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14 serialization and file 1/O

saVing Objects If I have to read

one more file full of
data, I think Tl have to kill him. He
knows T can save whole objects, but
does he let me? NO, that would be
too easy. Well, we'll just see how
he feels after I...

Objects can be flattened and inflated. objects have state and behavior.
Behavior lives in the class, but state lives within each individual object.So what happens when
it's time 10 save the state of an object? If you're writing a game, you're gonna need a Save/
Restore Game feature. If you're writing an app that creates charts, you're gonna need a Save/
Open File feature. (f your program needs to save state, you ¢can do it the hard way, interrogating
each object, then painstakingly writing the vatue of each instance variable to a file,in a

format you create. Or, you can do it the easy 00 way—you simply freeze-dry/flatten/persist/
dehydrate the object itself, and reconstitute/inflate/restore/rehydrate it to get it back. 8ut you'll
still have to do it the hard way sometimes, especially when the file your app saves has to be read

by some other non-Java application, so we’ll look at both in this chapter.
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saving objects

Capture the Beat

You've made the perfect pattern. You want to save the pattern.
You could grab a piece of paper and start scribbling it down, but
instead you hit the Sawve button (or choose Save from the File
menu). Then you give it a name, pick a directory,
and exhale knowing that your masterpiece won't go
out the window with the blue screen of death.

You have lots of options for how to save the state of
your Java program, and what you choose will probably
depend on how you plan to use the saved state, Here
are the options we'll be looking at in this chapter.

If your data wiil be used by only the Java
program that generated it:

@ Use serialization

Write a file that holds flattened (serialized)
objects. Then have your program read the
serialized objects from the file and inflate them
back into living, breathing, heap-inhabiting objects.

If your data will be used by other programs:

@ Werite a plain text file

Write a file, with delimiters that other programs can parse.
For example, a tab-delimited file that a spreadsheet or
database application can use.

These aren’t the only optons, of course. You can save data in any
format you choose. Instead of writing characters, for example,
you can write your data as bytes. Or you can write out any kind

of Java primitive as a Java primitive—there are methods to write
ints, longs, booleans, etc. But regardless of the method you use,
the fundamental [/O techniques are pretty much the same:
write some data to something, and usually that something is either
a file on disk or a stream coming from a network connection.
Reading the data is the same process in reverse: read some data
from either a file on disk or a network connection. And of course
everything we talk about in this part is for dmes when vou aren’t
using an actual database.
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Saving State

Imagine you have a program, say, a {fantasy
adventure game, that takes more than one
session to complete. As the game progresses,
characters in the game become stronger, weaker,
smarter, etc., and gather and use (and lose)
weapons. You don't want to start from scratch
each time you launch the game—it took you
forever to get your characters in top shape for
a spectacular battle. So, you need a way to save
the state of the characters, and a way to restore
the state when you resume the game. And since
you're also the game programmer, you want the
whole save and restore thing to be as easy (and
foolproof) as possible.

@ Option one

Write the three serialized
character objects to a file

Create a file and write three serialized
character objects. The file won't make
sense if you try fo read it as text:
~{srGameCharacter
~ %488 M OrpowerIjava/lang/
String; [weaponst {Ijava/lang/
String;xpRtifur{Ljava.lang.String;»4VA
B{Gxpthowtswordtdustsq ~»tTrollug~tb
are handstbig axsq™ xtMagiolanng “tape
atinvisibility

@ Option two
Write a plain text file

Create a file and write three lines of texy,
one per character, separating the pieces
of state with commas:

80,¥1f,bow, sword,dust
800, TrollL,bare hands,big ax
180,Magiclan spalls invisibility
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GameCharacter

Int power
String type
Weapon[) weapons

getWaapon()
useWeapon()
IncreasePower()
{1 more

. YPE migh u u W”S
while the Ew bm'i ‘i t’c:;:i dust ip,_({;cad o{ “E”‘»
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saving objects

Writing a serialized object to a file

Here are the steps for serjalizing (saving) an object. Don't bother
memorizing all this; we'll go into more detail later in this chapter.

« n do‘sn‘{:
file “M éamc.m _ '
iii)j;c it :'M bz ereaked achamﬂbt.B\l»f

o Make a FileOutputStream \/

FileOutputStream fileStream = new FileOutputStream(“MyGame.ser”) ;

lbiﬂkt a ’ I!COM(‘.PUESB Carm Ob)Cc‘— ] lfﬂaﬂ?uis‘ "tah\
CO'INC&‘E {D (a"d C"Ca{:e) -
kHONS IDOW éo ] |’c

e Make an ObjectOutputStream

ObjectOutputStream os = new ObjectOutputStream(fileStream) ;

[ ieets
m leks you weite ?:\J\)ct )
- C'L:D uky{',u{j::&y coch{: J-oa.a ‘t.allt
b‘.\cd|s {'C:‘;Je fed a ‘helper’- This ;22:«, ¥
“Lca“ed 'Lhain'mg' one Stream o a

c\\ara&ﬂ"

etts vebevenced b cee, and

e Write the object
1alizes th ob)
o8 .writeObject (characterOne) ; g::‘;fm&v o and &harg;tlzur _
os.writeObject (characterTwo) ; wi"cu Ehew Lo the file “My

o8.writeObject (characterThree) ;

e Close the ObjectOutputStream
e

C]asinﬁ 1h
(4 ‘ﬁcah
undevneath, o the ?:ﬁ {-MM tleses the ones

ile) will ¢)ose auton ifically. tream (and the

os.close () ;
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serialization and file 10
Data moves in streams from one place to another.

Connection
vOnnectior
streams represent
a connectlon

to a source or
destination (file,
socket, ete.) while
9_@1 streams
cant connect on
thelr own and must
be chalned to a
connection stream.

The Java I/O API has connection streams, that represent connections to destinations and
sources such as files or network sockets, and chain streams that work only if chained to
other streams.

Often, it takes at least two streams hooked together to do something useful—one to
represent the connection and anather to call methods on. Why two? Because connection
streams are usually too low-level. FileOutputStream (a connection stream), for example,
has methods for writing &ytes. But we don’t want to write bytes) We want to write objects, so
we need a higher-level chain stream.

OK, then why not have just a single stream that does exactly what you want? One that lets
you write objects but undemeath converts them to bytes? Think good OO. Each class
does one thing well. FileOutpuiStreams write bytes to a file. ObjectOutputStreams turn
objects into data that can be written 10 a stream. So we make a FileOurputStream that lets
us write to a file, and we hook an ObjectOutputStreamn (a chain stream) on the end of it.
When we call writeObject() on the ObjectOutputStream, the object gets pumped into the
stream and then moves to the FileOutputStream where it ultimately gets written as bytes
to a file.

The ability to mix and match different combinations of connection and chain streams

gives you tremendous flexibility! If you were forced to use only a single stream class, you’d 4 cpmation
be at the mercy of the API designers, hoping they'd thought of everything you might ever ¢

want to do. But with chaining, you can patch together your own custom chains. L

01101001
object is flattened (serialized) object is written as bytes to 01101110
g [— . 01101 1 >
is written to T— is chained to 001011011100 01
ObjectOutputStream FileOutputStream File
(a chain stream) (a connection stream)
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serialized objects

What really happens to an object

when it's serialized?

o Object on the heap

e Object serialized

Objects on the heap have state—the
value of the object’s instance
variables. These values make one
instance of a class different from
another instance of the same ¢lass.

Serialized objects save the values
of the instance varlables, so that
an identical instance (cbject) can be
brought back to life on the heap.

The instance variable
: al

or width and he; ht :#S
saved to the file foo.ser”
along with a little move by
l,,c JI:/th?Cds to vestore

¢ object (Jik i
tlass ‘E;Pe is).l ¢ what It‘

434

FileOutputStream fs = new FileOutputStream(“foo.ser”);
ObjectOutputStream os = new ObjectOutputStream (fs) ;
os.writeObject (myFoo) ;

Make a FileOutputStream that tomnects

i;:'ot:y.i‘;:w:d?\‘;fi:??() ; 'Eo.fhc file “FW“"”: then ehain an
myFoo . gsetHeight (70) ; Ob*}“w“tf’"tsfr“’" to it, and Lell the
ObjchOu{FuK{-_rea,, {0 M‘Ifz £h¢ OBJCL{',
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But what exactly IS an object’s state?
What needs to be saved?

Now it starts to get interesting. Easy enough to save the primitive
values 37 and 70. But what if an object has an instance variable
that’s an object nference? What about an object that has five
instance variables that are object references? What if those object
instance variables themselves have instance variables?

Think about it. What part of an object is potentially unique?
Imagine what needs to be restored in order to get an object that’s
identical to the one that was saved. It will have a different memory
location, of course, but we don’t care about that. All we care about
is that out there on the heap, we'll get an object that has the same
state the object had when it was saved.

serialization and file 110

- .'--“'..‘ '}
<7 Brain Barbell

What has to happen for the Car The Car object has two
instance variables that
reference two other

objects.

object to be saved in such a way
that it can be restored back to its
original state?

Think of what—and how—you
might need to save the Car.

And what happens if an Engine
object has a reference to a

Carburator? And what's inside the ) q;‘
Tire [] array object? : ao>
Car obSQ«c"
What does It take to
save a Car object?
you are here» 435



serialized objects

438

When an object is serialized, all the objects

it refers to from Instance variables are also
serialized. And all the objects those objects
refer to are serialized. And all the objects those
objects refer to are serialized... and the best
part is, it happens automatically!

This Kennel object has a reference to a Dog []array object. The
Dog [] holds references to two Dog objects. Each Dog object holds
areference to a String and a Collar object. The String objects
have a collection of characters and the Collar objects have an int.

When you save the Kennel, all of this is saved!

chapter 14

Serialization saves the
entire oLjec’t grapln
All objects referenced
by instance variables,
starting with the

ol;ject lveing serialized.




serialization and file /O

If you want your class to be serializable,
implement Ndgrl £

The Serializable interface is known as a marker or taginterface,

because the interface doesn’t have any methods to implement. Its

sole purpose is to announce that the class implementing it is, well,

serializable. In other words, objects of that type are saveable through

the serialization mechanism. If any superclass of a class is serializable,

the subclass is automatically serializable even if the subclass doesn’t

explicitly declare implements Serializable. (‘This is how interfaces always

work. If your superclass “IS-A” Serializable, you are too). . MUST -,,,Y\Cmcn‘l:

Whakever 3°¢* \‘cvw“\ fat ot vuntime:

objectOutputStream.writeObject (myBox) ; gma\'\ﬂ\’\ . o 3

avaio PALKANE ¥
Se alizable 1 ke J3Va° patkay
v
import java.io.*; 4 the o . £, buk when you s3Y
. you nee ] No methods {9";\:‘;;{:"’\, ik says to the \)\,/ M,
public class Box W { «'\m?]tmcn‘hs Ser ‘a_ bietts oz this b[?c,r
“ts 0¥ to sevialize o0v)el

private int width;

orivate int height;/ € these two values wil be saved

public void setWidth (int w) {
width = w;

}

public void setHeight(int h) {
height = h;
}

public static void main (String[] args) {

Box myBox = new Box():
myBox . setWidth (50) ;

myBox.setHeight (20); /p gperations tan Fhrow exteptions. / Lk c::t:mcd Looser -

try {
FileOutputStream fs = new FileOutputStream(“foo.ser”);
ObjectOutputStream os = new ObjectOutputStream(fs) ;

os.writeObject (myBox) ; Make 3, Ob;
os.close(); '\ thained 4, %) cdowé”“fs’éream

i he ¢ .

} catch(Exception ex) { onneet
ex.printStackTrace() ; Tell it 4, e ¢ ion stream.
} he object.
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serialized objects

Serialization is all or nothing.

Can you imagine what would
happen If some of the object’s
state didn’t save correctly? Eeewww! That

creeps me out just thinking
about itl Like, what if a Dog comes
back with no weight. Or no ears. Or
the collar comes back size 3 instead
of 30. That just can’t be allowed!

import java.io.¥;

4 Pond objcc{:s tan be sevialized.

public class Pond implements Serializable ({

ns
Class Pond has on¢
vaviable, 3 Duek.

fante
private Duck duck = new Duck(); &—

public static veid main (String[] args) ({
Pond myPond = new Pond() :
try {
FilaOutputStream fs = new FileOutputStream(“Pond.ser”);
ObjectOutputStream os = new ObjeatOutputStream(fs) ;

. [Vagi Wh
os.writeCbjact (myPond) ; Chdou sevialize m
£

os.close(); object), its Duck ins P:C"Cdv(:k":zf"d
iable

dutomatisglf .
} catch (Exception ex) { ch{:s serialized

ex.printS8tackTrace () ;
}

java.io.No
Yikes! Duck i not serializable/

public class Duck { [t doesn't implement Serizlizable,
s when You vy {o sevialize 5

) // duck code here Pond)ochd{, it £ails because the
Poh)d s Puek instance vavigble
¢ant be saved.
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tSQrializ
at Pond.main

Either the entire
object graph is
seriallzed correctly
or serialization fails.

You can’t seriallze
a Pond object if
its Duck instance
variable refuses to
be serialized (by
not implementing
Serializable).

able‘.E:xcept.i.on : Duck
(Pond.java:lB)



serialization and file IO

It's hopeless,
then? I'm completely
screwed if the idiot who
wrote the class for my instance
variable forgot to make it

Serializable?

Mark an instance variable as transient
If it can’t (or shouldn’t) be saved.

If you want an instance variable to be skipped by the
serialization process, mark the variable with the transient

keyword.
“doh’{'- import java.nat.¥;

. . 1 Chat laments Serializabl
kﬂw""’c s:1:2)\\>\e dwmf%" i as;mie:? st:i: scuzie:t;;' ° !
cave H\li? “sk' sk.l? \ ﬁ S —— g '

SLV.‘ a“ﬂ‘bb'\) )

String userName;

“fﬁ'ﬁiamc va\-iab]c
wi saved as part
of the object’s f{;,& '

dwi"ﬂ sevidlization.

// more code

If you have an instance variable that can’t be saved because
jt isn’t serializable, you can mark that variable with the
transient keyword and the serialization process will skip right
over it.

So why would a variable not be serializable? It could be

that the class designer simply forgot to make the class
implement Serializable. Or it might be because the object
relies on runtime-specific information that simply can’t be
saved. Although most things in the Java class libraries are
senalizable, you can’t save things like network connections,
threads, or file objects. They’re all dependent on (and
specific to) a particular runtime 'experience’. In other words,
they're instantiated in a way that's unique to a particular run
of your program, on a particular platform, in a particular
JVM. Once the program shuts down, there’s no way to bring
those things back to life in any meaningful way; they have to
be created from scratch each time.
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serialized objects

therejare o
Dumla uestions

Q: If serialization is so important,
why isn’t it the default for all classes?
Why doesn't class Object implement
Serializable, and then all subclasses
will be automatically Serializable.

AZ Even though most classes will,
and should, implement Serializable,
you always have a choice. And you
must make a conscious decision on

a class-by-class basis, for each class
you design, to ‘enable’ serialization
by implementing Serializable.

First of all, if serialization were the
default, how would you turn it off?
Interfaces indicate functionality, not
a lack of functionality, so the model
of polymorphism wouldn’t work
correctly if you had to say,“implements
NonSerializable” to tell the world that
you cannot be saved.

Q: Why would | ever write a class
that wasn’t serializable?

AI There are very few reasons, but
you might, for example, have a security
issue where you don't want a password
object stored. Or you might have an
object that makes no sense to save,
because its key instance variables are
themselves not serializable, so there's
no useful way for you to make your
class serializable.

Q: If a class I'm using isn’t
serializable, but there’s no good
reason {except that the designer just
forgot or was stupid), can | subclass
the ‘bad’ class and make the subclass
serializable?

440 chapter 14

A: Yes! If the class itself is
extendable (i.e. not final), you can
make a serializable subclass, and just
substitute the subclass everywhere
your code is expecting the superclass
type. (Remember, polymorphism
allows this.) Which brings up another
interesting issue: what does it mean if
the superclass is not serializable?

Q} You brought it up: what does it
mean to have a serializable subclass
of a non-serializable superclass?

A: First we have to look at what
happens when a class is deserialized,
(we'll talk-about that on the next few
pages). In a nutshell, when an object

is deserialized and its superclass is not
serializable, the superclass constructor
will run just as though a new object of
that type were being created. If there’s
no decent reason for a class to not

be serializable, making a serializable
subclass might be a good solution.

Q: Whoal! | just realized
something big... if you make a
variable ‘transient; this means the
variable’s value is skipped over
during serialization.Then what
happens to it? We solve the problem
of having a non-serializable instance
variable by making the instance
variable transient, but don’t we NEED
that variable when the object is
brought back to life? In other words,
isn't the whole point of serialization
to preserve an object’s state?

AI Yes, this is an issue, but
fortunately there’s a solution. If you
serialize an object, a transient reference
instance variable will be brought back

as null, regardless of the value it had
at the time it was saved.That means
the entire object graph connected to
that particular instance variable won't
be saved.This could be bad, obviously,
because you probably need a non-null
value for that variable.

You have two options:

1) When the object is brought back,
reinitialize that null instance variable
back to some default state.This

works if your deserialized object isn't
dependent on a particular value for
that transient variable. In other words,
it might be important that the Dog
have a Collar, but perhaps all Collar
objects are the same so it doesn’t
matter if you give the resurrected Dog
a brand new Collar; nobody will know
the difference.

2) If the value of the transient variable
does matter (say, if the color and design
of the transient Collar are unique for
each Dog) then you need to save the
key values of the Collar and use them
when the Dog is brought back to
essentially re-create a brand new Collar
that’s identical to the original.

Q} What happens if two objects in
the object graph are the same object?
Like, if you have two different Cat
objects in the Kennel, but both Cats
have a reference to the same Owner
object, Does the Owner get saved
twice? I'm hoping not.

A’; Excellent question! Serialization
is smart enough to know when two
objects in the graph are the same. in
that case, only one of the objects is
saved, and during deserialization, any
references to that single object are
restored.



serialization and file /O

Peserialization: restoring an object dﬂiﬂaﬁud

sevialized

The whole point of serializing an object is so that you can
restore it back to its original state at some later date, in a
different ‘run’ of the JVM (which might not even be the same
JVM that was running at the time the object was serialized).
Deserialization is a lot like serialization in reverse.

u ” doesnt
i the £ile "M Gameser ¢ .

o Make a FileInputStream 'id iy youll gt an exception

FileInputStream fileStream = new FilaInputStream(“MyGame.ser”) ;

Make 4 File}

i einPutShream -

Pows. how, comert Z-o zi?eecfsf'f}c Fi!clnpuf&bea
i ng tile. ”

e Make an ObjectInputStream

ObjectInputStream os = new ObjectInputStream(filaStream) ;

a ob CL{'ﬁl
Ob'cl.un?"‘)tslv_'cam leks yor I-:c:o a Bi\t-

b & {: CAl\‘t d!rtcﬂ\f ;o;'\:ﬁ;' Lonhl.&{'jon

haine
lJctvh:: » 'tﬁ{-r:s Lt.as‘c 3 FilelnputStream:
$ ™y
© recd the objects
Object one = os.readCbject(); Ea_% {r,i_...c Jou 3y 3400300, v et b1
Object two = os.readCbject(); object in the styeam. < Jo“,“ rczd {.’?‘cm b;cki:{:

Object three = os.readObject(); ,o ?;c z‘ic‘;;:c;z::: i{j;ey“wge zi’c{:en. You'll
ochLﬁ an You wrote. !/ ¥ to read more

e Cast the objects

GameCharacter elf = (GameCharacter) one; o ‘a‘uo;;

GameCharacter troll = {(GameCharacter) two; T\‘edvgb-e?{c() 1§ {:\ﬁ: Obiect

GameCharacter magician = (GameCharacter) three;{.eit m})¢ wikh Mat\l J;:"
JO\“ ha‘lc{ows ‘t ¢ “ .
he mc you now it red Y Is.

e Close the ObjectInputStream
LN

i[;sing the stream af the top

Mﬂh so the F; n
'Fiit) will ¢loge auﬁzitiawrfﬁﬁm (and the

os.clese();

you are here» 441



deserlalizing objects

What happens during deserialization?

When an object is deserialized, the JVM attempts to bring
the object back to life by making a new object on the heap
that has the same state the serialized object had at the time it

was serialized. Well, except for the transjent variables, which o 1§ khe JVM
come back either null (for object references) or as default Al Lhvow an ¢
primitive values. Ths skep W \ead Ihe ass!
'L find or 192
IE class is found and loaded, saved &
01101001 B object is read as bytes instance variobles reassigned R
01101110 & 011010010110111001  |—— — ——bo
of is read by is chained to
FileInputStream ObjectInputStream Object
(a connection stream) (a chain stream)

File

The object is read from the stream.

[~

The JVM determines (through info stored with
the serialized object) the object’s class type.

()

e The JTVM attempts to find and load the ob-
ject's class. If the JVM can't find and/or load
the class, the JVM throws an exception and
the deserialization fails.

@) Anew object is given space on the heap, but
the serialized object’s constructor does
NOT runl Obviously, if the constructor ran, it
would restore the state of the abject back
to its original 'new’ state, and that's not what
we want. We want the object to be restored
to the state it had when it was serialized, not
when it was first created.
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serialization and file 10

€@ If the object has a non-serializable class

somewhere up its inheritance tree, the
constructor for that non-serializable class
will run along with any constructors above
that (even if they're serializable). Once the
constructor chaining begins, you can't stop it,
which means all superclasses, beginning with
the first non-serializable one, will reinitialize
their state.

@ The object’s instance variables are given the

values from the serialized state. Transient
variables are given a value of null for object
references and defaults (0, false, etc.) for

primitives.

therejare po
Dum uestions

Q} Why doesn’t the class get saved as part of the ob-
ject? That way you don’t have the problem with whether
the class can be found.

A: Sure, they could have made serialization work that
way. But what a tremendous waste and overhead. And

while it might not be such a hardship when you're using
serialization to write objects to a file on a local hard drive,
serialization is also used to send objects over a network
connection. If a class was bundled with each serialized
(shippable) object, bandwidth would become a much larger
problem than it already is.

For objects serialized to ship over a network, though, there
actually is a mechanism where the serialized object can be
‘stamped’ with a URL for where its class can be found.This
is used in Java’s Remote Method Invocation (RMI) so that
you can send a serialized object as part of, say, a method

argument, and if the JVM receiving the call doesn't have
the class, it can use the URL to fetch the class from the
network and load it, all automatically. (We'll talk about RMI
in chapter 17.)

Q: What about static variables? Are they serialized?

A: Nope. Remember, static means “one per class” not
“one per object” Static variables are not saved, and when an
object is deserialized, it will have whatever static variable
its class currently has.The moral: don’t make serializable ob-
jects dependent on a dynamically-changing static variable!
It might not be the same when the object comes back.
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serialization example

Saving and restoring the game characters

import java.io.*;

public class GameSaverTest { Make some thavatters:
public static void main(String(] args} {

}

GameCharacter one = new GamaCharacter(50, “Rlf”, new String{] {“bow”, “sword”, “dust”}),
GamaCharacter two = new GameCharacter (200, “Troll”, new String{] {“bare hands”, “big ax"});
GameCharacter three = new GameCharacter (120, “Magician”, new String|] {“spells”, “invisibility”});

// imagine code that does things with the characters that might change their state valuves

try {

ObjectOutputStream os = new ObjectOutputStream(new FileOutputStream(“Game.ser”));

os.writeObject (one) ;

os.writeObject (two);

08.writeObject (three);

os.close();
} catch{IOException ex) |

ex.printStackTrace() ;

) .
t
one = null; We et them to rull so we can
two = null;  F g khe objecks on the hedb:
three = null;
Now read them back in from the £le.
try {

ObjectInputStream is = new ObjectInputStream(new FileInputStream(“Game.ser”));

GameCharacter oneRestore = (GameCharacter) is.readObject();

GamaCharacter twoRestore = (GameCharacter) is.readObject();

GameCharacter threeRestore = {GameCharacter) is.readObject();
System.out.println(“One’s type: “ + oneRestore.getType()); — Chetk o see i i wovked
System.out.println(“Two’s type: “ + twoRestore.getType()):
System.out.printin(“Three’s type: “ + threeRestore.getType());

} catch(Exception ex) {

ex printStackTrace();

}

Flie EdtWindow Help Resuscitste
% java GameSaver

E1lf
Troll

Magician
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serialization and file /0

The GameCharacter class

import java.io.*;

public class GameCharacter implements Serializable {

int power; .
String type; This is a basic tlass just «(fov {esting
String[] weapons; Cevialization, and we dont }rgctazo
"N leave tha

public GameCharacter(int p, String t, String[] w) { actual games b k we

power = p; you {o expevimen

type = t;

weapons = W;

}

public int getPower() {
return power;

}

public String getType() {
return type;
}

public String getWeapons() {
String weaponlList = “”;

for (int i = 0; i < weapons.length; i++) {
weaponList += weapons[i] T A

return weaponList;
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saving objects
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— BULLEY POINTS‘\‘

Object Serialization

.-

You can save an object’s state by serializing the object.

To serialize an object, you need an ObjectOutputStream (from the
java.lo package)

Streams are efther connection streams or chain streams

Connection streams can represent a connection to a source or
destination, typically a file, network socket connection, or the
console.

Chain streams cannot connect to a source or destination and must
be chained to a connection (or other) stream.

To serialize an object to a file, make a FiteOuputStream and chain it
into an ObjectOutputStream.

To serialize an object, call writeObject(the Object) on the
ObjectOutputStream. You do not need to call methods on the
FileQutputStream.

To be serialized, an object must implement the Serializable inlerface.
If a superclass of the class implements Serializable, the subciass will
automatically be serializable even if it does not specifically declare
implements Serializable.

When an object Is seriallzed, its entire object graph s serfalized. That
means any objects refersnced by the seriallzed abject's instance
variables are serialized, angd any objects referenced by those
objects...and so on.

if any object in the graph is not serializable, an exception will be
thrown at runtime, unless the Instance variable referring to the object
Is skipped.

Mark an instance variable with the transient keyword if you want
serialization to skip that variable. The variable will be restored as null
(for object referances) or default values (for primitives).

During deserialization, the class of alt abjects in the graph must be
avallable to the JVM.

You read objects in (using readObject()) In the order in which they
were originally written.

The return type of readObject() is type Object, so desenalized
objects must ba cast to their real type.

Static variables are not serialized! It doesn't make sense to save

a stafic variable value as part of a specific object’s state, sincs all
objects of that type share only a single value—the one in the class.
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Writing a String to a Text File

Saving objects, through serialization, is the easiest way to save and

restore data between runnings of a Java program. But sometimes you What the aame chavacter dota
need to save data to a plain oid text file. Imagine your Java program micht look like if you wrote it
has to write data to a simple text file that some other (perhaps non- oui as 3 hwwan—veadable +ext file.

Java) program needs to read. You might, for example, have a servlet
(Java code running within your web server) that takes form data the
user typed into a browser, and writes it to a text file that somebody else
loads into a spreadsheet for analysis.

60,Blf,bow, sword,dust
200,Trol bare hands,big ax
130,Magloian, spells invisibility

Writing text data (a String, actually) is simjlar to writing an object,
except you write a String instead of an object, and you use a
FileWriter instead of a FileOutputStream (and you don’t chain it to an
ObjectOutputStream).

To write a serialized object:
objectOutputStream.writeObject (someObject) ;

To write a String:
fileWriter write{“My first String to save”);

1eW ey
\ava.io patkad’ for PN
bw need the Y
import java.io.¥; ¢
class WriteAFile ( v b({_’n dots “d't’c,
public static void main (String[] args) £ e Lile .°° A eeate
\c*'\sb ?-‘\errbﬂ" *
try {
/\ FileWritar writer = new FileWriter (“Foo.txt”);
/0 st . NN ”
N’l;: t}‘:‘: ) {.,sf*/-x:i\"é‘m writer.write (“hello foo!”); &— ;ﬂ\;{v{f;&() method Lakes
™ . Lan \'lnﬁ
&C\"f*“m“? I writer.close () e ¢y, ; ,
‘ng.f,c?"- ose it when You've dOHC.I
} catch{IOException ex) {
ex.printStackTrace() ;
}
)
}
you are here» 447



writing a text flle

Text File Example: e-Flashecards

Remember those flashcards you used in school? Where you
had a question on one side and the answer on the back?
They aren’t much help when you're trying to understand
something, but nothing beats ‘em for raw drill-and-practice
and rote memorization. When you have to burn in a fact. And

they’re also great for trivia games.

We’re going to make an electronic version that has three

classes:

1) QuizCardBuilder, a simple authoring tool for creating and

saving a set of e-Flashcards.

2) QuizCardPlayer, a playback engine that can Joad a

flashcard set and play it for the user.

3) QuizCard, a simple class representing card data. We’ll
walk through the code for the builder and the player, and

QuizCard
QuizCard(q, a)

have you make the QuizCard class yourself, using this > | question

800 Quiz Card Bullder

File

Question:
|Which university is featured in the
film "Good Will Hunting™?

MLT ' | 'T |
[ |
|

answer

getQuestion()
getAnswer()

(666 Cuitz Card Player
File

What happens if you call
EJBObject.getPrimaryKey() on a
Session bean's remote reference?

QuizCardBuilder QuizCardPlayer

Has a File menu with a “Save” option for saving
the current set of cards 1o a text file.

448 chapter 14

Has a File menu with a “Load” option for loading a
set of cards from a text fife.



serialization and file /O

Quiz Card Builder (code outline)

public class QuizCardBuilder {

public void go() { Puilds and displays {‘,’M ém,{: {;i}:fgg
// build and display gui making and vegistering even

[hncr tlass
private class NextCardListener implements ActionListener {  vits ‘Next Car d button
. use :
public void actionPerformed (ActionEvent ev) { Trigyered when Ls Lo store {hat cavd in

an
. eans the user W .
// add the current card to the list and clear the text areas th list and skark 3 new cavd

}

[wnev tlass
private class SaveMenuListener implements ActionListener {

public void actionPerformed(ActionEvent ev) {

Tei :
// bring up a file dialog box r199¢red when use thooses Save’ from "

, ser 1z . » h : user wants {6 o3
// let the user name and save the set 2 u; tgvds in the turrent list as 5 ‘e {Y‘qﬁk’f
} NTum MCéhahiﬁs Set, ¥ I i ‘! e,
\ Java Rules, efe ). » Follywood Trivig,
|nnev tlass
private class NewMenuListener implements ActionListener { o Srom he File
public void actionPerformed{(ActionEvent ev) { oered BY thoosing NCI; ko skavrt @
) _ ) Trioge Lhe vser wan khe tav
// dear out the card list, and clear out the text areas meny; me3nS 50 we tlear ot
se
} ::a&“:nge}cl)\e kexk area®)

private void saveFile(File file) {
// iterate through the list of cards, and write each one out to a text file

// in a parseable way (in other words, with clear separations between parts)

}

| Called by the SaszcmLT'ssbcner,‘
does the attwal file weiting.
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Quiz Card Builder code

import java.util.*;
import java.awt.event.*;
import javax.swing.*;
import java.awt.*;
import java.io.*;

public class QuizCardBuilder {

450

private JTextArea question;

private JTextArea answer;

private ArrayList<QuizCard> cardList;
private JFrame frame;

public static void main (String[] args) {

}

QuizCardBuilder builder = new QuizCardBuilder():
builder.go();

public void go() {

// build qui This is alf gy eode h
frame = new JFrame (“Quiz Card Builder”); {:ECCIQ, H:houa ¢ ¢cre. No{:hi,,
JPanel mainPanel = new JPanel(}; fhe Aﬂyou ""ﬂhf ahf

Font bigFont = new Font (“sanserif”, Font.BOLD, 24); and A4Chul
question = new JTextArea(6,20);

question.setLineWrap{true);

question.setWrapStyleWord (true);

question.setFont (bigFont);

JScrollPane gScroller = new JScrollPane(question);
gScroller.setVerticalScrollBarPolicy(ScrollPaneConstants.VERTICAL SCROLLBAR ALWAYS);
gScroller.setHorizontalScreollBarPolicy(ScrollPaneConstants.HORIZONTAL SCROLLBAR NEVER);

answer = new JTextArea (6,20);
answer.setLineWrap (true);
answer.setWrapStyleWord (true);
answer.setFont (bigFont) ;

JScrollPane aScroller = new JScrollPane (answer);
aScroller.setVerticalScrollBarPolicy(ScrollPaneConstants.VERTICAL SCROLLBAR ALWAYS);
aScroller.setHorizontalScrollBarPolicy (ScrollPaneConstants.HORIZONTAL SCROLLBAR NEVER);
JButton nextButton = new JButton(“Next Card”);

cardList = new ArrayList<QuizCard>();

JLabel glabel
JLabel alabel

new JLabel (“Question:”);
new JLabel (“Answer:”):;

mainPanel.add(qlLabel);

mainPanel.add(gScroller);

mainPanel.add (alLabel);

mainPanel.add (aScroller);

mainPanel.add (nextButton);
nextButton.addActionlListener (new NextCardListener());
JMenuBar menuBar = new JMenuBar () ;

JMenu fileMenu = new JMenu(“File”);

JMenultem newMenultem = new JMenultem(“New”);
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JMenultem saveMenultem = new JMenultem(“Save”); We make
newMenultem. addActionListener (new NewMenuListener()); mens cha meny bah make 3 Fi
A ) " ¢ 7 e

saveMenuItem.addActionListener (new SaveMenuListener ()); 'tems in{, fFl:c F)?fm and ‘ave’ e,
fileMenu.add (newMenultem) ; menu £o the e menu. W, add 4,
fileMenu.add (saveMenultem) ; -{:‘\r.;...c to menu by, then tell 4
rgenuBar.agg(ﬁlgMenu); . items ez ‘E‘C this mepy b, b he

e.set a ; ir . : K

rame.setJMenuBar (menuBar) ¢ an AC{‘OHEVC,,{:

frame.getContentPane () .add (BorderLayout.CENTER, mainPanel):
frame.getSize {500, 600) ;
frame.setVisible (true};

)

public class NextCardListener implements ActionListener |
public void actionPerformed(ActionEvent ev) {

QuizCard card = new QuizCard(question.getText (), answer.getText()});
cardList.add{card);
clearCard() ;
)
}

public class SaveMsnulistener implements ActionlListasner {
public void actionPerformed(Actionfvent ev) (
QuizCard card = new QuizCard{question.getText (), answer.getText());
cardList.add (card) ; ks on on NS
_ log bon 3n8 ¥ a\
ile dsa\oﬁ .Sa c Q\»on\
g ’d\f- \wos )
ine W‘*f‘\ \\c d;a ‘% \10“ \,»1 l:)wc

) “53 “ s k\\\s easy:
0 :ourl \k vedty

public class NewMenuListener implements Actioanstené)g\\f
public void actionPerformed(ActionEvent ev) |
cardList.clear();
clearCard();
)

} werbw
uw‘ Q\\C pR CY)
rivate void ¢learCard() | that does the evert 12 )
P guestion.set'l‘ext(“”); The "“t\“’d o Sav “1"”:“ ;: ssev 15 DY
answer.setText (“”); (called by & JL < the P ‘)ck,\\ n&k’c P39t
question.requestFocus () ; The arg,mﬁ‘L the File tlass orn

) L(//_ wel \ook 3

y private void saveFile(File file) {

try {
BufferedWriter writer = new BufferedWriter(new FileWriter (file));

; . : We ehai B
for(QuizCard card:cardlist) | ina Buff
writer.write (card.getQuestion() + “/"); Fil leWriter to mf:dwzﬁ" onto ;3 new
writer.write(card.getAnswer() + “\n”); We'll £5)k about th? 3 more efficiont
) in 3 few Past‘)
writer.close();
) catch(IO0Exception ex) { ) z:i{iz%héhhﬁwayusfoﬁ
; i

System.out.println{“couldn’t write the cardlList out”); em
ex.printStackTrace(); Per line, with the ques g:f::; :ard
} swer sepavated by 4 “/”, and fh:;

| add s newline chavaeter (“\ n’)
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writing files

(Bjava.io.File IEXE

The java.io.File class represents a file on disk, but doesn’t
actually represent the contents of the file. What? Think of
a File object as something more like a pathname of a file
(or even a directory) rather than The Actual File Itself.
The File class does not, for example, have methods for
reading and writing. One VERY useful thing about a File
object is that it offers a much safer way to represent a
file than just using a String file name. For example, most
classes that take a String file name in their constructor
(like FileWriter or FileInputStream) can take a File
object instead. You can construct a File object, verify
that you've got a valid path, etc. and then give that File
object to the FileWriter or FileInputStream.

Some things you can do with a File object:

@ Make a File object representing an
existing file

File f = new File("MyCode.txt");

@ Make a new directory

File dir = new File(“Chapter?7”);
dir.mkdiz();

@ List the contents of a directory

if (dir.isDirectory()) {
String[) dirContents = dir.list(},

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

System.out.printlin(dirContents[i]);
)

@ Get the absolute path of a file or directory
System.out.println(dir.getAbsolutePath());

@ Delete a file or directory (returns true if
successful)
boolean igDeleted = £.delete();

452 chapter 14

A Flle object represents the name
and path of a file or directory on
disk, for example:

/Users/Kathy/Data/GameFile.txt

But it does NOT represent, or give
you access to, the data in the file!

. fn addvess s NOT the

= fE] | came as the aetual }
5;::;“:0"" h house! A File ob_')cck is
7 - PHve ! e
. fort Hwneme ,ch \tc a street a&i\r:‘am
- 7 and lotakion of 2 ?'av:{
‘Ut.’,vlar £ile, buk it en
the fite ek
h
h File o\)}t&{: reyrdchbp the
Cilemame "é\amc'Fi\e.bt‘c
‘ GameFile.txt
BO|EH|bUw' BwOPd-.duﬁt
200,Troll,bars hands,big ax
120,Maglolan spells invig{bility
A e doss NOT
A File ob c(d: d:*.: Nw
vepresent o Eo) i
divett atces o
aaka mside the ¥ue.
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The beauty of buffers

If there were no buffers, It would be like
shopping without a cart. You'd have to
carry each thing out to your car, one soup
can or toilet paper roll at a time.

L SmPorary holg,
. group ¢h . !
ike the Zarty Fn u‘;:J ¢ holdo)

ar fewer €iPs when, you uﬁ?@?k
er.

d chdhaE\oh

String is put into a buffer When the buffer is full, the Aspen
with other Strings Strings are al! written to
Denver
“Boulder” __ “Boulder” “Agpen” - - Boulder
is written to “Denver” is chained to Aspen Denver Boulder 0
Strin
9 BufferedWriter FileWriter File
(a chain stream that (a connection stream
works with characters) that writes characters

as opposed to bytes)

BufferedWriter writer = new BufferedWriter (new FileWriter (aFilae)); Nots
ice thyf , ¢ dow’

\ need £, on'{ even
The cool thing about buffers is that they're much more efficient than the Fifcwk:,-c{c: :;f':ﬁ'encz to
working without them. You can write to a file using FileWriter alone, by §” thing ve caréjf;‘btu T,-m
calling write (someString), but FileWriter writes each and every thing you ‘Ccfe Weiey, bee tis u’f
pass to the file each and every time. That’s overhead you don't want or onca eet welll el M:ig‘i“'f $
need, since every trip to the disk is a Big Deal compared to manipulating Bu'ﬁ& Z"Ch_ we tlose ¢4,
data in memory. By chaining a BufferedWriter onto a FileWriter, the Lave o?fhWh T will {ak,
BufferedWriter will hold all the stuff you write to it undt it’s full. Only when € vest of the ohai
the buffer is full will the FileWriter actually be told to write to the file on disk. '

If you do want to send data before the buffer is full, you do have control.
Just Flush It. Calls to writer.flush () say, “send whatever's in the buffer, nou”
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Reading from a Text File

Reading text from a file is simple, but this time we’ll use a File
object to represent the file, a FileReader to do the actual reading, A File with £wo lines of text
and a BufferedReader to make the reading more efficient

The read happens by reading lines in a while loop, ending the loop What's 2 + 27/4
when the result of a readline() is null. That’s the most common What's 20+22/42
style for reading data (pretty much anything that’s not a Serialized
object): read stuff in a while loop (actually a while loop tesé),
terminating when there's nothing left to read (which we know
because the result of whatever read method we're using is null).

D it e e e

import java.io.*; Den

class ReadAFile {
public static void main (String([] args) {
A FleReader is 4 tonnettion stream Lor

try thavacters, that comnects 4o 3 text £if
File myFile = new File (“"MyText, txt”) ; [ ¢

FileReader fileReader = naw FileReader (myFile);

BufferedReader reader = new BufferedReader (fileReadear) ; ‘o
\
\ . H\t \ ; “\o.(c
. \ Cham der d(l X
Make a Shring vacidble b;; e Pukk "‘t&z ey 160 20 822
cath line as the fine 18 7€ ek Q"""\Q-\ Lo vead o ¥
ko tne 1€ T ety (beca g5
the pukfex i € 3 eveeythrd
String line = null; prodra™ was ve2
while ((line = reader.readlLina{)) != null) ({
System.out.println(linae); \
} This 3 , R .
reader.close() ; String Z;mb‘,f‘f,i:c')";{ﬁ text, and assign it {5 4,
Cccse et s e B iy o fo
} catch(Exception ex) {( line that was just read” ing to read) Print out {he
ex.printStackTrace() ; Or another
3 \ AR .
} to vead, rea: Z.,:F ;‘m”ﬂ [f; While there are still ;
) " Pﬂ"f fhc»..” ines
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Quiz Card Player {code outline)

public class QuizCardPlayer {

public void go() {
// build and display gui

class NextCardListener implements ActionListener {
public void actionPerformed (ActionEvent ev) {
// if this is a question, show the answer, otherwise show next question
// set a flag for whether we're viewing a question or answer

}

class OpenMenulListener implements ActionListener {
public void actionPerformed (ActionEvent ev) {
// bring up a file dialog box
// let the user navigate to and choose a card set to open

}

private void loadFile(File file) {
// must build an ArrayList of cards, by reading them from a text file
// called from the OpenMenulListener event handler, reads the file one line at a time
// and tells the makeCard() method to make a new card out of the line

// (one line in the file holds both the question and answer, separated by a “/”)

}

private void makeCard(String lineToParse) {
// called by the loadFile method, takes a line from the text file
// and parses into two pieces—question and answer—and creates a new QuizCard
// and adds it to the ArrayList called CardList

}
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Quiz Card Player code

import java.util.*;
import java.awt.event.*;
import javax.swing.*;
import java.awt.*;
import java.io.*;

public class QuizCardPlayer {

private JTextArea display;

private JTextArea answer;

private ArrayList<QuizCard> cardList;
private QuizCard currentCard;

private int currentCardIndex; Just GUf ¢ .
private JFrame frame; nothing s ofic on this Page;
private JButton nextButton; 3 spetial

private boolean isShowAnswer;

public static void main (String[] args) {
QuizCardPlayer reader = new QuizCardPlayer();
reader.go();

}
public void go() {
// build gui

frame = new JFrame (“Quiz Card Player”);
JPanel mainPanel = new JPanel();
Font bigFont = new Font(“sanserif”, Font,BOLD, 24);

display = new JTextArea(10,20);
display.setFont (bigFont) ;

display.setLineWrap (true);
display.setEditable(false);

JScrollPane gScroller = new JScrollPane (display);
gScroller.setVerticalScrollBarPolicy(ScrollPaneConstants,VERTICAL SCROLLBAR ALWAYS});
gScroller.setHorizontalScrollBarPolicy (ScrollPaneConstants.HORIZONTAL SCROLLBAR NEVER) ;
nextButton = new JButton (“Show Question”); -
mainPanel.add(gScroller);

mainPanel.add (nextButton);

nextButton.addActionListener (new NextCardListener());

JMenuBar menuBar = new JMenuBar();

JMenu fileMenu = new JMenu (“File”);

JMenultem loadMenultem = new JMenultem(“Load card set”);
loadMenultem.addActionListener (new OpenMenulistener());
fileMenu.add (loadMenultem) ;

menuBar.add (fileMenu) ;

frame.setJMenuBar (menuBar) ;
frame.getContentPane () .add (BorderLayout.CENTER, mainPanel);
frame.setSize (640,500);

frame.setVisible (true);

} // close go
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public elass NextCardListaener implements Actionlistener {
public void actionPerformed(ActionEvent ev) {
if (isShowAnswer) ¢
// show the answer because they’ve seen the question
display.setText (currentCard.getAnswer());
nextButton.setText (*Next Card”);
isShowAnswer = false;
} else {

. UWAnnu
// show the next question see if fhe)/" c“hen{;}cr boolen ﬂag to
if (currentCardIndex < cardList.size()) { {(I an nswer, and pil viewing 2 question
g depends ¢ appropria
showNextCard () ; ") depending on the answcr.owl te
} else |
// there are no more cards!
display.setText (“That was last card”);
| nextButton.setEnabled(false);
} )
}
public class OpenManuListener implements ActionListener {
public void actionPerformed (ActionEvent ev) {
JFileChooser f{ileOpen = new JFileChooser();
fileOpen. showOpenDialog (frame) ; ot them
/’f—‘\‘\“loadFile(ﬁleOpen.getSelectedFile()); 4, dial boﬁahd\
) Bv'ms up the ke :2:}{-,\-,5 file Lo opem
) navigate Lo and €
private void loadFile (File fila) {
cardList = new Arraylist<QuizCard>();
try {
BufferedReader reader = new BufferedReader (new FileReader (file)); 4
String line = null; thane
while ((line = reader.readLine()) '= null) { Make 2 MQ«:AR:&&{:_‘“ the
makeCard(line); Lo 3 wew Fﬂd&g?fﬂaz‘_ ccz Che user
} . e File .
reader.close(); FileReader %\c open d\e dialody

sk & time, P38 the

) catch(Exception ex) { .
Read a me 3% 8 40 method

System.out.println(“couldn’t read the card file”);

ex.printStackTrace() ; line Lo the % and & into 2
[y .
} that pari 2 nd adds i 1o ¢
// now time to start by showing the first card List
showNextCard () ; feraylt
)
private void makeCard(String linaToParaa) | Each line of text torvesponds to a single
String{) result = lineToParse.split(“/”); $lasheavd, but we have to parse out the
QuizCard card = new QuizCard(result(0), result[l]); tion and answer as sepavate pietes. We
cardList.add (card); the Shrina split0) methed {0 break the
System.out.println(“made a card”); use the String $p

in¢ inbo twio Lokens (one for the question

} Lnd one Fov the answer). We'll look 3t the
private void showNextCard() | () method on the mext page.

currentCard = cardList.get (currentCardindex); qui) od P23

currentCardIndex++;

display.setText {currentCard.getQuestion());

nextButton.setText (“*Show Answer”);

isShowAnswer = true;

}
// close class
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Parsing with String split()

Imagine you have a flaghcard ke this:

Saved in a question file like this:

qu,{;;o,, What i8 blue + yellow?/gresn
What i8 red + blue?/purple

What is blue + yellow? .

How do you separate the guestion and answer?

When you read the file, the question and answer are smooshed
together in one line, separated by a forward slash */* (because
that's how we wrote the file in the QuizCardBuilder code).

String split() lets you break a String into pleces.

The split() method says, "give me a separator, and I'll break out afl
the pieces of this String for you and put them in a S¥ring array.”
e . 1 { - A
{
;

token 1 separator token 2

S

8tring toTest = “What is blue + yellow?/green”;

String[] result = toTest.split(“/”); H E};EFE{QL"&MS{{M‘“
C e Sty

;Nobc-' split() :

what we've using it for

Complex Parsing with filters, wildeards,

for (String token:result) { pietes.
Systaem.out.println(tokan) ;

} (L,_ (LOOP {‘—’Woush the arry

Piece). fn ¢his eXample, ¢

tokens: ‘What is blue + yellow?”
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(n . Play
15 what 3 smslc line &
when s vead in TYow

Y and prind e}, Lokey

heve ave o) fwo

and “green”.

, Ahis
the &u‘lzCérdP‘a‘fco‘;‘fﬁk c

e file.

the “/” and uses it 4o
g into (in this Lase) two
FAR more powerful than
heve. It ean do cxfrcmcly
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Q,:OK. Ilook in the APl and there are about five
million classes in the java.lo package. How the heck do
you know which ones to use?

A:The I/0 AP] uses the modular ‘chaining’ concept so
that you can hook together connection streams and chain
streams (also called filter’ streams) in a2 wide range of

combinations to get just about anything you could want.

The chalins don’t have to stop at two levels; you can hook
multiple chaln streams to one another to get just the right
amount of processing you need.

Most of the time, though, you'll use the same
small handful of classes. If you're writing text files,
BufferedReader and BufferedWriter (chained to FileReader
and FileWriter) are probably alt you need. If you're writing
serialized objects, you can use ObjectOutputStream and
ObjectinputStream (chained to FileinputStream and
FileOutputStream).

In other words, 30% of what you might typically do with
Java I/0 can use what we've already covered.

Q:What about the new I/O nio classes added in 1.4?

A:The Java.nio classes bring 2 big performance
improvement and take greater advantage of native
capabilities of the machine your program is running
on.One of the key new features of nlo is that you have
direct control of buffers. Another new feature is non-
blocking 1/0, which means your 1/0 code doesn’t just sit
there, walting, if there’s nothing to read or write. Some

of the existing classes (including FlielnputStream and
FileOutputStream) take advantage of some of the new
features, under the covers.The nio classes are more
complicated to use, however, so unless you realfy need the
new features, you might want to stick with the simpier
versions we’ve used here, Plus, if you're pot careful, nio can
lead to a performance loss. Non-nio I/O is probabiy right
for 90% of what you'll normally do, especially if you're Just
getting started In Java.

But you can ease your way Into the nio classes, by using
FilelInputStream and accessing its channef through the
getChannel() method (added to FilelnputStream as of
version 1.4).

Roses are first, viole
Readers an

serialization and file /O

¢s are next.

d Writers are only for text.

To write a text file, starl with a FileWnter
connection stream.

Chain the FileWriter to a BufferedWriter for
efficiency.

A File object represents a file at a particular
path, but does not represent the actuat
contents of the file.

With a File object you can creale, traverse,
and delets directories.

Most streams that can use a String filename
can use a File object as well, and a File object
can be safer to use.

To read a toxt file, start with a FileReader
connection stream.

Chain the FileReader to a BufferedReader for
efficiency.

To parse a text file, you need to be sure the
file is written with some way to recognize the
different elements. A common approach is lo
use some kind of character to separate the
individual pieces.

Use the String split() method to spiit a String
up info individual tokens. A String with one
separator will have two tokens, one on each
side of the separator. The separator doesn't
coun! as a tokan.

you are here »
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Version ID: A Big Serialization Gotcha

Now you’ve seen that I/O in Java is actually pretty simple, especially if

you stick to the most common connection/chain combinations. But
there’s one issue you might really care about.

Version Control is crucial!

If you serialize an object, you must have the class in order to
deserialize and use the object. OK, that’s obvious. But what might
be less obvious is what happens if you change the class in the
meantime? Yikes. Imagine trying to bring back a Dog object when
one of its instance variables (non-transient) has changed from a
double to a String. That violates Java’s type-safe sensibilities in a Big
Way. But that’s not the only change that might hurt compatibility.
Think about the following:

Changes to a class that can hurt deserialization:
Deleting an instance variable

Changing the declared type of an instance variable
Changing a non-transient instance variable to transient
Moving a class up or down the inheritance hierarchy

Changing a class (anywhere in the object graph) from Serializable
to not Serializable (by removing ‘implements Serializable’ from a
class declaration)

Changing an instance variable to static

Changes to a class that are usually OK:

Adding new instance variables to the class (existing objects will
deserialize with default values for the instance variables they didn’t
have when they were serialized)

Adding classes to the inheritance tree
Removing classes from the inheritance tree

Changing the access level of an instance variable has no affect on
the ability of deserialization to assign a value to the variable

Changing an instance variable from transient to non-transient
(previously-serialized objects will simply have a default value for the
previously-transient variables)

460 chapter 14

‘ You write a Dog class

101101
101101 9%
10101000010
1010 10 0
01010 1
1010101
10101010
1001010101

Dog.class

glass version P

#3453

@ You serialize a Dog object
using that class

(7 = -

0ag Ob:\"'é O\,)gt,k is %
skamped w\’c%
version 3

101101
101000010
1010 10 0
01010 1
100001 1010
0 00110101
190310190

Dog.class

tlass Version \D
#7110

You deserialize a Dog object
using the changed class

103101
- 103101 A
i 101000010
B e 1010 10 0
01010 1

obdt I3 1011010

s{;B)m\ocd with Dog.class

version s sersion "
#7128

0 Serailization fails!!

The JVM says, "you can't
teach an old Dog new code”.



Using the serialVersionUip

Each dme an object is serialized, the object (induding
every object in its graph) is ‘stamped’ with a version
ID number for the object’s class. The ID is called

the serialVersionUID, and it’s computed based on
information about the class soructure. As an object is
being deserialized, if the class has changed since the
object was serialized, the class could have a different
sertalVersionUID, and deserializaton will fail! But you
can control this.

If you think there Is ANY posslibility that
your class might evolve, put a serial version
ID In your class.

When fava tries to deserialize an object, it compares
the serialized object's serialVersionUID with that of the
class the JVM is using for deserializing the object. For
example, if a Dog instance was serialized with an ID of,
say 23 (in reality a serialVersionUID is much longer),
when the JVM deserializes the Dog object it will first
compare the Dog object serialVersionUID with the
Dog class serialVersionUID. If the two numbers don't
match, the JVM assumes the class is not compatible
with the previously-serialized object, and you'll get an
exception during deserialization.

So, the solution is to put a serialVersionUID

in your class, and then as the class evolves, the
serjalVersionUID will remain the same and the JVM
will say, “OK, cool, the class is compatible with this
serialized object.” even though the class has actually
changed.

This works only if you're careful with your class
changes! In other words, you are taking responsibility
for any issues that come up when an older object is
brought back to Jife with a newer class.

To get a serialVersionUID for a class, use the serialver
tool that ships with your Java development kit.

Fite EdI Window Help serallGiter

D

% serialver Dog

Dog: static final long

serialVersionUID = -~
5849794470654667210L;

serijalization and file I/O

When you think your class
might evolve after someone has
serialized objects from it...

Use the serialver command-line tool
to get the version ID for your class

Fila Edid Window Help sadaliGlier

% serialver Dog

Dog: static final long
serialVersionUID = =~
5849794470654667210L;

@ Paste the output into your class
public class Dog {

long serialvarsionbId =
S —-6849794470754667710L;
private String name;

private int siza:

// method code here

Be sure that when you make changes to
the class, you take responsibility in your
code for the consequences of the changes
you made to the classt For example, be
sure that your new Dog class can deal with
an old Dag being deseriatized with default
values for instance variables added to the
class after the Dog was serialized.
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868

Cyber BeatBox
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High Tom
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Maracas
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“Cowbell
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Let's make the BeatBox save and
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serialization and file 110

Saving a BeatBox pattern

Remember, in the BeatBox, a drum pattern is nothing more than a bunch of
checkboxes. When it’s time to play the sequence, the code walks through the
checkboxes to figure out which drums sounds are playing at each of the 16
beats. So to save a pattern, all we need to do is save the state of the checkboxes.

We can make a simple boolean array, holding the state of each of the 256
checkboxes. An array object is serializable as long as the things in the array are
serializable, so we’ll have no trouble saving an array of booleans.

To load a pattern back in, we read the single boolean array object (deserialize
it), and restore the checkboxes. Most of the code you've already seen, in the
Code Kitchen where we built the BeatBox GUI, so in this chapter, we look at
only the save and restore code.

This CodeKitchen gets us ready for the next chapter, where instead of writing
the pattern to a file, we send it over the network to the server. And instead of
loading a pattern in from a file, we get patterns from the server, each time a
participant sends one to the server.

Serializing a pattern

This is an innev tlass mside
the BeatBox tode.

public class MySendListener implements ActionListener { hen the user clicks the

[¢ all happens w AetionEvent fives.

public void actionPerformed (ActionEvent a) { €———_ bukton and the

boolean|] checkboxState = new boolean[256]; ¢— Make 5 boo,can area
sta

Y to hold Lhe

eat
for (int i = 0; i < 256; i++) { h ¢hetkbox.

JCheckBox check = (JCheckBox) checkboxList.get(i); Walk ﬂwou

if (check.isSelected()) { Chrvay. 3:} the eheekboxl_ist
, checkboxState[i] = true; 3:{ the st3 Ch:;t[;’ous), ar:(
R one, &
} add l‘l: '60 ﬁhc boglcah a*ray, n
try {

FileOutputStream fileStream = new FileOutputStream(new File (“Checkbox.ser”)) ;
ObjectOutputStream os = new ObjectOutputStream (fileStream) ;
os.writeObject (checkboxState) ; Thi ,
} catch(Exception ex) { Li"/a‘"fs 3 piete of eake. Just
ex.printStackTrace() ; write/serialize the one boo
e,
) an awayl

} // close method
} // close inner class
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deserlalizing the pattern

Restoring a Beatbox pattern

This is pretty much the save in reverse... read the boolean array and use it
to restore the state of the GUI checkboxes. It all happens when the user hits
the “restore” ‘button.

Restoring a pattern
This is another inner elass
ins:de the BeatBor class:

public class MyReadinlListener implements ActionlListaner {

public void actionPerformed(ActionEvent a) ({
boolean[] checkboxState = null;
txy |

FileInputStream filaIn = new FileInputStream(new Flle (“Chackbox.sar”));

ObjactInputStraam is = new ObjectInputStream(fileIn);

chackboxStata = (boolean[]) is.readCbject(): ¢&— Read the ‘.‘"‘5“ obiett in Lhe file (the
boolean array) an eastit

} catch(Exception ex) (ex.printStackTrace():} boolean arra (remem

ber, readObjeetl)

veturns a vererente of type O\a')cd;

for (int 1 = 0; 1 < 256; it++) (
JCheckBox check = (JCheckBox) checkboxList.get(i);
i€ (chackboxStatali)) {

aheck.satSelacted (trua) ; Now vestore the state of
} else {( theckbores in the AWQYL;?:? OF{-E;‘!
chaeck.setSelactaed(falsa) JCheekBox obJet{s (ChC?'kbovKLis:)c
) : .

)

sequencar.stop();

. lavi
buildTrackAndStare(); Now stop whatever is ewrrently playing,

and rebuild the sequente usi the new ‘
} // closa methed state of the Lhct,;\)om 'm'a‘e AWQYLISL
} // close inner class

Wn Yyour penci
This version has a huge limitation! When you hit the “serlalizelt” button, It

serlalizes automatically, to a file named*Checkbox.ser” (which gets created if it
doesn't exist), But each time you save, you overwrlte the previously-saved file.

Improve the save and restore feature, by Incorporating a JFlleChooser so that
you can name and save as many different patterns as you like, and load/restore
from any of your previously-saved pattern flles.

484 chapter 14

—_—



%\rpen your penc

Object type
Object

String

File

Date
OutputStream
JFrame
Integer

System

serialization and file /0

Can they he saved?

Which of these do you think are, or should be,
serfalizable? If not, why not? Not meaningful?
Security risk? Only works for the current
executlon of the JVM? Make your best guess,
without looking it up in the APL.

Seriallzable? If not, why not?

Yes / No

Yes / No

Yes / No

Yes / No

Yes / No

Yes / No

Yes / No

Yes / No

What's Legal?

Circle the code fragments
that would complle (assuming
hey're within a lagal class).

KEEP |
P
RIGHT

FileReader fileReadar = new FileReader():
BufferedReader reader = new BuffearadReadar (filaReader);

FileOutputStream f = new FileCutputStream(new File({“Foo.sar”));
ObjactOutputStream os = new ObjectOutputStream(f);

BufferedReader readar = new BufferedReadar (new FileReader (file));
String line = null;
while ({line = raader.readlLine()) '= null) ({
makeCard(line) ;
)

ObjectInputStream is = new CbjectInputStream(new FileCutputStream(“Game.ser”});
GameCharacter oneRgain = (GameCharacter) is.readObject();
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exercise: True or False

This chapter explored the wonerful world of
Java I/0. Your Job s to decide whether each
of the foliowing I/C-related statements is
true or false.

&Trve or FaLse®

1. Serialization is appropriate when saving data for non-Java programs to use.

N

. Object state can be saved only by using serialization.

o]

. ObjectOutputStream is a class used to save serialized objects.

4, Chain streams can be used on their own or with connection streams.

[SA8

. A single call to writeObject() can cause many objects to be saved.
6. All classes are serializable by default.
7. The transient modifier allows you to make instance variables serializable.

8. If a superclass is not serializable then the subclass can’t be serializable.

©o

. When objects are deserialized, they are read back in last-in, first out sequence.
10. When an object is deserialized, its constructor does not run.

11. Both serialization and saving to a text file can throw exceptions.

12. BufferedWriters can be chained to FileWriters.

13. File objects represent files, but not directories.

14. You can't force a buffer to send its data before it’s full.

15. Both file readers and file writers can be buffered.

16. The String split() method includes separators as tokens in the result array.

17. Any change to a class breaks previously serialized objects of that class.
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Code Magnets

This one’s tricky,
Reconstruct the code snippets to make a working Java program that
produces the output listed below? (You might not need all of the magnets,
and you may reuse a magnet more than once.)

we promoted it from an Exercise to full Puzzle status.

zable {

short gétz 0 {

3 iall
class pungeonGame implements Serl

7 = new
FileOutputStream fos n

rdg.ser”)i

i utStrean(
rileoutp return 2,

ObjectInputStream 0ig = new

int getX() {

ObjectinputStream(fis);

return x;

FileInputStream fis = new

FileInputStream(”dg.sex”}i Brangjent long y = 4;

Tprivate short z = 5;

long get¥{) {

Clasgs Dungeon'regt {

return Y;
-
import java.io,=*;

fos.writeObject( d);

| } catch {Exception e) {
ld = {DungeonGame) ois.readObject(); '

l‘Ph Edt Window Help Toraurs

java DungeonTest

ObjectOutputStream oos = new

ObjectOutputStream(fos);

oos .writeObject (4d):

args) {

public static void main(String {]

new DungeonGame ( )3

pungeonGame d =
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exercise solutions

rxercise Selutions

1. Serialization is appropriate when saving data for non-Java programs to use.
2. Object state can be saved only by using serialization.

3. ObjectOutputStream is a class used to save serialized objects.

4. Chain streams can be usedon their own or with connection streams.

5. A single call to writeObject() can cause many objects to be saved.

6. All classes are serializable by default.

7. The transient modifier allows you to make instance variables serializable.

8. If a superclass is not serializable then the subclass can’t be serializable.

9. When objects are deserialized they are read back in last-in, first out sequence.

10. When an object is deserialized, its constructor does not run.

11. Both serialization and saving to a text file can throw exceptions.

12. BufferedWriters can be chained to FileWriters.

13. File objects represent files, but not directories.

14. You can’t force a buffer to send its data before it’s full.

15. Both file readers and file writers can optionally be buffered.

16. The String split() method includes separators as tokens in the result array.

17. Any change to a class breaks previously serialized objects of that class.
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serialization and file 1/O

Good thing we're
finally at the answers.
I was gettin’ kind of
tired of this chapter.

import java.io.*;

class DungeonGame implements Serializable (

public int x = 3;
transient long y = 4;
private short z = 5;
int getX() {

return x;
}
long getY() {

return y;
}
short getZ()

return 2;

class DungeonTest {
public static void main(String [] args) {
DungeonGame d = new DungeonGame();
System.out.println(d.getX() + d.getY() + d.getZ{());
try {
FileOutputStream fos = new FileQutputStream(~“dg.ser”);
ObjectOutputStream cog = new ObjectOutputStream(fos);
oog.writeObject(d);
ocog.close();
FileInputStream fisa = new FileInputStream(“dg.ger”);:
Fle Et Window Yelp Escape ObjectlnputStream ois = new ObjectInputStream(fis);
¢ java DungeonTest d = (DungeonGame) ois.readObject();
12 ois.close();
8 } catch (Exception e) {
e.printStackTrace!{);
)
System.out.println(d.getX{) + d.getY{) + d.getZ()):;
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