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Abstract

Multimedia is highly competitive world, one of the properties that is reflected is speed of download and upload
of multimedia elements: text, sound, pictures, animation. This paper presents CRUSH algorithm which is a
lossless compression algorithm. CRUSH algorithm can be used to compress files. CRUSH method is fast and
simple with time complexity O(n) where n is the number of elements being compressed.Furthermore,
compressed file is independent from algorithm and unnecessary data structures. As the paper will show
comparison with other compression algorithms like Shannon—Fano code, Huffman coding, Run Length
Encoding, Arithmetic Coding, Lempel-Ziv-Welch (LZW), Run Length Encoding (RLE), Burrows-Wheeler
Transform.Move-to-Front (MTF) Transform, Haar, wavelet tree, Delta Encoding, Rice &Golomb Coding,
Tunstall coding, DEFLATE algorithm, Run-Length Golomb-Rice (RLGR).

Keywords: compression,variable length compression, statistical compression, Huffman cod
1. Introduction

Multimedia is highly competitive world, one of the properties that is reflected is speed of download and upload
of multimedia elements: text, sound, pictures, animation. Especially in this day and age where multimedia is an
essential part in the internet world. Speed of download, uploaded depends mainly on the size of the file, no
matter what the file format. Compression allows the users to reduce the size of the file. Other methods,
multimedia, resort to is interlacing and interleaving.All methods, compression, interlacing and interleaving are
used to shorten the time and speed up the showing of the file. Compression algorithms are not new some go back
to 1910 like HAAR WAVELET TRANSFORM and others are as new as 2011 LZ4. Hence, there is an essential
need to think of more compression algorithm that can perform better than the existing compression
algorithms.This research suggests a new compression algorithm named CRUSH short for Compression Up
Shapes. CRUSH (Compression Up Shapes) is simple, fast and with time complexity O(n) where n is the number
of elements being compressed. CRUSH performs better than Huffman and Shannon-Fano algorithm as will be
shown in the paper. The storage complexity of CRUSH is also O(n) where n is the number of elements to be
compressed.

The paper first presents 12 compression algorithms that are related to the main theme of the paper.Then the paper
presents the suggested algorithm CRUSH and further explains the algorithm using pseudo code.Next the paper
describes the compression file, the output of the compression algorithm CRUSH, to further explain the algorithm
the paper shows a working example of the algorithm at work. Then the paper discusses the time and storage
complexity of CRUSH.Next the paper shows the compression ratio of CRUSH in comparison with Huffman
code, Shannon-Fano algorithm. Then the paper presents discussion of the advantages and disadvantages of
CRUSH. The paper then discusses application of CRUSH and future work that may improve the work of
CRUSH.

2. Related Studies

The researcher conducted a study which produced a paper titled "The Pillars of Lossless Compression
Algorithms a Road Map and Genealogy Tree" (Abu-Taieh, 2018). The tree showed the interrelationships
between the 40 algorithms.The author duped 12 algorithms as the pillars because they were original and unique
methods.The author explained each one with the algorithm and example for each algorithm. The 12 algorithms
are: Shannon—Fano code, Huffman coding, Run Length Encoding, Arithmetic Coding, Lempel-Ziv-Welch
(LZW), Run Length Encoding (RLE), Burrows-Wheeler Transform. Move-to-Front (MTF) Transform, Haar,
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wavelet tree, Delta Encoding, Rice &Golomb Coding, Tunstall coding, DEFLATE algorithm, Run-Length
Golomb-Rice (RLGR).

1 Horizontal segmentation
For each val image matrix // there are 3 val matrices
Scan image
Default _color=color with maximum frequency
5 Counter=1
For row=1 to image_rows //read matrix row by row
For column=1 to image_cols
Array[counter] =image[row,column]
If Array[counter]<>Default color then // find segment's beginning and end
10 If Array[counter] <> Array[counter+1] then set start_sgment=counter
If Array[counter+1] <> Array[counter] then set End_sgment=counter
Segment_color= image [row,column]
Counter=counter +1
Sort segments according to segment color
15  Open text file //create the compression file
For row =1 to end of segments table
Insert segment-color followed by semicolon
Insert all segment start & end
Calculate Horizontal segmentation compression Ratio
20 Vertical segmentation
For each val image matrix
Scan image

Default _color=color with maximum frequency

Counter=1

Figure 1. CRUSH the suggested algorithm

SHANNON-FANO CODE developed in 1948-1949; the essence of the code is counting the frequency of each
symbol in the file. Then, divide the frequency into two. And code into a balance binary tree the symbols of the
file (Fano, 1949)(Shannon, 1948)(Abramson, 1963).In 1973 (Cover, 1973) published another version named
Enumerative Coding. In 1976 (Rissanen, 1976) introduced Last in First Out (LIFO) version of the algorithm. In
1976 Pasco (Pasco, 1976) introduced the FIFO version of the algorithm. In 1979 "stream" code was discovered
by Rubin (1979) as an improvement of Pasco's work. Martin (1979) and Jones (1981) developed P-based FIFO
arithmetic codes (Jones, 1981) and (Martin, 1979).

HUFFMAN CODE developed in 1952 and uses again the statistical coding where most frequently used symbol
is coded on the shorter branch of the tree hence symbol is coded with the shortest binary code.The tree in
Huffman is not balanced binary tree Codes (Huffman, 1952).

The LZ compression method was developed by Jacob Ziv and Abraham Lempel in 1977. The method was so
interesting it bread more than 26 versions over the years. The basic philosophy of the method is to add to the
dictionary new sequence of letters.The method excels and thrives on large files(Cslearning, 2013)(Storer&
Szymanski, 1982).

Run Length Encoding (RLE) was used since 1967 for TV signals compression and excels on sorted symbols
(Abu-Taieh, 2018).Burrows- Wheeler Transform (BWT) is also very simple and best used with RLE (Burrows &
Wheeler, 1994). Move To Front (MTF) Transform by (Ryabko, 1980). MTF is very simple and easy to use.Haar
Wavelet Transform was developed in 1910 by AlfrédHaar the basic philosophy is two formulas two unknown the
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famous calculus problem.The wavelet Tree developed in 2003 in a paper (Gross, Gupta, & Vitter, 2003) depends
on the counting of the compressed sequence and the frequency of the symbols.

Delta Encoding is known as Delta compression and Data Differencing. The method stores the difference rather
the data itself. Rice &Golomb Coding developed in (Golomb, 1966)(Rice, 1979) based on the idea of breaking
the number into quotient and remainder. Tunstall coding was developed in 1967 by Brian Parker
Tunstall. Tunstall coding builds a tree for all possible combinations of the symbols used in a text.The tree is built
according the frequency of the symbols hence the symbol with highest probability is to branch out in the tree
(Abu-Taieh, 2018).

The hybrid type of algorithms like DEFLATE algorithm and Run-Length Golomb-Rice (RLGR). Both are mix of
a algorithms. Deflate is basically LZ77 and LZSS and Huffman Code. On the other hand Run-Length
Golomb-Rice as the name suggests is RL and Golomb-Rice (Malvar, 2006).

3. The Suggested Algorithm: CRUSH

The input of the algorithm will be three matrices as in mathlab: val(:,:,1),val(:,:,2), val(:,:,3). Each matrix is
designated to a color red, blue, and green.The algorithm first segments the image to horizontal segmentation in
other words row by row. Then the algorithm will segment the image vertically or column by column. Then in
line 19 calculates the horizontal compression ratio and in line 38 the vertical compression ratio will be
calculate.In line 40 the both ratios are compared and the better one is used and compressed file is used
accordingly.

The algorithm will scan the matrix and designate a default color. The default color is the color with highest
frequency. The algorithm will scan each val matrix and convert it to one dimensional array, in preparation to
break the color into continuous segments. The algorithm will produce a table with each segment color and start
of the segment and end of segment indices. Then the algorithm will proceed to sort the segments table according
to segment color. The sorted table will be injected in a file with color separated by semicolon and followed by
start and end of segments. The organization of the compression file will be explained in details. Next, the
algorithm will be explained line by line.

The algorithm has two main sections: horizontal and vertical segmentation. The first section segments the
matrices horizontally row-by-row. The second section of the algorithm which starts at (line 20), segments the
matrices column-by-column.The line 2 is a for loop that will compress horizontally the 3 val matrices. In line 3
the image is scanned to find the dominating color, which the color with the highest frequency.Lines 6 and 7 are
nested loop to read the matrix and convert it to single dimension array. The line 10 and 11 are to find the
beginning and the end of the segment.The line 14 is to sort according to color index all the segments. Then in
line 15 the compression file is opened which is text file, and the lines 16 and 17 will append to the file the
segments color and the begin and end of the segment.The algorithm in line 19 will calculate the compression
ratio for the horizontal segmentation compression.The next section in the algorithm lines 20 to 38 are the same
as the first section with exception that in lines 25 and 26 the matrices are read column-by-column.Line 39
compares which segmentation is better, comparing the horizontal segmentation compression ratio to the vertical
segmentation compression ratio.

3.1 Description of Compression File

In this section the content of the compressed file will be explained in details. The compressed file is a simple text
file that includes width or height of the image, type of compression weather horizontal or vertical, the default
color and the segments color, start, and end.Figure (3) show the content of the compressed file with a working
example. The compressed file will include the following: Width or height of image:it is essential to keep either
the width or height of the image.One can be driven from the other since the length of the one-dimensional array
is kept.

3.2 Type of Compression: Vertical or Horizontal.

The default color: the default color is the color with highest frequency, since that number is used then there is no
need to keep all the segments data.Hence, the algorithm will keep information (start and end of segment) and the
rest will be filled by the default color when the file decompressed.

Segment-color, start, and end: The segment color and the start and end of each segment must be included in the
compressed file.Color is delimited by semi-colon and start and end delimited by commas.

3.3 Working Example

In this section a working example of the CRUSH algorithm working on compressing a matrix taken from an
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image.The image is shown in figure (2), and then the section will explain the frequency of colors tables seen in
table 1, and the segments tables seen in table 2, 3, and 4, and the compressed file shown in figure 3.

A 41X41 pixel BMP picture is made of three matrixes each with 41 rows and 41 columns. The three matrixes are
duped mathlab as val(:,:,1),val(:,:,2), val(:,:,3). Each cell has a value range 0 to 255 (one byte) hence each matrix
has 41*41*1 byte which equals 1681 bytes. Therefore, the three matrices have 41X41X3X1 bytes which equals
5043 bytes hence when looking at the file through the Windows operating system one can see the size of the file
is 5.1 KB.

G G2 C3 C4 Ch C6 C7 CB C9 C10C1t G2 Gta C14 C15 Ci6 C17 C18 19 C20 C2f G2 C2a C24 C25 C26 C27 C28 C29 C30 Cat G2 C3 C34 G35 C36 Ca7 C38 G20 C40 G4t
i 255 255 265 265 265 256 265 265 255 255 255 255 265 255 266 256 265 265 256 255 209 286 265 265 256 255 265 256 255 265 255 256 255 285 255 265 265 256 265 265 256
R2 255 206 265 52628 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0285255 265 255 255 255 256 255 255 255 256 255 25 255 265 266 256 265 265 256

R 82 0000000000000000000000000 00 0 0 02525 2525 25 %
R BB B2 0000000000000000000000000 0000 0 00252525 25 %
RE 82 0000000000000000000000000 000 0 0 0025252525 2%
RE 298 M 822 0000000000000 00000000000 000 0 0 0025252525 2%

RT 255 285 265 25 266 255 266 265 265 766 265 26O 256 265 265 285 266 265266255 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0255 265 25 255 265 256
RE 255 285 265 265 265 25 255 265 255 255 265 255 255 265 265 255 255 265 255 255 265 285 255 265 255 255 255 255 255 255 25 255 255 285 255 265 265 256 255 265 258
RY 255 255 265 265 265 25 255 265 255 255 265 255 255 265 265 255 265 265 255 255 269 285 255 265 265 255 265 255 255 255 25 255 285 26 255 265 265 255 255 265 255

R0 255 255 265 265 266 255 255 265 255 255 265 255 265 265 265 255 255 255 255 255 26 255 255 265 255 255 265 255 255 265 25 255 255 285 255 265 265 255 265 26 255
Rl 255 255 265 255 266 255 256 265 255 255 265 255 265 265 265 255 255 255 255 255 255 255 255 265 255 255 265 256 256 265 255 255 255 255 255 265 265 256 265 265 255
RiZ 255 255 265 265 265 255 256 265 255 255 265 255 265 265 265 255 265 255 255 255 255 255 255 265 255 265 265 256 256 265 265 255 255 25 255 265 265 256 265 265 255
RI3 255 255 265 265 265 255 266 265 255 265 265 255 265 265 265 255 265 265 255 255 255 255 255 265 255 265 265 256 256 265 265 255 265 26 255 265 265 256 265 265 255
Ri4 255 255 265 255 266 255 255 265 255 255 265 255 255 265 265 255 265 255 255 255 255 255 255 265 255 25b 265 256 255 265 255 255 285 255 255 265 265 256 265 265 256
Rib 255 255 265 265 266 255 255 265 255 255 265 255 255 265 265 255 265 255 255 255 255 255 255 265 255 25b 265 256 256 265 255 255 285 255 255 265 265 256 265 266 256
RIE 255 255 265 265 266 255 255 265 255 255 265 255 255 265 265 255 265 255 255 255 255 255 255 265 255 2%b 265 256 255 265 255 255 285 255 255 265 265 256 265 266 256
RIT 255 255 265 265 266 255 255 265 255 255 265 255 255 265 265 255 265 255 255 255 255 255 255 265 255 25b 265 256 255 265 255 255 285 286 255 265 266 256 265 266 256
RIB 255 255 265 255 266 255 265 265 255 255 265 255 265 287 207 27 237 231 237 287 281 237 287 281 237 287 281 237 27 21 87 7 281 281 231 201 281 203 241 191 231
RIO 255 255 265 255 266 255 269 265 255 260 265 255 207 207 237 237 237 237 237 207 281 237 267 281 237 27 281 237 27 281 87 27 261 281 237 201 281 237 21 291 23

R 25 255 266 255 266 255 269 265 256 265 260 256 207 287 237 237 237 237 237 237 237 237 287 281 237 247 237 237 287 281 287 237 281 2871 237 287 231 201 21 201 2
Rt 265 255 265 265 266 255 269 265 255 255 265 255 27 287 237 237 237 237 237 27 281 237 267 281 237 27 231 237 27 281 87 27 261 281 237 207 281 237 a1 291 231
R 255 255 265 255 266 255 265 265 255 255 265 255 285 287 237 237 237 231 237 287 281 237 287 281 237 287 281 237 237 281 87 27 281 281 237 201 281 237 231 191 231
R 25 25 265 265 266 255 255 265 255 255 265 255 255 265 265 255 265 255 255 255 255 255 255 265 255 25b 265 256 255 265 255 255 255 255 255 265 265 256 265 265 256
RM 255 255 265 265 266 255 255 265 255 255 265 255 255 265 265 255 265 255 255 255 255 255 255 265 255 25b 265 256 255 265 255 255 255 28 255 265 265 256 265 265 256
R 255 25 265 265 266 255 255 265 255 255 265 255 255 265 265 255 265 255 255 255 255 255 255 265 255 255 265 256 256 265 255 255 285 285 255 265 265 256 265 265 256
RIS 265 25 265 265 265 255 266 265 255 265 265 255 265 265 265 255 265 255 255 255 255 255 255 265 255 265 265 255 256 265 265 255 265 25 255 265 265 256 265 265 255
RAT 255 25 265 265 265 255 255 265 255 255 265 255 265 265 265 255 255 255 255 255 269 255 255 265 255 255 265 255 255 265 25 255 255 285 255 265 265 255 265 265 255
R 255 25 265 265 26 255 255 265 255 255 265 255 255 265 255 255 255 25 255 255 26 255 255 265 255 255 265 255 255 265 255 255 255 255 255 265 265 255 265 265 255
RIS 255 255 255 259 285 25 265 255 265 255 286 255 285 265 255 269 255 265 255 269 255 286 255 285 265 255 269 255 269 255 265 259 256 255 285 265 255 26 2% 265 2%
RN 255 255 255 259 285 25 255 255 265 255 286 255 285 265 255 269 255 255 255 269 255 286 255 285 265 255 269 255 269 255 265 259 256 255 285 265 255 28 2% 265 2%
RM 255 255 255 259 265 25 265 255 265 255 286 255 285 265 255 269 255 265 255 265 255 286 255 285 265 255 269 255 269 255 265 259 256 255 285 265 255 24 2% 265 2%
RI2 255 255 25 259 285 25 265 255 265 255 286 255 285 265 255 269 255 255 255 265 255 286 255 255 265 255 265 255 269 255 265 259 256 255 285 265 255 26 2% 265 2%
RE 255 255 266 265 266 286 265 265 256 265 269 256 265 265 256 255 255 256 255 255 205 255 265 265 256 265 265 256 255 265 255 256 255 28% 255 265 265 256 265 265 256
RM 25 255 266 265 266 255 265 265 256 265 265 256 265 265 256 265 255 256 255 255 265 255 265 265 256 265 265 256 245 255 255 255 255 28% 255 265 265 256 265 265 256
R 265 25 266 265 266 255 265 265 255 265 265 255 265 265 265 255 265 256 255 265 255 255 265 265 256 285 265 256 26 265 255 255 265 256 255 265 265 256 265 265 256
R 260 25 265 2O 26O 2S5 0 20O 265 20 260 DGO SO 26O ZCH SO M DO MGG MDD MO MO NS MH M 26 M M M M M M M U U U U U U Y
RO 260 25 6O DO 2O SO 0 20O 26O 2260 DGO MO ZOO ZCH SO MO DO MG MO DN MO MO NS MG D M MU M M U M ¥ M U U U U U U Y
R 260 25 265 2O 2O 2S5 0 200 265 260260 DGO MO 26O ZCH SO M DO MGG MDD MO MO MH D M M M M U M ¥ M U U U U U U Y
R 260 25 265 2O 2O SO 0 20O 26O 260260 DGO MO 26O ZCH SO MO DO MO MO DN MO MO MH D M M M M U M ¥ M U U U U U U Y
I L L T
R4t 255 25 265 265 265 255 265 265 255 265 265 255 265 265 265 255 255 255 255 255 25 255 255 265 255 255 265 255 255 265 25 255 255 265 255 265 265 255 265 26 255

Figure 2. The matrix Val(:,:,1) produced for the picture using mathlab

The suggested algorithm looks at the first matrix and scans the frequency of each color: for value are found 0,
34,237, and 255. With the following frequencies in table (1):
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Table 1. Frequency of colors

Cell Value Frequency
0 143
34 73
237 143
255 1313

Since 255 is the most frequently used we forgo this value for now and we treat the cells consecutively. The
reading of the matrix is done row by row. In a later section a column by column will be conducted, and reading
the matrix diagonally.

We start with cells of value 0 we find that cells numbers 47 through 62 are of value 0, and cells 87 through 117,
also 128 through 159, 169 through 200 and 211 through 241, and 266 through 281. As follows in table (2):

Table 2. Color (0) segments

Cell Value From To
0 47 62

87 117

128 159

169 200

211 241

266 281

Again, we start with cells with the color value 237, the matrix is scanned consecutively and the following is
found in table (3): cells 710 through 738 are of value 237, 750 to 779, 791 t0820, 832 to 861, and 874 to 902.

Table 3. Color (237) segments

Cell Value From To
237 710 738
750 779
791 820
832 861
874 902

Next, we scan the matrix for the value 34; we find that cells numbers 710 through 738 are of value 34, and cells
1502 through 1517, also 1543 through 1558, 1584 through 1599 and 1626 through 1640. As follows in table (4):

Table 4. Color (34) segments

Cell Value From To
34 1462 1476
1502 1517
1543 1558
1584 1599
1626 1640
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The cell value 255 is used as the fourth color in this matrix and there is no need to keep track of it.Each from/to
indices can be represented by two bytes.Hence, the three value (0, 34, 237) and their indices can be represented
by 4 bytes for each from/two and there are 6 for the color value of 0, 5 for the color value 237 and 5 for the color
value 34.Furthermore, the total number of bytes is 4*6+4*5+4*5=4*16=064 bytes.

The 255 is the filler for the matrix and can be treated as such.So instead of storing 41X41X1 bytes we store only
64 bytes.The saving ration of storage is 64: 1681, in other words we save up to 1-64/1681=.9619 or almost 96%
savings.

To apply the same for the other two matrixes one can multiply 64 by the number of matrix which is equals
64*3=193 bytes. Again, we calculate the savings ratio 193:(1681X3) which is almost 1- 193/5043=9617 or
96.17%.

The output compressed file shown in figure 3 is as explained above composed of 4 main elements: the width of
the image, the compression type here is # which stands for horizontal compression, the default color is 255. The
segments are last, each color separated by a semi-colon and the segments begin and end are separated by
commas.

Width=41

Compression=h

Default color=255
0;47,62,87,117,128,159,169,200,211,241,266,281,237,710,738,750,779,791,820,832,861,874,902,
34,1462,1476, 1502, 1517, 1543,1558, 1584,1599, 1626,1640.

Figure 3. The compressed file output of CRUSH algorithm

3.4 Time and Storage Complexity of CRUSH

CRUSH algorithm time complexity as seen in figure 1 is O (n) where n is the number of elements in the matrix.
The storage complexity is O(n), where n is the number of elements being compressed. The one dimensional
array used to calculate the segmentation attributes. To compare with time complexity of: Shannon—Fano Code
time complexity is O (n + |symbols| * log| symbols |), Arithmetic Codingtime complexity isO(|symbols|+n),
Huffman Codetime complexity isO (Jsymbols| log |[symbols|), LZtime complexity isO(n), Run Length Encoding
(RLE) time complexity isO(n), Burrows-Wheeler Transform time complexity isO(n log n) (Lippert, Mobarry,
&Walenz, 2005), Move To Front (MTF)Transform time complexity is O(n), Haar Wavelet transform time
complexity isO(n), Wavelet Tree time complexity isO (n log symbols), Delta Encoding time complexity isO(n),
and Tunstall Coding time complexity isO(symbols log symbols).

3.5 Comparison between Huffman Code, Shannon-Fano Algorithm and CRUSH

This section will present comparison of the suggested algorithm CRUSH with two most famous compression
algorithms: Huffman Coding and Shannon-Fano algorithm. The research will use both algorithms to compress
the same image used in the example above to show the capabilities of the CRUSH algorithm. First, Using
Huffman code to compress the above file, as explained in (Abu-Taieh, 2018), the following is conducted.

Table 5. Huffman code compression

Cell Value Frequency Binary Coding Bits

0 143 111 429

34 73 110 219

237 143 10 286

255 1313 0 1313
Total 2247 =280 bytes

First as seen in table 5, the frequencies of the value are set up, then using Huffman tree the binary coding of each
cell value is driven. The cell value is coded to three bits and the value 34 is coded to three bits according to the
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tree frequency, then the value 237 is coded into two bits and the value 255 is coded into one bit. Hence, the
number of bits used to compress the file is (143*3+73*3+143*2+1313*1= 2247 bits). The Huffman coding
will reduce the file from 1681 bytes to 2247 bits almost 280 bytes. Furthermore, compressing the file by almost
83%.

Next the paper shows the compression of Shannon-Fano algorithm to compress the same example above. The
cell values are sorted ascending according to their frequencies. Then a tree is built using the least frequency as
explained in (Abu-Taieh, 2018). The cell value 34 will be coded to 3 bits and the cell value 0 will be coded to 2
bits and the cell value 237 will be coded to three bits, and the cell value 255 will be coded to 1 bit, see table 6.
Hence, the number of bits used to compress the file is (143*2+73*3+143*3+1313*1= 2247 bits).
Shannon-Fano algorithm will reduce the file from 1681 bytes to 2247 bits almost 280 bytes. Which is very
similar to Huffman Code and the compression rate is almost 83%.

Table 6. Shannon-Fano Algorithm Compression

Cell Value Frequency Binary Coding Bits
34 73 110 219

0 143 10 286

237 143 111 429
255 1313 0 1313

2247 =280 bytes

One can reach the conclusion that CRUSH compresses more than Huffman coding and Shannon-Fano algorithm
based on the simple comparison shown below, table (7):

Table 7. Comparison between Huffman, Fano, and CRUSH

Compression Method Compressed Bytes of (41X41) Bytes Compression Rate
CRUSH 64 64/1681=96.19%

Huffman coding 280 280/1681=83.34%
Shannon-Fano algorithm 280 280/1681=83.34%

Hence CRUSH has much better compression ratio. Furthermore both algorithms depend of the tree structure
which will entail sending the tree structure of table with the compressed file, CRUSH does not need to send any
lookup table or tree structure with compressed file. In order to, uncompress the file all needed is the algorithm
itself.

3.6 Advantages & Disadvantages of CRUSH

CRUSH performs best when there are big spaces of the same color. And performs worst when the pixels are
color-fragmented (each pixel has its own color). When compared to other compression algorithms CRUSH
does not need to accompany the compressed file with lookup table nor tree. Hence the compression algorithm
CRUSH can outperform both algorithms in two aspects: compression ratio and the space complexity.

4. Applications of CRUSH

Speed and accuracy are two essential ingredients in the computer world, especially in this day and age. Both,
speed and time are very much related to files size. Files are made of bits and bytes and file size are measured
by them. Compression reduces files size; hence, files will take less storage and faster network speed, furthermore
less transfer time. When a files is transferred over networks the size of the file is an important element which
reflected on the speed and time of transfer. The relation is best explained: the lighter the load the faster the
transfer. Consequently, the size of file, is reflected on time of transfer and the speed of the transfer. Compression
supposed to reduce the file size, and indirectly increase the speed and reduce the time needed. Transfer of file
overt the network can be send/receive or upload/download times which is reflected as network total speed.

Accuracy is the second ingredients in this picture. The reduction of the files size should not affect the accuracy
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of the files. One should not sacrifice the accuracy for speed. CRUSH, the suggested algorithm in this research,
offers the two ingredients. CRUSH offers a high compression rate with lossless property.

5. Future Work

Many suggestions for future work can be discussed. One of the suggestions is to have the matrices read many
times: horizontal, vertical and diagonal. Furthermore, the algorithm will calculate the highest compression rate
and compress the image accordingly. Another suggestion is using CRUSH with delta encoding method.

6. Conclusion

The quest for a perfect compression algorithm is an open ended question in the computer science arena. This
paper suggested a compression algorithm named CRUSH. The researchers tried to avoid the problems of other
algorithms: compression ratio, time complexity, and storage complexity. Hence the suggested algorithm,
CRUSH, is simple with running time of O(n) and storage complexity is O(n) where n is the number of elements
needs to compressed. Furthermore CRUSH excels in the compression ratio and in images with homogenous
colors the compression ratio is 97% unlike Huffman coding and Shannon-Fano algorithm which compression
ratio were 83%, using the same image.

The paper first presents a number of 12 compression algorithms that are related to the main theme of the paper.
Then the paper presents the suggested algorithm CRUSH and further explains the algorithm using pseudo code.
Next the paper describes the compression file, the output of the compression algorithm CRUSH, to further
explain the algorithm the paper shows a working example of the algorithm at work. Then the paper discusses
the time and storage complexity of CRUSH. Next the paper shows the compression ratio of CRUSH in
comparison with Huffman code, Shannon-Fano algorithm. Then the paper presents discussion of the advantages
and disadvantages of CRUSH. The paper then discusses future work that may improve the work of CRUSH.

References
Abramson, N. (1963). Information theory and coding. New York: McGraw-Hill Book Co., Inc.

Abu-Taich, E. (2018). The pillars of lossless compression algorithms a road map and genecalogy tree.
International Journal of Applied Engineering Research, 13(6), 3296-3414.

Burrows, M., & Wheeler, D. J. (1994). A block sorting lossless data compression algorithm. Digital Systems
Research Center. Palo Alto, California: Digital Equipment Corporation.

Cover, T. M. (1973). Enumerative Source Coding. /[EEE Transactions on Information Theory, 19(1), 73 - 77.

Cslearning. (2013, Dec 19). Lempel-Ziv-Welch compression algorithm — tutorial. Retrieved from
https://www.youtube.com/watch?v=j2HSd3HCpDs

Fano, R. (1949). The transmission of information. MASSACHUSETTS INSTITUTE OF TECHNOLOGY.
Cambridge (Mass.), USA: Research Laboratory of Electronics at MIT.

Golomb, S. (1966). Run-length encodings. IEEE Transactions on Information Theory, 12(3), 399-401.

Gross, R., Gupta, A., & Vitter, J. (2003). High-order entropy-compressed text indexes. SODA '03 Proceedings of

the Fourteenth Annual ACM-SIAM Symposium on Discrete Algorithms (pp. 841-850). Baltimore, Maryland:
Society for Industrial and Applied Mathematics.

Huffman, D. (1952). A Method for the Construction of Minimum-Redundancy Codes. Proceedings of the IRE.,
40(30), 1098-1101. IEEE.

Jones, C. B. (1981, May C. B., IT-27,280-291 (May 1981)). An efficient coding system for long source
sequences. IEEE Trans. Info. Theory, 280-291.

Lippert, R., Mobarry, C., & Walenz, B. (2005, October ). A space-efficient construction of the burrows wheeler
transform for genomic data. Journal of Computational Biology, 12(7), 943-951.

Malvar, H. (2006). Adaptive run-length/Golomb-Rice encoding of quantized generalized Gaussian sources with
unknown statistics. DCC '06 Proceedings of the Data Compression Conference (pp. 23-32). Washington,
DC, USA: IEEE Computer Society .

Martin, G. N. (1979). Range encoding: An algorithm for removing redundancy from a digitized message. Video
and Data Recording Conference. Southampton, England, presented at the, July.

Pasco, R. (1976). Source coding algorithms for fast data compression. Ph.D. Thesis. CA, USA: Department of
Electrical Engineering, Stanford University.

413



mas.ccsenet.org Modern Applied Science Vol. 12, No.11; 2018

Rice, R. F. (1979). Some practical universal noiseless coding techniques. California Institute of Technology .
Pasadena: Jet Propulsion Laboratory.

Rissanen, J. (1976, May). Generalized kraft inequality and arithmetic coding. IBM Journal of Research and
Development, 20(3), 198-203.

Rubin, F. (1979, Nov). Arithmetic stream coding using fixed precision registers. /[EEE Transactions on
Information Theory, 25(6), 672-675.

Ryabko, B. Y. (1980). Data compression by means of a "book stack”. Problems of Information Transmission,
16(4), 265-269.

Shannon, C. (1948, July ). A mathematical theory of communication. The Bell System Technical Journal, 27,
379-423.

Storer, J. A., & Szymanski, T. G. (1982, Oct). Data compression via textual substitution. Journal of the ACM
(JACM), 29(4), 928-951.

Copyrights
Copyright for this article is retained by the author(s), with first publication rights granted to the journal.

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution
license (http://creativecommons.org/licenses/by/4.0/).

414




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


