/O and Decorators

Mark Allen Weiss
Copyright 2000

9/5/00

Overview

e Consolel/O not a priority; GUIs are expected
for user interaction.

e Lotsof classestodo I/O.

e Major revison after Java 1.0; lots of stuff
deprecated.

e Javal/O library meant to be extensible, so lots
of classesand inheritance

¢ Usessamenotion of streams sen in C++
— Associate a “stream” object with afile, terminal, et¢
— All I/O isdirected to the stream
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Four Important Classes

o Byte-oriented abstract classes
— Inpu t Stream
— Outp utStream

e Char-oriented abstract classes

— Reader
— Writ er

e Java hassingleinheritance, so no such thing as
a stream open for reading and writing a same
time
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Various Byte-Oriented Subclasses

e In putSt r eamsubclassesinclude:

— File 1 nputStre am Socketln putStream
Byte Arraylnpu t Stream ,
Filt erlnputSt ream Dataln putStream.
Obje ctinputSt  r eam, Ziplnp utStream

e Ou putS t rea msubclassesinclude:

— File QutputStr eam SocketO utputStre am
Byte ArrayOutp utStream
Filt erOutputS tream, DataOutputStre am
Obje ctOutputS tream, Zipln putStream
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Various Char-Oriented Subclasses

e Reader subclasssinclude:

— File Reader , Buf f eredReade r,
Inpu t StreamRe ader , CharAr r ayReader ,
Pipe dReader , PushbackRead er,
Line NumberReader

e Win ter subclasssinclude;

— File Witer , Pri ntWriter
Outp utStreamW riter , CharAr rayWrite r,
Pipe dWriter
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Reading and Writing Primitives

e Both Inp utStr eamand Reader support
int read()t hrows IOEx ception
— for | nputStrea m returns 1 byte
— for Reader , returns1 char
— for both, returns-1for EOF

e Both OutputSt r eamand Wit er support
void write( i ntx) thro ws IOExce ption
— for QutputStre  am writes 1 byte
— for Witer ,writes1 char
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Copying Using Primitives

o Can copy using primitives:
publ i c static void copy( Writerou t, Reader.. in)
throws IO Exception

{

int ch;
whi le( (ch = in.read() )!I=-1 )
out.write( ch );

}
o Worksfor any Reader /Wri t er pair.

o Cannot passin Inp utStr eamor
Out putS t rea mthose are separate hierarchies

e Thus, cannot passin System . in
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Bad Code

e Thiscode compilesbut failswith Unicode

publ i c static void copy( Writer ou  t, InputSt. ream n)
throws IO Exception

{

int ch;
whi le( (ch = in.read() )!I=-1 )
out.write( ch );

}
e Most of 1.0 1/O deprecated because of
assumptionsthat this code works

e Moral: don't mix and match byte-oriented and
char-oriented stuff
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Bridging From Bytes to Chars

e Construct | nput Stre amRealer or
Out putS t rea m\rit er to get from byte-
oriented world to char-oriented world.
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Correct Code

e Thiscodeworkswith Unicode

publ i c static void copy( Writerou t, InputSt. reamin)
throws IO Exception

{
int ch;
Reader cin = new Input StreamRead er(in);
whi le( (ch = cinread ( ))!=- 1)
out.write( ch );
}
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Bulk Reading and Writing

In putSt r eamand Qutp utStr eamecan
read/write byte] |

int read ( byte[] b) throws IOException
void write( byte[] b ) throws IOException

Reader and Wite r can read/writechar] |
(smilar calls)

Usually more dficient than single bye/char at a
time

re ad returns number of bytes/charsread or -1
if EOF

Tuesday, September 05, 2000 Copyright 2000, M. A. Weiss 11

Files

Just get appropriate stream:

— File | nputStre am FileOutp utStream ,
File Reader ,Fil eWriter

/O isNOT buffered (moreon that in‘a minute)
Construct stream objed with name of thefile

Fi | eNot FoundExce ption (for input) or
IO Excep tion (for output) may bethrown

Output fileswill truncateif already present,
but can open in append modeif you need to

You are responsiblefor closing file streams

Tuesday, September 05, 2000 Copyright 2000, M. A. Weiss 12




Closing Streams

o Actually fairly cumber someto close a stream

e Need to

— put theclose insideafinally block to make sureit
isreached

— dedare the stream reference outside the try block so
it isvisibleto thefinally block

— initialize stream referenceto null  to satisfy definite
assgnment rules

— check if stream referenceisnull  before call to
clos e or you can get a Null PointerEx ception

— put in try/catch block because close might throw
an exception itself!
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Decorator Pattern For Streams

e Basic classesdon’t have much functionality.

e Nothingin these dassesfor
— reading lineat atime
— writing lineat atime
— reading bytes as a primitive
— unreading
— buffering
e Could put all thesein each class (i.e. socket
class, fileclass bytearray class, etc.)

« Maintenance nightmare: what if | want to add
anew property to everyone?
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Decorator Pattern For Streams

o Java providesclassesthat allow you to add (i.e.
decor ate) the basic classes.

o For example, Buf f ered Reader .

o Want buffering? Take any Reader , and wrap
in aBuf fere dReader .

o Buf fere dReader |S-A Reader soit hasa
re ad method. Itsre ad checksitsinternal
buffer, and if empty, forwardsthe call for a
block read to the Reader it iswrapping.

o Generally: construct Reader from any Reader,
InputStream from any InputStream etc ...
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Buffered Copy

/Il nputisno w Buffered
/IO utputwed on'tknow about;cou | dwrap.in a

/I P rintWriter , whichis unusual b ecause it
/I'b uffers by default
publ i c static void copy( Writerou t, InputSt  reamin)

throws IO Exception
{

int ch;

Reader cin = new Input StreamRead er(in);

Reader bin = new Buffe redReader( cin );

whi le( (ch = binread ( ))!=- 1)
out.write( ch );
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Decorator Analysis

o Constructor frenzy isapain

o Ability to mix and match exactly what you
want is great

e Ability to add new decorations makes library
very extensible
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Classes | Like

o Dat alnp utSt r eam, Dat aOut putSt r eam
— Construct with any other ...Strea . m
— Can write primitives as quenceof bytes(int is4
bytes, doubleis 8 bytes, etc.)
o Buf fere dReader:
— Construct with any other Reader
— Turnson buffering, and also providesrea dLine
e PrintWri ter

— Construct with any other Writer  or
Outp utStream (unusual)

— Buffersand providespr i nt and printin
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Example of a Copy Program

public stati ¢ voidmain(S tring[ ] args ) { //Moste rror checks omitted
Print Wite r f ileO ut= null;
Buffe r edReader file In= null

try{

ift args .length= = 1)

f ileOut = newPrintW riter ( System.out);
els e

f ileOut = newPrintW riter ( new Buff eredWrite r(ne w Fil eWrit er(a rgs[l] )w));

fil eln = new Buffered Reader (ne w Fil eReader( args[0 ] ) );

Str ingo neLi ne;

whi | e(( one Line = fil elnr eadLine() ) !'= nul | )
f ileOut.pr intin ( oneLine );
}
catch ( I0Exception e ){ e.pr intSt ackTr ace( );}
final 1y{
try {
i f(fi leOut != null ) fil eOut close ( ); // doesn’tth row! OException
i f(fi leln != null ) fileln. close ( ); // mght th rowl OException
}c atch(IOE xceptione ) { e.pri ntSta ckTrace( );}
}
}
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Reading Formatted Data

e S0 you want to read numbersfrom the
terminal (System . in)

e Can't useDatalnpu t Str eant that reads
bytes not formatted text.

e Instead:
— Wrap Syst em.in into an InputStr eamReader

— Wrap Inpu t StreamRe ader into
Buff eredReade r

— Usere adLine to getlineat atimeasa Str i ng
— parsethe St ring intoits constituent tokens

— For filesuse FileR eader to construct
Buff eredReade r




java.util.StringTokenizer

e Used for parsing a Str i ng into tokens
e Construct with a String

o By default tokens ar e separ ated by white space;
can change the default if you need to
e Tokensare Strin gs

e Important methodsare: countTo kens,
hasMore Toke ns, next Token

int ] nums =new int[3];
StringT okenizers t =new St ringTokeni zer("376 4 29");
intnum Tokens=s t.countTok ens(); / / returns 3

while(  st.hasMore Tokens() )
nums[i ]=Int eger.parse |nt(st.ne xtToken() );
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StringTokenizer Example

import java.io* ;
import java. util . Stri ngTokenize r;

/I Read two i nte gers and o utput the maxim um.
public class Max Test {
publi ¢ static void main( Stri ng[ ] args ){
Buf f ered Readerin = ne w Buf f ered Reader (ne w In putSt r eamReader ( System.in ) );
Sys tem.outp rintt n("E nter 2 int s on onel ine:" );
ty {
S tringone Line = in. readLine( );
S tring Toke nizer str = new Stri ngTokenize r (o neLin e );
i f(st r.countTokens() != 2) {
Syst em.errpr intln ( "Error: need twonumbers") ; ret urn;

}
i ntx In t eger . pars elnt( str. nextT oken() ) ;
i nty In t eger . pars elnt( str. nextT oken() ) ;
S ystem.out.prin tin( "Max:" + Math. max( x,y ) )

}
cat ch(l OExceptio n e) { System. err.p rintl n(" Unexpected I/O excep t ion"); }
cat ch(N umber FormatExc eptio n e) { System. err. print In(" #snot both int s") ; }
}
}
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Getting File System Info

e Can usetheFi | e classto find out
— if afile exists
— info aout thefile such as sze and date modified
— if thefileisadirectory
— if itisadirectory, what filesare in the directory
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Summary
e Four abstract classes. | nputS t ream,
Out putS t rea m Reader , W iter

e Don’'t mix bytesand char; usethetwo bridges
tocross. | nputS t reeamReader ,
Ou putS t rea nReader

e Library usesdecaorator pattern to add options

e Can do smpleformatting input parsing with
re adLin e and Str i ngTokeni zer

e Fi |l e classused to get file system info
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Next Time

e TheCollections API
— Interesting design dedsions
— Lists
— Sets
— Maps
— Iterators
— Sorting
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