Reflection

a.k.a. Introspection
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Reflection

* Allows runtime discovery of an object’s
— fields

— constructors

— methods

 Particularly useful for creating tools such
as debuggers and class browsers | bece

"package”,

* Within access restricti oné/can privee
— et and set discovered fields

— Invoke discovered methods

— create new objects using discovered constructors

» Supported by

— new methods in the class Class

— new classes
* Member, Field, Constructor, Method, Array, Modifier
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Reflection Example

/'l Read an object froma persistent store.

/1 This is one exanple of where reflection is useful.
FilelnputStreamfis = new Fil el nput Strean(“save.jo0s”);
bj ect I nput Stream oi s = new Obj ectl nput Streanm(fis);
bj ect object = ois.readObject();

Cl ass clazz = object.getd ass();

/1 Get public information.

Field[] fields = clazz.getFields();

Constructor[] constructors = clazz.getConstructors();
Met hod[] net hods = cl azz. get Met hods() ;

[l Get all information. Only “trusted” code can do this.

/1 SecurityManager.checkMenber Access can throw

/'l SecurityException to prevent access to this information.
Field[] fields = clazz. getDecl aredFi el ds();

Constructor[] constructors = clazz. getDecl aredConstructors();
Met hod[] net hods = cl azz. get Decl ar edMet hods() ;

Systemout.println(“Cbject type is “ + class.getNane());
Systemout.println(“Field types and nanes are”);

for (int i =0; i <fields.length; ++i) {
Field field = fields[i];
Systemout.println(field. getType().getNane() + " " +

field. get Name()):
}
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Highlights of Reflection
Methodsin java.lang.Class

e Discovery of class attributes
— String get Nane()
— Cl ass get Supercl ass()
— Class[] getlnterfaces()
— int getMoudifiers()
* returnsamask of modifier bits representing

abstract, final, interface, native, private, protected, public,

not part of the persistent
state of an object
(sometimes can be
calculated from non-
transient fields)

static, synchronized, transient, volatile
e asoused for fields, constructors, and methods ™\

e Discovery of fields
— Field[] getFields() -only public
— Field[] getDeclaredFields() -all

« Discovery of constructors

Thefield is used by
multiple synchronized
threads so the compiler
should read its value from
memory for every access
instead of optimizing
access by saving a copy on
the stack.

— Constructor[] getConstructors() -only public
— Constructor[] getDecl aredConstructors() - all

e Discovery of methods
— Method[] getMet hods() - only public
— Method[] get Decl ar edMet hods() - al
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Highlights of Reflection
Methodsin java.lang.Class

(Cont'd)

» Creating anew object

— QObj ect new nstance()
— USes no-arg constructor

— throws Illegal AccessException if caller has
insufficient access to use the no-arg constructor

» Creating aclass object
— usingf or Nanme()

e Cass clazz = C ass.forNane("java.util.Vector");
» throws ClassNotFoundException

— using . cl ass
e Class clazz = java.util. Vector.cl ass;
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Highlights of Interface
java.lang.reflect.M ember

|mplemented by the classes
Field, Constructor, and Method

which are all types of members
Cl ass get Decl ari ngd ass()
String get Nane()

I nt get Modi fiers()

— returns amask of modifier bits representing
abstract, final, interface, native, private, protected,
public, static, synchronized, transient, volatile
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Highlights of Class
java.lang.reflect.Field

Cl ass get Decl ari ngd ass()
String get Nane()
I nt get Modi fiers()

in Member

e ({ass getType()

— tellsthe type of thefield . object

containing

e (bject get(Ohject object) the field

— getsthevalue of the field for a given object
— returns primitive values in type wrapper objects
« void set(Object object“Object val ue)

— setsthe value of the field for a given object
— put primitive values in type wrapper objects
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Highlights of Class
java.lang.reflect.
Constructor

e ({ass getDeclaringdass()
e String getNane()

— samefor al constructorsin the same class
e int getMdifiers()

e (Cass[] getParaneterTypes()

— tellsthe parameters types the constructor requires
« (Cass[] getExceptionTypes()

— tellswhich exceptions the constructor may throw
e (bject new nstance((Object[] args)

— uses the constructor to create a new instance using
the given arguments
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in Member

Highlights of Class
java.lang.reflect.M ethod

Cl ass get Decl ari ngd ass()
String get Nane()
I nt get Modi fiers()

Cl ass get Ret urnType()

— tellsthetype of the method return value
Cl ass[] get Paramet er Types()

— tellsthe parameters types the method requires
Cl ass[] get ExceptionTypes()

— tellswhich exceptions the method may throw

(hbj ect 1 nvoke object

. . L, . i
A7 (Object obj,“vject[] args) |t

method
return
value

— Invokes the method on a given object
passing ar gs to it

* usetype wrapper objects for primitive arguments
— throws InvocationTargetException if obj doesn't
support the method
— passing Method objects provide the same capability
as passing function pointersin C/C++
» aso consider using anonymous inner classes
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L ab

e Complete ClassBrowser

— copy ClassBrowserStub.java, AlphabeticalList.java,
Constrainable.java and GridBagPanel.javain
\\Duke\JavaA dv\Reflection\ClassBrowser
to your directory

» only ClassBrowserStub requires changes

— look for comments indicating missing code (//>) and

insert calls to reflection methods

— compilewithj avac -depend O assBrowser.java
— why isrecursion necessary in getTypeString()?

+ Java Class Browser by Mark Volkmann !EI

class Ijava.am.Frame
extends jaua.am.Windnwl

implements  Jiava.awtMenuContainer

r' Public Qnly Back | |FEanwan |

Fields | boolean resizable i!
java.awt lmage icon

java.awtMenuBar menuBar

java.lang. String title

hethods java.awtWindow addOwnedWindow
woid postProcesskeyEvent

Lie | Lo

fvoid rermove Oynedb™ind ow
private void readCbject
Parameter Types  |iava.awl \Window

L

can't get names
of parameters
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