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Complexity Analysis of Compressing
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Abstract--- Data compression is the most discussed topic
among the researchers as well as people working in the data
industry. Huge volume of data comes from different sources and
in a variety of formats like audio, video, pictures, text data,
numeric data, etc. Among the variety of data available for
researchers to work on, the most prominent are the genomic data
produced by biological research labs. With the advent of high
speed sequencing machinery and techniques, the amount of
genomic data being produced is surpassing the Moore’s Law. To
store data proficiently and use it efficiently, compression of data
is the best choice that researchers can opt for. Considering the
specialty of genomic data, the compression methodology must be
lossless. Keeping all these factors in consideration, a multiple
dictionary based LZW compression technique was proposed and
implemented. This paper computes the complexity analysis of the
methodology and compares it with the currently existing ones.
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I INTRODUCTION

Genomic data compression is carried out lossless so that,
when decompressed there is no difference between the
original data and decompressed data[1]. Out of different
methods of lossless compression, the most effective one for
implementation is dictionary-based Liv-Zempel-Welch
(LZW) compression algorithm[2]. Though the methodology
dates back to early 1970s [3], various improvisations and
modifications have been applied on it to make it suitable for
current data explosion. In the present scenario, the scientific
community is facing huge data explosion in scientific and
technical fields. To cope with the work developed due to the
arrival of data is the major challenge faced by research
community and data scientists. With advancements in
genome sequencing techniques, biologists have a handful of
resources with them. They are facing it as a challenge to
keep the data secure as well as analyze them [4].

To develop an efficient compression methodology,
catering to the genomic data sequence was the need of the
time, especially for the research community. The
compression makes use of multiple dictionaries instead of a
single one as in the basic model. Multiple dictionaries
reduce the search time for a pattern across the dictionary.
The dictionaries have chained hash indices which further
make it expedient for insertion as well as searching[5]. The
paper analyses the computational complexity of the
comparison algorithm and presents lemmas based on the
theorem.
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1. LITERATURE REVIEW

With advancement in technology, data flow has increased
exponentially in all fields. The huge amount of data that are
generated need to be analyzed properly as well as stored
efficiently for future reference. Text data compression has
been an area of study for the past few decades. Successful
implementations have been developed for compressing or
decompressing text data. Image compression, video
compression, etc. are also being done. It is with the new era
sequencing technology that the biologists started demanding
compression for efficient data storage. The genomic data
which were generated have to be analyzed and stored
efficiently for future use. Also, the genomic data have to be
compressed lossless, since they have to be reproduced
without any character altered or missing on decompression
[6,2].

Compressing genomic data has been implemented
initially with text compression methods. It soon proved
inefficient as the character set is different. Genomic data
character set comprises A, G, C, T representing Adenine
Guanine, Cytosine and Thymine respectively which are the
building blocks of genomic data. The compression of
genomic data was the need of the biological community[7].
Following the path of text data compression, LZW is
considered as the most suitable dictionary-based lossless
compression method for genomic data.

Various implementations of variations of basic LZW for
text data compression has been proposed by eminent
researchers [8].The major drawback in most of the
implementations is the huge size of the dictionary generated.
The size of the dictionary makes search through it more time
consuming [9,10].To overcome the drawback of a single
dictionary, Ming-Bo Lin proposed multiple dictionaries with
variable-word-width [11]. He further improvised the parallel
dictionary implementation by encoding the output code
words using Huffman coding [12].

Perapong et al. proposed another implementation of text
data compression with LZW using parallel dictionary
(PDLZW), where the input data are fed into a shift register
using a barrel shifter and the dictionary is updated using
windowed second chance updating technique[13].

LZW with multiple indexed dictionaries proposed by
Nishad and Manickachezian, brought lossless compression
to a new light, where the sorted dictionaries reduce the
search complexity by using binary search [14].
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The authors further enhanced the method for text data by
indexed k-nearest twin neighbor clustering and proposed
binary insertion sort [15]. The work was successfully tested
for a variety of text data and claimed to achieve94.59%
compression ratio [16].

Since efficient compression for genomic data was in
demand from the scientists of the biological community,
various methods were proposed for compressing genomic
sequence data. COMRAD used iterative frequency
dictionary creation for compressing genomic sequences
[17]. Quip was a reference based lossless compression tool
[18]. Genome Resequencing Encoding (GReEN) was a
reference based tool for compressing genomic data [19].

1. METHODOLOGY

LZW was identified as the most suitable method for
lossless compression of genomic data. The basic algorithm
discussed compression of text data[3]. For genomic data
compression, since the character set was smaller than text
data, LZW based compression with multiple dictionaries
was designed and developed [5]. The algorithm for
compression of genomic data assigned codes for each of the
new pattern identifies and adds them to the respective
dictionary D; where i’ is the length of the pattern identified.
The algorithm is detailed in the following steps:

Initialize dictionary with character set and assign codes to each
Initialize STRING -> First character of I'P file
SETM->2, CODE->5
While NOT EOF
Assign CHAR ->Next(CHAR) in I'P file
Assign L->length(STRING+CHAR)
Assign INDEX -» CALCULATE_INDEX(STRING+CHARM)
SEARCH L™ dictionary for INDEX
a. IfINDEX found
i. SETFLAG -> SEARCH(STRING+CHAR,L)
b. ELSE
i. Create new INDEX in L dictionary

9. IFFLAGISTRUE

a. SET STRING ->STRING +CHAR
10. ELSE

a. Update Output File with CODE of STRING

b. Add CODE, STRING+CHAR to L dictionary

c. SETCODE->CODE+1

d. SETSTRING -»CHAR
11. Continue from step 4
12. Function CALCULATE_INDEX(X M)

Retm (3. (HEX (to lower(X)MOD 5) « 44-1))

p—

@~ O Wt

Fig. 1: MDLZW Compression Algorithm
The computational complexity of the algorithm described
in figurel is discussed by stating a theorem on it and a few
lemmas derived from the theorem.

3.1. Theorem

The computational complexity of compressing genomic
data using Multiple Dictionary in Lempel-Ziv-Welch
method (MDLZW)algorithm with chained hash table
implementation while compression is

IDIloglD 1+ (23_1;‘ )+ I/ £/2) (z'f_’;';‘ )

0 o) where |Di| is the
size of i" dictionary,; is the time taken to search i"
dictionary.
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Proof

Let N be the number of different characters in the
character set.

Since each dictionary holds the strings of the same length,
D; denotes dictionary holding strings of length i.

Length of entries in each of the dictionary D; = i.

Maximum number of entries in the i dictionary = N'

For each of the pattern of length i, identified during
compression, a single insertion is made into the
corresponding dictionary D;. The index within each
dictionary is searched for or created if not found. To build a

no.
chained hash dictionary, time taken = %.[20].
The computational complexity in index creation of
dictionary
:lezfxi ,212:1“i z:12:1°‘i, o .212=1°‘i
IDsl 1Dy |03| N " IDn]
l 1%
Zl 1 |D|
The complexity in searchlng a dictionary
_vyiD1l % D2l % D3l i, §o[Dal %
= 2im1 oy *2im oy 21 oyt ARXENEN
DI (§/Pif i
=2 <Zi=1 IDj1

Total computation cost calculated is sum of complexity of
index creation and complexity of searching

?=1< =1 |)+|D| % <2|121|IZ7)

Average computation is

o (Tl 101 22 (21200

D]
Complexity of compression
D oc;
IDltoglDI+5- (21 1p- |>+|D|2}Z'1(zi=;'|3ﬁ)

DI

=0

Lemma 1

Any dictionary D; can have at most N? indices where N is
the size of character set.

Proof

As explained in the algorithm for compression using
MDLZW, the dictionary entries are sorted according to the
index calculated using the characters of the sub sequences to
be put into the dictionary.

Computational Complexity of dictionary
Index= X%, (N%5)4:2/= O(N +N) = O(2N) = O(N)
Maximum number of indices each of the dictionary can have
=[N x N| =| N?|
Since the number of characters in the character set of the
data under study (genomic data with A, T, G and C as
characters) is 4,
|Dictionary Index| =

Lemma 2
Any dictionary D; can have at most 4' entries.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Exploring Innovation



International Journal of Recent Technology and Engineering (IJRTE)

Proof by induction

Length of pattern stored in Di = |i|

For a character set of N different characters, number of
patterns stored in one dictionary,= [(IT; N)|

By rule of Induction,

Maximum number of entries in D; =|N|. N is the
maximum single character entry possible for dictionary D;.

Similarly, maximum number of entries in D,=|N?|

Andsoon...

Hence by Law of Induction, Maximum number of entries
in D, =|N"|

Therefore, Maximum number of entries in D41

=|NINJ = [N

Since the number of characters in the character set of the
data used for compression is 4,

The maximum number of entries in dictionary D;= 4

Lemma 3

As the number of characters increase, the pattern
repetition decreases or as the size of character set decreases
the number of patterns increase.

Proof

With the ‘N’ characters in the character set, the possible
combination of sequence of length ‘r’ with character
repetitions permitted are = N'
Case 1:N>r

Possibility of different
subsequence of length r = C(n,r).

With more number of characters than the length of
pattern, the number of patterns that could be generated was
more and hence there would be less number of patterns.
Hence, the probability of repetition of patterns was also less.
Case 2: N<r,

Possibility of different characters appearing in the
subsequence of length ‘r’ = n" With the number of characters
less than the length of pattern, the patterns generated could
be repeated more frequently than in the previous case.
Hence pattern repetition could be more frequent when N<r.

characters appearing in

Lemma 4

The last dictionary generated would have index number
equal to the length of the longest pattern that was generated
from the data.

Proof

Each dictionary is generated when a pattern of
corresponding length is encountered.

Dictionary is generated when a pattern of length 2 is
detected first = D,

For each of the new patterns generated the dictionary of
corresponding length = |Pattern|

When a pattern of length ‘i’ is to be inserted, dictionary
Di is generated if it does not exist.

Hence if the longest pattern generated is of length ‘n’, the
last dictionary generated =D,

V. RESULTS AND DISCUSSION

The computational complexity of MDLZW with chained
hash index table has been derived. Complexities of few
other LZW based algorithms are considered for comparative
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analysis.LZW with RLE (Run length Encoding) claims to
have complexity of O(nlog|D| + n), where D is the size of
single dictionary generated with run length of encodings
[21].Similarly comparison can be done with WDLZW
(Word based LZW), where the space between words in the
text to be compressed is eliminated and the words are
encoded & entered into the single dictionary generated.
WDLZW has a complexity of O(nlog(|D])), where n is the
number of words and D is the size of single dictionary
generated [22]. Since MDLZW creates and uses multiple
dictionaries in the place of a single dictionary used by the
algorithms mentioned above, a direct comparison of
complexities is not possible. Another comparable
compression using multiple dictionaries for text data is by
Nishad PM et al.[20]. This algorithm has a computational
complexity as follows:

1
|D|1og|D|+(|D|*(§z§‘zllcil*<logn!§i1'i)'Ci')))+|D|+(§Zi=1(|ciuog )

o( ID|

Since this algorithm is used for compressing text data, the
computational complexity is more than MDLZW designed
for genomic sequence data because of the size of character
set used in both cases. The text data uses a character set of
256 characters, whereas the genomic data is restricted to 4
characters.

The proposed algorithm is implemented on Intel® Core™ i7
(2.40GHz 8GB RAM) running on Windows 10 with Python
3. Testing results and comparison of performance with other
algorithms will be published in the near future.

V. CONCLUSION

Complexity analysis of multiple dictionary-based
compression algorithm for compressing genomic sequence
data using chained hash indexing has been performed. The
lemmas derived from the theorem gives more insight into
the size and complexity of the dictionaries created as well as
the search that happens within each of the dictionaries. The
use of multiple dictionaries promises to reduce the search
time and hence the compression time.
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