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First: Domain Concepts

Fuel: The purpose of this concept is to contain the
properties of the fire fuel in forests.

Properties:
Name type
Description The type of fuel (type of forest trees)
Source of Value User
Type Text
Legal Values {OY sl JlesD @l gall S }
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Name StemDiameter
Description The stem diameter of forest trees.
Source of Value User
Type Integer
Legal Values Number-Range(0.1,100)

Fire: The purpose of this concept is to contain the

properties of the fire in forests.

Properties:
Name SpreadStatus
Description .The status of fire spread in forests
Source of Value Derived
Type Text
Legal Values {e Jaetmy o }
Name SpreadIncreasingRate

Description |The increasing rate of fire spread in forest.

Source of Value Derived
Type Integer
Legal Values Number-Range(1,100)
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Wind: The purpose of this concept is to contain the
properties of the wind in the forest.

Properties:
Name Exist
Description It determines is there wind affecting the
fire in the forest
Source of Value User
Type Text
Legal Values {¥ @ }
Name Speed
Description The speed of wind in forest.
Source of Value User
Type Integer
Legal Values Number-Range(1,100)

LandSlope: The purpose of this concept is to contain the
properties of the forest land slope.

Properties:

Name Exist

Description | It determines is there slope in the forest

land affecting the fire in the forest.

Source of Value User

AN



Type Text
Legal Values {eWrea }
Name Degree
Description The degree of the forest land slope.
Source of Value User
Type Integer
Legal Values Number-Range(1,100)

Second: Rule Base

R

if

Fuel Type =Ll ;suall jlesD
then

Fire SpreadStatus = (x,

R2

if

Fuel Type =Y Ji jlesD
then

Fire SpreadStatus = (- Ly

R3

if

Fuel StemDiameter <2
then

Fire SpreadStatus = (x5,

v




R4

if

Fuel StemDiameter >= 2 && Fuel StemDiameter =<
5
then

Fire SpreadStatus = « ; l»

R5

if
Wind Exist = (Y
then

Fire SpreadIncreasingRate = 1

Re

if
Wind Exist = (4
then
Fire SpreadIncreasingRate = 2#(Wind Speed /4)

R7

if
LandSlope Exist = «Y»
then

Fire SpreadIncreasingRate = 1

Rs

if

LandSlope.Exist = (.~ && LandSlope.degree =< 30
then

Fire SpreadIncreasingRate = 2%( LandSlope.degree /15)

TA




Ro [if
LandSlope Exist = (,+) && LandSlope.degree > 30
then
Fire SpreadIncreasingRate = 4 + 2s( (LandSlope.degree

- 30) /10)
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“Performance-Based Approach”
Alternative Fire Protection Solutions
Enginer: Hamid bin Rashid Al-Rashid

Introduction:

The ultimate goal of Fire Protection has been always saving
lives, protecting property, and ensuring business continuity. The
achievement of this goal is done typically in three stages:

1- Design & Engineering:

This stage is the first line of defense where designers, engi-
neers, and authorities are proactively ensuring that each facility
is complying the available and related fire and safety codes and
regulations.

2- Administration:

The administration and management of the built facility in-
cludes having proper safety procedures in place to govern the hu-
man actions and safe work procedures in addition to the mainte-
nance and inspection of the fire and safety equipment. This might
need training the employees, contactors, and even the visitors of
these facilities.

3- Loss Control:

This is a reactive mode to any incident or emergency that
might take place (firefighting, rescue, hazmat, etc.). This stage re-
quires readiness by having emergency response procedures in ad-
dition to having the required resources and training to tackle any
expected emergencies (credible scenarios).

The focus of this paper will be on the first stage which is the
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design & engineering of new facilities or even old facilities un-
der modification. The objective of this paper is to briefly discuss
the needs & mechanism of utilizing the Performance-Based Ap-

proach as an alternative fire protection solution.
Regulations & Codes:

The Local & International are mainly found in “Prescriptive”
format where minimum requirements are mandated to achieve
fire safety for a generic application. These minimum requirements
are specific and in terms of materials, time, dimensions, or spe-
cial systems. Most of the time, these minimum requirements are
results of previous failures (injuries, fatalities, property damage,
failures of systems, etc) as shown below in the Traditional Cycle
of Codes:

To understand what is meant by a Prescriptive Code, let us
take an example of the National Fire Protection Association,
NFPA- 101 (Life Safety Code), which is very well internationally
used. These standard mandates have three (3) exits for a floor area
with an occupant load greater than 500 people. This means that
a floor area with an occupant load of 501 people requires three
(3) exits while a floor area with an occupant load of 500 people
requires only two (2) exits!. Note that the intent or the final ob-
jective of this mandate is not clear and might not make sense to

many.

Advantages and Disadvantages of Prescriptive Codes:
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Advantages Disadvantages

* Direct with defined min-| ¢ Complex structure

imum requiremen . . .
um requirements * Mainly reactive to failures

* Easy to follow & verify | , Clear intents/objectives mainly not

* Could cover majority of defined

nci . .
occupancies * Not open to innovations/alterna-

tive solutions

* Might not be cost-effective for
most modern facilities

Performance-Based Approach:

The solution to this was implemented in many developed
countries (USA, Canada, Japan, EU, and others) where they have
started utilizing a “Performance-Based Approach”. This approach
is run in parallel with “Prescriptive Codes” to accommodate the

increasing:

Changes in modern facilities’ designs where prescriptive
codes might be a big pull back to many of those new looking with

new concepts facilities.

Knowledge & experience in fire protection which is advanc-
ing and finding new ways and methods to achieve higher safety

levels smarter than before.

Advancement in Fire Computer-Based Modeling which is a
great tool to test and verify the new innovative method to achieve

the intents of the prescriptive codes requirements.

Budgetary restraints which is widely faced in almost all projects.
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Having said that, let us now know what the Performance-
Based Approach is. This approach digs into the main purposes of
the prescriptive requirements to determine the intent of the code.
The real factor for this approach is meeting and fulfilling the in-
tent of the code and not the condition. Once the real intent(s) is/
are identified; then, the searches for different old/innovative solu-
tions to meet/exceed these intents start utilizing computer-based
models/simulators by qualified and certified engineers. Finally,
the proposed solutions must be proven to fulfill codes intents by
third party approved & certified entity before being submitted to
authorities for review & approval. Note that sometimes, the code

requirements could be the best solutions; other times, they are not.

Going back to the previously discussed prescriptive example
where three (3) required exits for a floor area with an occupant load
are greater than 500 people, the Performance-Based Approach will
provide a proven sufficient number of exits for each floor within
the facility, and allow for safe egress within the required time of
ALL occupants to the assembly areas which is basically the intent

of the code requirement.
Performance-Based Design Process:

The performance-based has been adapted by several respect-
ed entities such as NFPA and the Society of Fire Protection En-
gineers (SFPE). Most of these entities have come up with very
similar way of a design process for this approach which could be

summarized in steps that follow:
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- Establish safety goals (meeting/exceeding codes depending
on the criticality of the proposed facility);

- Evaluate the condition of the occupants, contents, process &

equipment with regard to safety;
- Identify potential hazards and define scenarios;

- Establish performance objectives (based on the Prescriptive
Code intent);

- Select suitable calculation methods (e.g., computer models);
- Develop a proposed solution;
- Assess the proposed solution; and

- Obtain approval of the proposed solution from the relevant
authority.

Advantages and Disadvantages of Performance-Based Ap-

proach:

Advantages Disadvantages

* Set overall safety goals  Difficult to define and verify

* Use intent instead of only (time and competency)

minimum requirements e Requires training for both
the designing parties and the

* Open to innovations & alter- % ) i
authorities for verification

native solutions

* Change of occupancy or use
may require revalidating the
whole design

* Enable utilization of new
technologies (fire simulators/
modeling)

* Enable cost effective design
alternatives
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Case Study I (Evacuation):

A major US manufacturing company decided to design fire-
protection for its large building. One component of the design
was they safe evacuation of occupants. When the engineers start
searching, they found that the Prescriptive Codes calls for auto-
matic smoke and heat vents in the building roof & on the roof of
enclosed corridors and found that the intent of this requirement
is to keep smoke level above 7 ft for at least 15 min (maximum
required time for evacuation + a safety factor) to allow for safe
evacuation. Therefore, the engineers wanted to know how many
automatic smoke/heat vents were needed to meet the code. As a
result, they set up credible scenarios using a simulation model
where the heat release, fire growth rates materials and desired ge-
ometry of the building were recorded. Using an approved com-
puter-based fire model by qualified and certified designers while
taking worst-case scenarios with a 15% safety factor, it was found
that during the 15 min required for evacuation during a fire, the
smoke layer would be approximately 19 ft above floor level with-

out any additional systems.

When the case was made and verified by third party office,
the Authority Having Jurisdiction (AHJ) approved the building
without the automatic smoke & heat vents as the original build-
ing without any additional system is actually exceeding the code
intent. This example shows how the intents of the codes could
be even exceeded while saving the cost of construction, systems,
future maintenance and testing through applying this approach.

Case Study II (Platform Fire Protection Upgrade):
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The objective of this project is to upgrade the fire protection
of a very critical offshore platform. The platform consists of two
levels and manned by 4 operators only most of the time. The scope
calls for having full fire protection coverage (new pumps, detec-
tors and monitors) where in case of a fire, detectors shall detect
the fire and monitors shall be automatically operated to cover the

entire platform with water/foam supported by the pumps.

Prescriptive Code compliance & Performance-Based Ap-
proach were both done for this case and the findings were as fol-

lows:
Prescriptive Codes calls for:
- 51 IR/IR/UV Detectors;
- 80 Pre-Aimed Automatic Fixed Fire Monitors;
- 6,000 gpm pumping capabilities; and
- Additional voltage switchgears + platform extension.
While the Performance-Based Approach calls for:
- 51 IR/IR/UV Detectors;
- 48 Automatic Oscillating Fire Monitors; and
- 4,000 gpm pumping capabilities; and
- NO additional voltage switchgears nor platform extension.

Final results show that:
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Prescriptive Code Performance-Based Approach

* More monitors but less expen-| ¢ Less monitors but more ex-

sive type pensive type

* Coverage is less and will be| *« Coverage is more with mi-
affected by wind nor wind effect

* Manual intervention might be| ¢ No need for manual inter-
needed vention

* Larger water demand e No change in water demand

*  More cost ¢ 16% less cost

This case study proves that innovative/alternative solutions
with Performance-Based Approach can exceed the safety level of
Prescriptive Codes and will be more cost-effective.

Conclusion

Traditional Prescriptive Codes are very useful for the major-
ity of facilities. However, it is suggested that the Performance-
Based Approach needs to be considered in parallel with Prescrip-
tive Codes as it is an important tool to address specific needs with
clear safety objectives utilizing innovative and alternative solu-
tions. This cannot be achieved without the Authorities that are
needed to start paving the roads for this approach by developing
a system/program that regulates the Performance-Based approach
in addition to training and certifying their engineers & reviewers

in computer-based models & simulators.
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Abstract

Nature has always been a source of inspiration. Over the last
few decades, it has stimulated research on new computing para-
digms and has spawned the emergence of new fields like ‘Nature
Inspired Computing’, ‘Evolutionary Computing’ and ‘Complex-
ity Theory’. The latter is currently challenging traditional classi-
cal explanations in the physical sciences. In this paper, we exam-
ine and review the impacts of the emerging computing paradigm
called Nature Inspired Computing in solving complex problems.

Keywords: Nature inspired computing, Emergence, Self-orga-
nization, Complex systems, Cellular automata, Social insects.



1. Introduction

Nature inspired computing is an emerging computational
paradigm for dealing with large, complex and dynamic real world
problems. Nature inspired techniques can be examined from two per-
spectives. First, as a way to understand and characterize the underlying
mechanism(s) of complex real-world phenomena or systems behavior by
formulating computing models and testing hypotheses through controlled
experimentation. The end product is at least a deep understanding of the
working mechanism(s) of the modeled system. Second, as a way to design
and develop computing solutions to solve complex problems by reproduc-

ing lifelike behavior in solving computing problems.

Nature inspired computing draws on the principles of emer-
gence, self-organization and complex systems [1, 2]. It aims to
develop new techniques, algorithms and computational applica-
tions by getting ideas by observing how nature behaves to solve
complex problems. Although still very young, research on nature
inspired computing and complex systems has resulted in successes
both in understanding and designing such systems. The problem is
how natural self-organized systems can be transposed to engineer
societies of agents that collectively solve problems. These models
have to be conceived in cooperation with biologists in order to
determine transposition principles which are used to design col-
lective problem solving systems.

The study of what is termed nature inspired computing is grow-
ing area of study. As computing systems increase in size and com-
plexity the behavior of the whole systems has become progres-

sively more difficult to predict and therefore control. This new

AR



computing paradigm relies upon biologically and socially inspired
systems in which complex behavior at the global level emerges in
a nonlinear manner from large numbers of low level component
interactions. Although conventional computing methods and tech-
niques have led to a spectacular development in building software
systems, they are rather limited to face the growing complexity
of software systems. Using nature inspired computing reduces
considerably the algorithmic complexity through software that is
simpler and flexible compared to conventional software develop-
ment techniques.

The rest of the paper is organized as follows. Section 2 introduces com-
plex systems and the concept of emergence. Section 3 is dedicated to na-
ture inspired models. In section 4, we describe some applications using

nature inspired techniques. Finally, conclusions are drawn.

2. Complex Systems and Emergence

Complex systems are systems that exhibit emergent behav-

1or [2]. Their main characteristics are:

* The system has internal structure composed of many
interacting components.

* The system has emergent behaviors that arise from the in-
teraction of subsystems and are not deducible from analy-
sis of each subsystem.

* Systems can adapt to inputs and evolve (Adaptation and
evolution)

* Uncertainty is pervasive in complex systems.

Yoo



Examples of complex systems include anthills, human economies, mar-
kets, climate, nervous systems, immune systems, cells and living organ-
isms, human societies, cities, galaxies as well as modern telecommunica-
tion infrastructures and the world-wide web (see figure 1).

Fig. 1. Example of complex systems: nervous system (brain).

Natural ants are also complex systems. Ants are simple insects
with limited memory and capable of performing simple actions.
However, an ant colony expresses a complex collective (global)
behavior providing intelligent solutions (emergent phenomena) to
complex problems such as (see figure 2):

- carrying large items,
- forming bridges,

- finding the shortest routes from the nest to a food source.




(b)

Fig. 2. Complex collective behavior: on the left, ants carrying

large items, and on the right ants forming bridges.

The idea of nature inspired computing arose from the observations and
questions regarding natural emergent phenomena:

- How do ants build their colonies, without any central control?

- How do termites build their nests, without an architect that draws

a plan?

- How do species evolve without any direction or imposed objective

function?

- How can we understand and make use of these emergent phenom-

ena to develop new ways of generating computer programs?

- Can we build self-adapting, self-organizing, and evolving com-

puter systems and programs?

Nature inspired computing techniques rely on three principles:
simplicity, vast parallelism, and locality. In fact, the notion of
emergence appeared with the general systems theory and is linked
to complexity. It is said that “the whole is greater than the sum

of the parts” or “The global behavior is greater than sum of the
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behaviors of the individual parts”. The complex association of
simple elements induces the apparition of new phenomena and
mechanisms. The global emergence then characterizes the prop-
erties of a system that are new ones comparing to the properties of

its isolate components, or organized in a different way.

Probably, the most famous example of a system that exhibits
emergent properties as a result of simple interacting rules between
its agents is the game of life invented by John H. Conway. This
game is played on an (infinite) two-dimensional square lattice
(cellular automata) where the next state of each cell depends on
the current states of its neighbors. Each cell of the lattice is either
on (occupied by a living organism) or off (empty). If a cell is
off, it turns on if exactly three of its eight neighboring cells (four
adjacent orthogonally and four adjacent diagonally) are on (birth
of a new organism). If a cell is on, it stays on if exactly two or
three of its neighboring cells are on (survival), otherwise it turns
off (death from isolation or overpopulation). These rules are ap-
plied simultaneously to all cells. Populations evolving according
to these rules exhibit endless unusual and unexpected changing
patterns [3] (see figure 3).
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Fig. 3. Emerging patterns in Game of Life invented by John H.

Conway.

4. Nature Inspired Models

There are two types of modeling approaches for studying natu-
ral phenomena: the top-down approach (involving a complicated,
centralized controller that makes decisions based on access to all
aspects of the global state), and the bottom-up approach, which is
based on parallel, distributed networks of relatively simple, low-
level agents that simultaneously interact with each other. Most tra-
ditional artificial intelligence (Al) research focuses on the former
approach.
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Nature Inspired Computing focuses on the bottom-up approach
and emphasizes individual simplicity over the collective com-
plexity of the task being performed. However, to apply such an
approach to a problem, the components of the system have to be
designed in such a way that the society be able to fulfill its require-
ments with a reasonable efficiency. Inspiration from natural self-
organized systems (see figure 4) is a way to solve this conception

1SSue.

Fig. 4. Social behaviors: bird flocking (on the left), and fish school-
ing (on the right).

Nature Inspired computing involves fundamental research as
well as a variety of applications in areas ranging from problem
solving and machine learning to business processes, logistics and
scheduling, technical engineering, and others. Nature Inspired
Computing has opened new branches such as Quantum Comput-
ing [4], DNA Computing, Genetic Algorithms, Evolutionary Para-
digms [5], Neural Networks, Swarm Algorithms [6-8], Artificial
life (see figures 5 and 6), Cellular Automata [9], Artificial Im-
mune Systems and so on. Across all these fields, nature inspired
techniques have convinced practitioners by the results obtained
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on complex problems that they are very powerful for such appli-
cations. The general working principle of all instances of nature
inspired computing is based on the principle of emergence that
a large group of basic individuals using simple rules of response
can together build something more complex, without a centralized
chain of command. The resulting software is simpler and flexible

compared to conventional software development techniques.

Fig. 5. Craig Reynold’s boids and obstacles avoidance.
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(a) (b) (c)
Fig. 6. The flocking model (three simple steering behaviors): (a)

separation , (b) alignment, and (c) cohesion.

5. Applications

Nowadays, nature inspired techniques are applied in biology,
physics, engineering, economy, management, and so forth. Vast
literature exists today on such a paradigm and its implications on
a wide range of applications ranging from Bioinformatics, Ubig-
uitous Computing, Networking, Nanomedicine, and Nanorobot-
ics, to Mobile Computing, Parallel Computing, Grid Computing,
Financial Applications, Security and Cryptography, Climate Mod-
eling, Virtual Environment and Teleoperator Systems, Molecular
Computations, Synthetic Biology, and others. A number of studies
have reported on the success of such techniques in solving diffi-
cult problems in all key areas of computing. In the following, we
describe some of them.

5.1 Identification of Consensus Patterns in DNA Sequences
(Bioinformatics)

Advancement of technologies in the biological field has result-
ed in a high throughput of sequencing methods and has raised
many challenging problems among which identifying specific
patterns across biological sequences either DNA sequences or
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protein sequences. This problem is also termed as motif discov-
ery. Basically, it is concerned with the task of finding transcription
factor binding sites in genomic information in order to decipher
the mechanisms that regulate gene expression. The application
described in this section deals with DNA sequences [10]. From
computing point of view, as shown on figure below, this prob-
lem consists in searching for a common specific pattern across
a set of strings defined over a given alphabet namely {4.C.6.T}
{A.C.G.T} related to Adenine, Cytosine, Guanine and Thymine.
More formally, the problem is described as follows: Given a set
of N sequences S={s } i=1..N defined over an alphabet }_ such that
| s, | =m and [, d two integers within 0<d < /<m. The (/, d) mo-
tif discovery problem consists in finding a substring x with | X | =
[ such that each s has a substring x, of length / and such that x, dif-
fers from x in at most d places. When the number of sequences is
very large as well as the length of sequences the complexity of the

task becomes critical.

Therefore, an optimization search strategy is required. In [10]
a framework termed as QPSO-MD is described. It is based on the
use of particle swarm optimization with a quantum behavior [11-
17] to tackle this problem. The main features of this framework
consist in the adopted particle encoding, the fitness function and
the general dynamic that is used to explore the search space. Par-
ticle encoding as shown on figure 2 consists in representing each
particle position as a vector of N elements each of which refers
to the starting position of the targeted pattern in each sequence.
The fitness of a particle is related to the total number of matches
between pairs of same location nucleotides. To compute the fit-
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ness value for each particle, a match matrix is derived as shown
on figure 2. The dynamic of QPSO-MD acts in a way to maximize
the fitness function. Initially, a set of particles is generated by ran-
domly selecting motif positions. Then the swarm of particles un-
dergoes an evolutionary process that relies on a quantum behav-
ior. During this process, the seltbest performance of each particle
is particle is recorded based on its fitness.

CCTGACAAGTACCTAC.. | 1 CCTGACA
TACCTCCGCACTCTAC.. | APSOMD 1| CCGCACT y CCGCACT
CATCGCACTTGCTAAC.. |— {Tteaeact |

Fig. 7. General description of QPSO-MD.

Then the global best particle and the mean best within the
swarm are recorded. Particle positions are then updated according
to the behaved PSO model equations [13, 14].

GTACCTAC..

Seq2 CATCGCACT:TGCTAAC..

7 TACCICCGCACTETAC.

SeqN | ——
ACGTGGCATCGCACTG..

Fig. 8. Particle encoding. s
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Fig. 9. Match-matrix and fitness values computation.

Both synthetic and real data have been used to assess the perfor-

mance of the method. Very promising results have been obtained.

2
=
-
o —_—— == —— ——
°©o - ~ = = = © = o o =l

GGGCGAAGGG GGGCAGGGGG

Fig. 10. Predicted motif by Weeder (on the left) and QPSO-MD
(on the right).

5.2 Data Clustering using a Quantum Evolutionary Algorithm

Data clustering plays an important role in many fields like ex-
ploratory pattern analysis, machine learning, pattern recognition,
image segmentation and data mining among others. It consists in
identifying groups or clusters in data sets. Despite the amount of
work devoted to solve it, it still remains open mainly because of

the lack of prior information underlying data distributions. In [18],
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a quantum evolutionary algorithm has been designed to achieve
data clustering. Its main features consist in using a quantum repre-
sentation of the search space and a quantum evolutionary dynam-

1CS.

Its general idea is that a measure of cluster quality is optimized
in a way to find a partition of a given data set. During the opti-
mization process, quantum operations are applied on the derived
quantum representation. The quantum population evolves over

generations until a termination criterion is reached.

The individuals represent potential solutions: possible partition
of the data set. Therefore, the search space is the space of all po-
tential partitions. A partition has been encoded in term of a binary
matrix (BM) where each row represents a cluster and each column
indicates a data point. The value of an element of this matrix is set
to 1 to indicate that the corresponding data point p; in column j be-
longs to the cluster ¢, and 0 otherwise. From this binary encoding,
a quantum representation can be easily formed as shown in figure
11. It consists in a quantum matrix denoted by OM identical in
structure to the binary matrix BM. Each element q; of OM is a qu-
bit (Z)’J) where a, and ,Bij are probability amplitudes satisfying the
properlt]y:(ocij)2 +(8,)? =1. The (8,)* is interpreted as the probability
to assign a data point p;to cluster ¢ and the value (ai/.)z is the prob-
ability of the complementary case. In this manner, the quantum
representation of a partition is a quantum register containing a su-
perposition of all possible combinations of data points within the
cluster. Therefore, this encoding allows to represent all potential
partitions instead of only one. In another way all the assignment

configurations of data points to clusters are embedded within this
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probabilistic representation.

() G ()
() (&) (i)

Fig. 11. Representation of quantum partition QM: m is the num-
ber of data points and K is the number of cluster.

In the proposed algorithm a population of n quantum partitions is
used. The /” partition has been denoted by QM. Binary partitions
are derived from quantum partitions using measurement opera-
tion. The best binary partition and the global binary partition at
each iteration have been denoted by B,and Bglob respectively. The
binary population is organized into groups each of which contains
a certain number of partitions. The local best partition found in
the g” group is denoted by Bgroup, . Starting with an initial quan-
tum population and taking inspiration from [19, 20], the process
as outlined on figure 12 consists in evolving this population by
applying some basic quantum operators: Measurement, construc-
tive and destructive interference, regeneration. Global and local

migrations are applied on binary population.
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Fig. 12. The proposed algorithm for data clustering [18].

Data sets shown on tables 1 and 2 have been used to test the
performance of the proposed algorithm [18]. Very good results

have been obtained compared to existing state of the art methods.

Table 1. Summary of the used Synthetic data sets

n, m Dim K Synthetic data
sets
369,471,53,230 1123 2 4 2d4c
67,15,19,53,83,64,65,68,68,18 520 2 10 2d10c

18,83,57,26,67,50,12,72,39,12 436 10 10 10d10c
20,30,12,9,24,31,10,23,15,41 433 10 20 10d20c

32,9,13,26,10,36,13,40,10,29
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n m Dim K Real data sets

50,50,50 150 4 3 Iris
112,61,72,49,52,20 366 33 6 Dermatology
458,241 699 9 2 Wisconsin
20,23,17,15 75 2 4 Ruspini

Table 2. Summary of the used real data sets

4.3 Image Processing Using Quantum Computing
And Reverse Emergence

In [21], the authors presented a new approach for image process-
ing based on reverse emergence and quantum computing. The key
idea is to use cellular automata as a complex system and quantum
inspired algorithms as a search strategy. Cellular automata system
is a collection of many simple units that operate in parallel and
interact locally with each other using simple rules so as to produce
emergent properties and structures. A system exhibits emergence
when there are emergent properties at the macro level that dy-
namically arise from the local interactions between the parts at the
micro level. Reverse emergence refers to the problem of finding
simple rules which give rise to the desired complex behavior (see
figure 13).

MACRO-LEVEL:
Glabal emergent
Reverse complex pattern

emergence
ﬂ Emergence

MICRO-LEVEL:
Local interaction rules between
elements of the system

Fig. 13. The concept of reverse emergence.
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To cope with this complex problem, the authors proposed the use
of quantum evolutionary algorithms for training cellular automata
to perform image processing tasks like image enhancement, im-
age denoising and image segmentation. The obtained results were
very encouraging (see figure 14).

(b) (c)

Fig. 14. The obtained results using quantum evolutionary algo-

rithm and reverse emergence: (a) original greyscale image
(b) original image with added salt and pepper noise (c) the
obtained image filtered with CA.

5. Conclusions

In this paper, an emerging and promising computing paradigm
namely nature inspired computing has been overviewed. Nature
Inspired Computing makes use of nature to develop new tech-
niques for problem solving, usually conventionally-hard prob-
lems. The developed techniques are flexible, adaptable and ro-
bust. Many applications were also presented to show how models
inspired from nature can be tailored to solve real-world complex

problems.
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