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Abstract

Data compression is a size reduction of data to be sent via network or to be stored on auxiliary storage for long time, thus data
compression will save storage capacity, speed up file transfer, speedup data transmission by decreasing transferring time, and
decrease costs for storage hardware and network bandwidth.

In this paper we will investigate Huffman and LZW methods of data compression-decompression. Different images in sizes
and types will treated, compression, decompression times will be evaluated, compression ratio will obtained, the obtained

results will be analyzed in order to do some judgments.
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1. Introduction

Data compression is a size reduction of data to be sent via

network or to be stored on auxiliary storage for long time

[1-60], thus data compression will save storage capacity,

speed up file transfer, speedup data transmission by

decreasing transferring time, and decrease costs for storage

hardware and network bandwidth.

Data compression is very important and valuable task

because of the following reasons:

= Data compression can dramatically decrease storage
space required to store a file. For example, in a 3:1
compression ratio [l a 30 megabyte (MB) file takes up
10 MB of space. As a result of compression,
administrators spend less money and less time on
storage.

= Data compression optimizes backup  storage
performance and has recently shown up in primary
storage data reduction. Compression will be an
important method of data reduction as data continues to
grow exponentially.

= Data compression will improve the network bandwidth
without paying extra costs for network enhancement

= Any type of file can be compressed; this will cover text
file, digital images with small sizes and huge sizes,
audio files and so on [6:7],

Data compressing data can be a lossless or lossy task.
Lossless data compression enables getting back or
restoration of a compressed file to its original continents,
without losing any piece of data, when the file is
uncompressed [ 1 Lossless data compression-
decompression is the typical approach with executables, as
well as text and spreadsheet files, where the loss of words or
numbers would change the information. Lossy data
compression permanently eliminates redundant bits or bytes
from the data, unimportant or imperceptible. Lossy data
compression is useful with images, audio, graphics, video,
where the removal of some data has little or no discernible

effect on the representation of the original data contents 117,
Figure 1 shows the differences between these tasks:
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Fig 1: Lossless and lossy compression-decompression

Digital color images 2 1314 are sometime require a lossless
method for compression-decompression because they may
be a covering image which contains a hidden secret data [**
81 and here we must seek an efficient method of data
compression-decompression [ 18 91 and here efficient
mean [71:

= Maximizing compression ratio (CR).

= Minimizing compression time (CT).

= Minimizing decompression time (DT).

2. Huffman compression-decompression method
Huffman method is one of the lossless popular methods
used for data compression- decompression 2% 21 Huffman
compression task can be implemented applying the
following steps:

1. Get the original input data.

2. Reshape the input data into one row.

3. Get the frequency (repetition) of each value in the input
data, building a table for each value and the total
repetition.

4. Sort the table according to repetition in descending way.
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Use the sorted table to build a Huffman binary tree.
Decode the binary tree (left = 0, right=1).

Traverse binary tree to get the code for each value.

Use the codes to convert the input file to compressed
file.

© NG

Here we will use these steps to compress the following data:
AABBBBBBBCCCDDDDDDDEFDCCCCDDDDDDDBB
BBBBBBBBFFFFFFFFFFEAAABBBBBBBBEED

Figure 2 shows the Huffman tree for this file:

Fig 2: Huffman tree (example)

The Huffman tree here was built from left to right placing
the mostly repeated value in the left side.
Using this tree we can get the code as shown in table 1:

Table 1: values coding (example)

Compressed
Character | Frequency |Sorted | Frequency | Code size(bit)
A 5 B 25 0 25
B 25 D 15 10 30
Cc 7 F 12 110 36
D 15 C 7 1110 28
E 4 A 5 11110 25
F 12 E 4 11111 20
Compressed file size (summation) 164
Compression ratio = 68*8/164 3.3171

From table 1 we can see that compressed file size is 164 bits
and CR=3.3171, which means that we decrease the file size
3.3171 times and the compressed file is a stream of binary
numbers as follows:

111101111000000001110111011101010..................
Different ways are used to create Huffman binary tree, and
the selected way can affect the compression ratio as shown

in the following solution for the previous example:

= Finding the frequencies

»
m
0
Q
m
m

Value

w

Frequency 25 7 15 4 12

= Building Huffman tree (see figure 3)

Fig 3: Huffman tree (another solution)
Table 2 shows the code for each value:

Table 2: values coding (example: another solution)

Character frequency | Code | Compress size(bit)

A 5 1011 20

B 25 11 50

C 7 100 21

D 15 01 30

E 4 1010 16

F 12 00 24
Compressed file size(summation) 161

Compression ratio=68*8/16 7 3.3789

Here we increase CR to the value 3.3789.

3. LZW compression-decompression method
Lempel-Ziv-Welch method (LZW) of data compression-
decompression is a lossless method of data compression-
decompression 22 23, the efficiency of this method depends
on the frequency of groups or sets of values repeated in the
input file (see figure 4), while Huffman method efficiency
depends on the total repetition of each value in the input
file.

Example Code Table

code number translation

[ 0000 0
§| o001 1
g : :
§ 0254 254

L 0255 255
3 " 0256 145 201 4
S| 0257 243 245
v
§ : 2
. L 4095 XXX XXX XXX

original data stream: 123 145 201 4 119 89 243 245 59 11 206 145 201 4 243 245+

code table encoded: 123 256 119 89 257 59 11 206 256 257+

Fig 4: LZW compression
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The process of LZW compression is described by the
following algorithm:

Initialize table with si
P = firstinput ch

1 gle character strings
2

3 WHILE

+4

B

C' = next input ¢
IF P+ Cisin th
P=P+C
ELSE
output the code for P
9 add P + C to the string table
10 P=C
11 END WHILE
12 outputcode for P

=N )

While the process of decompression is described by the
following algorithm:

read a character k;
outputk;
w=k;
while ( read a characterk)
/* k could be a character or a code. */

5
T

LZW decompression

Input String (to decode):

“WED«2563E«2600¢2613¢257>B¢ 260 T

w k Qutput | Index | Symbol
- w w 256 ~w
w E E 257 WE
E o b 258 ED
b <2562 W 259 b*
W E E 260 “WE
E <260> “WE 261 E*
“WE 261 E” 262 “WEE
E” «257> WE 263 E'W
WE B [ 264 WEB
B <260 “WE 265 B
“WE T T 266 “WET

The compression ratio here is calculated by dividing the
input file size by compressed file size as illustrated below:

entry = dictionary entry for k; received | string table decoding
output entry; a — a
add w + entry[0] to dictionary;
W = entry; b table[256] = ab b
1 C table[257] = bc C
256 table[258] = ca ab
The following example illustrates how LZW method works: 258 table[259] = abc ca
257 table[260] = cab bc
LZW compression 259 table[261] = bca abc
[nput String: ~WED WE*WEE"WEB“WET 262 table[262] = abca abca
w k Output | Index | Symbel 261 table[263] = abcab bca
NIL B 264 table[264] = bacb bcab
° w " 256 w 260 table[265] = bcabc cab
": E ": s:g ":DE 266 table[266] = cabc cabc
b n b 59 o 263 table[267] = cabca abcab
- w C table[268] = abcabc | ¢
W E 256 260 “WE
E - E 261 E*
- m CR = (36*8)/(14*9) = 2.2857
W E
"‘:E E 260 262 | TWEE 4. Experimental analysis
= W e 5 W The above explained methods of color image encryption-
w E decryption were implemented using various images in sizes
WE 2] 257 264 WEB and typesl
B - B 265 B*
- W
W c 4.1 Implementing Huffman method
“WE T 260 266 “WET 10 JPG color images were selected; table 3 shows the results
Ll EOF Ll of these implementations:
Table 3: Huffman JPG color image compression-decompression results
Image No | Dimension | Size (pixel) | Compressed file size(pixel) CT DT CR
1 168x299x3 150696 140300 1.940000 | 15.075000 | 1.0741
2 168x299x3 150696 149370 1.930000 | 16.188000 | 1.0089
3 167x301x3 150801 138977 1.920000 14.779000 | 1.0851
4 183x275x3 150975 140007 1.965000 | 15.313000 | 1.0783
5 183x275x3 150975 144464 1.934000 15.608000 | 1.0451
6 168x301x3 151704 147864 1.985000 | 16.235000 | 1.0260
7 400x600x3 720000 668660 9.170000 | 73.436000 | 1.0768
8 422x750x3 949500 773310 11.757000 | 84.399000 | 1.2278
9 526x639x3 1008342 980874 12.764000 | 106.340000 | 1.0280
10 684x1024x3 2101248 1606280 26.338000 | 175.488000 | 1.3081
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Another 10 PNG color images were selected; table 4 shows the results of these implementations:

Table 4: Huffman JPG color image compression-decompression results

Image No | Dimension | Size (pixel) | Compressed file size(pixel) CT DT CR
1 187x269x1 50303 13809 0.684000 1.654000 3.6428
2 395x500x3 592500 94641 7.597000 10.704000 | 6.2605
3 423x476x3 604044 212533 7.788000 23.863000 | 2.8421
4 543x800x3 1303200 395437 16.764000 | 45.634000 | 3.2956
5 819x1024x3 2515968 1129203 31.870000 | 126.492000 | 2.2281
6 819x1024x3 2515968 1642867 32.134000 | 183.561000 | 1.5314
7 819x1024x3 2515968 1112694 31.746000 | 126.705000 | 2.2611
8 1835x1200x3 6606000 3603474 84.101000 | 404.324000 | 1.8332
9 1600x1600x3 7680000 2613496 97.712000 | 299.174000 | 2.9386
10 1854x1473x3 8192826 5703105 101.584000 | 614.526000 | 1.4366
Here we have to notice that if all the colors in the image are Original image x 10" Red histogram
covered (colors are normalcy distributed), then the
compression ratio will be decreased as shown in figures 5 ? 4
and 6: 5
Original image x 10" Red histogram o
15 (0] 100 200
10 X 104 Green histogram X 104 Blue histogram
; : . 5 a 4
(0]
(0] 100 200 2 2
X 104 Green histogram X 104 Blue histogram 0 0
15 15 0] 100 200 (0] 100 200
10 10¢ Fig 6: Colors are not normally distributed CR=3.2956
5 5
o o 4.2 Implementing LZW method
0 100 200 0 100 200 The same images were taken and compressed-decompressed
using LZW method, tables 5 and 6show the experimental
Fig 5: Colors are normally distributed CR=1.4366 results:

Table 5: LZW JPG color image compression-decompression results

Image No | Dimension | Size (pixel) | Compressed file size(pixel) CT DT CR
1 168x299x3 150696 125588 7.6390 | 5.4640 | 1.1999
2 168x299x3 150696 122472 8.1050 | 5.2330 | 1.2305
3 167x301x3 150801 106099 7.3530 | 4.6730 | 1.4213
4 183x275x3 150975 113884 7.8110 | 5.0450 | 1.3257
5 183x275x3 150975 116039 7.5800 | 4.9740 | 1.3011
6 168x301x3 151704 120413 8.0170 | 5.4250 | 1.2599
7 400x600x3 720000 523257 33.2890 | 22.7690 | 1.3760
8 422x750x3 949500 488543 38.0370 | 22.0950 | 1.9435
9 526x639x3 1008342 761316 45.9440 | 31.6930 | 1.3245
10 684x1024x3 | 2101248 1208907 86.7860 | 52.7720 | 1.7381

Table 6: LZW JPG color image compression-decompression results

Image No | Dimension | Size (pixel) | Compressed file size(pixel) CT DT CR
1 187x269x1 50303 6554 1.8200 0.6870 7.6752
2 395x500x3 592500 31560 20.0790 4.0330 | 18.7738
3 423x476x3 604044 124838 20.5740 7.2180 4.8386
4 543x800x3 1303200 190780 41.0120 | 13.0120 | 6.8309
5 819x1024x3 2515968 690201 87.2560 | 35.5920 | 3.6453
6 819x1024x3 2515968 1247467 100.4410 | 56.7560 | 2.0169
7 819x1024x3 2515968 794914 89.9060 | 40.2990 | 3.1651
8 1835x1200x3 | 6606000 2116507 233.0590 | 108.1170 | 3.1212
9 1600x1600x3 | 7680000 1394693 258.7330 | 93.1600 | 5.5066
10 1854x1473x3 | 8192826 4158041 334.2900 | 196.0240 | 1.9704
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4.3 Results comparisons

The obtained experimental results were used to calculate the
compression throughput of each method (number of pixels

compressed per second and it is equal the image size in

Table 7: Compression throughput calculation

pixels divided by the compression time in seconds), table 7
shows the throughputs for both methods:

Image size Huffman method LZW metho.d Huffman enhancement
CT Throughput (pixel per second) CT Throughput (pixel per second)

150696(jpg) 1.94 77678 7.639 19727 3.9376
150696 1.93 78081 8.105 18593 4.1995
150801 1.92 78542 7.353 20509 3.8296
150975 1.965 76832 7.811 19329 3.975
150975 1.934 78064 7.58 19918 3.9193
151704 1.985 76425 8.017 18923 4.0387
720000 9.17 78517 33.289 21629 3.6302
949500 11.757 80760 38.037 24963 3.2352
1008342 12.764 78999 45.944 21947 3.5995
2101248 26.338 79780 86.786 24212 3.2951

50303(png) 0.684 73542 1.82 27639 2.6608
592500 7.597 77991 20.079 29508 2.643
604044 7.788 77561 20.574 29360 2.6417
1303200 16.764 77738 41.012 31776 2.4464
2515968 31.87 78945 87.256 28834 2.7379
2515968 32.134 78296 100.441 25049 3.1257
2515968 31.746 79253 89.906 27984 2.8321
6606000 84.101 78548 233.059 28345 2.7711
7680000 97.712 78598 258.733 29683 2.6479
8192826 101.584 80651 334.29 24508 3.2908

Here we can see that Huffman method has a better throughput and

the enhancement factor is always greater than 1.

in table 8:

Table 8: Decompression throughput calculation

Also we calculated the decompression throughput as shown

Compressed Image|Compressed Image Huffman method LZW method LZW
size (Huffman) size (LZW) DT |Throughput (pixel per second)| DT |Throughput (pixel per second) |enhancement
140300(jpg) 125588 15.075 9306.8 5.464 22985 2.4697
149370 122472 16.188 9227.2 5.233 23404 2.5364
138977 106099 14.779 9403.7 4.673 22705 2.4145
140007 113884 15.313 9143 5.045 22574 2.469
144464 116039 15.608 9255.8 4.974 23329 2.5205
147864 120413 16.235 9107.7 5.425 22196 2.4371
668660 523257 73.436 9105.3 22.769 22981 2.5239
773310 488543 84.399 9162.5 22.095 22111 2.4132
980874 761316 106.34 9223.9 31.693 24022 2.6043
1606280 1208907 175.488 9153.2 52.772 22908 2.5027
13809(png) 6554 1.654 8348.9 0.687 9540 1.1427
94641 31560 10.704 8841.6 4.033 7825 0.885
212533 124838 23.863 8906.4 7.218 17295 1.9419
395437 190780 45.634 8665.4 13.012 14662 1.692
1129203 690201 126.492 8927.1 35.592 19392 2.1723
1642867 1247467 183.561 8950 56.756 21979 2.4558
1112694 794914 126.705 8781.8 40.299 19725 2.2461
3603474 2116507 404.324 8912.3 108.117 19576 2.1965
2613496 1394693 299.174 8735.7 93.16 14971 1.7138
5703105 4158041 614.526 9280.5 196.024 21212 2.2857

Here we can see that the decompression throughput of LZW

method is better, that is because the size of LZW

compressed file is smaller.

For both types of images LZW method has a better
compression ratio as shown in table 9:
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Table 9: Compression ratio comparisons

Image size | LZW CR | Huffman CR LZW enhanpement
(increasing)

150696(jpg) 1.1999 1.0741 1.1171
150696 1.2305 1.0089 1.2196
150801 1.4213 1.0851 1.3098
150975 1.3257 1.0783 1.2294
150975 1.3011 1.0451 1.245
151704 1.2599 1.026 1.228
720000 1.376 1.0768 1.2779
949500 1.9435 1.2278 1.5829
1008342 1.3245 1.028 1.2884
2101248 1.7381 1.3081 1.3287

50303(png) 7.6752 3.6428 2.107
592500 18.7738 6.2605 2.9988
604044 4.8386 2.8421 1.7025
1303200 6.8309 3.2956 2.0727
2515968 3.6453 2.2281 1.6361
2515968 2.0169 1.5314 1.317
2515968 3.1651 2.2611 1.3998
6606000 3.1212 1.8332 1.7026
7680000 5.5066 2.9386 1.8739
8192826 1.9704 1.4366 1.3716

From the obtained results we can raise the following facts:
Both methods can be used to compress-decompress color
images, and CR always greater than 1.

It is better to used LZW method because it always has a
better CR.

Use Huffman method to compress a color image, when the
colors are not normally distributed.

LZW method is more efficient when it deals with PNG
imaged.

CR ratio of Huffman method increases when dealing with
PNG image, but it always smaller than LZW CR.

5. Conclusion

Different images in sizes and types were compressed-
decompressed using both Huffman and LZW methods, the
experimental results showed that LZW method is more
efficient because it always has a better compression ratio.
Huffman method efficiency will increases when it deals
with images with unmoral distributed colors and with PNG
images.

LZW method efficiency will increases when it deals PNG
images.
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