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ABSTRACT

In computer system, data compression solves the problem of insufficient storages
(such as diskettes) for the plentiful number of data. Moreover, Data Compression is beneficial to
the transmitting data through computer networks. Not only do the enormous-size data take longer
time to destination than small-size data do, but these are also lost more easily. The compression
saves the data—transmitted cost, as well.

Data Compression is the method to squeeze data’s size. The size of compressed data
depends on the context of the original data and the compression technique which is classed into
Lossy Compression and Lossless Compression. Because some part of data can be lost by the
Lossy Compression, this technique is suitable for image compression. In contrast, the practical
text compression is the Lossless Compression; compressed data are exactly similar to the original
one.

Nowadays, the advance techniques are valuable for both text compression and
image compression. In addition to implement efficiency techniques such as Adaptive Huffman
and Arithmetic Coding, we need to realize the basic technique, Huffman Coding. We, thus, study

* Huffman Coding * for this Special Problem Course.
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“\java\money.doc

“\javaimoney. huf
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IET:\iaQa\rmney. doc :

~ File after Compression
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Compression Cancel

1/ 4.8 uamantheevesnsnsendeynligndes
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$uf 4 Gavhmsalszanana Compression 1ag double-click N1y OLE taz #aanns

dszinanase lanadns

C:\java>cd\
C:\>cd huffman
*\Huffman>huffnan C:\javaimoney.doc C:\javaimoney.huf -¢

Compressing C:\javasmoney.doc to C:\javaymoney.huf

Input Bytes =: 193536
pDutput Bytes : 115132
Compression ratio : 41%

C:\Huffman>
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b4 [ » v k4 v
Jui 1 (iie@en Function Expansion (111;:; 1 4.1) Juaelilfe ﬁxu"lﬂﬁ’ (file) N

#oan1sveny

51/ 4.10 nanamiieedmiuszy Directory #ag file 14 Expansion
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51/ 4.14 4ana Directory uay ¥o File flazlflumaiuwadwinnmsvenaving
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output file %50l

31 4.15 uamanTheen1snaifs Expansion



y 1 3
$ud 4 Suvhnisiszanana Expansion 1agna double-click M3 Expansion Hagnal

9/ [y o'o;dy
ﬂ1ﬂﬂ15ﬂ5$ﬂ3ﬁﬂﬁ1ﬂﬂﬁﬁ%ﬁﬂﬁu

¢4 Finished - EXPAND™1
e [ T EE SN
C:\javarc:\
C:\java>cdy
C:\>cd huffman
C:-\Huffman>huf fman C:\javaitioney._huf C:\java\loneydl.doc

Expanding C:\java\Honey.huf to C:\java\lboneyl.doc

Using static order B model with Huffman coding

C:\Huffman>
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Tsunsudmsumsaavinadeyaluilomimesatiuiilémadait Huffman Coding

Y @ v I &2 g a 49’ ad 9 ] 4’
Tﬂﬂcl"lﬁ’iﬂﬂﬂ?”\lu1ﬂ$!ﬂu “ﬁﬂ!ﬂu!wﬂuﬂwufﬁ]um@\igﬁﬂ1§ﬁﬂmu1ﬂm@gﬁ!!ﬂﬂ1ﬁ“"] IUBNIN

A " < o a < a .
71 Huffman Coding Mudeyailudanaziilassasedoyadunnugiauls (Binary Tree) 1az

k4
o & % o . v @ ” :
dududealddnlswesmes (Poiner) Aviu Tisunsumsanvuiadeyalas Huffman Coding

= Y 9 A & g a o 1 9 n Y @ 4
WA TNAIYNTROY “]NllhlﬂT]:ﬂﬂ’E]JJW’JW]?JTV]ﬁ1“1§ﬂ§ﬂl!ﬁ$!!ﬁ@\iﬂﬂmﬂyﬁ lﬂjui$ﬂﬂllﬂﬁ!!a8

a o?/j 9 o o 1 ¥ A A o q a v v Yq 9
Ua wennntiuanzdiani1ldninldsunsufiedmasanuazainlunsdadenud] 4w

a 4 . & 9 Y a a @ 0.1: . . c!' 9 d? dy
Julad (Window) 9RETNAIIMENGIAVAN ASUU Tdsunsu Huffman Coding Na3NUYUU

Whwaemsldau naziilszaninmlunslszananadmsudeyanas 9 wiia 9y

Tadoya Maenas Tagnm fwanamamsTiaazd 13 lumsiedi 5.1 89 5.10

MINN 5.1 Hamsanvkadeyaviaenals (Document File)

FUABNAS S lud 1o wesidudms | woesidudinde
Suds HAINITAAVIA | anVHIATRYE | VBINITAAUINA
.doc 100864 75967 25 54
70704 34865 53
61952 26267 58
59904 21529 65
25088 10752 58
22016 7735 65
M 5.2 HanisanVINatRYa¥iaten 1 (Text File)
AN Sulud s1ulud wesidudms | wesidudinds
Budas HAINTAAVINA | anvateya | vedn1sanva
Xt 10608 7682 30 28.2
4019 2728 33
1812 1258 31
1728 1250 28
542 440 19




MR 5.3 WamsanviateyasHaf1de (Command File)

FHUANENS $11aulud F1ulud wesidudms | nledidudinde
S WAINTAAVUIA | AAVKIATRYD | YBINITAAUYUIA
.com 93850 68613 27 17
69902 65017 14
11088 9547 14
2336 2056 13
MR 5.4 wamﬁaﬂmmﬂ%gmﬁﬂmﬁ"a (Batch File)
FUAONNS S lud ulud wesidudms | wesidudinds
S WAINITAAVUIA | AAVIIAURYA | VDINITAAUIA
.bat 4078 2901 28 23
2816 1945 31
1597 1187 26
782 670 15
398 380 5
MR 5.5 wan1saﬂmmm’fagmﬁﬂnsM‘Wﬂﬁsﬁmmu Bitmap (bmp File)
FHUABNENS S lud uaulud wesidudms | nesidudinds
S HAINITAAVIIA | AAVIIAURYA | VBINITAAUMA
.bmp 787562 325726 59 41.8
131800 549794 59
36182 19003 48
578 435 25
575 479 18
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M319N 5.6 HamsaavinadeyarHan VLY gif (gif File)

FHABNAS $ruulud $ruaulud wosidudms | nlodiFudinde
Fudu HAIMTAAVINA | anvIadRYa | UBINITAAUHIA
gif 1461 1640 -11 -9.2
11268 11509 -2
15373 15407 0
804 1007 =25
2870 3117 -8
3 5.7 wammﬂmmﬂ%agawﬁwﬁmﬁaﬁusmu mp3 (mp3 File)
FHALNAT $1ulud sraulud wlodidudms | nlosidudings
Budiu HAINITAAVING | anviadeya | YBIN1TaAIIA
.mp3 6115886 609449 1 1
4190208 4160497 1
4028000 4010410 1
3379745 3379745 1
555024 3555024 1
Maai 5.8 wamﬁaﬂwm%’ay)amﬁmﬁmﬁﬁmmqa wav (wave File)
AN s1ulud $ruaulud wlodidudms | nlesidudinge
Bachhs MNAIMTAAVINA | aAUIATRNA | VBINITAAVNIA
.wav 668440 549865 18 14.57
843972 738152 13
693212 627789 10
171100 143235 17
119384 100324 18
80856 70222 14
55776 48197 14
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M3 5.9 wamsaaunadeyasiansvinuuuiaau (Visio File)

AN 11 lud S1uulud wedidudns | wedFudinas
Fudu HaINITAAVIA | anvadeya | VeINIsanvIa
.vsd 181760 162966 11 28.28
147456 124749 16
93636 78330 17
82944 58655 30
47104 33857 29
5199 5.10 HaNIAAYINATONATHAN 1919 (Excel File)
FHALNAS N lud Snlud wedidudms | wesidudmas
Sudu HAINITAAUIIA | anvIateya | UYeIN1sanvIIA
xls 34304 21229 39 38.4
32256 18601 43
19968 11492 43
159262 100872 37
180736 127397 30
e 511 Han1san YAy asia 1uin3 (Execute File)
FUABNNS Sulud nwnlua wedidudnis | wesidudinds
Sud HAIMIAAVINA | anviadeya | veImsanvia
exe 593620 466904 22 28.4
330045 273230 18
28264 254969 10
16384 8052 51
15360 9201 41
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bat 23
xls 38.4
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.mp3 1
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/%% BITIO.H * */

#ifndef BITIO_H

#define BITIO _H
#include <stdio.h>

typedef struct bit_file {
FILE *file;
unsigned char mask;
int rack;
int pacifier_counter;

} BIT FILE;

BIT FILE *Opr.nlnputBitFile();

BIT FILE *OpenOutputBitFile();

void OutputBits();

int InputBit();

void CloseInputBitFile();
void CloseOutputBitFile();
void fatal_error();

#endif /* BITIO H */



/% * MAIN.H * */

#ifndef MAIN H

#define MAIN_H

void CompressFile();

void ExpandFile();

extern char *Usage;

extern char *CompressionName;

#endif /* MAIN H */

/* BITIO.C This utility file contains all of the routines needed to implement

bit oriented routines under C */

#include <stdio.h>
#include <stdlib.h>
#include "bitio.h"

#include <stdarg.h>

BIT_FILE *OpenOutputBitFile( name )
char *name;
{
BIT FILE *bit_file;
bit_file = (BIT_FILE *) calloc( 1, sizeof{ BIT_FILE ) );
if ( bit_file ==NULL)
return( bit_file );

bit_file->file = fopen( name, "wb" );
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bit_file->rack = 0;
bit_file->mask = 0x80;
bit_file->pacifier_counter = 0;

return( bit_file );

BIT_FILE *OpenInputBitFile( name )
char *name;
{
BIT_FILE *bit_file;
bit_file = (BIT_FILE *) calloc( 1, sizeof{ BIT_FILE ) );
if ( bit_file == NULL )
return( bit_file );

bit_file->file = fopen( name, "rb");
bit_file->rack = 0;
bit_file->mask = 0x80;
bit_file->pacifier_counter = 0;

return( bit_file );

void CloseOutputBitFile( bit_file )
BIT_FILE *bit_file;
{

if( bit_file->mask != 0x80)

if( pute( bit_file->rack, bit_file->file ) = bit_file->rack )
fatal_error( "Fatal error in CloseBitFile!\n");
fclose( bit_file->file );
free( (char *) bit_file );

void CloselnputBitFile( bit_file )

BIT_FILE *bit_file;
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fclose( bit_file->file );
free( (char *) bit_file );

——

void OutputBits( bit_file, code, count )
BIT FILE *bit_file;
unsigned long code;
nt count;
{
unsigned long mask;
‘mask = 1L << ( count- 1);
while ( mask !=0) {
if ( mask & code)
bit_file->rack |= bit_{file->mask;
bit_file->mask >>=1;
if ( bit_file->mask == 0) {
if ( pute( bit_file->rack, bit_file->file ) != bit_file->rack )
fatal_error( "Fatal error in OutputBit!\n" );
else if ( ( bit_file->pacifier counter++ & 2047 ) ==0)
pute( ., stdout );
bit_file->rack = 0;
bit_file->mask = 0x80;
j

mask >>= 1;

int InputBit( bit_file )
BIT FILE *bit_file;
{

int value;
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if ( bit_file->mask == 0x80 ) {
bit_file->rack = gete( bit_file->file );
if ( bit_file->rack == EOF )
fatal_error( "Fatal error in InputBit!\n" );
if (( bit_file->pacifier counter++ & 2047 ) ==0)
pute( ., stdout );
}
value = bit_file->rack & bit_file->mask;
bit_file->mask >>=1;
if ( bit_file->mask ==0)
bit_file->mask = 0x80;

return( value 2 1:0);

void fatal_error( fme )
char *fmt;
{
va_list argptr;
va_start( argptr, fmt);
printf( "Fatal error : " );
vprintf( fmt, argptr );
va_end( argptr );

exit( -1 ):



/* % MAIN.C the program can called like this main infile outfile option
* infile - Input file name

*  outfile - Output file name

*  gption --c Compress data file

¥ -¢ Expand data file

*/

#include <stdio.h>

#include <stdlib.h>

#include <string.h>

#include "bitio.h"

#include "main.h"

void usage_exit();
void print_ratios();

long file_size();

int main (argc,argv)
mt argc;
char *argvl[];
{
setbuf(stdout,NULL);
if(argc 1=4) {
printf("\nYou must have 4 argument. \n");
usage_exit(argv|0]); }
if(stremp(argv[3],"-¢")==0) {
BIT FILE *output;
FILE *input;
input=fopen(argv[1],"rb");
if(input == NULL)
fatal _error("\nError opening %s for input\n",argv[1]);

output=OpenOutputBitFile(argv[2]);
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if(output == NULL)
fatal error("\nError opening %s for output\n",argv[2]);
printf("\nCompressing %s to %s \n",argv|1],argv[2]);
printf("\nUsing %s \n",CompressionName);
CompressFile(input,output);
CloseOutputBitFile(output);
fclose(input);
print_ratios(argv[1],argv[2]);
return(0); }
else
if (stremp(argv[3],"-e") == 0) {
BIT FILE *input;
FILE *output;
input=OpenInputBitFile(argv[1]);
if ( input == NULL )
fatal error("Error opening %s for input\n",argv[1]);
output = fopen(argv[2],"wb");
if( output == NULL )
fatal error("Error opening %s for output\n",argv|2]);
printf("\nExpanding %s to % s\n",argv[1],argv[2]);
printf("\nUsing %s \n",CompressionName);
ExpandFile(input,output);
CloselnputBitFile(input);
fclose(output);
putc("\n',stdout);
return(0); }
else
printf("\nArgument 4 must be -c or -¢ \n");

usage_exit(argv([0]);

void usage_exit(prog_name)
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char *prog_name;
{
char *short_name;
char *extension;
short_name=sirrck.r(prog_name,\');
if (short name == NULL )
short_ name=strrchr(prog_name,'/");
if (short name ==NULL)
short name=strrchr(prog_name,"");
if (short_name !=NULL)
short_ name++;
else
short_name=prog_name;
extension=strrchr(short name,'.");
if(extension != NULL)
*extension = "\(0';
printf("\nUsage : %s %s \n",short name,Usage);
exit(0);

#ifndef SEEK_END
#define SEEK_END 2

#endif

long file_size(name)
char *name;
{
long eof ftell;
FILE *file;
file=fopen(name,".");
if(file==NULL)

return(OL);



fseek(file,0L,SEEK_END);
eof ftell=ftell(file);
fclose(file);

return(eof _ftell);

void print_ratios(input,output)
char *input;
char *output;
{
long mput_size;
“long output_size;
nt ratio;
input_size=file_size(input);
if(input_size==0)
mnput_size=1;
output_size=file_size(output);
ratio=100-(int)(output_size*100L/input_size);
printf("\n\nInput Bytes : %ld\n",input_size);
printf("Output Bytes : %ld\n",output_size);
if(output_size==0)
output_size=1;

printf("Compression ratio : %d%% \n"ratio);
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/* * HUFF.C This s the Huffman coding module * */

#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <ctype.h>
#include <math.h>
#include "bitio.h"

#include "main.h"

typedef struct tree_node {
unsigned int count;
int child 0;
int child 1;

} NODE;

typedef struct code {
unsigned int code;
int code_bits;

} CODE;

#detine END_OF STREAM 256
void count_bytes();

void scale_counts();

int build_tree();

void convert_tree_tc_code();
void output_counts();

void input_counts();

void compress_data();

void expand_data();
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char *CompressionName="static order 0 model with Huffman coding";

char *Usage="infile outfile [-¢ / -¢]\n\t -¢ Compression\n\t -¢ Expansion\n";

e Compression routine ---—-—-—-—- =i &)

void CompressFile(input,output)
BIT_FILE *output;

FILE *input;

unsigned long *counts;
NODE *nodes;
CODE *codes;
int root_node;
counts=(unsigned long *) calloc(256,sizeof(unsigned long));
if(counts==NULL)
fatal_error("Error allocating counts array \n");
if((nodes=(NODE *) calloc(514,sizeoff NODE)))==NULL)
fatal_error("Error allocating nodes array \n");
if((codes=(CODE *) calloc(257,sizcof{f CODE)))==NULL)
fatal_error("Errer allocating codes array \n'");
count_bytes(input,counts);
~scale_counts(counts,nodes);
output_counts(output,nodes);
root_node=build_tree(nodes);
convert_tree_to_code(nodes,codes,0,0,root_node);
compress_data(input,output,codes);
free((char *)counts);
free((char *)nodes);

free((char *)codes);
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void ExpandFile(input,output)
BIT_FILE *input;

FILE *output;

NODE *nodes;

int root_node;

if{(nodes=(NODE *) calloc(514,sizeofl NODE)))==NULL)
fatal_error("Error allocating nodes array\n");

input_counts(input,nodes);

root_node=build tree(nodes);

expand_data(input,output,nodes,root_node);

free((char *) nodes);

/* End of Expansion routine */

void output_counts(output,nodes)
BIT_FILE *output;

NODE *nodes;

mt first;

nt last;

nt next;

nt i;

first=0;

| while(first<255&&nodes| first].count==0)

first++;

for(;first<256;first=next) {
last=first+1;

for(;;) ¢
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for(;last<256;last++)
if(nodes[last].count==0)
break;
last--;
for(next=last+1;next<256;next++)
if(nodes[next].count != 0)
break;
if(next>255)
break;
last=next;
L
if(putc(first,output->file) =first)
fatal_error("Error writing byte counts\n");
iflputc(last,output->file)!=last)
fatal_error("Error writing byte counts\n");
for(i=first;i<=last;i++) {
if(putc(nodes|i].count,output->file)!=(int)nodes[i].count)

fatal_error("Error writing byte counts\n");

}
{ if(pute(0,output->file)!=0)

fatal_error("Error writing byte counts\n");

void input_counts(input,nodes)
BIT FILE *input;
NODE *nodes;
{
it first,last;
mt 1,c;
for (i=0;1<256;1++)

nodes|i].count=0;
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. if((first=gete(input->file))==EOF)
fatal_error("Error reading byte counts\n");
if((last=getc(input->file))==EOF)
fatal_error("Error reading byte counts\n");
for(;;) ¢
for(i=first;i<=last;i++)
if((c=getc(input->file))==EOF)
fatal_error("Error reading byte counts\n");
else
nodes|[i].count = (unsigned int) ¢;
if((first=getc(input->file))==EOF)
fatal_error("Error reading byte counts\n");
if(first==0)
break;
if( (last=getc(input->file))==EOF)
fatal_error("Error reading byte counts\n");

b
nodes|END _OF STREAM].count=1;

#ifndef SEEK_SET
#define SEEK_SET 0

#endif

void count_bytes(input,counts)
FILE *mput;
unsigned long *counts;
{
long input_marker;
mt ¢;
input_marker = ftell(input);

while((c=getc(input)) != EOF)
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counts[c]++;

fseek(input,input_marker,SEEK _SET);

void scale_counts(counts,nodes)
unsigned long *counts;
NODE *nodes;
{
unsigned long max_count;
mt 1;
it n;
max_count = 0;
for(i=0;1<256;1++)
if(counts[i]>max_count)
max_count=counts|il;
if(lmax_count==0) {
counts[0]=1;

max_count=1;

n=0;
while ( pow (2,n) <= max_count)
n++;
max_count=pow (2,n)- 1;
max_count=max_count/255;
max_count=max_count+l;
for(i=0;1<256;i++) ¢
nodes|i].count=(unsigned int)(counts[il/max_count);
if(nodes|[i].count==0 && counts[i] != 0)
nodes|i].count=1;

}
nodes|[END _OF STREAM].count=1;

——
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int build_tree(nodes)
NODE *nodes;
{
it next_free;
nt i
it min_1,min_2;
nodes|513].count=0xfftf;
for(next_free = END_OF_STREAM-+1;;next_freet++) {
min_1=513;
min_2=513;
for(i=0;i<next_free;i++)
if(nodes|i].count !=0) {
if(nodes|i].count<nodes|min_1].count) {
min_2=min_1;
min_1=1;
b
else if (nodes|i].count<nodes[min_2].count)
min_2=i;
b
if(min_2==513)
break;
nodes[next_free].count=nodes[min_1].count + nodes[min_2].count;
nodes[min_1].count=0;
nodes[min_2].count=0;
nodes[next_free].child O=min_I;
nodes[next_free].child 1=min_2;
)
next_free--;

return(next_free);
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void convert_tree_to_code(nodes,codes,code_so_far,bits,node)
NODE *nodes;
CODE *codes;
unsigned int code so_far;
int bits,node;
{
iflnode<=END_OF STREAM) {
codes[node].code=code _so_far;
codes[node].code_bits=bits;
return;
}
code so far<<=1;

bits++;

convert_tree_to_code(nodes,codes,code_so_far,bits,nodes[node].child_0);

convert_tree_to_code(nodes,codes,code_so_far| 1 ,bits,nodes[node].child 1)

void compress_data(input,output,codes)
FILE *mput;
BIT FILE *output;
CODE *codes;
{
int ¢;

while((c=getc(input)) != EOF)

OutputBits(output,(unsigned long) codes[c].code,codes[c].code_bits);

OutputBits(output,(unsigned long) codes|END OF STREAM].code,codes

[END_OF STREAM].code_bits);

}

void expand_data(input,output,nodes,root_node)
BIT_FILE *input;

FILE *output;

NODE *nodes;
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int root_node;
{
int node;
for(;;) {
node=root_node;
do {
if(InputBit(input))
node=nodes[node].child 1;
else
node=nodes[node].child 0;
}
while(node>END_OF STREAM);
if(node==END_OF STREAM)
break;
if((putc(node,output)) '=node )

fatal_error("Error trying to write expanded byte to output");

—~—~
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