International Journal of Hybrid Information Technology
Vol. 6, No. 2, March, 2013

Achieving Efficient File Compression with Linear Cellular Automata
Pattern Classifier

Pokkuluri Kiran Sree! and Nedunuri Usha Devi?
professor, BVCEC, India, 2Asst Professor, JINTUK, India,
profkiran@yahoo.com, usha.jntuk@gmail.com

Abstract

Files are created for Traffic Analysis, Maintenance, Software debugging, customer
management at multiple places like System Services, User Monitoring Applications, Network
servers, database management systems which must be kept for long periods of time. These
Files may grow to huge sizes in this complex systems and environments. For storage and
convenience files must be compressed. Most of the existing algorithms do not take temporal
redundancy specific Files into consideration. We propose a Linear Cellular Automaton based
Classifier which introduces a multidimensional File compression scheme described in eight
variants, differing in complexity and attained compression ratios. This scheme introduces a
transformation for File whose compressible output is far better than general purpose
algorithms. This proposed method was found lossless and fully automatic. It does not impose
any constraint on the size of File.
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1. Introduction

File keeps track of everything goes in and out of a particular server. It is a concept much
like the black box of an airplane that records everything going on with the plane in the event
of a problem. The information is frequently recorded chronologically, and is located in the
root directory, or occasionally in a secondary folder, depending on how it is set up with the
server. With the use of File it's possible to get a good idea of where visitors are coming from,
how often they return, and how they navigate through a site. Using cookies enables
Webmasters to log even more detailed information about how individual users are accessing a
site.

The storage requirement for operational data is increasing as increase in the computing
technology. Current computer networks consist of a myriad of interconnected, heterogeneous
devices in different physical locations (this is termed a distributed computing environment).
Computer networks are used by many different sized corporations, educational institutions,
small businesses and research organizations. In many of these networks, monitoring is
required to determine the system state, improve security or gather information.

Files are excellent sources for determining the health status of a system and are used to
capture the events happened within an organization’s system and networks. Logs are a
collection of log entries and each entry contains information related to a specific event that
has taken place within a system or network. Many logs within an association contain records
associated with computer security which are generated by many sources, including operating
systems on servers, workstations, networking equipment and other security software’s, such
as antivirus software, firewalls, intrusion detection and prevention systems and many other
applications. Routine log analysis is beneficial for identifying security incidents, policy
violations, fraudulent activity, and operational problems.
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Initially, logs were used for troubleshooting problems, but nowadays they are used for
many functions within most organizations and associations, such as optimizing system and
network performance, recording the actions of users, and providing data useful for
investigating malicious activity. Logs have evolved to contain information related to many
different types of events occurring within networks and systems. Within an organization,
many logs contain records related to computer security; common examples of these computer
security logs are audit logs that track user authentication attempts and security device logs
that record possible attacks.

2. File Compression

This section motivates the need for data reduction and explains how data compression can
be used to reduce the quantity of data. It also discusses the need for the approaches which can
be used and the role of files. In many environments, tracked logs can happen very often. As a
result, there is a huge amount of data produced this way every day. And often it is necessary
to store them for a long period of time. Regardless of the type of recorded logs, for reasons of
simplicity and convenience, they are usually stored in plain text files. Both the content type
and the storage format suggest that it is possible to significantly reduce the size of files
through lossless data compression, especially if specialized algorithm was used. The smaller,
compressed files have the advantages of being easier to handle and saving storage space.

3. Types of Compression

Lossless compression algorithms frequently use statistical redundancy in such a way as to
represent the sender's data more concisely without error. Lossless compression is possible as
most real-world data has statistical redundancy. For instance, in English text, the letter ‘e’ is
much more used than the letter 'z', and the probability that the letter 'q" will be followed by the
letter 'z' is very tiny. Another kind of compression called lossy data compression or perceptual
coding is possible in this scheme some loss of data is acceptable. In general a lossy data
compression will be guided by research on how people perceive the data in question.
Forexample, the human eye is more sensitive to slight variations in luminance than it is to
variations in color. JPEG image compression works in part by "rounding off" some of this
less-important information.

4. Lossy Compressions

Lossy image compression is exercised in digital cameras, to increase storage capacity with
negligible degradation of picture quality. Similarly, DVDs use the lossy MPEG-2 Video
codec for compression. Compression of individual speech is often performed with more
specialized methods, so that "speech compression" or "voice coding” is sometimes
distinguished as a separate discipline from "audio compression”. Different audio and speech
compression standards are listed under audio codes. Voice compression is used in Internet
telephony, for example while audio compression is used for CD ripping and is decoded by
audio players.

5. Cellular Automata

Cellular Automata (CA) are mathematical models of decentralized spatially extended
systems. They consist of a large number of relatively simple individual units, or “cells”,
which are connected only locally, without the existence of a central control in the system.
Each cell is a simple finite automaton that repeatedly updates its own state, where the new
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cell state depends on the cell’s current state and those of its immediate (local) neighbors.
However, despite the limited functionality of each individual cell, and the interactions being
restricted to local neighbors only, the system as a whole is capable of producing intricate
patterns, and even of performing complicated computations. In that sense, they form an
alternative model of computation, one in which information processing is done in a
distributed and highly parallel manner. Because of these properties, CA have been used
extensively to study complex systems in nature, such as fluid flow in physics or pattern
formation in biology, but also to study information processing (computation) in decentralized
spatially extended systems (natural or artificial). Here, we will give a brief overview of the
different ways in which computations can be done with cellular automata.

6. Cellular Automata with Neighborhood

A cellular automaton (CA) consists of a regular grid (lattice) of cells (automata), each of
which can be in one of a finite number of states. At discrete time steps, all cells
simultaneously update their states depending on their current state and those of their
immediate neighbors (i.e., depending on the local neighborhood configuration of each cell).
For this update step, all cells use the same deterministic update rule, which lists the new cell
states for each possible local neighborhood configuration. This update process is then
repeated (“iterated”) for a certain number of time steps.

In the simplest case, the CA lattice is a one-dimensional array of cells (1D CA), where
each cell can be either black or white (two possible states), and the local neighborhood of a
cell consists of the cell itself, the immediate neighbor to the left, and the immediate neighbor

to the right (i.e., a radius of 1, or three cells total). So, there are 2° =8 possible
neighborhood configurations for a cell, since each of the three cells in the local neighborhood
can be either black or white. Such a 1D, two-state, radius 1 CA is known as an elementary
CA (ECA). Of course many variations on this basic scheme exist, such as higher dimensional
(2D, 3D, ...) lattices, a larger number of states (>2), or larger neighborhood sizes (a radius of
2, 3, ...). However, the basic principles (updating of cells based on local neighborhood
configurations according to a given update rule) remain the same in all cases.

The example below shows one particular ECA update rule. The 8 possible local
neighborhood configurations are listed in the first row (white is represented by a 0, and black
is represented by a 1), and the new cell state for each neighborhood is given in the
corresponding position in the second row.

Table.1 Neighborhood

neighborhood: 111 110 101 100 011 010 001 000
newstate: 0 1 1 0 0 0 1 O

For this particular update rule, the three neighborhoods “black, black, white” (110), “black,
white, black” (101), and “white, white, black” (001) are mapped into a black cell (1), and the
other neighborhoods are mapped into a white cell (0). Of course the Os and 1s in the second

row (the new cell states) could have been assigned differently, and there are 2° = 256 ways
of constructing an ECA update rule (since each of the 8 neighborhoods can be mapped into a
0 or a1). The figure below shows a simple example of how cells in a CA lattice change their
states given the above update rule. For example, the second cell in the lattice has a local
neighborhood configuration of “white, black, black” (011), and according to the given rule
will be white (0) at the next time step (first arrow). The fifth cell has a local neighborhood
configuration of “white, white, black” (001), and thus will be black (1) at the next time step
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(second arrow). Similarly, all cells are changed to their new state simultaneously according to

the same update rule given above.

In case of a finite lattice, as in the example above, we also need to specify boundary
conditions. In this case, periodic boundary conditions are used, i.e., the lattice is considered to
be circular. Thus, the first and last cells in this array are each other’s neighbor, and therefore
the first cell has a local neighborhood configuration of “white (last cell), white (cell itself),
black (second cell)” (001), and will become black (1) at the next time step according to the
given update rule. Alternatively, fixed boundary conditions can be used, where an additional
cell is placed on either side of the lattice with a fixed cell state (i.e., these boundary cells are
not updated).

Depending on which one of the 256 ECA update rules is used, different behaviors (or
dynamics) can be observed when iterating the CA. The figure below gives examples of so-
called space-time diagrams for four different ECA. In these diagrams, the CA lattice is shown
horizontally, while time is going down the page. In other words, the first row in each diagram
is the CA lattice at the initial time step t=0 (in these examples, the CA lattices are initialized
randomly, i.e., for each cell a state, black or white, is chosen at random). The second row is
the updated lattice at time step t=1, and so on for each next row. These space-time diagrams
show 100 cells across (with periodic boundary conditions), for 100 time steps. Clearly, the
four different update rules give rise to very different kinds of dynamics.

Figure 1. Lattice

7. Computation in Cellular Automata

It is possible to use the patterns that form in these cellular automata dynamics to perform
computations. Of course not all CA, or all patterns they produce, can be said to perform
computations, but sometimes it is possible to construct a specific CA update rule to perform a
certain computational task. Some examples are given next.

7.1 Formal Language Recognition

Smith used CA as formal language recognizers [1]. In particular, one-dimensional, radius 1
“bounded” CA were studied, i.e., CA with two special (fixed state) boundary cells on either
end of the lattice. Smith proved that the class of languages that can be recognized by such CA
is the class of context-sensitive languages. Some specific examples he included are the
context-free language of palindromes (i.e., words that are the same when read from left-to-

right and from right-to-left), and the context-sensitive language {a"b™c™ | m >1}. For both

cases, he showed the construction of a bounded CA that recognizes one of these languages in
linear time. An input word, such as aabbcc, is given as the initial configuration to the CA, and
it will then decide in linear time whether the input belongs to the language or not. The
decision is made by using one particular cell as the “answer cell”. If an input word of length n
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belongs to the language, this particular cell will be in the “accepting” state after n time steps
(iterations), otherwise it will be in the “rejecting” state. It is possible for the CA to make this
decision in linear time, because it can process the symbols in the input word in parallel.

7.2 Arithmetic

space —
ol alngh -

+—time

In [2], one-dimensional “filter automata” were used to perform arithmetic. The difference
between filter automata (FA) and regular CA is that in FA the cells are updated from left to
right, instead of simultaneously. So, when updating a particular cell, the new cell states of
neighbors to the left and current cell states of neighbors to the right are considered for the
local neighborhood configuration. In this class of automata, often “soliton-like” structures
(patterns) can be observed, i.e., propagating periodic structures that can pass through each
other without destroying each other, but only shifting each other’s phase. Using these types of
structures, in [2] a simple “adder” was constructed. Two (binary) numbers are given as input
in the initial configuration of the FA, and after a certain number of iterations the lattice will
contain the sum of these two numbers. Similar arithmetic operations (such as multiplication)
can also be implemented in an FA this way.

7.3 Random Number Generation

Wolfram gives an example of an ECA that can be used as a pseudo random number
generator [3]. For this particular ECA, the state values that are attained by one particular cell
in the lattice seem to form a stream of bit values that is indistinguishable from a random
stream. In other words, for a large enough lattice, one particular cell in this CA can function
as a generator of (pseudo) random bit values. Since the description of an ECA is very simple
and concise, this can of course provide many useful practical applications, for example in the
area of cryptography, as suggested by Wolfram.
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7.4 Image Processing

Another, perhaps more practical, task that can be performed with CA is that of image
processing. Suppose an image is given as input to a 2D CA, where each cell in the lattice
corresponds to a pixel in the image. In other words, for black and white images, if a pixel in
the image is white, the corresponding cell in the CA is initialized to white, and similarly for
black pixels. For gray-scale images, we can use for example 256 states in the CA, each state
corresponding to a particular gray-scale level. In [4], two CA update rules are given for two
different image processing tasks: noise filtering and edge detection. It is then shown that
using these CA rules, it is indeed possible to remove noise from, or to detect edges in, an
given image.

8. Universal Computation in Cellular Automata

The examples above show how CA can be used for very specific computational tasks.
However, it has been proved that, in principle, CA can perform any computational task. In
other words, they are capable of universal computation. One relatively straightforward way of
proving this is by showing that a CA can, in principle, simulate any given Turing machine.
This was done for two-dimensional CA in [5]. Obviously, from this it follows that it is
possible to construct a 2D CA that simulates a universal Turing machine as well.

However, the actual construction of such a CA, including the correct initial configuration,
would be very complicated. Therefore, the next natural question is: “What is the simplest CA
that can perform universal computation?” In [6], a one-dimensional, 7-state, radius 1 CA was
constructed that can simulate a Turing machine. And finally, after an early conjecture by
Wolfram, it was even proved that there is one elementary CA (known as rule 110) that is
capable of universal computation [7]. So, even the simplest version of a CA is, in principle,
computationally as powerful as any other computing device!

One early, but entirely different, proof of universality in CA was provided using a famous
two-dimensional CA known as the “Game of Life”. This CA was originally invented by
Conway, and is described in [8]. In this CA, there are only two possible states: “dead” and
“alive”. The update rule is also simple. If a cell is alive, it remains alive if exactly 2 or 3 of its
neighbors are alive, otherwise it dies. If a cell is dead, it remains dead unless exactly 3 of its
neighbors are alive, in which case it becomes alive. The neighborhood of a cell consists of the
8 cells directly surrounding it (in a 2D lattice). However, despite this simple rule, the CA
shows complicated behaviors and intricate structures, including propagating structures called
“gliders”. These gliders are small (consisting of 5 alive cells) periodic structures, with a
periodicity of 4 time steps, which are displaced one cell horizontally and vertically after one
period. So, over time, these structures are propagated through the lattice, and interact with
each other upon collision, either annihilating one or more of them, or changing direction, etc.
Furthermore, there exist other structures that produce gliders (“glider guns”), destroy them
(“eaters”), delay them (“delayers”), or make them change direction. As it turns out, these
gliders and other structures can be used in such a way as to simulate any logical function, in
particular AND, OR, and NOT gates. Since any logical system containing such functions is
universal, it follows that the “Game of Life” is also universal, i.e., capable of universal
computation.

8.1 Emergent Computation in Cellular Automata

In the examples given above of computation in CA (specific or universal), a particular CA
update rule and a corresponding initial configuration were constructed, or at least it was
shown that such a construction is possible in principle. However, for most computational
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tasks of interest, it is very difficult to construct a CA update rule or it is very time consuming
to set up the correct initial configuration. A very different approach was taken by Mitchell, et
al., in [9-11], where a genetic algorithm was used to evolve a CA rule to perform a specific
computational task.

A genetic algorithm (GA) is a search algorithm based on the principles of natural evolution
(see the introduction to evolutionary computation in this volume). It can be used to search
through the space of possible CA rules to try to find a CA that can perform a given
computational task. The specific task that Mitchell, et al., originally considered is density
classification. Consider one-dimensional, two-state CA. For any initial configuration (IC) of
black and white cells, we can ask: “Are there more black cells or more white cells in the IC?”
Note that for most “computing systems” (including humans), this is an easy question to
answer, as the number of black and white cells can easily be counted and compared. However,
for a CA this is a difficult task, since each individual cell in the lattice can only check the
states of its direct neighbors, and none of the cells can have information of the global state of
the CA lattice. So, the question is whether there exists a CA update rule that can decide on the
density of black cells (smaller or larger than 0.5) for any IC. In particular, if a given IC
contains more black cells (density >0.5), then the CA should settle down (within a certain
maximum number of iterations) to a configuration of all black cells and remain in that state.
Otherwise (density <0.5), it should settle down to all white cells.

A genetic algorithm was used to search through the space of all one-dimensional, two-

state, radius 3 CA update rules (of which there are 2'%® ~3.4x10%, i.e., too many to
perform an exhaustive search). The way the different CA were evaluated during the search is
as follows. A set of 100 random ICs is generated, and the CA being evaluated is iterated for
M time steps on each of these. The lattice size was chosen to be L=149, and M was set to
roughly 2L. The fraction of ICs on which the CA gives the correct answer (i.e., it correctly
settles down to all whites or all blacks) is taken as the “fitness” of the CA, a measure of how
well it performs the density classification task. Many runs of the genetic algorithm were
performed, and in the end the best CA (the one with the highest fitness value) over all these
runs was taken as “the solution”. Two space-time diagrams of this “best” density
classification CA are shown below. On the left the (random) IC contains more white cells,
and on the right it contains more black cells. However, in both cases the CA correctly
classifies the density of black cells. (The gray areas are alternating black and white cells, or a
“checkerboard” pattern.) Periodic boundary conditions are used.

So how does this CA actually perform the density classification task? As is obvious from
the space-time diagrams, the CA dynamics very quickly (after just a few initial time steps)
settles down into a collection of very regular patterns, in particular regions of all white, all
black, or checkerboard, with sharp boundaries between these regular regions. Furthermore,
these boundaries move through the lattice at a certain velocity, and they interact with each
other, creating new or destroying existing regular patterns and boundaries. So, it seems that
the CA is using these patterns that emerge in its space-time dynamics to store, transfer, and
process local information (local densities), eventually coming to a global decision about the
overall density of the IC.

To appreciate the information processing, or computation, in this CA better, consider the
two space-time diagrams shown below. In both cases, the IC contains one “block” of
consecutive white cells, and one “block” of consecutive black cells (since periodic boundary
conditions are used, the white region wraps around and thus forms one continuous block). At
the boundary between the white (W) region and the black (B) region, a checkerboard (#)
pattern is formed, and two boundaries are created (W# and #B), which travel in opposite
directions but at the same velocity. At the boundary between the black and white regions, this
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boundary (BW) persists and remains in the same location over time (i.e., the vertical
boundary). In the figure on the left, the original white block in the IC is larger than the black
block, and therefore the #B boundary reaches the BW (vertical) boundary well before the W#
boundary does. When the #B and BW boundaries meet, the black region and the two
boundaries themselves are destroyed, and a new boundary (#W) is created that travels back in
the same direction as the original W# boundary, but with a higher velocity. So, eventually the
new #W boundary catches up with the existing W# boundary, and upon collision they
annihilate each other and the checkerboard region, leaving the entire CA lattice in an all white
state. As can been seen in the figure on the right, exactly the opposite happens when the white
block in the IC is smaller than the black block. So, in both cases the density of black cells in
the IC is classified correctly by the CA (<0.5 on the left and >0.5 on the right, with the correct
corresponding answers of all white and all black, respectively).

0 0

Time

98 98
0 Ske @« 0 Ske 98

Figure 3. Random IC’S Representation

Going back to the first pair of space-time diagrams where random ICs were used, it can be
seen that this “strategy” of creating checkerboard patterns and using interacting boundaries,
as just explained, is used at different time- and length-scales. Local information about
densities in small parts of the lattice is stored in patterns of all white, all black, or
checkerboard, and the boundaries between these regions transfer this information to other
parts of the lattice, where the information is processed through interactions of these
boundaries. Decisions about local densities are made this way, and are propagated to other
parts of the lattice, until finally a global decision about the overall density of the IC is made.
Since the CA makes use of these patterns that (spontaneously) emerge in its dynamical
behavior, this type of information processing is generally referred to as emergent computation
[12-14].

The above explanation of emergent computation in the evolved CA is a rather informal
argument. However, the mechanisms of emergent computation in CA have been studied more
thoroughly and have been formalized in a mathematical framework in [15, 16], where a
concise model has been developed based on the notion of these propagating and interacting
boundaries. In fact, this model (which is a higher-level description of the dynamics of the
CA) can be used to make accurate predictions about the CA’s behavior and computational
performance. Furthermore, it can be used to better understand the actual evolution (by the
genetic algorithm) of emergent computation in CA.
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8.2 Crossover and Mutation

The performance of an individual is measured by a fitness function. A fitness function rates
the performance of an individual in its environment by comparing the results of the
individual’s chromosomes with the desired results of the problem as defined by the author of
the algorithm. The fitness is generally expressed within the algorithm as a floating point (i.e.,
decimal) number with a predefined range of values, from best performing to worst performing.
As in Darwinian evolution, low-performing individuals are eliminated from the population
and high performing individuals are cloned and mutated, replacing those that were eliminated.

The main feature which is achieved when developing CA Agent systems, if they work, is
flexibility, since a CA Agent system can be added to, modified and reconstructed, without the
need for detailed rewriting of the application.

9. Emergent Computation in Linear Cellular Automata

A particular NLCA update rule and a corresponding initial configuration were constructed,
or at least it was shown that such a construction is possible in principle. However, for most
computational tasks of interest, it is very difficult to construct a NLCA update rule or it is
very time consuming to set up the correct initial configuration.

A genetic algorithm (GA) is a search algorithm based on the principles of natural evolution
(see the introduction to evolutionary computation in this volume). It NLCAn be used to
search through the space of possible NLCA rules to try to find a NLCA that NLCAn perform
a given computational task. The specific task that Mitchell et al. originally considered is
density classifiNLCAtion. Consider one-dimensional, two-state NLCA. For any initial
configuration (IC) of black and white cells, we NLCAn ask: “Are there more black cells or
more white cells in the IC?” Note that for most “computing systems” (including humans), this
is an easy question to answer, as the number of black and white cells NLCAn easily be
counted and compared. However, for a NLCA this is a difficult task, since each individual
cell in the lattice NLCAnN only check the states of its direct neighbors, and none of the cells
NLCAnN have information of the global state of the NLCA lattice. So, the question is whether
there exists a NLCA update rule that NLCAn decide on the density of black cells (smaller or
larger than 0.5) for any IC.

Log files are plain text files in which every line corresponds to a single logged event
description. The lines are separated by end-of-line marks. Each event description consists of
at least several tokens, separated by spaces. A token may be a date, hour, IP address, or any
string of characters being a part of event description. In typical log files the neighboring lines
are very similar, not only in their structure, but also in their content. The proposed transform
takes advantage of this fact by replacing the tokens of a new line with references to the
previous line. There may be a row of more than one token that appears in two successive lines,
and the tokens in the neighbouring lines can have common prefixes but different suffixes (the
opposite is possible, but far less frequent in typical log files).

10. Results & Discussion

The result shows the two major indispensible properties of Files. The first one is the
compressed file size and the other one is compaction ratio. Here the graphs show both of the
properties. On one hand first graph shows the difference between original files and
compressed files .On other hand second graph displays the compaction ratio. The third graph
compares the existing method and the proposed method which shows that the proposed
method is better than the existing method.
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Figure 4 .Comparison of Compression Ratios

11. Conclusion

System files contain lot of contemporary information replete with files and occupy huge
amounts of space. The general purpose algorithms do not take full advantage of redundancy
in files. The existing specialized compression techniques for files need lot of human
assistance and not practical for the general applications. The proposed classifier introduces a
multidimensional File compression scheme described in eight variant differing in complexity
and attained compression ratios. This classifier was designed for different types of logs and
experimental results conclude the compression improvement in different files. The proposed
method is fully automatic and lossless. The most important functionality of this proposed
work is it does no impose any constraints on the size of the File.
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