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Abstract

This paper is concerned with 16-bit stream data compresson by using sequence
dynamic code, with the minimum code of 4-bit and maximum of 19-bit for 65536
probabilities, and this means compressing 16-bit data to 4-bit depending on file size. In
this algorithm Start Code is used to compress many strings to length of 4-Bit, if the
probability of strings is 15-string or less. And the Dynamic Code is used when the
probability of strings more than 15-strings, the maximum length reached by the
dynamic code is 19-Bit; also this paper describesthe header file size for this algorithm.
The computer tests show the results on two types of text The results are compared with
Huffman and Shannon Fanon coding by using compression performance
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I ntroduction

Data compression is achieved by reduction but this also makes the data less reliable, more
prone to errors. Making data more reliable, on other hand, is one by adding check bits and
parity bits. A process that increases the size of code, thereby increasing recurrence. Reliability
is thus the opposite, and it is interesting to note that the latter is relatively recent field,
whereas the former existed even before the advent of computers [1,9]. The Braille code of
1820, and Morse coding of 1838 use simple compression. It therefore seems that reducing
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recurrence comes naturally to anyone who works on codes [8,10]. Today these methods are
mostly of historical interest, since they are generally inefficient and cannot compete with the
modern compression methods developed during the past 20 years [10,7].

The Braille was invented in 1820 is ill in common use today, after being modified
severd times. This code consists of group of dots (matrix3” 2) embossed on thick paper [6,
8]. Each of 6 dots in a group may be flat or rose, so the information content of a group is
equivalent to 6-bits, resulting in 64 possible groups. Another old code worth mentioning is
Baudot code, this was a 5-bit code developed by J M. E. Baudot in1880 for telegraph
communication. It became popular and by 1950, was designated as international telegraph
code.

It was used in 1¥ and 2™ generation computers [2, 8]. This code is not reliable because no
parity bit is used for the dictionary code can be compressed using the concept of front
compression. This is based on the observation that adjacent words in such a list tend to share
some of their initial characters [1]. A word can be compressed by dropping the n character
which is shared with its predecessor in the list and replacing with n[3]. The MacWrite word
processor uses a special 4-bit code to code the most common 15 characters " _12asdfghjklzxc"
plus an escape code. Any of these 15 characters are encoded by 4-bits. Any other characters
are encoded as the escape code followed by the 8-bit ASCII, code of the characters, atotal of
12-hits. Each paragraphs is coded separately and, if these results in expansion, the paragraph
are stored as plain ASCII one bit is added to each paragraph to indicate whether or not it uses
compression [7,8,9].

The sequence dynamic code is very interactive for data compression . In this paper the
algorithm is tested with two different sizes of text and the results show the performance of
this algorithm (See section 3). The compression algorithm depends on three points. (1)
Constant start code (2) Generate dynamic code (3) Minimize header file size (information
about compressed file).

Compression Algorithm

The first step in this algorithm is to generate start code which is used to recognize the
codes and to reduce the header file size. The second part of this algorithm is to generate
dynamic code for 16-bit data, starting from 1-bit and finishing at 15-bit (without the start
code).

Start Code Representation

The start code constant for all typs of filesand the size for start code (4-bit) are shown
in Table 1.

Table 1. The start code and dynamic code



String Level Start Dynamic Code Number of Bits
"String size 16-hit" Code "Compressed String"
0 1000 |- 4-Bit
1 1001 X 5-Bit
2 1010 XX 6-Bit
3 1011 XXX 7-Bit
4 1100 XXXX 8-Bit
5 1101 XXXXX 9-Bit
6 1110 XXXXXX 10-Bit
7 1111 XXXXXXX 11-Bit
8 0000 XXX XXXXX 12-Bit
9 0001 XXX XXXXXX 13-Bit
10 0010 XXX XXX XXXX 14-Bit
11 0011 XXX XX XX XX XX 15-Bit
12 0100 XXX XXX XXXXXX 16-Bit
13 0101 XXXXXXXX XXX XX 17-Bit
14 0110 XXXXKXXX XXX XXX X 18-Bit
15 0111 XXXXX XX XXX XXX XX 19-Bit
Total = 65535 Byte

In the above table the "Level" is representing the higher priority string to give it a
minimum bit (4-Bit). The dynamic code depends on the "Sart Code" section, "X" in
"Dynamic code" section represents (0, 1) sequentially, for example assume the code "1001X"
it is meaning "10010" and "10011" the "X" its one hit, because the start code "1001" at level
one. Assume two strings size each one of them 16-bit " a,a," to compress these two strings by
using above table yields "10010" and "10011", the 1% code "10010" for "a," and 2™ code
10011 for "a,". The total compressed size for the string " a,a," is 10-bit. For decompression
the algorithm reads first the start code (4-bit) to recognize the level then reads the number of

bits according to string level. Also we can use the start code for compression without using
dynamic code if the number of the stringsis 16-string after computing the recurrences for it.
Assumethefollowing example: - " ABCDEFFFFF"

Compression algorithm is applied on the above text (size 10-Byte) and the size for the text

after compression is 2-Byte, as shown in Table 2.

Table 2. Compression agorithm

Leve Strings Start code Dynamic code Recurrence Compressed
16-Bit 4-Bit of strings size
0 FF 1000 NON 2 4-Bit
1 AB 1001 NON 1 4-Bit
2 CD 1010 NON 1 4-Bit
3 EF 1011 NON 1 4-Bit
Compressed Size = 2-Byte




Generation Of Dynamic Code

Dynamic code is generated when the number of strings in a file exceeds 16 levels, the
dynamic code generated sequentially depends on start code sequence (See Table 1.). Consider
the following example:-

" 01122334567890abcdefghijkmnopqr stuvwxyzz"

The text size of 40-byte, the dynamic code is applied to this text and the results are
shown on Table 3.

Table 3. Dynamic code application

Level Strings | Start code | Dynamic | Recurrence of strings Compressed

16-Bit 4-Bit code Size
0 01 1000 - 1 4-Bit
1 12 1001 0 1 5-Bit
2 23 1001 1 1 5-Bit
3 34 1010 00 1 6-Bit
4 56 1010 01 1 6-Bit
5 78 1010 10 1 6-Bit
6 90 1010 11 1 6-Bit
7 ab 1011 000 1 7-Bit
8 cd 1011 001 1 7-Bit
9 ef 1011 010 1 7-Bit
10 gh 1011 011 1 7-Bit
11 ij 1011 100 1 7-Bit
12 km 1011 101 1 7-Bit
13 no 1011 110 1 7-Bit
14 pq 1011 [ 111 1 7-Bit
15 rs 1100 0000 1 8-Bit
16 tu 1100 0001 1 8-Bit
17 VW 1100 0010 1 8-Bit
18 Xy 1100 0011 1 8-Bit
19 72z 1100 0100 1 8-Bit

Total = 16.75 Byte

The size of the text after compression is 16.75 byte, the minimum bits are 4-bit and
maximum bits are 8-bit. This means the strings of (16-hits) are compressed to 4-bit, 5-bit, 6-
bit, 7-bit and 8-bit sequentially. The level zero has 4-hit (start code) without dynamic code it
is constant for all types of files, to obtain maximum compression rate. We compute the
performance of compression for above example using the equation [1,10]:-

Cormpression Rate = Sze after compress pn (1)
Sze before compression
Compression Performance = [100(1- Compression Rate)]% (2)

The compression performance is 58% for the above example, this means the algorithm
saves 58% from the text. Figure -1 shows the compression and decompression for the
sequence dynamic code algorithm for text "b;bobsbsbsbg”.
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The decompression for the algorithm first reads the 4-bit (start code) then reads the bits
according their level from the start code, at last the data are retrieved from the header file (See
Section 4). The Compression agorithm can be illustrated in the following steps:-

- Open file for compute the recurrences:-
Begin
Integer String[65535];
fopen original file(f1);

While (not end of file) do
{
B1 = fgetc(fl); B2=fgetc(f1);
Found=Search for bytes(B1,B2,String);
|F (Found) THEN
String[ Found] ++;
ELSE
{ Pointer++;
String[ Found].Flag=1,
}

}
END;

-Sort Array "String" according to maximum:-
Begin
For 1=1to 65536 Do
For J=1+1to 65535 Do

Compression Algorithm



{
| F (String[l] <= String[J]) THEN
SWAP (1,3,String);
}

END,;
- Assign Code for "string" by using "Table":-
Begin
Integer StratCode[15];
Integer Dynamic Code[65536];
|F (Pointer <= 15) THEN
{

For I=1 to Pointer Do
Table[1].Code=StartCode]l];
Table[I].String=String[1];

}
ELSE
{ For I=1to Pointer Do
Table[1].Code=Dynamic Codg][l];
Table[I].String=String[1];
}
END,;
-Store Code in afile (Compression file) according to original file:-

BEGIN
Create a new Compression file(f1);
fopen original file (f2);

While (not end of file (f2)) do

B1=fgetc(f2); B1=fgetc(f2);
Found=Search for byte(B1,B2,Table);
Put to File(Table] Found],Code,f1);

}
END;

In the above algorithm the function "Found=Search for bytes(B1,B2,Sring)" is used for
searching for two bytes (B1,B2) in array "String" and return the index otherwise return "-1".
The function "SWAP (1,J,Sring)" is used to exchange the content of location (i, j) in array
"Sring", at last the function "Put to File(Table[ Found],Code,f1)" storesthe code in "Bits" a a
file(See Section 4). The flowchart for compression algorithm is shown in Figure — 2.
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Computer Test

The algorithm is applied to two different sizes of text, also Huffman and Shannon
Fanon methods are applied to these texts to compare with our algorithm by using
compression performance.

Results
Assume thefirst text:- "HGGFFFEEEEDDDDDCCCCCCBBBBBBBAA"

Thetext size is 30-Byte, the results are shown on Table 4.

Table4. Result for first text.

Level Strings Start code Dynamic Recurrence of strings Compressed size
16-Bit 4-Bit code
0 BB 1000 NON 3 4-Bit
1 CcC 1001 NON 2 5-Bit
2 EE 1001 NON 2 5-Bit
3 DD 1010 NON 2 6-Bit
4 HG 1010 NON 1 6-Bit
5 GF 1010 NON 1 6-Bit
6 FF 1010 NON 1 6-Bit
7 DC 1011 NON 1 7-Bit
8 CD 1011 NON 1 7-Bit
9 AA 1011 NON 1 7-Bit
Total Size=5 Byte

After computing the repeated strings the number of strings on the above table is 10
strings, therefore start code is used as a compression code without needing dynamic code.
The compression performance (1) is shown in Table 5.

Table 5. Compression performance for first text.

Text size before text size after Compression
compression compression performance
30 Byte 5 Byte 83%
Assume the second text:-

"My _Name_is Mohammed_Mustafa Siddeq,l am_ 29 years old,_and_| am_
ateacher_in_Technical_Collage /_Software Engineering" .

The text size is 115-Byte, Table 6 shows the result for the second text with need for
dynamic code.

Table 6. Result for second text.
Level Strings Start code Dynamic Recurrence Compressed
16-Bit 4-Bit code of strings size




0 am 1000 - 3 4-Bit
1 e 1001 0 2 5-Bit
2 d 1001 1 2 5-Bit
3 My 1010 00 1 6-Bit
4 is 1010 01 1 6-Bit
5 M 1010 10 1 6-Bit
6 oh 1010 11 1 6-Bit
7 me 1011 000 1 7-Bit
8 _N 1011 001 1 7-Bit
9 Mu 1011 010 1 7-Bit
10 st 1011 011 1 7-Bit
11 af 1011 100 1 7-Bit
12 a_ 1011 101 1 7-Bit
13 Si 1011 110 1 7-Bit
14 dd 1011 111 1 7-Bit
15 eq 1100 0000 1 8-Bit
16 | 1100 0001 1 8-Bit
17 H 1100 0010 1 8-Bit
18 n_ 1100 0011 1 8-Bit
19 29 1100 0100 1 8-Bit
20 -y 1100 0101 1 8-Bit
21 ea 1100 0110 1 8-Bit
22 rs 1100 0111 1 8-Bit
23 0 1100 1000 1 8-Bit
24 Id 1100 1001 1 8-Bit
25 . 1100 1010 1 8-Bit
26 an 1100 1011 1 8-Bit
27 la 1100 1100 1 8-Bit
28 m_ 1100 1101 1 8-Bit
29 te 1100 1110 1 8-Bit
30 ac 1100 1111 1 8-Bit
31 he 1100 00000 1 9-Bit
32 r_ 1110 00001 1 9-Bit
33 in 1110 00010 1 9-Bit
34 T 1110 00011 1 9-Bit
35 ec 1110 00100 1 9-Bit
36 hn 1110 00101 1 9-Bit
37 ic 1110 00110 1 9-Bit
38 a 1110 00111 1 9-Bit
39 C 1110 01000 1 9-Bit
40 ol 1110 01001 1 9-Bit
41 la 1110 01010 1 9-Bit
42 ge 1110 01011 1 9-Bit
43 ] 1110 01100 1 9-Bit
44 _S 1110 01101 1 9-Bit
45 of 1110 01110 1 9-Bit
46 tw 1110 01111 1 9-Bit
47 ar 1110 10000 1 9-Bit
48 En 1110 10001 1 9-Bit
49 o] 1110 10010 1 9-Bit
50 ne 1110 10011 1 9-Bit
51 er 1110 10100 1 9-Bit
52 in 1110 10101 1 9-Bit
53 g 1110 10110 1 9-Bit
Total Size =53.6 Byte

The compressed size is 53.6-Byte, the minimum bits are 4-bit and the maximum bits
are 9-bit. Performance of the compression is shown on Table 7.

Table 7. Compression performance for second text.



Text sizebefore | text size after Compression
compression compression performance
115 Byte 53.6 Byte 54%

Comparison methods

Two types of traditiona agorithms (Huffman and Shannon fanon) are used . These two
algorithms are applied to same texts for comparison with our agorithm. Table 8 shows the

coding for the two methods applied to first text [10,4,5] (See Section 3.1).

Table 8. Huffman coding and Shannon coding

character | Count number | Huffman Shannon
of characters | coding coding

B 7 01 11

C 6 00 10

D 5 111 011

E 4 101 010

F 3 100 001

G 2 1101 0001

A 2 11001 00001

H 1 11000 00000

The compression size and the performance for the two methods are compared with

our algorithm and shown in Table 9.

Also are applied to two methods the second text (See Section 3.1) and the results are

Table 9. First text compared with sequence dynamic code.

Sequence
Methods Huffman Shan_non dynamic
coding coding :
coding
Size 10.6 Byte | 10.6 Byte 5 Byte
Performance 64% 64% 83%

shown to Table 10.
Table 10. Huffman coding and Shannon coding
Character Count number of characters Huffman coding Shannon coding
_ 15 000 01
a 12 0010 10
e 11 0011 11
i 7 0100 001
n 7 0101 010
m 6 0110 011
S 5 0111 0001




d 5 10000 0010

0 4 10001 0011

r 4 10010 00001

| 4 10011 00010

c 3 10100 00011

M 3 10101 000001

h 3 10110 000010

t 3 10111 000011

y 2 11000 0000001

f 2 11001 0000010

| 2 11010 0000011

u 1 11011 00000001

q 1 11100 00000010

2 1 11101 00000011

9 1 111100 000000001
T 1 111110 000000010
C 1 11111100 000000011
w 1 11111101 0000000001
E 1 11111110 0000000010

The compression performance and size by using the two methods are compared with our
algorithm and shown in Table 11.

Table 11. Second text compared with sequence dynamic code.

Huffman Shannon Sequen_ce

Methods ; . dynamic
coding coding coding

Size 57.8 Byte 51.8 Byte 53.6 Byte
Performance 49.7% 54.9% 53.3%

Header Size for Compression Algorithm

Sequence dynamic code algorithm needs to store the information about the original
characters and dynamic codes. The size for header file is very important to reduce the size for
a file, when the file has much type of 16-hits this leads to increase the file size. One way to
reduce the header size is to make comparison between the characters, as shown in following
text:-

" FFFFBBBAab"
The header for above text contains the following information:-

Character | ASCII | Comparison by ASCII

F 70 70
B 66 4
A 65 5
a 97 -27
b 98 -28

The above information means that the character "F' has maximum recurrence in the text
and the ASCII for it is"70", then the algorithm takes the difference of the ASCII between "F"
and the next character "B" the difference between them is "4", after that the difference is
taken between "B" and the next character "A" (according to above information). The
difference between them is "5" and so on. These numbers are reduced to less than 8-hit. In the
above information the first number "70" is called BASE, because the other character depends
on it. The other numbers are stored in form less that 8-bit, for example the numbers (4,5,-27,-
28) from the above information can be stored as "0100011001001101111100" the first 8-hit is
base and others represented as variable size bit. The simple header for the above text is shown
in Table 12.



Table 12. Simple header Table 13. Final Header

Character ASCII Required Bit ASCII Required Bit

F 70 8-Bit 70 8-Bit

B 4 4-Bit 4 4-Bit

A 5 4-Bit 5 4-Bit

a -27 5-Bit -27 5-Bit

b -28 5-Bit -28 5-Bit
sizeto store sizeto store

26-hit 26-hit

The "Required Bit" in the header means the required bits needed to store the information
about the text. When the ASCII value in the above table is positive; the number of bits needed
must be "EVEN", otherwise when the ASCII value is negative the number of bits is "ODD".
The header does not need to store the original characters (8-hbit), just it needs to store the
"ASCII" and "Required bits", the final header is shown in Table 13.

The Dynamic code and Start code are not needed to store on header, because they are
sequentially coded. The header needs to store the strings (16-Bit) sequentially according to
"ASCII". For decompression the algorithm reads the strings (16-Bit) by using "ASCII" then
recognizes the dynamic code according to the level of that string (16-Bit) resident on it. The
size of the above header (Table 13.) is 52-Bit. Figure-2 shows how the header is stored in disk

Number of bits = 11111110 10 111011110 1111

l //// Store on Disk.

ASCII = 65, 1, 4, -27, -28
Figure-2. Stored header on dis

The header information about the first text (See Section 3.1) is shown in Table 14 and it is
sizefor it is 50-Bit (6.2 Byte).

Table 14. Header information about first text.

ASCII Required of bits
65 8-Bit - B
1 2-Bit - C
1 2-Bit - D
1 2-Bit - E
1 2-Bit - F
1 2-Bit - G
-6 3-Bit - A
7 4-Bit - H

Total size =25-Bit Total size 25-Bit

Table 15. Header information about second text.

ASCII required of bits 27 6-Bit - h
95 8-Bit - 12 4-Bit -t
2 2-Bit -1a 5 4-Bit Yy
4 4-Bit -1 e -19 5-Bit - f
4 4-Bit = 6 4-Bit = |
5 4-Bit A n 9 4-Bit S u
-1 3-Bit am -4 3-Bit - q
6 4-Bit =1 S -63 7-Bit - 2
15 4-Bit - d 7 4-Bit - 9
11 4-Bit -0 27 6-Bit - T




3 2-Bit ar -17 5-Bit - C
-6 3-Bit = | 20 6-Bit - W
-9 5-Bit -1 C -18 5-Bit - E
-22 5-Bit - M Total size | Total size

115-Bit 115-Bit

The Huffman and Shannon coding header needs to store the characters and their
codes [4,5], the header size for thefirst text and the second text (See Section 3.1) for the
two methods are compared with sequence dynamic code and the resulte are shown in
Table 16.

Table 16. Header size for two methods compared with our algorithm

Huffman Shannon Sequence
Methods i ; dynamic
coding coding coding
Header sze
Firgt text 11.3Byte 113Byte 6.2 Byte
Huffman Shannon Sequence
Methods i ; dynamic
coding coding coding
Header Sze
Second text 42.6 Byte 42.5Byte 28.7Byte

Conclusion

The advantags of this algorithm are given in the following steps:-

1- compresses 16-Bit data to less than 16-Bit coding by using sequential start code and
sequential dynamic code, as shwon in test results and comparison with Huffman and
Shannon coding.

2- This algorithm does not need to store original characters and does not need to store the
sequence dynamic code it , just stores the difference between the ASCII for characters
after computing the recurrences for it.

3- This approach leads to store minimum bits and the header has dynamic size in this
algorithm.

The disadvantage of this algorithm
1- For some files the number of 16-bits may not have recurrence, this leads to the
dynamic code length reaching 19-hbit
2- For long size files; the header may reached to 65535-Byte (64-KByte). Also when the
difference between ASCII for characters is taken, some characters are still 8-bit for
positive numbers and 9-bit for negative numbers, this affects the header size.
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