possible garbage in the top
bitswith((x >> 8) & O0xFF) to get the same resullt.

g If you are right-shifting an unsigned value, you will need to change to use >>>. Search for all



-Defaults

Java does not have default parameters. If you really want them, you have to use overloaded methods, one
for each defaulted parameter. (Y ou can make themf i nal , which with agood compiler will remove the
overhead of overload.) You may find it smpler to replace the call sitesinstead, depending on your code.

Default Parameters

C++ “ Java

int method(int x = 3, public int method(int x, char c) {

char ¢ ='a');

public final int method(int x) {

return nethod(x,'a');

public final int method() {

return nethod(3,'a");

-Exceptional situations

The exception mechanism works pretty much the same in C++ and Java. The main differences are that--

1. Asusua, you will need to create the exception with new.

2. The"catch everything” clause (. . .) isreplaced by Except i on, which is the base class for Java
exceptions. (More precisely, Thr owabl e is, but you generally don't need to worry about that.)

3. For the most part, you must declare which exceptions could be thrown by your class. These could
be a so thrown by Java class methods that you call, such asSystem i n. readl i ne() . The
compiler will let you know this, so you can generally just declare the onesit tells you to.



Exceptions

C++

Java

voi d sonmeMet hod() {

try {

t hrow RangeException();

} catch (const RangeException& e) {

} catch (...) {

voi d ot her Met hod() {

t hrow BadNewsException();

voi d someMet hod() {

try {

t hrow new RangeExcepti on();

} catch (RangeException e) {

} catch (Exception e) {

voi d ot her Met hod()

throws BadNewsException {

t hrow BadNewsExcepti on() ;




Notes

e C++ adso lets you declare thrown exceptions, but it doesn't force you to.

e More precisaly, you must declare exceptions, except for those exception classes that descend from
Runt i meExcept i on Or Err or . These latter exceptions are for situations which could occur in
essentially all code, such as for out-of-memory or file-system-full. Java doesn't require declaring
them, since it would be cumbersome and pointless to declare them in essentialy al code.

i Checking it twice

Unfortunately, Java has noenuns. You will haveto replace al of your enuns by constants, and you will
get no type-checking, and no overloading of methods based on the difference in types. Since you have no
type-checking, callers are not prevented from mistakenly passing in some random integer instead of an enum

value.

Enums



C++

“ Java

class Button {

enum ButtonState {inactive, active,

voi d nethodl(ButtonState newState) {

if (newState == inactive) {...

/'l usage

X.set State(Button::inactive);

m xed, inherited};

class Button {

/] ButtonStates

public static final byte | NACTI VE = O;

public static final byte ACTIVE = 1;

public static final byte MXED = 2;

public static final byte | NHER TED = 3;

voi d nethodl(byte newState) {...

if (newState == INACTIVE) {...

/'l usage

X. set Stat e(Button. | NACTI VE) ;

Notes

e Instead of constant numbers, you could make each item relative to the previous. Thiswill save time

renumbering if you often insert items in the middle of the list. For example,

active = inactive + 1.

e If you use byt e instead of i nt, you recover alittle bit of safety, since you can't just pass any

number in. Most enuns are small numbers, which enables this trick.

e Javacoding conventions require you to uppercase constants. This may be apain to do, since you
have to change al the call sitesaswell as dl the definitions. So, you may want to just leave them
lowercased to minimize the work.

e If you redly, realy wanted your enuns to be safe, you could encode them as a class. However,
you probably will not find it worth the effort, since you have to make considerable changes to your

method definitions and call sites, as you see below:




Replacing enum with a Class

C++

Java

class Button {

enum ButtonState {inactive, active,

m xed, inherited};

voi d nethodl(ButtonState newState) {

if (newState == inactive) {...

class Button {...

voi d nethodl(ButtonState newState) {...

if (newState == ButtonState.|NACTIVE) {...

final class ButtonState {

public static final ButtonState | NACTIVE

= new ButtonState(0);

public static final ButtonState ACTIVE

= new ButtonState(1);

public static final ButtonState M XED

= new ButtonState(2);

public static final ButtonState | NHER TED

= new ButtonState(3);




public int tolnt() {

return state;

private ButtonState(int state) {

this.state = (byte) state;

private byte state;

Notes

® But t onSt at e isone of the few classes where == isthe ssme asequal s.

e If you use thistechnique, you have to change your swi t ch statementsto chainsof i f statements,
since the compiler won't determine that But t onSt at e. | NACTI VE. t ol nt () iSaconstant integer
expression.

. Not gooey at all

For simple text-only applications, or for debugging, you will want to know how to deal with arguments and
how to print from the console.

Text-only Applications

C++ “ Java

/1 fetching command-|ine arguments /1 fetching command-|ine argunents

public class M/Application {

int main(int argc, char *args[]) { public static void main(String args[]) {




for (i =1; i <argc; ++H) {

doSonet hi ng(args[i]);

/'l Gstyle sinple output

printf("%%", "abc", 3);

/1 Gstyle file output

FI LE* output = fopen("aFile","r");

if (output == NULL) {

handl ePr obl em() ;

fprintf(output, "%%", "abc", 3);

fcl ose(out put);

/] C++-style sinple output

for (i =0; i <args.length; ++i) {

doSonet hi ng(args[i]);

/1 sinple output

Systemout. print("abc" + 3);

/1 file output

try {

Print Stream out put = new Print Strean(

new Fi | eQut put Strean("aFile"));

output.print("abc" + 3);

out put .. cl ose();

} catch (java.io.lCexception e) {

handl ePr obl en() ;

/1 sinple output




cout << "abc" << 3; Systemout. print("abc" + 3);

Notes

e Use plussigns instead of commas to separate operands in the print statements.
e Thefile output codeisreordered in handling error conditions

Unfortunately, an array doesn't have ameaningful t oSt ri ng, despite the fact that it would be easy to iterate
over the contents. For debugging it is useful to code a replacement, as shown below:

Printing Arrays

/] definition

static String arrayToString(Chject[] array) {

StringBuffer result = new StringBuffer("<");

for (int i =0; i <array.length; ++) {

if (i '=0) result.append(", ");

result.append(array[i].toString());

resul t.append('>');

return result.toString();

/'l usage

Systemout . println(arrayToString(foo2));

Thisexample dso illustrates acommon idiom: allocating a St r i ngBuf f er , successively appending to it,
then returning its conversion to a st ri ng. Thisis much, much faster than using st ri ng concatenation,
sincetheequivalentresult += array[i].toString() constantly creates new objects.
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The following sections describe particular issues that are common to ailmost al classes, but are often tricky
to get right.

Bullet-proofing

On pins and needles
Liberté, Egdlité, Fraternité
Making ahash of it
Doppel ganger

Don't try this at home
Allegro ma non troppo
Pitfalls

iBuIIet-proofing

The most important language feature missing from Javaisconst . The absence of this feature significantly
compromises the robustness of your code.

In Java, you can't determine on an object-by-object basis whether someone can change an object; you can
only do it on the class level. This significantly complicates your life, if you want to provide the same level
of robustness against mistaken modifications as you have in C++.

With the Java paradigm, the only way to have constant objectsis to write an Immutable class. There are
certainly advantages to this approach:

e Immutables do not need to be cloned.

e Multiple variables and other objects can safely refer to Immutables without fear that some object
will modify them behind their backs.

e Immutables are also thread-safe, without taking specia provisions.

The downsideisthat in order to make an object Immutable, you generally have to write two classes, with a
fast conversion between them. We seethat with St ri ng and St ri ngBuf fer. Stri ngBuf fer providesa
mechanism to modify strings, while St r i ng provides the Immutable counterpart. Behind the scenes, they
are designed to share a single character buffer--where possible--so that conversions are not too onerous.

Short of taking this approach, it is difficult to maintain the advantages of const when porting your code.
Suppose that you are returning aconst pointer from a getter. Without const the integrity of your object can
be compromised if someone mistakenly alters the object returned from the getter. Suppose that you are
passing your object in as a parameter. Without const you have no indication when your object isjust an



input parameter, and when it could be modified (perhaps mistakenly) behind your back.

Our recommended approach with the current Java language definition isto write an Immutable interface,
one that provides API for just the "const " methods, such as getters. If you then return (or pass) objects of
type Immutable, you get the same degree of safety asin C++. (Note that, just asin C++, the "constness"
can be cast away, so it doesn't prevent malicious coders!)

Replacing const

C++

Java

/1 definition
class Foo {
public:
int getS ze() const;
int setS ze();
private:
int size;

}

/1 in another class's definition
const Foo* nethodl() {...

voi d net hod2(
const Foo& i nput,
Foo& out put) {...

/'l usage

const Foo* y = x. methodl();

z = y.getS ze();

y.setSi ze(3); // conpilation error
(*(Foo*) &) .setSize(3); // cast

/1 definition
cl ass Foo inpl ements Const Foo {

public int getSize();
public int setSize();

private int size;

}

/1 in another class's definition
Const Foo net hod1() {...

voi d net hod2(
Const Foo i nput,
Foo output) {...

/'l usage

Const Foo y = x. met hod1();

z = y.getS ze();

y.setSi ze(3); // conpilation error
((Foo)y).setSize(3); // cast

/1 additional interface
i nterface ConstFoo {
int getS ze();

The other safe dternatives are:

e Clone the pointer before returning. This has the advantage of requiring asmall amount of
programming effort, but may be a performance hit. See Doppelgénger and Don't try this at home.

e Write an Immutable cover class, one that delegates al of itscallsto the origina class. Thisisared
class, not just an interface, and cannot be cast away. This approach provides complete safety, but at
the cost of considerably more work and some performance (an extramethod call for every
delegated method).

Really Safe



C++

Java

/1 definition
class Foo {
publ i c:
int getSi ze() const;
int setS ze();
private:
int size;

}

// in another class's definition
const Foo* methodl() {...

voi d net hod2(
const Foo& i nput,
Foo& output) {...

/'l usage

const Foo* y = x. methodl();

z = y.getSize();

y.setSize(3); // conpilation error
(*(Foo*) &) .setSize(3); // cast

/] definition
class Foo {

public int getSize();
public int setSize();

private int size;

}

// in another class's definition
Saf eFoo net hodl() {...

voi d et hod2(
Saf eFoo i nput,
Foo output) {...

/'l usage

Saf eFoo y = x. net hodl();

z = y.getSi ze();

y.setSize(3); // conpilation error
((Foo)y).setSize(3); // conp. error

/1 additional class
final class SafeFoo {
public int getSize(); {
return foo.getS ze();

}

private Foo foo;

}

g Be careful of static final datafields; unlessthey are Immutable, they arenot safe. You have to use

xthe same techniques as shown above to make them so.

Unexpected Damage

/1 decl aration
i nport java.aw . Point;
class Foo {

}

/'l usage

Point y = Foo.CRAN
y.translate(3,5);

/1 Danger, WII| Robinson!

public static final Point CRIA N = new Point (0, 0);

/1 ORIA N has been changed to be <3,5> at this point!




iOn pins and needles

Thread-safety is anew concept for many C++ programmers. The C++ language provides no standard
assistance for multithreaded programs, so all of the C++ synchronization (if any) is dependent on external
libraries. Since it appears explicitly, you should be able to trandate it according to the semantics of that
library into explicit synchronization calls. However, you will need to understand both how the particular
C++ synchronization and how Java's synchronization work.

Java offers powerful, built-in support for threads, but you will need to design your classes for thread-safety
to ensure that they work properly. In general, your classes will fall under three cases.

No thread-safety
If your classwill only ever be used in asingle thread, you don't need to do anything.

Minimal thread-safety
Minimal thread-safety allows you to use different instances in different threads, but not references
from two threads to the same object. To make your class minimally thread-safe, determine which
fields have class data (a.k.a. static data) that can be atered. Synchronize all methods that access or
change that static data. (This actually overstates it abit; you need only synchronize the actual code
that accesses that data, not the entire routine. However, it may be ssimpler in porting to just add the
synchr oni zed keyword to these methods in your first pass.)

If you don't make your classes minimally thread-safe, you can get into trouble. Imagine what
happensif inthread A, obj ect 1 istrying to access static data, while in thread B, a completely
different obj ect 1 (but of the same class, or a subclass) is modifying the same static datal

Full thread-safety
With fully thread-safe objects, you don't have to worry how you use them at al. Full thread-safety
allows two different threads to have variables referring to the same object, with either one able to
make changes to that object without causing problems. Aswell as making the changes for minimal
thread-safety, you have to synchronize all methods that either change instance data (a.k.a. object
data), or access instance data that could be changed after the construction of the object.

Thereisaprice for full-thread safety: accessto your object is aways sower, even if the object is
not being used in a multithreaded environment. Full thread-safety is not generally necessary for all
objects.

Immutables don't need to be synchronized in order to be fully thread-safe, except for those
methods that change hidden caches. For example, Locale is Immutable, but thereisahashCode
method that changes a hidden datafield. That method then has to be synchronized.

Even if you follow the above guidelines, you need to make sure that the objects are left in a consistent state
whenever any method returns. Unless additional synchronization mechanisms are set up, client code of
your class can't do any transaction-like operations that span multiple calls. For example, if two threads are
both iterating through a Vect or and reversing the order of the elements at the sametime, even if all of the
methods are synchronized the results can be undefined. Complete guidelines to thread-safety are beyond the
scope of this article.

If an object has only minimal thread-safety, callers have to do their own synchronization for that object if it
can be referenced by multiple threads; e.g., by protecting all the code that accesses that object.

[ Liberté, Egalité, Fraternité



The way Javais set up, classes should implement hashCode and equal sl However, it is easy to get these
wrong, and the failures may be difficult to debug. Although Java memory management saves some
complications, there are other problems similar to those of C++. Unless you are aware of these problems,
you will get non-robust (fragile) code. So hereisafairly complete example of how to writeequal s.

Asdiscussed under Basics, thereis quite a difference between == and equal s() . The operator ==
represents pointer identity, while equal s represents value or semantic equality. To correctly defineequal s,
you must make sure that the following principles are observed.

Semantic Equality
If you use the same steps to create x asyou do to createy, then x. equal s(y) .

Symmetry
If x. equal s(y), theny. equal s(x).
Trangtivity
If x. equal s(y), andy. equal s(z),thenx. equal s(z)
If you don't maintain these invariants, then users of your code (ak.a. clients) will become rather annoyed

when your class doesn't work as expected, or--worst yet--data structures can become corrupt (see Making a
hash of it).

Note that if you depend on inheriting the default implementation of equal s from Qbj ect , you will get the
wrong answer! The default implementation, as we see below with St ri ngBuf f er , does not preserve
semantic identity.

Bad equal s in Action

/] use sane steps to create x and y
StringBuffer x = new StringBuffer("abc");
StringBuffer y = new StringBuffer("abc");

[/l failing code

if (x.equals(y)) {
Systemout.printin("Correct!"); // never reached
}

/1 work-around, for this case

if (x.toString().equals(y.toString())) {
Systemout.println("Correct!");

}

Here is an example of how to correctly implement equal s, with the different cases that you may be faced
with annotated.

Implementing equal s



1|l public bool ean equal s(Chject obj) {
2 if (this == obj) return true;
3 /1 if (!super.equals(obj)) return fal se;
4 if (getdass() !'= obj.getdass()) return fal se;
5 Sanpl e other = (Sanpl e) obj ;
6 if (nyPrimtive != other.nyPrimtive) return false;
7 if (!nyQoject.equal s(other.nyCoject)) return fal se;
8 if ((nyPossNull == null) {
9 if (other.nyPossNull != null) return fal se;
10 }
11 if (!nmyPossNull.equal s(other.nyPossNull)) return fal se;
12 /1 if (!'nyTransient.equal s(other.nyTransient)) return fal se;
13 if (nyBad. getSi ze() != other.nyBad. getSi ze()
14 || nyBad. get Col or (). equal s(other.nyBad. getColor()) return fal se;
15 return true;
16| }
Notes

Line Comment

2.

3.

12.
13.

This quick check isworth it.

Uncomment thislineif-and-only-if the immediate superclassis not bj ect ; otherwise you
a2 will get the wrong result!

So why don't we write the following?

if (!(obj instanceof Sanple)) return fal se;

Hereiswhy. Suppose A is a superclass of B, and we are comparing two objects of those classes, a
andb.

e Inthecodefor a. equal (b), (b instanceof A) istrue.
e Butinthecodeforb. equal s(a), (a instanceof B) isfalse.

Using (get G ass() != obj.getd ass()) instead solvesthis problem. If you have a special
hierarchy (such as Number) where you want equality checks to work across some different classes
(but not others), then you will need to use special code. Y ou can do it, but be forewarned that such
cases get very tricky unless you have aclosed set of classes, with no outside subclassing!

Y ou need this more complicated code if afield could benul I .
Transient fields, such as caches, are irrelevant to the equality of the object, and must be ignored.

If one of your fields does not implement equal s correctly, then you have to do your own
comparison.

(I have seen some peopleuset oSt ri ng() to work around bad equal s. Don't do it except with
StringBuffer. ThetoString method isreatively expensive and not guaranteed to contain the
complete state of the object. In practice, if objects can be reasonably converted to astring,

t oSt ri ng isused for the name of that method. If objects cannot be, thent oSt ri ng Spews
whatever debugging information the class designer thought worthwhile.)




iMaking a hash of it

Theway Javais set up, most classes should implement hashCode and equal s. However, it is easy to get
these wrong, and the failures may be difficult to debug. So hereisafairly complete example of how to
writehashCode.

Writing hashCode is much simpler than writing equal s. The only strict principle that you absolutely must
follow is:

Agreement with Equality
If x. equal s(y), then x. hashCode() == y. hashCode().

If you don't maintain this invariant, then HashTable data structures get corrupt! Here is an example of how
to correctly implement hashCode, with the different cases that you may be faced with. Y ou will see that this
corresponds closely with the code for equal s.

Unlike equal s , hashCode does not need to use all the nontransient fields of an object;
just enough of themto get a reasonable distribution from 0 to I nt eger . MAX_VALUE .

Implementing HashCode

1| public int hashCode() {
2 int result = 0;
3 /1l result "= super.hashCode();
4 result = 37*result + nyNunerical Prinmitive;
5 result = 37*result + (nyBoolean ? 1 : 0);
6 result = 37*result + nyChj ect. hashCode();
7 result = 37*result +
8 (nyPossNull !'= null ? nyPossNul | . hashCode() : 0);
9 /1 if (!'nyTransient.equal s(other.nyTransient)) return fal se;
10 return result;
11}
Notes

Line Comment
Why 37, you might ask? Actually, any reasonably sized prime number works pretty well.

3. @@ Uncomment thislineif-and-only-if the immediate superclassisnot Qbj ect ; otherwise you
a2 will get the wrong result!

7. You need this dightly more complicated code if afield could benul | .

9. Transent fields, such as caches, are irrelevant to the equality of the object, and should be ignored.
Y ou must not include any fieldsin your hashCode that are not included in your equal s code.



' If your keysin aHasht abl e are not Immutable, be careful; if you change the value of the key you
h | must first remove the key-value pair from the table, and then re-enter the pair after you change the
><val ue of the key. Otherwise your Hasht abl e becomes corrupt!

i Doppelganger

Implementing cl one allows other programmers to use your objects as fields and to safely implement
getters, setters, and cl one themselves. Y ou should provide acl one operator for al of your classes.

However, suppose you are feeling lazy, and want to get away with the absolute minimum. Y ou do not need
to provide acl one method if your superclass does not implement a public cl one method, and your object
falls under one of the following cases:

e Itisl nmut abl e, or

e It would never be afield in another object that itself will need to implement cl one, or

e Itisfinal, and can be duplicated with public getters and setters. (That is, your object can be
duplicated by getting all of the state of your object with public getters, then creating a new object
with the identical state.)

The only strict principles that you must follow for cl one are:

Clone Equality
Ify == cl one(x),then x. equal s(y).

Clone Independence
If y == cl one(x), then no setter ony can cause the value of x to be modified.

Thisiswhat is known as adeep clone. There are cases where it may make sense to provide a shallow
clone, especially with collection classes. Such a shallow clone only clones the top-level structure of the
object, not the lower levels. A shallow cloneis useful in many circumstances so long as programmers can
somehow still implement a deep clone on top of those objects. Ideally, the class would implement both,
with a separate method called shal | owCl one.

Here is an example of how to correctly implement cl one, with the different cases that you may be faced
with.

Implementing Clone



1 protected (hject clone() throws A oneNot SupportedException {
2 Sanpl e result = (Sanpl e) super.clone();
3 result.nyGood = (Good) nyGood. cl one();
4 result.nyTransient = null;
5 result.nyVector = (Vector) nyVector. clone();
6 for (int i =0; i < nyVector.size(); ++) {
7 resul t. nyVect or. set EH enent At (
8 ((QAoneable) nyVector.elementAt()).clone(), i);
9 }
10 result.nyBad = new Bad(nyBad. get Si ze(), nyBad. getCol or());
11 resul t. nyBad. set Acti veSt at us(Bad. | NACTI VE) ;
12 return result;
13 }
Notes

Line Comment

2.

10.

This copies the superclasses fields, and makes bitwise copies of your fields. You do not have to
copy any primitives or Immutables (such as St ri ng ) in the rest of your code.

Y ou should set your transient fields to an invalid state, to signal that they need to be rebuilt. Do this
if thefield is Mutable and not shared between objects.

If the members on the Vect or are Immutable, then you don't have to clone them, asin lines 6-9.
Use the same style for arrays. for example, you can just call
foo = (int[])other.foo.clone();

Unfortunately, this method of deep-cloning aVect or (or array, or Di cti onary) actualy
' will not work, because of an annoying flaw in the Cl oneabl e interface; surprisingly, it
e & J0OES NOt havecl one() asamethod! (And Obj ect's cl one iSpr ot ect ed, NOt publ i c.)
xThisisdeqoitethestatement in JPL (page 68) that "The cl one method inthe Cl oneabl e
interfaceis declared publ i c..."

Theresult is, you cannot polymorphically implement cl one in many cases; you have to
have preknowledge of the precise type (or an overall superclass) of the objectsin the
collection, and cast them to that typeto call their cl one operator.

Keep your fingers crossed that flaw isfixed in JDK 1.1!

If the author of the Bad class was a bit lazy, and did not supply you with acl one operator, you
will do it yourself with a constructor and setters as necessary. If the object is of a subclass of Bad
which you are not aware of, then despite your best efforts the object will be diced, and datawill be
lost.

In implementing clone, getters, setters, and thread-safety, Immutable would actually be a very useful Java
interface. Although it is not in the Javaclass libraries, you may find it useful to defineit asan interfacein
your own code.

i Don't try thisat home

Getters and setters seem trivial, but incorrect construction can leave your object open to pernicious bugs.
For example, look at the following:




Dangerous Getter/Setters

1 /1 definition
2 public Foo[] getFooArray() {
3 return fooArray;
4 }
5
6 publ i ¢ set FooArray(Foo[] newval ue) {
7 fooArray = newval ue;
8 }
9
10 private Foo[] fooArray;
11 S
12 /| usage
13 Foo[] y = x.get FooArray();
14 y[ 3] . changeSonet hi ng() ;
15
16 X. set FooArray(z);
17 z[ 3] . changeSonet hi ng() ;

With these setters and getters, lines 14 and 17 change the state of your object behind your back. If you had
other state in your object that needed to be in sync with f ooAr r ay, you are now in an inconsistent state.
Moreover, even if you didn't have such state, if any of your potential subclasses had such state, they would
now be corrupted.Y ou might just as well have made f ooAr r ay public!

If your field is Immutable or a primitive, then you can just use the simple code with perfect safety. If not,
then you need to consider the use of your field. Y our choices are:

e For complete safety, clone the field in getters and setters of Mutables. The downside of this
approach isthat you take a certain performance hit, sometimes an unacceptable one.

e For pretty good safety, use aread-only interface on your getter, asin Bullet-proofing. This
prevents most accidents from happening. For full safety, you still would need to clone incoming
Mutable parametersin your setter.

e Bitethe bullet, document what changes are acceptable to make to objects that are gotten or set, and
depend on your callers not to make a mistake.

iAIIegro ma non troppo

There isatechnique for speeding up equal s and hashCode. It isworth implementing under the following
circumstances:

e You aredoing alot of equality comparisons or hashCode calls.
e Your objects don't change often.

While it speeds up hashing and comparison dramatically, if your objects are not compared or hashed very
often, don't bother using this technique.

This technique provides some very fast checks for equality by adding aversion count and a hash cache. To
useit, add the following code marked in blue to your class definition. Then, in any of your methods where
you alter any of the nontransient fields of the object, call changeVval ue.




Fast equal s & hashCode

public int hashCode() {
i f (hashCache == -1)
hashCache = <ol d hashCode conputionation code here>

i f (hashCache == -1) {
hashCache = 1;
}
}
return hashCache;
}
publ i ¢ bool ean equal s(Cbj ect other) {
if (other == this) return true;
if (getdass() !'= other.getdass()) return fal se;
M/Type x = (M/Type) ot her;
if (versionCount == x.versionCount) return true;

i f (hashCache != x. hashCache) return fal se;
<rest of old field conparison code here>
if (versionCount < other.versionCount) {
versi onCount = ot her. versi onCount ;
} else {
ot her . versi onCount = versi onCount;
}

return true;

}

public M/Type set Foo(Const Foo newval ue) {
foo = newval ue;
changeVal ue();

private static int nasterVersionCount = 0;
private | ong versionCount = O;
private int hashCache = -1,

private final void changeVal ue() {
hashCache = -1;
ver si onCount = ++nast er Ver si onCount ;

Theoretically, you could have a problem with the ver si onCount wrapping back to zero. However, even if
you altered your objects once every nanosecond, it would still take over 100 years for awrap to occur.
However, if you really want to be safe, instead of incrementing ver si onCount you can use the clever trick
of alocating anew Qbj ect each time. Thiswill be airtight even in the days of Terahertz processors.

.Pitfalls




Suppose that you want to remove characters from a st ri ngBuf f er . Unfortunately there
is no method to do so; you have to resort to the following code to delete from st art to
end.

a = new StringBuffer(a.toString().substring(0,start)))
.append(a.toString().substring(end,a.length()));

StringBuf f er doesn'timplementequal s correctly, as discussed in Liberté, Egalité,
Fraternité.

Thereisno constructor to make a st ri ng from achar , S0 use:

String foo = new String(ch + "");

Similarly, the following code doesn't do what you expect; since thereis no explicit
constructor for achar, Stri ngBuf f er castsup to ani nt and allocates abuffer of
lengthox61!

StringBuffer result = new StringBuffer('a');

Instring, theversion of i ndexd and| ast | ndexCOf that searches for characters has the
char typed asani nt . Thismakesit easy to make a mistake, asillustrated in the following
code, which searchsfor (char)start inmyStri ng, starting at offset (i nt) myChar!

position = nyString.indexCr(start, nyChar);

Unfortunately, many objects (St ri ngBuf fer, Vector, Dictionary...) do not
implement acl one, or implement only a shallow cl one. This causes a number of

problems:. see Doppelganger.

The methods Dat al nput . readl i ne and Pri nt St ream pri ntl nonly handle' \ n'
delimited strings properly. If you are reading and writing platform-specific text files
(which isthe vast mgority of the cases!), you will have to work around that. Luckily, you
can get the line delimiter from

static String eol = System getProperties()
.getProperty("line.separator");

So to handle output, just replace pri nt | n(x) withprint (x+d obal s. eol ). Inputisa
guite a bit more annoying; you will have to write your own input routine that recognizes
eol instead of just\n.
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The following sections deal with somewhat |ess common constructsin C++.

e Primogenitur entail
e Size doesn't matter
e Shaveand ahaircut
e Scabs

e Directly tojail

e Javahas no friends
e Liposuction

e Off the charts

.Primogenitur entail

Java does not support multiple inheritance. It does support interfaces, which can get you along way
towards replacing multiple inheritance. Y ou can think of interfaces as fully abstract classes, with no data
fieldsand all pure virtual methods. If all but one of the base classes for your class are fully abstract classes,

then just turn them into interfaces.

Simple Multiple Inheritance

C++

Java

// Bar is fully abstract
class Bar {

voi d soneMet hod() = O;
}

/] sinple multiple inheritance
class Foo : Fii, Bar {...

/1 Bar is purely abstract
interface Bar {

voi d someMet hod() ;
}

/] sinple multiple inheritance
class Foo extends Fii
inplements Bar {...

If the inheritance is not simple, then you will have to do some more work on your target class. First, pick
the base class that is most central to the function of target class; you will leave that one alone. Then for each



of theother base classes:
1. Defineanew interface for each one to implement.

2. Declareafield of that typein your target class.
3. Delegate methodsin your target classto that field.

General Multiple Inheritance

C++ “ Java

/1 Qher base cl asses /1 Qher base cl asses

class Bar { class Bar {

voi d net hodA(); voi d net hodA();

} }

cl ass Foe { cl ass Foe {

i nt met hodB(); int met hodB();
} }
/1l sinple nultiple inheritance /1 sinple nultiple inheritance
class Foo : Fii, Bar, Foe { cl ass Foo extends Fii

i npl ements Barlnterface,
Foelnterface {...

voi d net hodA() {
bar . net hodA() ;

}

voi d net hodB() {
return foe. met hodB();
}

private Bar bar
private Foe foe

new Bar () ;
new Foe();

} }

/'l Interfaces
interface Barlnterface {

v0| d net hodA();
}

interface Foelnterface {

voi d met hodB()
}

. Size doesn't matter

In Java, thereis no equivalent to the C++ si zeof function. However, you generally only usesi zeof when
you are doing unions, bit-field manipulations, or C-style memory management. To see how to port the
code, you will need to look carefully at the intent. For example:



Replacing si zeof

C++ “ Java

X = new Foo[ | en];

x = (Foo*) mall oc(sizeof (Foo)*Ilen);

- Shave and a haircut

In Java, thereis no equivalent to C++ bitfield notation. Generally you can just dispense with the notation. If
you really need bitfields to save storage, then you will need to do it yourself, basically by duplicating the

code that is behind the use of bitfieldsin C++. If you are using large numbers of single bits, use
java.util.BitSet instead (usingBi t set issafer and easier than managing the masks and shifting

yourself, but will not save you storage unless you have a significant number of bits).

Replacing Bitfields



C++ Java

/1 decl aring /1 decl aring

struct Foo { class Foo {

... ...

unsigned int x:5, y:9, z:3; public int getZ() {

} return zFiel ds. extract(xyz);
}

public void setZ(int newal ue) {

xyz = zFi el ds.insert(xyz, newal ue);
}

private int xyz;
static BitFields xFields

= new BitFi el ds(5,0);
static BitFields yFields

= new BitFields(9,5);
static BitFields zFields

= new BitFiel ds(3, 14);

}
/'l using /'l using
a = nyFoo. z; a = nyFoo. get Z();
z = nyFoo. b; nyFoo. set Z(b) ;

/'l new cl ass
public class BitFields {

public BitFields (
int bitCount,
int leastSignificantBit) {
Isb = leastSignificantBit;
mask = ((1 << bitCount) - 1) << |sb;
}

public final int extract
(int source) {
return (source & nask) >> |sb;

}

public final int insert

(int source, int value) {
return (source & ~nask)

| ((value << Ish) & mask);

}

private int nask;
private int |sb;

}

- Scabs

In Java, thereis no equivalent to C++ uni ons and st ruct s. Generally st ruct s are easy--just change them
to classes. Remember that in C++ the default access control instruct s iSspubl i ¢ (whilein classesitis
privat e), SO mark members accordingly.



Replacing struct s

C++ “ Java
/1 declaring /1 declaring
struct Foo { class Foo {
int x; public int x;
float vy; public float y;
} }
If you are using bitfield notation, see Shave and a haircut.
The easiest approach to porting auni on isaso just to make it aclass.
Unions
C++ Java

/1 declaring

uni on Foo {
bool isFiiVsBarr;
Fi x;
Barr vy;

}

/1 declaring

class Foo {
public bool isFiiVsBarr;
public Fi x;
public Barr vy;

}

Whereuni ons are being used for storage savings and the fields are not primitives, you can sometimes get
the same effect by using Qbj ect . The only disadvantage isthat you will have to cast to the right type being

used.

Unions

C++

Java

/1 declaring

uni on Foo {
bool isFiiVsBarr;
Fi x;
Barr vy;

}

/'l using
if (isFiiVsBarr) {
z = nyFoo. Xx;

}

/'l declaring

class Foo {
public bool isFiiVsBarr;
public Chject xy;

}

/'l using
if (isFiiVsBarr) {
z = (Fii)nyFoo. xy;




Whereuni ons are being used for scurrilous casting, you will have to work around it. For example, where
such castings are used for hidden bit-manipulations, you'll have to use the appropriate arithmetic
operations, as below. On the plus side, you will have the advantage of much more portable code in the end,
without big-endian or little-endian troubles.

Bit Twiddling in Unions

C++ “ Java

/1 decl aring /1 decl aring

uni on Foo { int i;

int i;

char c;

}

/] using /] using

X.i = 99; x = 1066;

Z = X.C, z = X & OxFF, /1 if C++ was BE
z = x & OxFFOO; // if C++ was LE

/1l traditional, awful floating-point hack /1 clean, portable Java sol ution

union yech { long x; float y; } convert;

convert.y = pi;

exponent = (convert.x >> 23) & Oxff; int exponent =
(Float.floatTolntBits(pi) >> 23) & Oxff;

-Directlytojail

Well-written C++ code should have very few, if any, got os. However, there are times when agot o
produces less convoluted code: where you need to escape from an inner loop. Although Java has completely
eiminated got os, it has added a clever construct that replaces their use, and in amuch cleaner and less
dangerous way. Y ou name aloop with alabel, then use br eak or cont i nue with that label to escape from
an inner block.

Go to Block End



C++ “ Java

for (int i =0; i <n; ++) { mai nLoop:

for (int j =0; ] <m +4) { for (int i =0; i <n; ++) {
it (f(i,7)) { for (int j =0; ] <m +4) {
if (f(i,j)) {
got o done;

} break mai nLoop;

} }

} }

done: }

If your got osdon't follow this pattern, then they are still fairly easy to convert aslong as they don't cross
blocks. Thisisabit kludgy, but saves your having to go in and figure out a mass of snarled code.

Goto Higher Levels

C++ “ Java

{... kl udgeLoop:
{... while (true) {...
{... {...
got o done; {...
break kl udgelLoop;
}

}

}
} br eak;
done: }

If your got osjump into the middle of nested blocks (such asinto aswi t ch statement), then you will have
no choice but to try to untangle the code.

-Java has no friends

Java doesn't havethef ri end keyword. You can, however, permit accessto your pri vat es by any other
classin your package by making the class or methods package-private. Y ou do this by omitting the
keyword pri vat e from your classes, methods, or data fields, and ensuring that the former f ri ends arein
the same package. If you need to alow accessto pr ot ect ed fields or methods, then you have to write
cover methods that allow package-private access.

Replacingfri end



C++

Java

class Foo {
private:
int foe;
pr ot ect ed:
int fii;
friend class Bar;

}

class Bar {
private Foo foo;
public nethod() {

y f oo;
z =fii

-
}

class Foo {

int foe;
protected int fii;
int getFii() {...}
}

class Bar {
private Foo foo;
public nethod() {

f oo;
getFii();

y
z

.
}

Notes

e If you need to havef ri end access from two different packages, then you are out of luck. Y our

only choices are:

o To make the methods or fields public, or
o To copy the classinto both packages (this works for small classes)

.Liposuction

Java does not have templates, which many people [2l will miss. Some of the principal applications of C++

templates can be replaced by ause of oj ect s or Cl oneabl es in Java.

Replacing t enpl at e




C++ “ Java

tenpl at e <AType> class Set {

class Set {
publ i c:

public voi d add

voi d add (oj ect toAdd) {...
(const AType& toAdd) {...

publ i ¢ bool ean cont ai ns

bool contains ((pj ect toTest) {...
(const AType& toTest) {... ..

N }
}

Other very useful casesin C++ are memory janitor functionslike aut opt r , which are not necessary in
Java. However, if you are looking at replacing more entrenched uses of templates, you will be driven to
making multiple copies of the code. For example, we have a Conpact Ar r ay classin C++, for doing maps
from Unicode characters to data (typicaly primitive data). Since the whole purpose of the templatized class
ISto save space, just using oj ect s instead of the primitives was not an option when we ported to Java.

Mutatis Mutandis

C++ “ Java
tenpl ate <AType> cl ass Conpact Array_Short {
cl ass Conpact Array {
publ i c: public short elementAt (char ch) {...
AType el enent At (Uni Char ch) { cen
ce }
}

cl ass Conpact Array_Byte {
public byte el ementAt (char ch) {...

}...

.Off the charts

Most C++ code doesn't use the newest features of C++, so we won't devote much space to them. These
include:

New C++ Features




namespaces

C++ “ Java
| Use packages.

covariant return types " Use the common base class as the return type.

declarationsin "if", "while", "switch" Embed ina{} block, and move the declaration out

to the block level. See It's all conditional .

Other features, though not new, shouldn't occur in much C++ code.

Uncommon C++ Features

variable numbers of arguments

C++ “ Java
| Replace by array of highest base class.

placement new " Replace with regular new.

function (or method) pointers " Use Functor classes.

The last item is perhaps worth an example.

Function Pointers

[l create an interface for the kind of function you want to call
interface Functor {

voi d handl e((hj ect obj);

}

Il create a concrete class that inplenents it,
/'l perhaps calling a nethod on your other objects to do the actual work
cl ass AppendFunctor inpl ements Functor {
public void handl e((hject obj) {
resul t. append(obj.toString());
}
public String toString() {
return result.toString();
}
private StringBuffer result = new StringBuffer();
}
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. Refer ences

I only mention afew booksthat | think particularly useful. There is aready a huge, and growing, list of
introductory Java programming books. If you are interested, there are some pretty good book reviews on
the net, such as:

e http://www.cbooks.com/java.html
e http://www.webreference.com/books/programming/java.html

.Introductionsto Java

David Flanagan Java in a Nutshell: A Desktop Quick Reference for Java Programmers
(Nutshell Handbook)
O'Reilly & Assoc, 1996
ISBN: 1565921836
Ken Arnold, James Gosling The Java Programming Language (Java Series)
Addison-Wesley, 1996
ISBN: 0201634554
James Gosling, Bill Joy, The Java Language Specification (Java Series)
Guy Steele Addison-Wesley, 1996
ISBN: 0201634511




i Java and C++

Barry Boone Java Essentials for C and C++ Programers
Addison-Wesley Devel opers Press, 1996
ISBN: 020147946X

Michael C. DacontaJava for C/C++ Programmers
Wiley Computer Publishing, 1996
ISBN: 0471153249

iObj ect-oriented programming
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. Footnotes

[1] Unfortunately, ooj ect definesequal s and hashCode to be public. A better solution would have
been to have followed the pattern of d oneabl e by defining:

® A Conpar abl e interface that containsequal s and hashCode
® A Met hodNot Suppor t edExcept i on for classesthat don't want to implement them

Weéll, that's water under the bridge at this point. The only improvement to Javathat would not break
backward compatibility would beto at least allow equal s and hashCode to throw a

Met hodNot Support edExcepti on.

[2] By theway, I'm not one of them. For us, large-scale introduction of C++ templates were an
absolute, unmitigated disaster, costing our project hundreds of person-months to manage the code
size and interface problems they introduced. If JavaSoft introduces templates (a.k.a. generics), |

sincerely hope they don't repeat history!

[3] Brackets are used, since superscripts may not show up on some browsers.

[4] If you do print, be forewarned that certain unnamed version 3.0 browsers often:

e Cliplinesat the top and bottom of pages.

e Separate headings from their first paragraphs, captions from their tables, and terms from

their definitions.

e Positionitalicsincorrectly next to roman text, asin [this].




[5] Some classes do not need to be in their own files. Also, it is better form to import by class name
rather than importing a whole package; see JL S for more information on both of these topics.
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