Huffman Codes

The source code that follows consists of a class Huf f manCode and a simple driver program for
it. (It can be downloaded on the book’ s website — see Chapl10/Huffman.) The member function
bui | dDecodi ngTr ee() initializesatree consisting of a single node and then reads | etters and
their codes from a code file and constructs the decoding tree. For each letter in the file, it calls
function addToTr ee() tofollow apath determined by the code of the character, creating nodes
as necessary. When the end of the code string is reached, the character isinserted in the last (leaf)
node created on this path. The function decode() isthen called to read a message string of bits
from nmessageFi | e and decode it using the decoding tree. Function printTree() is
included simply to give an idea of what the tree looks like. It is basically nothing more than an
RNL traversal of the tree. It prints the tree “on its side” without the directed arcs and 0/1 labels.
We leave it to the reader to draw these in and then rotate the tree 90 degrees so it hasits usual ori-
entation.

Huffman Code

#i ncl ude <string>
#i ncl ude <i ostreanr
#i ncl ude <fstreanp

#i f ndef HUFFMAN
#def i ne HUFFMAN
cl ass Huf f man
{ .
private:
/[*** Node structure ***/
cl ass Bi nNode
{
public:
char dat a;
Bi nNode * |eft,
* right;
/1 Bi nNode constructor
Bi nNode(char item
{
data
| eft
}
s

typedef Bi nNode * Bi nNodePoi nter;

item
right = 0;

public:
/*** Function nmenbers ***/



Huf f man() ;

Constructor

Precondition: None.

Post condition: A one-node binary tree with root node pointed to by nyRoot
has been created.

_________________________________________________________________________________ */
voi d bui | dDecodi ngTree(ifstream & codel n);
| * o o o o o o o o o m o m o o o o o o o o o e o m o e o e e e o memememaooo-

Bui |l d the Huffnan decoding tree.

Precondition: ifstreamcodeln is open and is connected to a file that contains

characters and their codes.

Post condi tion: A oneHuffrman decoding tree has been created with root node

pointed to by nyRoot.
_________________________________________________________________________________ */
voi d insert(char ch, string code);
g

Insert a node for a character in Huffman decoding tree.

Precondition: code is the bit string that is the code for ch.

Post condi ti on: A node containing ch has been inserted into the Huffman tree

with root pointed to by myRoot.
_________________________________________________________________________________ */
voi d decode(ifstream & nmessagel n);
| * o o o o o o e e o o o e o o e e e e e e e e e e e e e e e e e e m e m e mememamo o

Bui |l d the Huffrman decoding tree.

Precondition: ifstreamnmessageln is open and is connected to a file that

contains the nessage to be decoded.

Post condi tion: The decoded nessage has been output to cout.
_________________________________________________________________________________ */
void printTree(ostream & out, Bi nNodePointer root, int indent);
| * o o o o o o o e o o o o o o o o o o e e e e e e e e e e e e e e m e memema——o-

Recursive function to display a binary tree with root pointed to by root.

Precondition: ostreamout is open; root points to a binary tree; indent >= 0

is the amount to indent each |evel..
Postcondition: G aphical representation of the binary tree has been out put
to out.
_________________________________________________________________________________ */
voi d di spl ayDecodi ngTree(ostream & out);
e

Di spl ay the decodi ng tree.

Precondition: ostreamout is open.

Postcondition: The decoding tree has been output to out (via printTree().)
_________________________________________________________________________________ */

/*** Data nmenbers ***/
private:

I

Bi nNodePoi nt er nyRoot ;

//--- Definition of constructor
i nline Huffman:: Huf f man()

{
}

myRoot = new Bi nNode(' *');



[1--- Definition of displayDecodingTree()
inline void Huf fman: : di spl ayDecodi ngTr ee( ostream & out)

{
}

#endi f

printTree(out, myRoot, 0);

#i ncl ude <string>
#i ncl ude <i ostreanr
#i ncl ude <fstreanr
#i ncl ude <i onani p>
usi ng nanespace std

#i ncl ude " Huf f man. h"

[l--- Definition of buil dDecodi ngTree()
voi d Huf f man: : bui | dDecodi ngTree(i fstream & codel n)
{

char ch; /1l a character

string code; /Il its code

for (;3)

{

codeln >> ch >> code
if ( codeln.eof() ) return;
insert(ch, code);

}
}
[l--- Definition of insert()
voi d Huf fman::insert(char ch, string code)
{
Huf f man: : Bi nNodePoi nter p = nyRoot; /1 pointer to nmove down the tree
for(int i =0; i < code.length(); i++)
{
switch (code[i])
{
case '0' : /1 descend | eft
if (p->left == 0) // create node along path
p->l eft = new Huf f man:: Bi nNode("' *');
p = p->left;
br eak;
case '1' : /1 descend right
if (p->right == 0) // create node along path
p->right = new Huf f man:: Bi nNode(' *');
p = p->right;
br eak;
defaul t:
cerr << "*** ||]egal character in code ***\n";
exit(1l);
}
}

p->data = ch;

}



[1--- Definition of decode()
voi d Huf f man: : decode(i fstream & nmessagel n)

{
char bit; /1l next nessage bit
Huf f man: : Bi nNodePoi nter p; // pointer to trace path in decoding tree
for(;;)
{
p = myRoot;
while (p->left =0 ]| p->right = 0)
{
messageln >> bhit;
if ( messageln.eof () ) return;
cout << bit;
if (bit =="'0")
p = p->left;
else if (bit =="1")
p = p->right;
el se
cerr << "lllegal bit: " << bit << " -- ignored\n";
}
cout << "--" << p->data << endl;
}
}

//--- Definition of printTree()
voi d Huf fman:: printTree(ostream & out, Huffman:: Bi nNodePoi nter root,

i nt indent)
{
if (root = 0)
{
printTree(out, root->right, indent + 8);
out << setw(indent) << " " << root->data << endl;
printTree(out, root->left, indent + 8);
}
}

#i ncl ude <i ostreane
#i ncl ude <fstreanr
usi ng nanmespace std;

#i ncl ude " Huf f man. h"

int main()
{
char filenane[32];
cout << "Enter nane of code file: ";
cin >> fil enane;
i fstream codestrean(fil enane);
if (!codestreamis_open())
{
cout << "Cannot open code file.\n";
exit(1);
}

Huf f man h;
h. bui | dDecodi ngTr ee( codest rean);



cout << "Here is the Huf frman decoding tree:\n";
h. di spl ayDecodi ngTree(cout);

cout << endl;

cout << "\nNane of nessage file: ";
cin >> fil enane;

i fstream nessage(fil enane);

if (!nessage.is_open())

{
cout << "Cannot open nessage file.\n";
exit(1l);

}

h. decode( nessage) ;

Listing of CodeFile:

1101
001101
01100
0010

101
111100
001110
0100

1000
11111100
11111101
01111
01101
1100

1110
111101
111111100
1001

S 0101
T 000

U 01110
VvV 001100

W 001111

X 111111101
Y 111110

Z 11111111

DOUVOZZIrX«~ITEOmTMMmMOO®®>

Listing of MessageFile:

000010010110011010010
01100111011010000101
110110011010110011100110110001100001110



Sample Execution:

Enter name of code file: CodeFile
Here is the Huf fman decoding tree:
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D



Narme of message file:

000--T
0100--H
101--E
1001--R
101--E
0010--D
01100--C
1110--0O
1101--A
000--T
0101--S
1101--A
1001--R
101--E
01100--C
1110--0O
01101--M
1000- -1
1100--N
001110--G

MessageFi |l e



