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1. Introduction 

Nature is an incredible source of inspiration for many researchers, as it helps create 
intelligent systems and provides solutions for complex problems. For example, taking as model 
animals, it can be observed that evolutionary pressure forced them to develop highly optimized 
organs and skills to take advantage of fighting for food, territories, and mates. Some of their 
characteristics can be used for optimization algorithms – these are defined in mathematics as the 
selection of a best element with regard to some criterion from some set of available alternatives. 
People have learnt from biological systems and structures to design and develop several different 
kinds of optimization algorithms that have been widely used in both theoretical study and practical 
applications. 

Current frameworks are utilized in different and complex ways, and are interconnected 
to a higher degree than at any other time. Distributed computer systems rely on effective 
communication networks, and powerful computing devices. Scheduling is a key problem in 
distributed heterogeneous computing systems, keeping in mind the end goal to profit by the vast 
processing power from such frameworks. Optimal scheduling involves mapping a set of tasks to a 
set of resources to efficiently exploit the capabilities of such systems, and is a NP-complete 
problem. The nature-inspired algorithms came as a solution to solve scheduling tasks in these 
systems, which are composed of high-performance machines, interconnected by high-speed 
networks, used to perform different computationally intensive tasks that have various 
requirements.  

The rest of the paper is structured as follows: in Section 2, a presentation of the general 
notions of the domain of nature-inspired computing, as well as the relationships between them is 
presented, this being a more theoretical part. In Section 3, a literature review is done, which 
contains specific methods and implementations of some well-known bio-inspired algorithms. In 
Section 4, a detailed explanation of the cuckoo search and lion’s algorithms is presented. Section 
5 contains the most recent advances in the field, with focus on the journals that are specialized in 
this domain and what are some important tasks that need to be fulfilled in the future, and a 
conclusion will be drawn from the analysis of multiple nature-inspired computing systems and the 
lessons learned in this domain.  

2. Analysis and Theoretical Foundation 

Nature-inspired computing draws its principles from self-organizing and complex 
systems. In [5], the nature-inspired systems are presented from two perspectives: first, the 
underlying mechanism of the real-world is used to create computing models, then a way of 
reproducing this lifelike behavior in solving problems is derived through abstracting. There are 
two types of approaches: white box – useful for explaining behavior, such as agents with bounded 
rationality, and black box – that do not reveal much about their internal working mechanisms, such 
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as Markov models or Artificial Neural Networks. An autonomous entity from a nature-inspired 
system is composed of three components: a detector, an effector, and a set of local behavior rules. 
The model can be seen in Figure 1, and will be further explained. The environment plays an 
important role, as it conveys the status that an entity uses as a feature of interest, it is constantly 
changing, and it maintains a central clock used for synchronization. The detector acts as a collector 
of information from the environment. For example, when modeling the behavior of birds, this 
could be their speed, direction, and the distance to the neighbors – that are entities that have a 
position given by its body’s coordinates. The effector deals with expressing actions of an entity, 
and it facilitates information sharing between entities. The rules of the system state how the entity 
must act or react to the information that it gathered from the environment and its neighbors, and it 
determines how its state changes over time. The rules are dynamic, meaning that they can be 
changed based on an individual’s learning capability. Randomness also plays an important role, 
because it allows an entity to explore new territory, and resolve conflict when multiple solutions 
are equally possible and feasible.  

 

Nature-inspired computing has 5 characteristics, as defined in [8], abbreviated ADEAS.  

• Autonomous – entities act independently, and there is not central controller that 
directs or coordinates them; their behavior is influenced only on their local utilities 
and how their behavior manages to help them attain a goal; 

• Distributed – the localized decision-making entities are distributed in the 
heterogeneous system, and locally interact with neighbors for exchanging 
information; for example, in the problem that we tackle, that of search and 
optimization, the distributed entities measure, share and update information based 
on a predefined protocol, depending on the architecture of the system;  

• Emergent – the entities display complex behavior with a specific purpose not 
predefined in the behavior of the individuals; this problem is expressed in the 
optimal resource allocation problem as a mathematical model which describes the 
relationships between the desired global goal and the local goals of the entities; 

 

Figure 1. Modeling an autonomous entity in a NIC-based system, as presented in [5] 
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• Adaptive – changes in the environment trigger response in the autonomous 
entities, that should evaluate and adapt their attributes to attain their goals; for 
example, in evolutionary computing, some poor-performing individuals could be 
eliminated to improve the performance; 

• Self-organized – entities interact locally to self-aggregate and amplify the 
outcome of their actions. 

To solve complex computing problems, most nature-inspired models take into 
consideration the opinion of Marvin Minsky of MIT extracted from his book “Society of Mind”: 
“To explain the mind, we have to show how minds are built from mindless stuff, from parts that 
are much smaller and simpler than anything we’d consider smart.”[5] Therefore, to formulate a 
problem-solving system inspired from nature, the scientists first observe the natural system in the 
physical world, and then derive a mathematical model for the entities and the environment.  

3. Literature Review 

In this section, some nature-inspired algorithms will be presented, with the focus on 
what inspired their creation, and what problems they solve. Several important stages are involved 
in developing efficient algorithms: observe and summarize the behavior of creatures in nature, 
establish a raw model to represent the behavior, convert into a mathematical model, develop the 
pseudocode to simulate the behavior, and test the algorithm both theoretically and experimentally 
to refine the parameters to achieve better performance. Most of the presented algorithms come as 
a solution to the traveling salesman problem, which states: “the traveling salesman has to leave 
home, stop in N number of cities, each city visited exactly once except the first city which is visited 
twice, and returns home by traveling the shortest distance between all the cities”. The problem of 
finding the shortest path is difficult to solve, because of the different routes that can be taken 
increases exponentially as the number of cities increases. 

One of the most well-known nature-inspired algorithms is Ant Colony Optimization, 
and it was first introduced as a cooperative learning approach to the traveling salesman problem. 
Now it used to solve a wide range of optimization problems, such as scheduling, vehicle routing, 
and assignment problems. The initial algorithm was proposed in 1992 by Marco Dorigo[9]. This 
approach is inspired from ants’ social behavior to find shortest paths. Real ants walk randomly 
until they find food and return to their nest while depositing pheromone on the ground in order to 
mark their preferred path to attract other ants to follow. If other ants travel along the path and find 
food, they will deposit more pheromone to reinforce the path for more ants to follow. The visual 
representation of this process can be seen in Figure 2. Since the pheromone evaporates over time, 
the longer the iteration between two nodes in a path, the faster the pherom  one reduces its density. 
Therefore, in the ACO algorithm, the desirability of an edge from a path is inversely proportional 
to its length. An extension called Ant Colony System was proposed, and it brings two rules for 
updating the pheromone associated to an edge: local – when an ant moves from one end to the 
other, and global – only the best ant is allowed to lay down pheromone and it provides the best 
solution as its trail is the shortest.  

The Fireflies Algorithm was inspired by the fireflies who deliver luminescent flashes as 
a signal system to communicate with others. It is based on three assumptions: each firefly attracts 
all the other fireflies with weaker flashes, attractiveness is proportional to their brightness which 



 
Technical University of Cluj-Napoca 

2017/2018 Master in Computer Science 
Distributed Systems 
Prof. Ioan Salomie 

4 
 

is inversely proportional to the distance, and no fireflies can attract the brightest firefly. It was first 
introduced in 2008 by Xin-She Yang[10] and it is applied as solution to optimization of traffic 
system design and development of a new town. 

Another strategy is the Bees Algorithm, which was inspired from the food search 
behavior of honey bees whose colony can typically extend itself over 10 km and in multiple 
directions to exploit a large number of nourishment sources. The colony has a tendency to 
accomplish the ideal usage of its members, and wealthier and nearer a sustenance source is, the 
more bees would be sent to it. Honey bees are sent to investigate for nourishment sources every 
which way, and when they come back to the hive, they report to others by performing a waggle 
dance, which imparts the most vital data about the food source: direction, distance and quality. 
The Bees Algorithm was developed in 2005 by a group of researchers[11], and it has been applied 
to solve optimization problems such as  manufacturing and computer image analysis (for example, 
face detection). 

The Particle Swarm Optimization algorithm was introduced in 1995 by Eberhart and 
Kennedy; it was used as a solution to the scheduling problem in distributed systems[12], and it is 
a population-based search algorithm based on the simulation of social behavior of bird flocking 
and fish schooling. Particles “fly” in the search space to find optimal solutions, minimizing the 
makespan, which is the time to finish the latest task. In contrast to genetic algorithms, a swarm is 
similar to a population, while a particle is similar to an individual, but they have different rules of 
exploiting the search space and each particle is adjusted according to its own experience. The flow 
of the particle swarm optimization can be seen in Figure 3. It has been used to solve problems such 
as standard function optimization problems, solving permutation problems, and training multi-
layer neural networks. 

 

 

Figure 2. Visual representation of Ant Colony Optimization concept, adapted from [2] 
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 Another source of inspiration from nature has been evolution. For example, in [13], a 
genetic algorithm was developed for optimization. It is part of the family of evolutionary algorithm 
which are based on the process of sexual evolution, simplified to the processes of selection, 
crossover, and mutation. The basic unit is a candidate solution for the optimization problem, named 
a chromosome. The genetic algorithm starts with an initial population of such individuals, and 
seeks to reach an optimum performance by artificial reproduction, by evaluation a fitness function. 
This represents the ability of an individual to survive – the higher this value is, the better. The flow 
of the algorithm can be seen in Figure 4. 

 

 

Figure 3. Flow diagram of Particle Swarm Optimization, adapted from [7] 
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4. Detailed Design and Implementation of Cuckoo Search and Lion’s Algorithm 
Cuckoo Search is an algorithm developed in 2009 by Yang and Deb, and it was found 

to be efficient in solving global optimization problems. In [14], optimization is explained, and a 
mathematical formulation is given. Here, we are interested in seeing the particularities of the CS 
algorithm. It was inspired by the brood parasitism of some cuckoo species, particularly by their 
forceful proliferation methodology. Some species such as the ani and Guira cuckoos lay their eggs 
in collective nests, however they may expel others' eggs to increase the likelihood of hatching their 
own eggs.  

Three rules are used: each cuckoo lays one egg at a time and dumps it randomly in a 
picked nest, the best nest with high-quality eggs will be carried over to the next generations, and 
the number of available host nests is fixed and the egg laid by a cuckoo can be discovered with a 
given probability, which can be further removed from the nest or the nest can even be abandoned 
by the host bird. In a computation problem, each egg in a nest represents a solution, with the aim 
of finding better ways to replace it and to make it optimal. The algorithm is a combination between 
local and global random walk. The flow chart of the method can be seen in Figure 5. This algorithm 
has been applied in many areas, such as optimization of neural networks, optimized semantic web 
search, optimal design for reliable embedded systems, and it was also proved to be efficient in the 

 

Figure 4. Steps of a genetic algorithm, adapted from [4] 
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task of generating independent paths for software testing, data fusion, and it was even combined 
with quantum computing. 

 
Another nature-inspired search algorithm is the Lion’s Algorithm, proposed in 2012 by 

B.R. Rajakumar[6], and it was inspired by lion’s social behavior that helps this species be the 
strongest mammal in the world. Several new terms are defined in order to build the solution. The 
basic idea comes from the territorial rules of lions, with pride being the central term used to refer 
to the social system of these animals. Resident females are attending males and give birth to 
offspring, sharing a territory peacefully. A cub needs 2-4 years to reach sexual maturity. In the 
meantime, the territorial lion needs to protect their territory from nomadic lions that might try to 
invade it. If a nomadic lion defeats the territorial lion, the last one might be killed or driven off, 
and its cubs will be killed, thus forcing the females to mate with the nomadic lion. The process 
repeats over time, with stronger lions taking over. The definitions, as presented in [6], are: 

 
1) Lion is a solution to be determined whereas the Cubs are solutions that are 

derived from existing solutions. 

 

Figure 5. Flow of the Cuckoo Search algorithm, adapted from [1] 
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2) Territorial Defense is a process of evaluating the existing solution (territorial 
lion) and newly generated solution (nomadic lion), replacing existing solution 
by new solution if new solution is better than existing solution and vanishes the 
derived solutions of old solution. 

3) Territorial Takeover is a process of keeping only derived best male and female 
solutions, which are competent over new solution for certain extent, and 
vanishing existing solutions in the pride. 

4) Pride is a dynamically varying solution pool with varying size, initiated with 
two arbitrary solutions, one represents male and the other represents female, in 
which updates of derived solutions and vanishing of undesired solutions happen. 

5) Mating is a process of deriving new best solutions from the existing solutions 
that includes crossover and mutation for deriving new solutions, gender 
grouping to find diversification among the solutions and killing sick/ weak cubs 
ensures the derived solutions to be best. 

6) Gender grouping is a clustering process to cluster the given solution pool into 
two groups, one group is comprised of male cubs and the other is comprised of 
female cubs. 

7) Coalition is a property of the algorithm that allows a new solution in to the 
process in such a way that the new solution should be better than the competency 
of existing solution and joint competency of the pride. 

These are used to solve an optimization problem, with the steps presented in Figure 6. 
This solution has proved to be efficient in searching out highly optimal solutions from a huge 
solution space.  

 

 

Figure 6. Structure of the Lion’s Algorithm, adapted from [6] 
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5. Future Development 

Scientists are still trying to explore new efficient ways of solving the traveling salesman 
problem. A number of techniques not previously displayed in this paper have been recently 
developed, such as Intelligent Water Drop algorithm, Bacterial Foraging Optimization algorithm, 
River Formation Dynamics, Gravitational Search algorithm etc. Bacterial Foraging Optimization 
algorithm was proposed by K.M. Passion in 2002, and it was inspired by the way bacterium search 
for the nutrient in a manner to maximize the energy obtained per unit time. The Gravitational 
Search algorithm is based on the Newtonian laws of gravity and motion, and is applied to particles 
that exert a force of attraction. Intelligent Water Drops algorithm was proposed in 2007 by H. 
Shah-Hosseini, and it was inspired from natural rivers for path finding strategies. The River 
Formation Dynamics is based on how water forms rivers by eroding the ground and depositing 
sediments. These techniques are presented in detail and compared in a study presented in [2], 
which drew the conclusions that these methods perform better than Particle Swarm Optimization, 
with BFOA giving the worst results, and GSA and IWD obtaining good results. 

 

Genetic algorithms, according to [4], represent an active and popular division of 
evolutionary computation research, with a number of books published, such as “Genetic 
Algorithms in Search, Optimization and Machine Learning” by Goldberg, and “An Introduction 
to Genetic Algorithms” by Mitchell, and there are several important conferences in the area, such 
as “GECCO: Proceedings of the Genetic and Evolutionary Computation Conference”, 
“Proceedings of the 1999 Conference on Evolutionary Computation CEC”. The “International 
Conference on Metaheuristics and Nature-Inspired Computing META” includes topics such as: 
local search, tabu search, simulated annealing, evolutionary algorithms, swarm optimization, 
scatter search, quantum computing, artificial immune systems, bee colony, DNA computing, 
parallel metaheuristics, hybrid methods with metaheuristics, machine learning, game theory, 

 

Figure 7. Popular keywords in the META 2012 conference [3] 
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mathematical programming, constraint programming, co-evolutionary, with application to the 
domains of logistics and transportation, telecommunications, scheduling, data mining, engineering 
design, bioinformatics, landscape analysis, multi-objective optimization, dynamic optimization, 
problems with uncertainty, bi-level optimization, and tuning of parameters (static, dynamic, 
adaptive, self-adaptive). A cloud containing the most frequently used keywords has been realized 
for the META conference that took place in 2012, which can be seen in Figure 7. 

Another conference in the domain is “The International Conference on Nature Inspired 
Computing and Engineering”, which focuses on recent developments in intelligent nature-inspired 
computing, artificial life, artificial neural networks, cellular automata, computation performing 
materials, computational systems, fractal geometry, growth and developmental algorithms, 
molecular computing, and quantum computing. In 2018 will take place the “Workshop on Nature 
Inspired Computing” where several state-of-the-art recent developments in this domain will be 
discussed. 

As time, money and resources are always limited, optimization will forever be 
important. In the future, energy-saving designs and green solutions for many industrial problems 
will require a change in basic assumptions in thinking and design practice. There is also a need for 
smarter products in the area of computation intelligence, which requires optimization algorithms 
to enhance the learning performance.  

This paper has shown that nature-inspired approaches have proved to be most effective 
in dealing with computational problems characterized by high complexity, locally interacting 
entities, changing environment and patterns. The presented applications and algorithms 
demonstrate the importance of this field in the continuous research effort, which points towards 
further useful applications in the future.  
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