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    Collective intelligence means that instead of using one thought, one can use multiple sets of thoughts, and collective intelligence in nature has greatly helped its survival. The meta-heuristic algorithms make use of all sources and provide a structure based on natural phenomena. Hence, the source that the algorithms use can determine their type and determine their quality. While there are some algorithms that are not suitable, most of the algorithms that used the natural resource were able to create a suitable framework under an optimization algorithm.
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    Most of the books presented by respected researchers in the field of optimization have introduced algorithms. So I thought young researchers and students needed a reference to research in this area and create their own algorithm. Nature has always been full of secrets in the history of mankind, and from time to time, human beings discover some of these mysteries. But there is still much to be desired until the day that man reaches the secrets of nature. With these discoveries, he has been able to propose important mechanisms based on these mysteries of nature. In this book, I talk mostly to young people and students who are interested in science. I try to share with them the little science I have in this area.
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    I dedicate this book to the soul of Ms. Narjes Khanalizadeh. She was the first Iranian nurse to die of coronavirus. Narjes was born in 1995 in the city of Rudsar in northern Iran. After graduation, she worked as a nurse at the emergency department of Lahijan city. Narjes Khanalizadeh, on February 23, 2020, after the widespread outbreak of coronavirus in Iran, with similar complications of the coronavirus, lost consciousness and fell to the ground while taking care of patients at work. Narjes Khanalizadeh died in the afternoon of February 25, 2020 at Milad Hospital in Lahijan.
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      Abstract




      Finding the best answer among the various solutions to complex and mathematical problems is called optimization. There are two types of optimization problems; continuous optimization and discrete optimization. Finding the solution in these environments is the best solution for that particular solution. Optimization exists in many fields and sciences, and it shows that if researchers provide the most quality optimization algorithms, it can have a great impact on human life. Optimization is similar to finding a treasure in an area. In this analogy, you have to mobilize a crowd to find this treasure. Since the population does not know the location of the treasure from the beginning, these populations will start searching at random and will reach near to it at a certain time. The topic of the search here is very important. It is very important to find a mechanism that can best organize the population. The search engine must follow certain ideas and rules. In the optimization problem, the most important step is proper search. In optimization issues, the concept of the best answer, best search, best solution and best organization is desired. Nowadays, optimization can be applied everywhere we deal with big data.
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    Optimization problems are called complex and mathematical problems that are more complex than other problems. There are two types of continuous and discrete variables in optimization problems. In a discrete optimization problem, we are looking for an object such as an integer, permutation or graph from a countable set. Problems with continuous variables include constrained problems and multimodal problems. It can be said that optimization is a kind of mathematical programming. As such, optimization has been able to solve many problems in the sciences, including physics, biology, engineering, economics and business. In most cases there is some kind of mathematical problem that needs to be solved It Algorithms convert and solve these problems into mathematical problems.




    The historic term mathematical programming, broadly synonymous with optimization, was coined in the 1940s before programming became equated with computer programming. Mathematical programming includes the study of the mathematical structure of optimization problems, the invention of methods for




    solving these problems, the study of the mathematical properties of these methods, and the implementation of these methods on computers. Faster computers have greatly expanded the size and complexity of optimization problems that can be solved. The development of optimization techniques has paralleled advances not only in computer science but also in operations research, numerical analysis, game theory, mathematical economics, control theory, and combinatory.




    Optimization must have to consider three main problems. The first problem is that the answer is not exactly clear what. Whether the answer is a minimum number or a range of company costs, this type of answer must be precisely specified. The second problem is that sometimes it is necessary to manipulate values rather than an answer. Examples include quantities of stock to buy or sell the amount of different resources that must be allocated to different production activities, the route followed by the vehicle through the traffic network, or the policies that must be supported by a candidate. The final problem with optimization is that the answer area or the space of the item must be specified. For example, a production process may not require more resources than the available resources and it may not use less than zero resources. In this broad framework, optimization problems can have different mathematical properties. Mathematical optimization or mathematical programming is the selection of a best element (with regard to some criterion) from some set of available alternatives [1]. Optimization problems from computer science and engineering to operations research and economics, and the development of solution methods has been of interest in mathematics [2].




    In the simplest case, an optimization problem consists of maximizing or minimizing a real function by systematically choosing input values from within an allowed set and computing the value of the function. The generalization of optimization theory and techniques to other formulations constitutes a large area of applied mathematics. More generally, optimization includes finding “best available” values of some objective function given a defined domain (or input), including a variety of different types of objective functions and different types of domains.




    During the optimization, the initial algorithms are studied by the different methods and the obtained information is used to improve a thought or method. An optimization is a mathematical tool, which is concerns with finding the answers to many questions about the quality of solutions of different problems. The term of “the best” implicitly suggests that there are more than one solution to a given problem, which of course the solutions don’t have the identical values. The definition of the best solution depends on the discussed problem as well as the allowable error value. So, the way that the problem is formulated in which, also has a direct impact on the quality of the best solution. Some problems have a clear response; such as the best player of a sport branch, the longest day of the year and solution of an ordinary first grade differential equation are examples that can be named as easy problems. In contrast, some problems have the various maximum or minimum solutions known as the optimal or extreme points and probably would be the best answer to a relative concept. The best work of art, the most beautiful landscape and the most dulcet track of music are among examples that can be said for these problems. Optimization is changing the inputs and characteristics of a device, a mathematical process or an experimental test in a way that the best output or result achieved. Inputs are the variables of a process that are referred to as the objective function, the cost function, or the fitness function.




    Optimization is a process followed to improve something. A thought, idea or plan raised by a scientist or an engineer may get better through optimization procedure. During optimization, the initial conditions are investigated through different methods, and the obtained information is used to improve a thought or the used methods. Optimization is a mathematical tool used to find answers of many questions on how various solutions to problems are used. Optimization deals with finding the best response to a problem. The word “best” implies that there is more than one response to a problem but they are of different values. The definition of the “best” response depends on the problem, the solution and the amount of the permissible error. Therefore, the formulation also affects the definition of the best answer directly. Some problems have certain responses; the best player in a sport, the longest day of the year and the answer to an ordinary differential equation of first grade are some examples of simple problems. In contrast, some problems have several maximum or minimum answers known as optimal points or Extremum, and are probably the best answer to a relative concept. The best work of art, the most beautiful landscapes and the most pleasant piece of music can be named as examples of such problems, and Swarm Intelligence is a type of artificial intelligence technique established on the basis of collective behaviour in decentralized and self-organized systems. These systems have populations that are purposefully and socially connected to one another and generate search. Usually these populations are automatically connected to each other and do not require special management. This kind of self-adaptive movement of populations makes the implementation mechanism in different systems easier.




    Optimization refers to changing the input and characteristics of a device, or a mathematical process or an empirical test so that the best output or result would be achieved. The inputs are the variables of the process or function, namely objective function, cost function or fitness function. The output is defined as cost, benefit or fitness. In this book, according to many articles related to the topic, all optimization problems have been considered as minimization of a cost function. We can easily show that any optimization problem can be defined as a minimization problem.




    Swarm algorithms have a weakness for creating the random initial population. Also, particle swarm algorithm does not consider the quality of the problem space when the particles move in the space, and does not adjust the speed of the particles with that quality. Furthermore, choosing a point between the local and public optimums, the swarm algorithm makes the particles to spend a lot of time to reach the optimal solution.




    Optimization always helps human life and makes the system from one state to a better one. The problem of optimization has existed in human minds for a long time. Optimization helps bring the system and the person closer to their goal in life [3]. In fact, in any problem, there is an objective function that must be optimized. Assume that if the optimization point is found, the problem is solved. A goal function can be in the form of fitness or performance. If we are to minimize objective performance, that process can be a cost function. If we want to maximize the performance of a goal, it can be considered as a fitness performance. The problem of optimization has been and is widely affecting all aspects of human life.




    Optimization is everywhere, in various fields of production, management, business, military, and decision [4]. While in linear optimization, mathematical linear programming is the best option, it covers a few real problems; i.e. there are a few problems that can be expressed in the form of a linear objective function. In convex optimization, mathematical convex programming is the best option. In spite of limitation of linear objective function, the convex objective function covered much more real problems. Although there are many problems in the science that can be expressed in the form of convex objective function, almost all real problems can't be expressed in terms of convex objective function and they are a non-linear objective function. In engineering, the best product, and manufacturing parameters are considered. In the industry of selecting the right raw materials, its quantity, time and ultimately product output have always been a priority. In economics, resource allocation can best help create a quality economy [5]. Much of human discovery has been inspired by nature and has been in various forms throughout history. For example, they get help from a random mechanism. In human exploration, auxiliary parameters have been used that are often used by nature, and these parameters have been effective in the quality of the explored product [6]. Optimization is actually finding the best situation. The problem of optimization involves many areas in human life. There are also various solutions to finding human issues that have broadened this optimization problem. The algorithms that solve the optimization problem can be definitive or probabilistic. Prior to the optimization algorithms, the solutions were not very suitable and led to failure. For this reason, human beings have increasingly resorted to optimization algorithms and expanded them every day to achieve definitive calculations [7]. Science has shown that the movement of living beings is dome based on a coherent social philosophy that accuracy in these behaviours can be useful to achieve a solution to many complex problems. In Fig. (1), you can see some optimization resources in nature.
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Fig. (1))


    Algorithms in nature [1].



    Nature Inspired Algorithms is a very active research area. This is because problems with which we are normally familiar are getting more and more complex due to size and other aspects, but all optimization problems include two types of continuous optimization and discrete optimization. Finding the solution in these environments is the best solution for that particular solution. Optimization exists in many fields and sciences, showing how effective optimization can be in human life if one can find the best optimization algorithms. In optimization, most of the new problems that the existing methods do not work on are resolved. For this reason, it seems that these days and in the future they will be more inspired by nature. To answer the question whether recent algorithms inspired by Nature such as Colony Bee Colony algorithm, Firefly algorithm and Spider Social algorithm, Bet algorithm, Strawberry algorithm, Plant propagation algorithm, Plant propagation algorithm or many have not been effective? These are much more effective in most search/optimization problems than in nature-based algorithms such as genetic algorithms, annealing simulations, anti-cloning and super-optimization. Computer and Biology has a long history. In recent years, computer scientists have been using biology to build advanced computing mechanisms, such as neural networks. Computer science and biology have long been integrated to create computational mechanisms and have yielded good results. In Fig. (2), you can see an example of a problem space in optimization.
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Fig. (2))


    A sample of optimization problem.
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      Abstract




      New algorithms have been developed to see if they can cope with these challenging optimization problems. Among these new algorithms, many algorithms, such as particle swarm optimization, cuckoo search, and firefly algorithm, have gained popularity due to their high efficiency. In the current literature, there are about 40 different algorithms. It is a challenging task to classify these algorithms systematically. In this chapter, the reader becomes familiar with the source of nature so that he can come up with an idea. Therefore, the first step in building and delivering a nature-inspired algorithm is to become familiar with nature and understand its features. Nature is a great source of inspiration for all stages of human life. In nature, creatures and structures always find solutions to their problems. Hence, it is nature that plays the leading role. Nature-inspired optimization algorithms are always some of the best mechanisms to solve complex problems. In this chapter, the reader will be introduced to a variety of nature-based optimization algorithms. Optimization algorithms are introduced and their techniques will be examined. This chapter has a history of nature-inspired algorithms whose evolution is visible. Researchers have tried to draw inspiration from natural resources as well as animals from nature that provided algorithms that have helped researchers in many problems. This chapter can also introduce readers to the history of making nature-based algorithms.
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    Nature-inspired algorithms all use a unique order in nature. These ideas have all come from field research and laboratory research on natural animals and natural phenomena. It is best to look around for ideas in nature and find the greatest effectiveness from the smallest of behaviours. How an ant moves with grain, how it carries it, and how it moves. How a bird learns to fly from a bird near it, how lions hunt in the jungle. We can even think of phenomena. How the clouds fertilize, and how it rains, and even how different generations of mankind have evolved with each other throughout history, reaching modern life. Studies have been conducted in recent years that have proposed different optimization algorithms based on different shapes of nature. Table 1 is a description of these efforts [8].




    

      Table 1 Various swarm based optimization algorithms.




      

        

          

            	
AF Algorithm


            Cheng et al.




            	2018

          




          

            	
whale optimization algorithm


            S Mirjalili, A Lewis




            	2016

          




          

            	
SSPCO Algorithm


            Omidvar et al.




            	2015

          




          

            	
Wolf search


            Tang et al.




            	2012

          




          

            	
Bat Algorithm


            Yang




            	2010

          




          

            	
Eagle Strategy


            Yang and Deb


          




          

            	
Firefly Algorithm


            Yang


          




          

            	
Cuckoo Search


            Yang and Deb




            	2009

          




          

            	
Artificial Bee Colony


            Karaboga and Basturk




            	2007

          




          

            	
Monkey Search


            Mucherino and Seref


          




          

            	
Cat Swarm


            Chu et al.




            	2006

          




          

            	
Bees Algorithm


            Pham et al.


          




          

            	
Bacterial Foraging


            Passino




            	2002

          




          

            	
Fish Swarm


            Li et al.


          




          

            	
Particle Swarm Algorithm


            Kennedy and Eberhart




            	1995

          




          

            	
Ant Colony Optimization


            Dorigo




            	1992

          


        

      




    




    Genetic algorithm is one of the most popular algorithms of the new generation and is probably one of the first evolutionary algorithms in the field of optimization. A person named John Holland and his colleagues were able to draw inspiration from the genetic evolutionary system of natural organisms and develop a genetic algorithm. This algorithm is very effective in solving problems dealing with discrete numbers [9].




    Genetic algorithm is one of the algorithms inspired by the natural structure and very successful. This algorithm has become one of the best optimization algorithms because it has been able to solve many difficult problems. The initial population of this algorithm is called the chromosome. Each chromosome consists of several females. Each chromosome is then subjected to cost function and its cost is determined. The most elusive chromosomes are put into the mating phase, which consists of two main cross-sections and mutations, resulting in a new and better population using this mating. Genetic algorithm is a conception of the generation evolution of living beings that could create an applied role in many scientific fields. Evolution Strategy was an evolutionary algorithm that used the natural evolutionary process to solve its problems. This algorithm was also introduced by Rechenberg in the early 1960s [10, 11].




    Another optimization algorithm this decade called Evolutionary Programming (EP) by L.J. Foggel was introduced, inspired by the evolution in the field of artificial intelligence [12]. After the personal genetic algorithm called Kosa introduced a similar algorithm called the Genetic Programming (GP) algorithm in 1990 which was an interesting way of looking for the optimal solution. This algorithm almost automatically provided a solution to the problem [68]. This algorithm created a computer program from the process of solving an optimization problem and introduced it as the optimal solution [13].




    Differential Evolution Algorithm (DE) is one of the most popular algorithms in the world of optimization algorithms [14]. This algorithm was proposed by Storn and Price to solve polynomial problems and its results showed that it is an acceptable algorithm for solving optimization problems.




    The particle swarm optimization algorithm was introduced in 1995 by James Kennedy and Russell Eberhert, who was inspired by the crowd of birds in flight [15].




    The algorithm is inspired by the behaviour of birds when searching for food. The bird algorithm has a simple mechanism for implementation and simulation and is used in many engineering sciences and so on. In this algorithm, the population is randomly initialized and then the cost of each population is determined. The best local population and the best general population are identified. Each population moves in space according to the equation of velocity and motion, and at the end the final answer is determined [16-18]. This algorithm solves the problem of the back gypsy best known as the SF.




    Particle swarm optimization algorithms and genetic algorithms combined to solve many difficult problems [19].




    In a study to solve the backpack problem, a binary particle swarm algorithm was proposed by the mutation operator [20]. Different algorithms have been proposed by researchers based on the behaviour of bees in nature. One of them is the artificial bee algorithm, which is classified into two categories. These two types of behaviour include foraging behaviour and mating behaviour of bees. The artificial bee colonization algorithm uses a set of multiple bees in nature to search for food. This algorithm was presented by Karaboga and Basturk [21].




    Different food-seeking behaviours are found in bees. The first step in sending bees to nature is through a special mechanism for food search. When the bees find their desired food source, they return to their colony and declare this to other bees with their own dance. Then there are three types of information in this dance. First, it tells the distance of the food source from the colony, the direction in which all the other bees have to go and to maintain the quality of the food source. Bees are only attracted to bees that have obtained information about the best quality food source. This process provides the best food source. Inspired by the original artificial bee colony algorithm, an algorithm was developed in which the behaviour of the observed bees was modified and SF was used and the values were binary [22], and a similar algorithm was used to solve the TSP problem [23].




    The Harmony Search Algorithm is a music structure-based optimization algorithm in which the musical instrument is used to construct a targeted algorithm. This algorithm provides a mechanism whereby musical notes are put together as a tool to start from a basic state and to make the best of a pleasant music. These tools are placed in the target function and there the best case will be selected [24]. Bee’s algorithm was first introduced by Pham et al., [25] and the bee algorithm was first designed as a mathematical problem. Bees choose the best food source as the best answer to the mathematical equation. The algorithm's equilibrium exploration and exploitation is performed using a spectator bee that randomly searches for new sites and is regularly used by worker bees to search for neighbours in the site with higher qualification performance. Bees searching for the best food sources are selected as elite bees in this algorithm. Then neighbouring sources of elite sources will also be considered as valuable resources. Initially, the bee algorithm was introduced and presented by its authors as a continuous algorithm. This initial algorithm was used for scheduling and planning in the industry [26], and data clustering was also performed well by this algorithm. These binary data were well clustered in this algorithm [27].




    Imperialist Competitive Algorithm is an optimization algorithm of the best evolutionary algorithms that is inspired by the political mechanism of imperialist competition and inspired by the imperialist behavior of some countries in the world to improve their country. In this algorithm, we had an initial population of two, divided into two groups. The first type of these populations are colonial and the second are the imperialist population. The power of each country is more imperialist at the expense of the opposite. This means that a stronger imperialist will dominate more colonies [28]. The colony mechanism where poor populations are brought to cultural evolution by elite populations can lead to better bad populations, and the algorithm automatically optimizes its populations using this mechanism. This political system was more prevalent in the 19th century.




    A paper was presented in which the process of plant migration and reproduction was used and a single algorithm was introduced called AF. Due to its own mechanism, this algorithm can be useful in solving discrete problems. It is interesting in nature that although a plant cannot move, it can be effective in sending its seed to its offspring. In this algorithm, the location and propagation distance of the plant are first considered. Then, the propagation position and distance of the main plant are replaced as parameters in the propagation function to produce offspring plants. After this step, the elite child will be selected as the main plant. By changing the main plant, the main plant will become known as the former. This process will continue until the final answer is reached [29].




    The root of the simulated annealing (SA) method is in statistical mechanics (Metropolis Algorithm [30]). It was first suggested by Kirkpatrick et al. [31], but originally by Cerny [32]. SA is inspired by the annealing technique used by metallurgists to obtain “regularly ordered” solid state with minimal energy (while avoiding “stable meta” structures, characteristic of local minimum energy). The method was to place the material at high temperature and then at low temperature. SA transforms the annealing process into a mechanism: then by introducing a dummy temperature T, which is a simple controllable parameter of the algorithm, the objective performance of the problem, similar to the energy of a material, is minimized [33].




    In recent years, optimization algorithms have been developed by researchers to optimize various science problems. Many of these algorithms were very popular and many researchers used them.




    Nature became a source of inspiration to many human beings due to its purposeful and complex order, including optimization researchers. Most optimization algorithms today are inspired by nature. These algorithms applied to all areas of nature, including biology, structure, and organisms. Collective intelligence, meanwhile, was able to handle most algorithms, and researchers realized that collective intelligence of natural beings was the source of many of the behaviours that were targeted. Many of today's algorithms in the field of artificial intelligence are from the category of collective intelligence [34].




    Fig. (3) shows how the algorithm is inspired by nature. Order in nature is the main source of all algorithms. The concept of the new order in nature is that all the components of a set work precisely to achieve the goal of the set. The order of using the algorithms was obtained by careful examination in nature.




    The world we live in is very complex and strange, and man has not yet discovered many of its secrets. If many of these secrets are found in nature, humans will be able to build more technologies. Careful study of nature can help the growth of human life.




    In the religious books, this order and complexity of the structure of nature are clearly described. Daily sunrise and sunset are a simple example of this structural order. So scientists have been able to discover many of these mechanisms in many cases, especially in the field of zoology. So using them in the form of structures like an optimization algorithm can help solve many problems.
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Fig. (3))


    Existing nature-inspired algorithm.



    Interestingly, in the world we live in, we also see disorder. Like natural storms and more. So there is also a disorder in the world that falls into order. Therefore, one can reach an order through disorder, and this is one of the lessons that nature teaches us.




    The potential for disorder is sometimes called “entropy” the tendency of a system to head toward a disordered state. The idea of entropy is embodied in the second law of thermodynamics which states that isolated systems with no influences from the outside world will exhibit increased disorder over time. It may be argued that entropy is not an appropriate phenomenon and that, instead of being disordered, life systems are transformed into highly complex and orderly structures.




    Unlike the separate systems described by the second law of thermodynamics, the creatures that live in nature are not a closed phenomenon and are connected to nature and follow this structure.




    Scott Camazine says that many creatures that are in one system and that this system is self-adapted, it expresses its own individual desires, and it is these tendencies that lead to the survival of the system.




    By examining these examples of complex order, one concludes that social behaviour is what sustains a system. Regular individual behaviour and interaction with other populations causes order to be seen in many areas of nature [35].
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      Abstract




      This chapter introduces examples of nature-inspired algorithms presented by authors in recent years. These algorithms all use the source of nature, and the nature and behaviour of some animals are the main basis of these algorithms. These algorithms show the orderly behaviour of some natural animals and show how this targeted order becomes an algorithm. Understanding these algorithms can help the reader understand how to transform the idea of ​​nature into meaningful equations. We present some examples of these algorithms in this chapter to familiarize the reader with the order in some natural animals. Also, in this chapter, we can understand how to transform this natural order into meaningful equations. These meaningful equations are introduced in the form of an optimization algorithm. In this chapter, the algorithm SSPCO that inspired by the behaviour of See-see partridge chickens, SSPCO algorithm based on chaotic population, data clustering using algorithm SSPCO algorithm, data clustering with algorithm chaotic SSPCO, Solving the Travelling salesman problem with the help of SSPCO algorithm, escape from hunter particle swarm optimization algorithm and birds algorithm based on classical condition learning, provided. In this chapter, we are going to introduce the reader to a number of algorithms presented and published by the author of the book. We are going to understand how an idea becomes a mathematical formula. Articles are available in the magazines which can be referred to for additional details.
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      3.1. SSPCO ALGORITHM (See-see partridge)




      The basic idea of this optimization algorithm is taken from the behaviour of the chicks of a type of bird called See-see partridge. The chicks of this type of bird are located in a regular queue at the time of danger to reach a safe place and they start to move behind their mother to reach a safe point. To simulate the behaviour of the chicks of this bird in the form of an optimization algorithm, each chick is considered as a particle of the suboptimal problem. The state of each particle should be according to the behaviour of this type of chicks in a regular queue that we know this queue takes us to the best optimal point and this does not mean that




      minimizing the search space, but also, it is converging particles after some searches in a regular queue to the best point answers (bird mother). According to Fig. (4), each chick in the search space seeks to find a chick with the priority of a unit higher than itself and it tries to adjust its motion equation based on this chick.
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Fig. (4))


      Chicks motion in proposed algorithm.



      The value of priority variable is a number that causes the particles move in a regular convergence line to the global optimum after some moving in the search space.
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Fig. (5))


      Particles motion in proposed algorithm.



      According to Fig. (5), particle t for going to new position, Xt + 1, its velocity equation according to your previous velocity, Vt, and position of particle f its priority valuable is one until more than that of the particle. In each iteration of the algorithm, the particle that has a higher priority is located to be the base of other particles and particles adjust their movement based on these particles with higher priority and this automatically causes that the particle with a good optimum has a higher priority in each iteration and finally, the particle which is at the beginning of the line to the optimum solution will be the mother bird which has the best cost for the algorithm. In fact, the particle that has the best cost is the mother bird. We consider a variable for each particle entitled as priority variable. For particle i, priority variable defined according to equation 1:
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          	(1)

        


      




      In every assessment, when a particle was better than the best personal experience or local optimum; a unit is added to the priority variable of that particle:




      

        

          	[image: ]



          	(2)

        


      




      Xi.cost The cost of each particle in the benchmark, Pbest is the best personal experience of each particle, and Xi.position is the location of each particle. In every time of assessment, if the local optimum is better than the global optimum and vice versa, the particle’s priority variable goes higher and a unit is added to it:
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      Gbest is the global optimum. The motion equation of each particle is set almost similar to the particle swarm algorithm in the form of equation 4:
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      Xi.velocity is the velocity of each particle or chick. Then, Chickens sorted in array based on priority variable. Fig. (6) shows the sorting by priority.
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Fig. (6))


      Sorted array of chicks priority.



      Now the particle velocity equation is calculated according to the Equation 5:
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          	(5)

        


      




      Xi.velocity is the velocity of the particle, w is the coefficient impact of the previous velocity in the current velocity equation of particle, c is the coefficient impact of position of particle with upper priority in the current velocity equation of particle, rand() is a random number between 0 and one to create a random movement for particles, [position(Xi+1.priority)] is the location of the particle with one level higher priority than the current particle that the current particle tries to adjust its velocity according to the particle, Xi.position is the current location of the particle. It can be seen that, according to Equation 5, each particle adjusts its movement based on a particle with one level higher priority. In this way, it does not matter the local and global optimums and at any point in time, it only moves to find a particle which is a unit ahead of that particle and for this reason, the calculation number, and time in this algorithm has a great benefit than the previous optimization algorithm. Fig. (7) shows the flowchart of the proposed method and Fig. (8) shows the pseudo-code of the proposed method.


    




    

      3.2. SIMULATION RESULTS




      The algorithms were simulated in MATLAB software based on the benchmark functions shown in Table 2 and in accordance with the parameters defined in Table 3. The standard form of algorithms is used for compare. Comparison of the algorithm was done based on the best cost with the introduced algorithm in the previous works. The comparison of the proposed algorithm was done with 6 optimization algorithm on 14 static benchmarks and the results have been obtained out of 30 runs. To have accurate results and the random results do not have a negative impact on output, we run the algorithm 30 times and then, we select the average of these 30 runs as the final result. Adjusting the parameters of the algorithm was in such a way that the results should be done in an equal condition and no algorithm has any advantage than others in term of the parameter. The results were based on three criteria; first, the best cost of each algorithm to reach the best answer of the benchmark has been shown. This is the best cost in the 100th iteration of each algorithm. In the next step, the standard deviation of the particles’ cost is shown in each iteration and finally, the standard deviation of 30 times running is shown that indicates the answers are much different in 30 runs of each algorithm. Variables and parameters are considered identical for algorithms. In the following, initially, the best cost diagram of each function is shown separately in 100 times running and then, the exact values have been shown in a table. Then, the standard deviation diagram of the cost of each algorithm is shown and finally, the analysis of the results is presented. The number of assessments for all algorithms is 100. The number of population is 100 and the number of variables is also 100.
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Fig. (7))


      Flowchart of proposed algorithm.
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Fig. (8))


      Pseudo-code of SSPCO algorithm.



      

        Table 2 Functions introduced [19.




        

          

            

              	Field



              	F



              	Function



              	Dimension



              	Optima



              	Figure

            


          



          

            

              	Unimodal Functions



              	F1



              	Shifted Sphere



              	N



              	0



              	[image: ]

            




            

              	F2



              	Shifted Schwefel’s Problem 1.2



              	N



              	0



              	[image: ]

            




            

              	F3



              	Shifted Rotated High Conditioned Elliptic



              	N



              	0



              	[image: ]

            




            

              	F4



              	Shifted Schwefel’s Problem 1.2



              	N



              	0



              	[image: ]

            




            

              	F5



              	Schwefel’s Problem 2.6



              	N



              	0



              	[image: ]

            




            

              	Multimodal Functions



              	F6



              	Shifted Rosenbrock’s



              	N



              	0



              	[image: ]

            




            

              	F7



              	Shifted Rotated Griewank’s



              	N



              	0



              	[image: ]

            




            

              	F8



              	Shifted Rotated Ackley’s



              	N



              	0



              	[image: ]

            




            

              	F9



              	Shifted Rastrigin’s



              	N



              	0



              	[image: ]

            




            

              	F10



              	Shifted Rotated Rastrigin’s



              	N



              	0



              	[image: ]

            




            

              	F11



              	Shifted Rotated Weierstrass



              	N



              	0



              	[image: ]

            




            

              	F12



              	Schwefel’s Problem 2.13



              	N



              	



              	[image: ]

            




            

              	Expanded Functions



              	F13



              	Expanded Extended Griewank’s plus Rosenbrock’s



              	N



              	0



              	[image: ]

            




            

              	F14



              	Shifted Rotated Expanded Scaffer’s



              	N



              	0



              	[image: ]

            


          

        




      




      

        Table 3 Parameter setting.




        

          

            

              	Value



              	Parameter



              	Item No.

            


          



          

            

              	100



              	pop



              	1

            




            

              	100



              	var



              	2

            




            

              	-10



              	Xmin



              	3

            




            

              	+10



              	Xmax



              	4

            




            

              	2



              	c



              	5

            




            

              	100



              	Iteration



              	6

            




            

              	0.5



              	Percent of crossover



              	7

            




            

              	0.01



              	Percent of mutation



              	8

            




            

              	10



              	Harmony memory size



              	9

            




            

              	100



              	New harmony memory size



              	10

            




            

              	0.75



              	Harmony memory



              	11

            




            

              	0.05



              	Pitch adjustment rate



              	12

            




            

              	0.1



              	Fret width



              	13

            




            

              	10



              	Number imperialist



              	14

            


          

        




      





OEBPS/Images/9789811459597-dedication_img1.jpg





OEBPS/Images/9789811459597-C3_F4.jpg





OEBPS/Images/9789811459597-C3_Eq1.jpg
X;.priority





OEBPS/Images/9789811459597-C3_F5.jpg
1A Xe+1

K brioriy+s





OEBPS/Images/9789811459597-C3_T6.jpg





OEBPS/Images/9789811459597-C3_Eq5.jpg
X,.velocity = w + X,.velocity + ¢ * rand() « [position(Xs,. priority)] — X,. position,





OEBPS/Images/9789811459597-C3_T11.jpg





OEBPS/Images/9789811459597-C3_T9.jpg





OEBPS/Images/9789811459597-C3_F6.jpg
Sort

chick  i=1 . n

riori i
priority prioirity o Mpriotrity





OEBPS/Images/9789811459597-C2_F3.jpg
ABCalgorithm






OEBPS/Images/9789811459597-C3_T12.jpg





OEBPS/Images/9789811459597-C3_T5.jpg





OEBPS/Images/9789811459597-C3_Eq4.jpg
X,.position = X;. position + X;. velocity





OEBPS/Images/COVER.jpg
HOW TO DESIGN

OPTIMIZATION ALGORITHMS
BY APPLYING NATURAL BEHAVIORAL
PATTERNS

Rohollah Omidvar
Behrouz Minaei Bidgoli

Bentham Books





OEBPS/Images/9789811459597-C3_T1.jpg





OEBPS/Images/9789811459597-C3_T8.jpg





OEBPS/Images/9789811459597-C3_F7.jpg
Initialize of chicks
Calculate of fitness for each chick

No
Pbest < each chick location

Pbest=chick location
Chick.priority=Chick.priority+1 Pbest=old Pbest

Yes No
Gbest=Pbest
Chick.priority=chick.priority+1 Gbest=old Gbest

Set velocity and move according equation 4 and 5 |

Max iteration < iteration





OEBPS/Images/9789811459597-C3_T14.jpg





OEBPS/Images/9789811459597-C1_F2.jpg





OEBPS/Images/9789811459597-C3_Eq3.jpg
if  Ppest > Gpest  — Gpest = Poes and X,.priority = X,.priority + 1





OEBPS/Images/9789811459597-C3_T13.jpg





OEBPS/Images/bentham_logo.jpg





OEBPS/Images/9789811459597-C3_T4.jpg





OEBPS/Images/9789811459597-C3_T2.jpg





OEBPS/Images/9789811459597-C3_Eq2.jpg
if Xi.cost > Pyese = Pyest = Xp.position and X;.priority = X;.priority + 1





OEBPS/Images/9789811459597-C3_F8.jpg
1. Vinitialize all chicken

2. Tnitialize

3. Repeat

4. For each chicken ¢

5. /lupdate the chicken's best position and priority
6. If £(x;) > f(pb,) then

7. pb;

8. prioirity; = priofrity; + 1

9.End if

10. /fupdate the global best position and priority
11 T f(pby) > f(gb) then

12. gb =pb;

13. prioirity; = prioirity; + 1

14.End if

15.End for

16. /fupdate chicken’s velocity and position
17. For each chicken i

18. For each dimension d

19,034 = vy + € » Rand(0,1) « [position(priority,)] =

20.x,

atvia

21.End for

22.End for

23. /fadvance iteration
Aat=it+1

25.Until it > Maxlterations





OEBPS/Images/9789811459597-C1_F1.jpg
A Traditional studies

Blology. Computer scionce





OEBPS/Images/9789811459597-C3_T7.jpg





OEBPS/Images/9789811459597-C3_T10.jpg





OEBPS/Images/9789811459597-C3_T3.jpg





