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Overview

● Console I /O not a pr ior ity; GUIs are expected
for user interaction.

● Lots of classes to do I /O.

● Major revision after Java 1.0; lots of stuff
deprecated.

● Java I /O library meant to be extensible, so lots
of classes and inher itance

● Uses same notion of streams seen in C++
– Associate a “stream” object with a file, terminal, etc

– All I /O is directed to the stream
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Four Important Classes

● Byte-or iented abstract classes
– Inpu t Stream

– Outp utStream

● Char-or iented abstract classes
– Reader

– Writ er

● Java has single inher itance, so no such thing as
a stream open for reading and wr iting at same
time
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Various Byte-Oriented Subclasses
● In putSt r eam subclasses include:

– File I nputStre am, SocketIn putStream ,
Byte ArrayInpu t Stream ,
Filt erInputSt r eam, DataIn putStream ,
Obje ctInputSt r eam, ZipInp utStream

● Out putS t rea m subclasses include:
– File OutputStr eam, SocketO utputStre am,

Byte ArrayOutp utStream ,
Filt erOutputS t ream , DataOutputStre am,
Obje ctOutputS t ream , ZipIn putStream
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Various Char-Oriented Subclasses
● Reader  subclasses include:

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

● Wri ter  subclasses include:
– File Writer , Pri ntWriter ,

Outp utStreamW r iter , CharA r rayWrite r ,
Pipe dWriter
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Reading and Writing Primitives
● Both Inp utStr eam and Reader  support

int r ead( ) t hrows IOEx ception

– for I nputStrea m, returns 1 byte

– for Reader , returns 1 char

– for both, returns -1 for EOF

● Both Out putSt r eam and Writ er  suppor t
void write(  i nt x) thro ws IOExce ption

– for OutputStre am, wr ites 1 byte

– for Writer , wr ites 1 char
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Copying Using Primitives

● Can copy using pr imitives:
publ i c static void copy(  Writer ou t , Reader i n )

                         throws IO Exception

{

  in t ch;

  whi le( ( ch = in.read( )  ) != -1  )

    out.write( ch  );

}

● Works for any Reader /Wri t er  pair .
● Cannot pass in Inp utStr eam or

Out putS t rea m;those are separate hierarchies
● Thus, cannot pass in System . in
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Bad Code

● This code compiles but fails with Unicode
publ i c static void copy(  Writer ou t , InputSt r eam in )

                         throws IO Exception

{

  in t ch;

  whi le( ( ch = in.read( )  ) != -1  )

    out.write( ch  );

}

● Most of 1.0 I /O deprecated because of
assumptions that this code works

● Moral: don’t mix and match byte-or iented and
char-or iented stuff
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Bridging From Bytes to Chars
● Construct I nput Stre amReader  or

Out putS t rea mWrit er  to get from byte-
or iented wor ld to char-or iented wor ld.
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Correct Code

● This code works with Unicode
publ i c static void copy(  Writer ou t , InputSt r eam in )

                         throws IO Exception

{

  in t ch;

  Reader cin =  new Input StreamRead er( in );

  whi le( ( ch = cin.read ( ) ) != - 1 )

    out.write( ch  );

}
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Bulk Reading and Writing
● In putSt r eam and Outp utStr eam can

read/wr ite byte[ ]
int  read ( byte[] b ) throws IOException

void write( byte[] b ) throws IOException

● Reader  and Write r  can read/wr ite char [ ]
(similar calls)

● Usually more eff icient than single bye/char at a
time

● re ad returns number of bytes/chars read or -1
if EOF
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Files

● Just get appropr iate stream:
– File I nputStre am, FileOutp utStream ,

File Reader , Fil eWriter

● I /O is NOT buffered (more on that in a minute)
● Construct stream object with name of the file
● Fi l eNot FoundExce ption  (for input) or

IO Excep t ion  (for output) may be thrown

● Output f iles will truncate if already present,
but can open in append mode if you need to

● You are responsible for closing file streams
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Closing Streams

● Actually fair ly cumbersome to close a stream
● Need to

– put the close  inside a finally block to make sure it
is reached

– declare the stream reference outside the try block so
it is visible to the finally block

– initialize stream reference to null  to satisfy definite
assignment rules

– check if stream reference is null  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

● Basic classes don’t have much functionali ty.
● Nothing in these classes for

– reading line at a time

– wr iting line at a time

– reading bytes as a pr imitive

– unreading

– buffer ing

● Could put all these in each class (i.e. socket
class, file class, bytearray class, etc.)

● Maintenance nightmare: what if I want to add
a new proper ty to everyone?



Tuesday, September 05, 2000 Copyright 2000, M. A. Weiss 15

Decorator Pattern For Streams

● Java provides classes that allow you to add (i.e.
decorate) the basic classes.

● For example, Buf f ered Reade r .
● Want buffer ing? Take any Reade r , and wrap

in a Buf fere dReader .

● Buf fere dReader  IS-A Reader  so it has a
re ad method. I ts re ad checks its internal
buffer , and if empty, forwards the call for a
block read to the Reade r  it is wrapping.

● Generally: construct Reader from any Reader,
InputStream from any InputStream etc ...
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Buffered Copy
// I nput is no w Buffered

// O utput we d on’t know about; cou l d wrap in  a

// P r intWriter , which is  unusual b ecause it

// b uffers by default

publ i c static void copy(  Writer ou t , InputSt r eam in )

                         throws IO Exception

{

  in t ch;

  Reader cin =  new Input StreamRead er( in );

  Reader bin =  new Buffe r edReader( cin  );

  whi le( ( ch = bin.read ( ) ) != - 1 )

    out.write( ch  );

}
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Decorator Analysis

● Constructor frenzy is a pain
● Abili ty to mix and match exactly what you

want is great

● Abili ty to add new decorations makes library
very extensible
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Classes I Like
● Dat aInp utSt r eam, Dat aOut putSt r eam:

– Construct with any other ...Strea m

– Can wr ite pr imitives as sequence of bytes (int is 4
bytes, double is 8 bytes, etc.)

● Buf fere dReader :
– Construct with any other Reader

– Turns on buffer ing, and also provides rea dLine

● Pr i ntWr i ter
– Construct with any other Writer  or

Outp utStream  (unusual)

– Buffers and provides pr i nt  and pr intln
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Example of a Copy Program
public s tati c vo i d ma i n( S t ring [  ] args ) {  / / M ost e r ror check s omi t ted

  Print Write r   f ileO ut = null;

  Buffe r edReader file I n = null;

  t ry {

    if(  args . len gth = = 1 )

      f i leOu t = new P r intW r iter ( Sys t em.o ut );

    els e

      f i leOu t = new P r intW r iter ( new Buff eredWr ite r ( ne w Fil eWrit er( a r gs[1 ] ) ) );

    fil eIn  = new Buf f ered Reade r ( ne w Fil eReader( args[ 0  ] ) );

    Str i ng o neLi ne;

    whi l e( (  one Line = fil eIn.r eadLi ne( )  )  !=  nul l )

      f i leOu t .pr i ntln ( oneLine ) ;

  }

  catch ( IOExcep t ion e ) {  e.pr i ntSt ackTr ace( ) ; }

  f inal l y {

    try  {

      i f ( fi l eOut != null ) fil eOut. c lose ( );  //  doesn ’ t th r ow I OExce ption

      i f ( fi l eIn  != null )  fi l eIn. c lose ( );  //  might   th r ow I OExce ption

    } c atch( IOE xcept i on e  )  { e.pri ntSta ckTra ce( ) ; }

  }

}

Reading Formatted Data

● So you want to read numbers from the
terminal (System . in )

● Can’t use Dat aInpu t Str eam; that reads
bytes not formatted text.

● Instead:
– Wrap Syst em.in  into an InputStr eamReader

– Wrap Inpu t StreamRe ader  into
Buff eredReade r

– Use re adLine  to get line at a time as a Str i ng

– parse the St ring  into its constituent tokens

– For files use FileR eader  to construct
Buff eredReade r
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java.util.StringTokenizer
● Used for parsing a Str i ng  into tokens
● Construct with a St r ing

● By default tokens are separated by white space;
can change the default if you need to

● Tokens are St rin gs
● Impor tant methods are: co untTo kens ,

hasMoreToke ns , next Token
  int [] nums = new  int[ 3 ];

  StringT okenizer s t = new St r ingTokeni zer( "37 6 4 29" );

  int num Tokens = s t .countTok ens( );  / / returns 3

  while( s t.hasMore Tokens( ) )

    nums[ i  ] = Int eger.parse I nt( st.ne xtToken( )  );

Tuesday, September 05, 2000 Copyright 2000, M. A. Weiss 22

StringTokenizer Example
im port j ava. i o.* ;

im port j ava. util . Stri ngTok enize r ;

// Read two  i nte gers and o utput the  maxim um.

public c lass Max Test {

  publi c sta t ic void main( Stri ng [ ] arg s ) {

    Buf f ered Reader in  =  ne w Buf f ered Reade r ( ne w In putSt r eamReader ( Sys t em.i n ) ) ;

    Sys t em.o ut.p r intl n( "E nter 2 int s on one l i ne: "  );

    try  {

      S t ring one Line = in. r eadL i ne( ) ;

      S t ring Toke nizer str  = new Stri ngTok enize r ( o neLin e );

      i f ( st r .co untTo kens( )  !=  2  ) {

        Syst em.e r r.pr i ntln ( "Er r or: need t wo n umber s" ) ; ret urn;

      }

      i nt x = In t eger . pars eInt( str. nextT oken( )  ) ;

      i nt y = In t eger . pars eInt( str. nextT oken( )  ) ;

      S ystem . out . prin t ln( " Max: "  + Math. max( x , y  )  );

    }

    cat ch( I OExceptio n e )  {  Sy s tem. err.p r intl n( " Unexp ected I/O  excep t ion" );  }

    cat ch( N umber FormatExc eptio n e )  {  Sy s tem. err. print l n( " #s no t bot h int s " ) ; }

  }

}
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Getting File System Info
● Can use the Fi l e class to find out

– if a file exists

– info about the file such as size and date modified

– if the file is a directory

– if it is a directory, what files are in the directory
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Summary
● Four abstract classes: I nputS t ream ,

Out putS t rea m, Reader , Wr iter

● Don’t mix bytes and char ; use the two br idges
to cross: I nputS t reamReader ,
Out putS t rea mReader

● Library uses decorator pattern to add options
● Can do simple formatt ing input parsing with

re adLin e and Str i ngTokeni zer

● Fi l e class used to get f ile system info
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Next Time

● The Collections API
– Interesting design decisions

– Lists

– Sets

– Maps

– I terators

– Sorting


