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CHAPTER 5

Conversions and Promotions

Every expression written in the Java programming language has a type that can be deduced from the structure of the expression
and the types of the literals, variables, and methods mentioned in the expression. It is possible, however, to write an expression in
a context where the type of the expression is not appropriate. In some cases, this leads to an error at compile time; for example, if
the expressioninani f statement (814.9) has any type other than bool ean, acompile-time error occurs. In other cases, the
context may be able to accept atype that is related to the type of the expression; as a convenience, rather than requiring the
programmer to indicate a type conversion explicitly, the language performs an implicit conversion from the type of the expression
to atype acceptable for its surrounding context.

A specific conversion from type Sto type T allows an expression of type Sto be treated at compiletime asif it had type T instead.
In some cases this will require a corresponding action at run time to check the validity of the conversion or to trand ate the run-
time value of the expression into aform appropriate for the new type T. For example:

. A conversion from type Cbj ect totype Thr ead requires arun-time check to make sure that the run-time value is
actually an instance of class Thr ead or one of its subclasses; if it is not, an exception is thrown.

. A conversion from type Thr ead to type Cbj ect requires no run-time action; Thr ead isasubclass of Obj ect , so any
reference produced by an expression of type Thr ead isavalid reference value of type Qbj ect .

. A conversion fromtypei nt totypel ong requires run-time sign-extension of a 32-bit integer value to the 64-bit | ong
representation. No information is | ost.

A conversion from type doubl e to typel ong requires anontrivial translation from a 64-bit floating-point value to the 64-bit
integer representation. Depending on the actual run-time value, information may be lost.

In every conversion context, only certain specific conversions are permitted. For convenience of description, the specific
conversions that are possible in the Java programming language are grouped into several broad categories:

. ldentity conversions

. Widening primitive conversions
. Narrowing primitive conversions
. Widening reference conversions
. Narrowing reference conversions
. String conversions

. Vaue set conversions

There are five conversion contexts in which conversion of expressions may occur. Each context allows conversions in some of the
categories named above but not others. The term "conversion” is also used to describe the process of choosing a specific
conversion for such a context. For example, we say that an expression that is an actual argument in a method invocation is subject
to "method invocation conversion,” meaning that a specific conversion will be implicitly chosen for that expression according to
the rules for the method invocation argument context.

One conversion context is the operand of a numeric operator such as + or * . The conversion process for such operandsis called
numeric promotion. Promotion is special in that, in the case of binary operators, the conversion chosen for one operand may
depend in part on the type of the other operand expression. This chapter first describes the seven categories of conversions (85.1),
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including the special conversionsto St r i ng allowed for the string concatenation operator +. Then the five conversion contexts
are described:

. Assignment conversion (85.2, 815.26) converts the type of an expression to the type of a specified variable. The
conversions permitted for assignment are limited in such away that assignment conversion never causes an exception.

. Method invocation conversion (85.3, 815.9, 815.12) is applied to each argument in a method or constructor invocation and,
except in one case, performs the same conversions that assignment conversion does. Method invocation conversion never
causes an exception.

. Casting conversion (85.5) converts the type of an expression to atype explicitly specified by a cast operator (815.16). It is
more inclusive than assignment or method invocation conversion, allowing any specific conversion other than astring
conversion, but certain casts to areference type may cause an exception at run time.

. String conversion (85.4, §15.18.1) allows any type to be converted to type St r i ng.

. Numeric promotion (85.6) brings the operands of a numeric operator to a common type so that an operation can be
performed.

Here are some examples of the various contexts for conversion:

class Test {
public static void main(String[] args) {

/1l Casting conversion (85.4) of a float literal to

/1l type int. Wthout the cast operator, this would
/1l be a conpile-time error, because this is a

/1 narrowi ng conversion (85.1.3):

int i = (int)l12.5f;

/1l String conversion (85.4) of i's int value:
Systemout.println("(int)12. 5f==" + i);

/'l Assignment conversion (85.2) of i's value to type
/1 float. This is a wi dening conversion (85.1.2):
float f =i;

/1l String conversion of f's float val ue:
Systemout.println("after float widening: " + f);

/1 Nurmeric pronotion (85.6) of i's value to type
/[l float. This is a binary numeric pronotion.

/[l After pronotion, the operation is float*fl oat:
Systemout.print(f);

f=f *i;

/1l Two string conversions of i and f:
Systemout.println("*" + i + "==" + f);

/'l Method invocation conversion (85.3) of f's val ue

/1l to type doubl e, needed because the nethod Math.sin
/1l accepts only a doubl e argument:
double d = Math.sin(f);

[/ Two string conversions of f and d:
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Systemout.printin("Math.sin(" +f + ")==" + d);
}

which produces the output:

(int)12.5f==12

after float w dening: 12.0
12.0*12==144.0

Mat h. si n(144. 0) ==- 0. 49102159389846934

5.1 Kinds of Conversion

Specific type conversionsin the Java programming language are divided into seven categories.
5.1.1 Identity Conversions

A conversion from atype to that same type is permitted for any type.

This may seem trivial, but it has two practical consequences. First, it is aways permitted for an expression to have the desired type
to begin with, thus allowing the simply stated rule that every expression is subject to conversion, if only atrivia identity
conversion. Second, it impliesthat it is permitted for a program to include redundant cast operators for the sake of clarity.

The only permitted conversion that involves the type bool ean isthe identity conversion from bool ean to bool ean.
5.1.2 Widening Primitive Conversion
The following 19 specific conversions on primitive types are called the widening primitive conversions:

. bytetoshort,int,long,fl oat,ordoubl e
. short toint,long,fl oat,ordoubl e

. char toint,long,fl oat,ordoubl e

. int tolong,float,ordouble

. longtofl oat ordoubl e

. fl oat todoubl e

Widening primitive conversions do not lose information about the overall magnitude of a numeric value. Indeed, conversions
widening from an integral type to another integral type and fromf | oat to doubl e do not lose any information at al; the
numeric value is preserved exactly. Conversionswidening from f | oat todoubl e instri ct f p expressions also preserve the
numeric value exactly; however, such conversionsthat arenot st ri ct f p may lose information about the overall magnitude of
the converted value.

Conversionof ani nt oral ong valuetof | oat , or of al ong valueto doubl e, may result in loss of precision-that is, the
result may lose some of the least significant bits of the value. In this case, the resulting floating-point value will be a correctly
rounded version of the integer value, using |EEE 754 round-to-nearest mode (84.2.4).

A widening conversion of asigned integer value to an integral type T simply sign-extends the two's-complement representation of
the integer value to fill the wider format. A widening conversion of a character to an integral type T zero-extends the
representation of the character value to fill the wider format.

Despite the fact that |oss of precision may occur, widening conversions among primitive types never result in arun-time exception
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811).
Here is an example of awidening conversion that loses precision:

class Test {
public static void main(String[] args) {
int big = 1234567890;
fl oat approx = big;
Systemout.println(big - (int)approx);

}
which prints:
-46

thus indicating that information was lost during the conversion from typei nt totypef | oat because valuesof typef | oat are
not precise to nine significant digits.

5.1.3 Narrowing Primitive Conversions
The following 23 specific conversions on primitive types are called the narrowing primitive conversions:

. bytetochar

. short tobyt e orchar

. char tobyte orshort

. i nt tobyte,short,orchar

. longtobyte,short,char,orint

. fl oat tobyte,short,char,int,orl ong

. doubl etobyte,short,char,int,|ong,orfl oat

Narrowing conversions may lose information about the overall magnitude of a numeric value and may also lose precision.

A narrowing conversion of asigned integer to an integral type T simply discards all but the n lowest order bits, where nisthe
number of bits used to represent type T. In addition to a possible loss of information about the magnitude of the numeric value,
this may cause the sign of the resulting value to differ from the sign of the input value.

A narrowing conversion of acharacter to an integral type T likewise simply discards al but the n lowest order bits, where nisthe
number of bits used to represent type T. In addition to a possible loss of information about the magnitude of the numeric value,
this may cause the resulting value to be a negative number, even though characters represent 16-bit unsigned integer values.

A narrowing conversion of afloating-point number to an integral type T takes two steps:

1. Inthefirst step, the floating-point number is converted either toal ong, if Tisl ong, ortoani nt ,if Tisbyt e, short,
char,orint, asfollows:
o If the floating-point number is NaN (84.2.3), the result of the first step of the conversionisani nt or| ong 0.
o Otherwise, if the floating-point number is not an infinity, the floating-point value is rounded to an integer value V,
rounding toward zero using | EEE 754 round-toward-zero mode (84.2.3). Then there are two cases:
« If Tisl ong, and thisinteger value can be represented asal ong, then the result of the first stepisthel ong
vaueV.
« Otherwise, if thisinteger value can be represented asan i nt , then the result of the first stepisthei nt value
V.
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o Otherwise, one of the following two cases must be true:

« The value must be too small (a negative value of large magnitude or negative infinity), and the result of the

first step isthe smallest representable value of typei nt or | ong.

» Thevaue must be too large (a positive value of large magnitude or positive infinity), and the result of the

first step isthe largest representable value of typei nt or | ong.
2. In the second step:
o If Tisi nt orl ong, theresult of the conversion isthe result of the first step.

o If Tisbyte, char,orshort, theresult of the conversion isthe result of a narrowing conversion to type T

(85.1.3) of theresult of thefirst step.

The example:

class Test {

public static void
float fmn
fl oat fmax

System out .

mai n(String[] args) {
= Fl oat . NEGATI VE_I NFI NI TY;
= Float. POSI TI VE_I NFI NI TY;
println("long: " + (long)fmn +
+ (l ong) f max) ;
+ (int)fmn +
..M+ (int) fmax);
+ (short)fmn +
".." + (short)fmax);
+ (int)(char)fmn +
" + (int)(char)fmx);
+ (byte)fmn +
+ (byte)fmax);

println("int:
println("short:
println("char:

println("byte:

. 9223372036854775807

System out .
System out .
System out .
System out .
}
}
produces the output:
| ong: -9223372036854775808.
int: -2147483648..2147483647
short: 0..-1
char: 0..65535
byte: 0..-1

Theresultsfor char , i nt, and| ong are unsurprising, producing the minimum and maximum representabl e values of the type.

Theresultsfor byt e and shor t lose information about the sign and magnitude of the numeric values and also lose precision.
The results can be understood by examining the low order bits of the minimum and maximum i nt . The minimum i nt is,in
hexadecimal, 0x80000000, and the maximum i nt isOx7fffffff.Thisexplainstheshort results, which are thelow 16
bits of these values, namely, 0x0000 and Oxf f f f ; it explainsthe char results, which also are the low 16 bits of these values,
namely, ' \ u0000" and' \uffff"';anditexplainsthebyt e results, which are the low 8 bits of these values, namely, 0x00
and Oxf f .

Despite the fact that overflow, underflow, or other loss of information may occur, narrowing conversions among primitive types

never result in arun-time exception (811).

Hereisasmall test program that demonstrates a number of narrowing conversions that lose information:

class Test {
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public static void main(String[] args) {

/1 A narrowing of int to short | oses high bits:
Systemout. println("(short)0x12345678==0x" +
I nt eger.toHexString((short)
0x12345678)) ;

/1 Aint value not fitting in byte changes sign and magnitude:
Systemout. println("(byte)255==" + (byte)255);

I/l A float value too big to fit gives largest int val ue:
Systemout.println("(int)le20f==" + (int)1le20f);

/1 A NaN converted to int yields zero:
Systemout.println("(int)NaN==" + (int)Float.NaN);

/1l A double value too large for float yields infinity:
Systemout.println("(float)-1e100==" + (float)-1el00);

/] A double value too small for float underflows to zero:
Systemout.println("(float)le-50==" + (float)le-50);

}

Thistest program produces the following output:

(short)0x12345678==0x5678
(byte)255==-1

(i nt)1e20f ==2147483647

(i nt)NaN==0
(float)-1e100==-Infinity
(fl oat) 1le-50==0.0

5.1.4 Widening Reference Conversions
The following conversions are called the widening reference conversions:

. Fromany classtype Sto any classtype T, provided that Sis a subclass of T. (An important special caseisthat thereisa
widening conversion to the class type Obj ect from any other classtype.)

. From any classtype Sto any interface type K, provided that Simplements K.

. From the null type to any class type, interface type, or array type.

. From any interface type J to any interface type K, provided that J is a subinterface of K.

. From any interface type to type Obj ect .

. From any array typeto type Cbj ect .

. From any array typeto type Cl oneabl e.

. Fromany array typetotypej ava. i 0. Seri al i zabl e

. Fromany array type SC[ ] to any array type TC[ ] , provided that SC and TC are reference types and there is awidening
conversion from SC to TC.

Such conversions never require aspecial action at run time and therefore never throw an exception at run time. They consist
simply in regarding areference as having some other type in a manner that can be proved correct at compile time.

See 88 for the detailed specifications for classes, 89 for interfaces, and 810 for arrays.
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5.1.5 Narrowing Reference Conversions
The following conversions are called the narrowing reference conversions:

. From any classtype Sto any classtype T, provided that Sis a superclass of T. (An important special caseisthat thereisa
narrowing conversion from the class type Cbj ect to any other class type.)

. From any classtype Sto any interface type K, provided that Sis not final and does not implement K. (An important special
caseisthat there is a narrowing conversion from the class type Obj ect to any interface type.)

. Fromtype Qbj ect to any array type.

. Fromtype Obj ect to any interface type.

. From any interface type Jto any classtype T that isnot f i nal .

. Fromany interface type J to any classtype T that isf i nal , provided that T implements J.

. From any interface type J to any interface type K, provided that J is not a subinterface of K and there is no method name m
such that J and K both contain a method named m with the same signature but different return types.

. Fromany array type SC[ ] to any array type TC[ ] , provided that SC and TC are reference types and there is a narrowing
conversion from SC to TC.

Such conversions require atest at run time to find out whether the actual reference value is a legitimate value of the new type. If
not, thenaCl assCast Except i on isthrown.

5.1.6 String Conversions
There isastring conversion to type St r i ng from every other type, including the null type.
5.1.7 Forbidden Conversions

. Thereisno permitted conversion from any reference type to any primitive type.

. Except for the string conversions, there is no permitted conversion from any primitive type to any reference type.

. Thereisno permitted conversion from the null type to any primitive type.

. Thereisno permitted conversion to the null type other than the identity conversion.

. Thereisno permitted conversion to the type bool ean other than the identity conversion.

. Thereisno permitted conversion from the type bool ean other than the identity conversion and string conversion.

. Thereisno permitted conversion other than string conversion from class type Sto a different classtype T if Sisnot a
subclass of T and T isnot a subclass of S.

. Thereisno permitted conversion from class type Sto interface type K if Sisf i nal and does not implement K.

. Thereisno permitted conversion from class type Sto any array typeif Sisnot Gbj ect .

. Thereisno permitted conversion other than string conversion from interface type Jto classtype T if Tisf i nal and does
not implement J.

. Thereisno permitted conversion from interface type J to interface type K if J and K contain methods with the same
signature but different return types.

. Thereisno permitted conversion from any array type to any class type other than Cbj ect or St ri ng.

. Thereisno permitted conversion from any array type to any interface type, except to the interface typesj ava. i o.
Seri al i zabl e and Cl oneabl e, which are implemented by all arrays.

. Thereisno permitted conversion from array type SC[ ] to array type TC[ | if there is no permitted conversion other than a
string conversion from SC to TC.

5.1.8 Value Set Conversion
Value set conversion is the process of mapping a floating-point value from one value set to another without changing its type.

Within an expression that is not FP-strict (815.4), value set conversion provides choices to an implementation of the Java
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programming language:

. If thevaueisan element of the float-extended-exponent value set, then the implementation may, at its option, map the
value to the nearest element of the float value set. This conversion may result in overflow (in which case the value is
replaced by an infinity of the same sign) or underflow (in which case the value may lose precision because it is replaced by
a denormalized number or zero of the same sign).

. If thevaueisan element of the double-extended-exponent value set, then the implementation may, at its option, map the
value to the nearest element of the double value set. This conversion may result in overflow (in which case the valueis
replaced by an infinity of the same sign) or underflow (in which case the value may |ose precision because it is replaced by
a denormalized number or zero of the same sign).

Within an FP-strict expression (815.4), value set conversion does not provide any choices; every implementation must behave in
the same way:

. Ifthevalueisof typef | oat andisnot an element of the float value set, then the implementation must map the value to
the nearest element of the float value set. This conversion may result in overflow or underflow.

. If thevalueisof typedoubl e and is not an element of the double value set, then the implementation must map the value
to the nearest element of the double value set. This conversion may result in overflow or underflow.

Within an FP-strict expression, mapping values from the float-extended-exponent value set or doubl e-extended-exponent value set
is necessary only when a method is invoked whose declaration is not FP-strict and the implementation has chosen to represent the
result of the method invocation as an element of an extended-exponent value set.

Whether in FP-strict code or code that is not FP-strict, value set conversion always leaves unchanged any value whose typeis
neither f | oat nor doubl e.

5.2 Assignment Conversion

Assignment conver sion occurs when the value of an expression is assigned (815.26) to avariable: the type of the expression must
be converted to the type of the variable. Assignment contexts allow the use of an identity conversion (85.1.1), awidening
primitive conversion (85.1.2), or awidening reference conversion (85.1.4). In addition, a narrowing primitive conversion may be
used if al of the following conditions are satisfied:

. Theexpression is aconstant expression of type byt e, short,char orint.

. Thetype of thevariableisbyt e, short, orchar.

. Thevalue of the expression (which is known at compile time, because it is a constant expression) is representable in the
type of the variable.

If the type of the expression cannot be converted to the type of the variable by a conversion permitted in an assignment context,
then a compile-time error occurs.

If the type of the variableisf | oat or doubl e, then value set conversion is applied after the type conversion:

. Ifthevaueisof typef | oat andisan element of the float-extended-exponent value set, then the implementation must
map the value to the nearest element of the float value set. This conversion may result in overflow or underflow.

. If thevaueisof typedoubl e and isan element of the double-extended-exponent value set, then the implementation must
map the value to the nearest element of the double value set. This conversion may result in overflow or underflow.

If the type of an expression can be converted to the type of avariable by assignment conversion, we say the expression (or its
value) is assignable to the variable or, equivaently, that the type of the expression is assignment compatible with the type of the
variable.
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An assignment conversion never causes an exception. (Note, however, that an assignment may result in an exception in a specia
case involving array elements -see 810.10 and §15.26.1.)

The compile-time narrowing of constants means that code such as:
byte theAnswer = 42;

is alowed. Without the narrowing, the fact that the integer literal 42 hastypei nt would mean that a cast to byt e would be
required:

byte theAnswer = (byte)42; /] cast is permtted but not required

A value of primitive type must not be assigned to a variable of reference type; an attempt to do so will result in a compile-time
error. A value of type bool ean can be assigned only to avariable of type bool ean.

The following test program contains examples of assignment conversion of primitive values:

class Test {
public static void main(String[] args) {
short s = 12; /1l narrow 12 to short
float T = s; /!l w den short to float
Systemout.println("f=" + f);

char ¢ = '\u0123';
long | = c; /'l widen char to | ong
Systemout.println("l=0x" + Long.toString(l,16));

f = 1.23f;

double d = f; /1 widen float to double
Systemout.println("d=" + d);

}

It produces the following output:

f=12.0
| =0x123
d=1.2300000190734863

The following test, however, produces compile-time errors:
class Test {
public static void main(String[] args) {
short s = 123;

char ¢ = s; /1 error: would require cast
S = C; /1 error: would require cast

}

because not all short valuesarechar values, and neither areall char valuesshort vaues.

A value of the null type (the null reference is the only such value) may be assigned to any reference type, resulting in anull
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reference of that type.

Here is a sample program illustrating assignments of references:

public class Point { int x, y; }
public class Point3D extends Point { int z; }
public interface Col orable {
voi d setCol or(int color);
}

public class Col oredPoi nt extends Point inplements Col orable
{
int color;
public void setColor(int color) { this.color = color; }
}
class Test {
public static void main(String[] args) {
/'l Assignnments to variables of class type:
Point p = new Point();
p = new Point 3D(); /1l ok: because Point3D is a
/'l subcl ass of Point

Poi nt 3D p3d = p; Il error: will require a cast
because a
/1 Point mght not be a
Poi nt 3D
/1l (even though it is,
dynam cal | y,
/1 in this exanple.)

[l Assignnents to variables of type Object:

obj ect 0o = p; /1 ok: any object to Object
int[] a = newint[3];
bj ect 02 = g; /1l ok: an array to Object

/'l Assignments to variables of interface type:

Col oredPoi nt cp = new Col oredPoi nt ();

Col orable ¢ = cp; /1 ok: Col oredPoi nt inplenents
/'l Col orable

/'l Assignments to variables of array type:

byte[] b = new byte[4];

a = b; [l error: these are not arrays
/1l of the sanme primtive type

Poi nt 30[ ] p3da = new Poi nt 30 3] ;

Point[] pa = p3da; /1l ok: since we can assign a
/1 Point3D to a Point
p3da = pa; /1l error: (cast needed) since
a Poi nt
/]l can't be assigned to a
Poi nt 3D

}



Assignment of a value of compile-time reference type S (source) to avariable of compile-time reference type T (target) is checked
asfollows:

. If Sisaclasstype:
o If Tisaclasstype, then Smust either be the same classas T, or Smust be a subclass of T, or a compile-time error
OCCuUrs.
o If Tisan interface type, then Smust implement interface T, or a compile-time error occurs.
o If Tisan array type, then acompile-time error occurs.
. If Sisaninterface type:
o If Tisaclasstype, then T must be Cbj ect , or acompile-time error occurs.
o If Tisan interface type, then T must be either the same interface as S or a superinterface of S or a compile-time
error occurs.
o If Tisan array type, then acompile-time error occurs.
. If Sisan array type [ ] , that is, an array of components of type SC:
o If Tisaclasstype, then T must be Cbj ect , or acompile-time error occurs.
o If Tisan interface type, then acompile-time error occurs unless T isthetypej ava. i 0. Seri al i zabl e or the
type Cl oneabl e, the only interfaces implemented by arrays.
o If Tisanarray type TC[ ] , that is, an array of components of type TC, then a compile-time error occurs unless one
of the following istrue:
« TC and SC are the same primitive type.
» TC and SC are both reference types and type SC is assignable to TC, as determined by a recursive application
of these compile-time rules for assignability.

See 88 for the specification of classes, 89 for interfaces, and 810 for arrays.

The following test program illustrates assignment conversions on reference values, but fails to compile because it violates the
preceding rules, as described in its comments. This example should be compared to the preceding one.

public class Point { int x, y; }
public interface Col orable { void setColor(int color); }
public class Col oredPoi nt extends Point inplenents Col orabl e
{
int color;
public void setColor(int color) { this.color = color; }
}
class Test {
public static void main(String[] args) {
Point p = new Point();
Col oredPoi nt cp = new Col oredPoi nt () ;
/| Okay because Col oredPoint is a subclass of Point:
p = c¢Cp;
/1 Okay because Col oredPoi nt inplenents Col orabl e:
Col orable ¢ = cp;
/1 The follow ng cause conpile-time errors because
/[l we cannot be sure they will succeed, depending on
/1l the run-tine type of p; a run-time check will be
/'l necessary for the needed narrow ng conversion and
/1 must be indicated by including a cast:
cp = p; /1 p mght be neither a
Col or edPoi nt
/1 nor a subcl ass of

Col or edPoi nt
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cC =p; /1 p mght not inplenment
Col or abl e
}
}

Here is another example involving assignment of array objects:

class Point { int x, y; }
cl ass Col oredPoi nt extends Point { int color; }
class Test {
public static void main(String[] args) {
I ong[] veclong = new | ong[ 100];

bj ect o = vecl ong; /1 okay

Long | = vecl ong; /'l conpil e-
time error

short[] vecshort = vecl ong; [l compil e-

time error
Poi nt[] pvec = new Point[ 100];
Col oredPoi nt[] cpvec = new Col oredPoi nt[ 100];
pvec = cpvec; /'l okay
pvec[ 0] = new Point(); /'l okay at
conpile tine,
/1 but woul d
t hrow an
/'l exception
at run tine
cpvec = pvec; [l compil e-
time error
}
}

In this example:

. Thevalueof vecl ong cannot be assigned to aLong variable, because Long is aclass type other than Cbj ect . An array
can be assigned only to a variable of a compatible array type, or to avariable of type Qbj ect .

. Thevalueof vecl ong cannot be assigned to vecshor t , because they are arrays of primitive type, and short and

| ong are not the same primitive type.

. Thevalueof cpvec can be assigned to pvec, because any reference that could be the value of an expression of type

Col or edPoi nt can be the value of avariable of type Poi nt . The subsequent assignment of the new Poi nt toa
component of pvec then would throw an Ar r ay St or eExcept i on (if the program were otherwise corrected so that it
could be compiled), because a Col or edPoi nt array can't have an instance of Poi nt asthe value of a component.

. Thevalue of pvec cannot be assigned to cpvec, because not every reference that could be the value of an expression of

type Col or edPoi nt can correctly be the value of a variable of type Poi nt . If the value of pvec at runtimewere a
reference to an instance of Poi nt [ ] , and the assignment to cpvec were allowed, a simple reference to a component of
cpvec, say, cpvec| 0], could return aPoi nt , and aPoi nt isnot aCol or edPoi nt . Thusto allow such an
assignment would allow aviolation of the type system. A cast may be used (85.5, 815.16) to ensure that pvec referencesa

Col oredPoi nt[]:

cpvec = (Col oredPoint[]) pvec; /1 okay, but may throw an
/] exception at run tine

5.3 Method Invocation Conversion
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Method invocation conversion is applied to each argument value in a method or constructor invocation (815.9, §15.12): the type of
the argument expression must be converted to the type of the corresponding parameter. Method invocation contexts allow the use
of an identity conversion (85.1.1), awidening primitive conversion (85.1.2), or awidening reference conversion (85.1.4).

If the type of an argument expression is either f | oat or doubl e, then value set conversion (85.1.8) is applied after the type
conversion:

. If an argument value of typef | oat isan element of the float-extended-exponent value set, then the implementation must
map the value to the nearest element of the float value set. This conversion may result in overflow or underflow.

. If an argument value of type doubl e isan element of the double-extended-exponent value set, then the implementation
must map the value to the nearest element of the double value set. This conversion may result in overflow or underflow.

Method invocation conversions specifically do not include the implicit narrowing of integer constants which is part of assignment
conversion (85.2). The designers of the Java programming language felt that including these implicit narrowing conversions
would add additional complexity to the overloaded method matching resolution process (815.12.2). Thus, the example:

class Test {
static int mbyte a, int b) { return atb; }
static int m(short a, short b) { return a-b; }
public static void main(String[] args) {
Systemout.println(m 12,

2)); Il
conpile-tine error

}
}

causes a compile-time error because the integer literals 12 and 2 havetypei nt , so neither method mmatches under the rules of
(815.12.2). A language that included implicit narrowing of integer constants would need additional rulesto resolve cases like this
example.

5.4 String Conversion

String conversion applies only to the operands of the binary + operator when one of the argumentsisa St r i ng. In thissingle
specia case, the other argument to the + is convertedtoa St ri ng, and anew St r i ng which is the concatenation of the two
strings is the result of the +. String conversion is specified in detail within the description of the string concatenation + operator

(815.18.1).

5.5 Casting Conversion

Casting conversion is applied to the operand of a cast operator (815.16): the type of the operand expression must be converted to
the type explicitly named by the cast operator. Casting contexts allow the use of an identity conversion (85.1.1), awidening
primitive conversion (85.1.2), anarrowing primitive conversion (85.1.3), awidening reference conversion (85.1.4), or a narrowing
reference conversion (85.1.5). Thus casting conversions are more inclusive than assignment or method invocation conversions: a
cast can do any permitted conversion other than a string conversion.

Value set conversion (85.1.8) is applied after the type conversion.
Some casts can be proven incorrect at compile time; such casts result in a compile-time error.

A value of a primitive type can be cast to another primitive type by identity conversion, if the types are the same, or by awidening
primitive conversion or a narrowing primitive conversion.
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A value of a primitive type cannot be cast to areference type by casting conversion, nor can avalue of areference type be cast to a
primitive type.

The remaining cases involve conversion between reference types. The detailed rules for compile-time correctness checking of a
casting conversion of avalue of compile-time reference type S (source) to a compile-time reference type T (target) are asfollows:

. If Sisaclasstype:
o If Tisaclasstype, then Sand T must be related classes-that is, Sand T must be the same class, or Sa subclass of T,
or T asubclass of S, otherwise a compile-time error occurs.
o If Tisan interface type:
« If Sisnotafi nal class(88.1.1), then the cast is aways correct at compile time (because even if Sdoes not
implement T, a subclass of Smight).
« If Sisafinal class(88.1.1), then Smust implement T, or a compile-time error occurs.
o If Tisan array type, then Smust be the class Obj ect , or acompile-time error occurs.
. If Sisan interface type:
o If Tisan array type, then T must implement S, or a compile-time error occurs.
o If Tisaclasstypethatisnot fi nal (88.1.1), thenthe cast isaways correct at compile time (because even if T does
not implement S, asubclass of T might).
o If Tisaninterfacetypeand if T and Scontain methods with the same signature (88.4.2) but different return types,
then a compile-time error occurs.
. If Sisanarray type C[ ] , that is, an array of components of type SC:
o If Tisaclasstype, thenif Tisnot Cbj ect , then a compile-time error occurs (because Cbj ect isthe only class
type to which arrays can be assigned).
o If Tisan interface type, then a compile-time error occursunless T isthetypej ava. i 0. Seri al i zabl e or the
type Cl oneabl e, the only interfaces implemented by arrays.
o If Tisanarray type TC[ ] , that is, an array of components of type TC, then a compile-time error occurs unless one
of the following istrue:
« TC and SC are the same primitive type.
« TC and SC are reference types and type SC can be cast to TC by arecursive application of these compile-
time rulesfor casting.

See 88 for the specification of classes, 89 for interfaces, and 810 for arrays.
If acast to areference type is not acompile-time error, there are two cases.

. The cast can be determined to be correct at compile time. A cast from the compile-time type Sto compile-timetype T is
correct at compile timeif and only if Scan be converted to T by assignment conversion (85.2).

. The cast requires arun-time validity check. If thevaue at runtimeisnul | , then the cast is alowed. Otherwise, let R be
the class of the object referred to by the run-time reference value, and let T be the type named in the cast operator. A cast
conversion must check, at run time, that the class R is assignment compatible with the type T, using the algorithm specified
in 85.2 but using the class R instead of the compile-time type Sas specified there. (Note that R cannot be an interface when
these rules are first applied for any given cast, but R may be an interface if the rules are applied recursively because the run-
time reference value may refer to an array whose element typeis an interface type.) The modified algorithm is shown here:

o If Risan ordinary class (not an array class):
« If Tisaclasstype, then R must be either the same class (84.3.4) as T or asubclass of T, or arun-time
exception is thrown.
« If Tisaninterface type, then R must implement (88.1.4) interface T, or arun-time exception is thrown.
« If Tisan array type, then arun-time exception is thrown.
o If Risan interface:
« If Tisaclasstype, then T must be Cbj ect (84.3.2), or arun-time exception is thrown.
« If Tisaninterface type, then R must be either the same interface as T or a subinterface of T, or arun-time
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exception is thrown.
« If Tisan array type, then arun-time exception is thrown.

o If Risaclassrepresenting an array type RC[ ] -that is, an array of components of type RC:

« If Tisaclasstype, then T must be Cbj ect (84.3.2), or arun-time exception is thrown.
« If Tisaninterface type, then arun-time exception isthrown unless T isthe typej ava. i 0.
Seri al i zabl e or thetype Cl oneabl e, the only interfaces implemented by arrays (this case could dlip
past the compile-time checking if, for example, areference to an array were stored in avariable of type
oj ect).
« If Tisanarray type TC[ | , that is, an array of components of type TC, then arun-time exception is thrown
unless one of the following istrue:
» TC and RC are the same primitive type.
« TC and RC are reference types and type RC can be cast to TC by arecursive application of these run-
time rules for casting.

If arun-time exception isthrown, itisaCl assCast Except i on.

Here are some examples of casting conversions of reference types, similar to the example in 85.2:

public class Point { int x, y; }
public interface Col orable { void setColor(int color); }
public class Col oredPoi nt extends Point inplements Col orable

{

}

final

int color;
public void setColor(int color) { this.color = color; }

cl ass EndPoi nt extends Point { }

class Test {

public static void main(String[] args) {
Point p = new Point();
Col oredPoi nt cp = new Col oredPoi nt ();
Col orabl e c;

/1l The follow ng may cause errors at run tinme because

/1 we cannot be sure they will succeed; this possibility

/1l is suggested by the casts:

cp = (Col oredPoi nt) p; /[l p mght not reference an
/1l object which is a

Col or edPoi nt

/] or a subcl ass of

Col or edPoi nt

}

c = (Col orabl e)p; /1 p mght not be Col orable

/[l The followng are incorrect at conpile tinme because
/1l they can never succeed as explained in the text:

Long | = (Long)p; [l conpile-time error #1
EndPoi nt e = new EndPoint () ;
c = (Col orabl e)e; [l conpile-time error #2

Here the first compile-time error occurs because the class types Long and Poi nt are unrelated (that is, they are not the same, and
neither is a subclass of the other), so a cast between them will alwaysfail.
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The second compile-time error occurs because avariable of type EndPoi nt can never reference a value that implements the
interface Col or abl e. Thisis because EndPoi nt isafi nal type, and avariable of af i nal typeaways holds avalue of the
same run-time type as its compile-time type. Therefore, the run-time type of variable e must be exactly the type EndPoi nt , and
type EndPoi nt does not implement Col or abl e.

Here is an example involving arrays (810):

class Point {
int x, vy;
Point(int x, int y) { this.x = x; this.y =vy; }
public String toString() { return "("+x+","+y+")"; }
}
public interface Colorable { void setColor(int color); }
public class Col oredPoi nt extends Point inplements Col orable

{
int color;
Col oredPoint(int x, int y, int color) {
super (x, y); setColor(color);
}
public void setColor(int color) { this.color = color; }
public String toString() {
return super.toString() + "@ + color;
}
}

class Test {

public static void main(String[] args) {
Point[] pa = new Col oredPoi nt[4];
pa[ 0] = new Col oredPoint (2, 2, 12);
pa[ 1] = new Col oredPoi nt (4, 5, 24);
Col oredPoi nt[] cpa = (Col oredPoint[]) pa;
Systemout.print("cpa: {");
for (int i =0; i < cpa.length; i++)

Systemout.print((i ==0?" " : ", ") + cpali]);

Systemout.println(" }");

}

This example compiles without errors and produces the output:

cpa: { (2,2)@2, (4,5 @4, null, null }

The following example uses casts to compile, but it throws exceptions at run time, because the types are incompatible:

public class Point { int x, y; }
public interface Col orable { void setColor(int color); }
public class Col oredPoi nt extends Point inplenents Col orabl e
{

int color;

public void setColor(int color) { this.color = color; }
}
class Test {

public static void main(String[] args) {
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Point[] pa = new Point[100];

[l The followng line will throw a C assCast Excepti on:
Col oredPoi nt[] cpa = (Col oredPoint[]) pa;

Systemout. println(cpa[0]);

int[] shortvec = new int[2];

bj ect o = shortvec;

[l The followwng line will throw a C assCast Excepti on:
Col orable ¢ = (Col orabl e)o;

c.setColor(0);

5.6 Numeric Promotions

Numeric promotion is applied to the operands of an arithmetic operator. Numeric promotion contexts allow the use of an identity
conversion (85.1.1) or awidening primitive conversion (85.1.2).

Numeric promotions are used to convert the operands of a numeric operator to a common type so that an operation can be
performed. The two kinds of numeric promotion are unary numeric promotion (85.6.1) and binary numeric promotion (85.6.2).
The analogous conversions in C are called "the usual unary conversions' and "the usual binary conversions."

Numeric promotion is not a general feature of the Java programming language, but rather a property of the specific definitions of
the built-in operations.

5.6.1 Unary Numeric Promotion
Some operators apply unary numeric promotion to a single operand, which must produce a value of a numeric type:

. |If the operand is of compile-timetype byt e, short, or char , unary numeric promotion promotesit to a value of type
i nt by awidening conversion (85.1.2).
. Otherwise, aunary numeric operand remains asis and is not converted.

In either case, value set conversion (85.1.8) isthen applied.
Unary numeric promotion is performed on expressions in the following situations:

. Each dimension expression in an array creation expression (815.10)

. Theindex expression in an array access expression (815.13)

. Theoperand of aunary plus operator + (815.15.3)

. Theoperand of aunary minus operator - (815.15.4)

. The operand of a bitwise complement operator ~ (815.15.5)

. Each operand, separately, of a shift operator >>, >>>, or << (815.19); therefore al ong shift distance (right operand) does
not promote the value being shifted (left operand) to | ong

Hereisatest program that includes examples of unary numeric promotion:

class Test {
public static void main(String[] args) {
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byte b = 2;

int a[] = newint[b]; /] dimension expression pronotion

char ¢ = '\u0001';

a[fc] = 1; /1 index expression pronotion

a[0] = -c; /1l unary - pronotion

Systemout.println("a: " + a[0] + "," + a[1]);

b = -1;

int i = ~b; /1 bitw se conpl enent
pronoti on

Systemout. println("~0x" + Integer.toHexString(b)

+ "==0x" + Integer.

toHexString(i));

i = b << 4L; /1l shift pronotion (left operand)

Systemout. println("0x" + Integer.toHexString(b)
+ "<<4L==0x" + I nteger.toHexString

(i));
}

This test program produces the output:

a: -1,1
~Oxffffffff==0x0
Oxffffffff<<4L==0OxfffffffO

5.6.2 Binary Numeric Promotion

When an operator applies binary numeric promotion to apair of operands, each of which must denote a value of a numeric type,
the following rules apply, in order, using widening conversion (85.1.2) to convert operands as necessary:

. If either operand is of type doubl e, the other is converted to doubl e.

. Otherwise, if either operand isof typef | oat , the other isconvertedto f | oat .
. Otherwise, if either operand is of type| ong, the other is converted to | ong.

. Otherwise, both operands are converted to typei nt .

After the type conversion, if any, value set conversion (85.1.8) is applied to each operand.
Binary numeric promotion is performed on the operands of certain operators:

. The multiplicative operators*, / and %(815.17)

. The addition and subtraction operators for numeric types + and - (815.18.2)
. Thenumerical comparison operators <, <=, >, and >= (815.20.1)

. Thenumerical equality operators == and ! = (8§15.21.1)

. Theinteger bitwise operators &, and | (815.22.1)

. In certain cases, the conditional operator ? : (815.25)

An example of binary numeric promotion appears abovein 85.1. Here is another:

class Test {
public static void main(String[] args) {
int i =0;
float f = 1.0f;


http://java.sun.com/docs/books/jls/second_edition/html/conversions.doc.html#25214
http://java.sun.com/docs/books/jls/second_edition/html/conversions.doc.html#184225
http://java.sun.com/docs/books/jls/second_edition/html/expressions.doc.html#239829
http://java.sun.com/docs/books/jls/second_edition/html/expressions.doc.html#13510
http://java.sun.com/docs/books/jls/second_edition/html/expressions.doc.html#153654
http://java.sun.com/docs/books/jls/second_edition/html/expressions.doc.html#5198
http://java.sun.com/docs/books/jls/second_edition/html/expressions.doc.html#5233
http://java.sun.com/docs/books/jls/second_edition/html/expressions.doc.html#290293
http://java.sun.com/docs/books/jls/second_edition/html/conversions.doc.html#189955

}

which produces the outpuit:

-
0.25

double d = 2.0;
[l First int*float is pronoted to float*float, then
/1 float==double is pronoted to doubl e==doubl e:
if (i * f ==d)
System out . println("oops");
/1l A char&byte is pronoted to int& nt:
byte b = Ox1f;
char ¢ = 'G;
int control = c & b;
Systemout. println(lnteger.toHexString(control));
/'l Here int:float is pronoted to float:float:
f = (b==0) ?2 i : 4.0f;
Systemout.println(1.0/f);

The example converts the ASCII character Gto the ASCII control-G (BEL), by masking off all but the low 5 bits of the character.
The 7 isthe numeric value of this control character.
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