
CSE 100: 
STREAM I/O, BITWISE 
OPERATIONS, 
BIT STREAM I/O 
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PA2: encoding/decoding 
ENCODING: 
1. Scan text file to compute frequencies 
2. Build Huffman Tree 
3. Find code for every symbol (letter) 
4. Create new compressed file by saving the entire code at the top of  

 the file followed by the code for each symbol (letter) in the file 
 
DECODING: 
1.  Read the file header (which contains the code) to recreate the tree 
2.  Decode each letter by reading the file and using the tree 

These require file I/O. 
We’ll talk about that today. 
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Today’s Class 

•  C++ I/O 
•  I/O buffering 
•  Bit-by-bit I/O 
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C++ istream 
•  The istream class introduces member functions common to all input streams (that is, streams 

used for input into your program) 
•  Some important ones are: 

istream& operator>> (type & val ); 

•  This is the stream extraction operator, overloaded for many primitive types type 
Performs an input operation on an istream generally involving some sort of interpretation of the 
data (like translating a sequence of numerical characters to a value of a given numerical type) 
Returns a reference to the istream, so extractions can be ‘chained’ 

  std::cin >>i>> j; 

int get(); 
 

•  Perform basic unformatted input.  Extracts a single byte from the stream and returns its value 
(cast to an int) 
int k = cin.get( ); 
 

istream& read ( char* s, streamsize n ); 
 

•  Perform unformatted input on a block of data.  Reads a block of data of n bytes and stores it in 
the array pointed to by s 
char buff[40]; 

cin.read((buff,30); 
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 cin is an instance of istream 



C++ ostream 
•  The ostream class introduces member functions common to all output streams  

(streams used for output from your program) 
•  Some important ones are: 
ostream & operator<< (type & val ); 

•  This is the stream insertion operator.  It is overloaded for many primitive types type.  
It performs an output operation on an ostream generally involving some formatting 
of the data (like for example writing a numerical value as a sequence of characters).  
It returns a reference to the ostream, so insertions can be ‘chained’. 
std::cout << a << “ and “ << b << std::endl; 

 
ostream & put(char c); 
 

•  Perform basic unformatted output.  Writes a single byte to the stream and returns a 
reference to the stream 

ostream & write ( const char* s , streamsize n ); 
 

•  Perform unformatted output on a block of data.  Write a block of data of n bytes 
starting at address s. 

ostream & flush ( ); 
 

•  Any unwritten characters in the ostream’s buffer are written to its output destination 
as soon as possible ("flushed"). 
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 cout and cerr are instances of ostream 



C++ ifstream and ofstream 
•  The ifstream class inherits from istream, and introduces functions specialized for doing input from 

files: 

void open ( const char * filename, 
ios_base::openmode mode = ios_base::in ); 

•  Opens a file whose name is filename. 

void close ( ); 

•  Closes the file associated with the stream.  The stream is flushed first 

•  The ofstream class inherits from ostream and introduces functions specialized for doing output to 
files: 

void open ( const char * filename, 
ios_base::openmode mode = ios_base::out ); 

•  Opens a file whose name is filename. 

void close ( ); 

•  Closes the file associated with the stream. 

6 



Reading bytes from a file 
What should go in the blank so that we read a character at 
a time from a text file? 
#include <iostream> 
#include <fstream> 
 
using namespace std; 
 
int main( int argc, char** argv ) 
{ 
  ifstream theFile; 
  char nextChar; 
  theFile.open( "testerFile.txt" ); 
  while ( 1 ) { 
    nextChar = ___________________________; 
    if (theFile.eof()) break; 
    cout << nextChar;  
 
  } 
  theFile.close(); 
} 

A.  theFile.get(); 
B.  (char)theFile.get(); 
C.  (int)theFile.get(); 
D.  theFile.get(1); 
E.  More than one will work 
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Writing bytes to a file 
•  In your Huffman code program you will write the encoded text from the 

infile to an outfile by writing out the code (a sequence of 0s and 1s) for 
each character in sequence. 

•  What is wrong with using with the following method for writing these 
codes to the file for actual compression? 

// assume that outStream is an ofstream, n is an HCNode 
// and HCNode has a boolean field isZeroChild 
… 
if (n->isZeroChild) { 
  outStream << '0'; 
} 
else { 
  outStream << '1'; 
}  

A.  Nothing 
B.  You cannot use the << operator 

to write to a file in C++ 
C.  The ‘compressed’ file will be 

larger than the uncompressed 
file 

D.  The bits in the code will be 
written in the wrong order 
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Reading and writing numbers 
#include <iostream> 
#include <fstream> 
 
using namespace std; 
 
int main( int argc, char** argv ) 
{ 
  ofstream numFile; 
  int num = 12345; 
  numFile.open( "numfile" ); 
  numFile << num; 
  numFile.close(); 
} 

Assuming ints are represented with 4 bytes, how large is numfile after this 
program runs? 
A.  1 byte 
B.  4 bytes 
C.  5 bytes 
D.  20 bytes 
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Writing raw numbers 
#include <iostream> 
#include <fstream> 
 
using namespace std; 
 
int main( int argc, char** argv ) 
{ 
  ofstream numFile; 
  int num = 12345; 
  numFile.open( "numfile" ); 
  numFile.write( (char*)&num, sizeof(num) ) ; 
  numFile.close(); 
} 

This is the method you’ll use for the final submission 
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Reading raw numbers 
#include <iostream> 
#include <fstream> 
 
using namespace std; 
 
int main( int argc, char** argv ) 
{ 
  ofstream numFile; 
  int num = 12345; 
  numFile.open( "numfile" ); 
  numFile.write( (char*)&num, sizeof(num) ) ; 
  numFile.close(); 
 
  // Getting the number back! 
  ifstream numFileIn; 
  numFileIn.open( "numfile" ); 
  int readN; 
  numFileIn.read((char*)&readN, sizeof(readn)); 
  cout << readN << endl; 
  numFileIn.close(); 
} 
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PA 2 Implementation strategy 
•  Implement Huffman tree build() method 

•  HCNode.cpp and HCTree.cpp 
•  Write verification code to check that you can construct simple 

Huffman trees correctly 
•  Use small inputs that you can verify by hand 
•  Output codes as strings of 1s and 0s (char) 

•  Write the encoder method and driver program 
•  Test with simple inputs that you can verify by hand and output the 

encoded input as character strings of 1s ad 0s 
•  Add binary I/O 

•  Write implementations of BitInputStream and BitOutputStream that 
write/read the compressed file as a text file Compress/decompress a 
small file (100 bytes) 

•  Decompression should map the encoded input back to the 
original input 
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