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ABSTRACT 

In this paper, a new hybrid algorithm was proposed to solve the global optimization problems that combine 

the invasive weed optimization algorithm with the chicken swarm optimization algorithm. The invasive 

weed optimization (IWO) algorithm is a stochastic algorithm inspired by the colonial behavior of weeds 

that was first proposed in 2006 by Mehrabian and Lucas. Due to their strength and adaptability, weeds pose 

a serious threat to cultivated plants, making them a threat to the cultivation process themselves. The 

behavior of these weeds has been simulated and used in the invasive weed algorithm. The chicken swarm 

optimization (CSO) algorithm is a natural-inspired algorithm that simulates the hierarchy of the chicken 

swarm and the behavior of the chicken swarm, including roosters, chickens and chicks in their search for 

food and lifestyle, first proposed in 2014 by Xian bin Meng et al. In order to benefit from the intelligence of 

the swarms and to avoid falling into local solutions, a new hybridization process was proposed between the 

invasive weed optimization algorithm and the chicken swarm optimization algorithm to launch the new 

hybrid algorithm (IWOCSO). The new hybrid algorithm (IWOCSO) applied on 23 functions of the global 

optimization problems. The proposed algorithm showed very high efficiency in solving these functions. 

The proposed algorithm was able to reach optimal solutions by achieving the fmin value for most of these 

functions. It was statistically tested by calculating the mean and the standard deviation on these functions. 

Keywords:  Optimization, Invasive Weed Optimization Algorithm, Chicken Swarm Optimization, Hybrid 

Algorithms, Swarm intelligence. 

 

1 INTRODUCTION 

 

Optimization is a branch of  knowledge that deals 

with the discovery or investigation of optimal 

solutions to a particular issue within a set of 

alternatives or can be seen as one of the key 

quantitative tools in the decision-making network. 

Decisions must be taken to improve one or more 

objectives in a specific set of Circumstances[2] . 

Optimization has been an active research field for 

decades, the Scientific and technological prosperity 

of recent years has created an abundance of difficult 

optimization problems that have led to the 

development of more efficient algorithms. In the 

real world, optimization has the following 

problems: 
 

1. Difficulties in distinguishing global optimal 

solutions from local. 

2. The presence of noise  in the assessment 

solution.  

3. Curse  of dimensions or the abundance of 

dimensional presence (such as exponential 

growth of search space with the problem 

dimension) 

4. Difficulties associated with problem 

constraints. 
 

      The different nature and mathematical 

characteristics of the optimization problems 
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required the existence of specialized algorithms for 

certain types of problems that share the same 

characteristics as nonlinearity, convexity, 

derivation, continuity, accuracy of function 

evaluation, etc. Moreover, the inherent 

characteristics of each algorithm can make them 

more suitable for solving global optimization 

problems or local optimization problems. These 

characteristics include, among other things: 

randomization, parallelism in modern computer 

systems and limited computational requirements. 

Today, there is a rich and diverse set of  

algorithms  for most  types of problems. However, 

different cases of the same problem may have 

different computational requirements. This has 

given rise to the development of new algorithms 

and the improvement of that list. As a result there 

will be a constant need for new and more 

sophisticated ideas in optimization theory and 

applications[6]. The methods of solving 

optimization problems are divided into two types of 

algorithms: deterministic algorithms and stochastic 

algorithms. Most of the classical algorithms are 

deterministic algorithms, for example, the Simplex 

Method in linear programming is a deterministic 

algorithm. Stochastic algorithms generally have 

two types of methods: 1_ Heuristic Methods 2_ 

Metaheuristic methods, although the difference 

between them is small. To speak absolutely, the 

word Heuristic comes from the Greek word 

Heuriskein, which means "To find" or "Discover 

solutions using trial and error method". The latest 

development of heuristic algorithms is called 

Metaheuristic algorithms. This term was first 

introduced by Glover in 1986, the "meta" term 

means "beyond" or "higher level." In general, these 

algorithms work better than heuristic algorithms. In 

addition, all Metaheuristic algorithms use a proven 

swap for random distribution and local search. 

There are two important elements in any algorithm 

of Metaheuristic algorithms: 1_ exploitation 2_ 

exploration. Exploration means generating different 

solutions to explore the search space in the general 

scale, and Exploitation means intensifying research 

in the local area by investing the information that 

the current good solution can be found in this 

region and this corresponds to the principle of 

choosing the best solutions. The choice of the best 

ensures that the solutions will approach to 

optimization while exploration that use 

randomization avoids solutions from fall in the 

local optimization area while increasing diversity of 

solutions. Good combination of these two elements 

ensures that overall optimization will be achieved 

[7].  

 

     Figure (1) gives a summary of this paragraph:  

 
Fig. 1. Clarification of methods for solving optimization 

problems. 

The algorithms of  Metaheuristic can be classified 

in many ways, one of these ways are classified on 

population and trajectory, for example, the genetic 

algorithm (GA) is classified by reference to the 

population where it used a set of section during the 

solution as well as the particle swarm optimization 

algorithm(PSO) it also uses multiple elements in 

addition to the ant colony optimization 

algorithm(ACO). On the other hand, the  simulated 

annealing(SA) uses one element or one solution 

that moves through the search space in a piecewise 

method. The best solution or best move is always 

acceptable while a not good move can be accepted 

by certain probability[7]. 

      Other examples of trajectory methods are: 

Tabu search (TS) and Local Search (LS). The 

figure (2) illustrates the division of the 

Metaheuristic algorithms. 

 

 
 

Fig. 2. Clarification the division of the Metaheuristic 

algorithms. 
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1.1 Hybrid Algorithms 

  The combination of one of the Metaheuristic 

algorithms and optimization techniques is called 

hybrid metaheuristic algorithms, which have 

produced a new kind of algorithm characterized by 

its efficient behavior and high flexibility in dealing 

with problems in the real world and on a large 

scale. The concept of hybrid algorithms has been 

accepted only in recent years, although the process 

of combining the different strategies of the 

Metaheuristic algorithms began in the 1980s. Today 

there is a general agreement of combining the 

components of different research techniques and 

the direction of the design of hybrid technologies 

spread in the fields of operation research and 

artificial intelligence[1]. In this paper, we will 

combine IWO and CSO and propose the novel 

hybrid algorithm based on these algorithms which 

are jointly called as (IWOCSO). The hybrid 

algorithm used to solve 23 functions of global 

optimization problems. 

 

2 INVASIVE WEED OPTIMIZATION 

ALGORITHM (IWO) 

 

The invasive weed optimization algorithm is the 

biologically inspired numerical randomization 

algorithm of weeds first proposed by Mehrabian 

and Lucas in (2006) that simply mimics the natural 

behavior of weeds in colonization to finds a 

suitable place for growth and reproduction. 

Plants are called ‘weeds’ if there is a specific 

geographical area in which the plant society grows 

in full or often and in case markedly disturbed by 

humans (and of course, without being intentionally 

planted)[4]. 

The IWO algorithm involves a number of basic 

steps. These steps are: 

Step (1):  Initialize a population 

A population of  initial solutions is generated and 

disseminated on d dimensions of the problem area 

with random locations and calculating the value of 

the fitness function of this population. 

Step (2):  Reproduction 

      Plants in the plant society are allowed to 

produce seeds based on the value of their fitness 

function as well as the upper and lower limit of the 

colony's fitness function. The number of seeds 

produced by the plant increases linearly from the 

minimum possible to produce seeds to the 

maximum extent possible[4]. The equation below 

illustrates the reproduction of weeds: 

…(1) 

Where: 

floor : Indicates that the seeds are rounded to the 

nearest integer. 

fi : The fitness value of the  ith weed. 

fmax and fmin : Represents the maximum and 

minimum value of the fitness function. 

Smax and Smin : Represents the maximum and 

minimum number of seeds. 

 

Equation (1) represents the mathematical 

relationship between the number of seeds and the 

value of the weed fitness function. The number of 

seeds decreases with the increase in the value of the 

fitness function and the number of seeds ranges 

between Smax and Smin[8].  Figure 3 illustrates this 

process. 

 

Fig. 3. Clarification of seed production in a colony of 

weeds. 

Step (3): Spatial dispersal 

This step provides randomization and adaptation 

to  weed  optimization algorithm. Randomly 

generated seeds are distributed on d dimensions in 

the search space by random numbers that are 

distributed by a normal distribution (μ = 0) and 

varying variance calculated by equation (2). This 

means that the seeds will be distributed at random 

so that they are abode near the parent plant. 

However, the standard deviation (SD) (σ) of the 

random function will be reduced from a predefined 

initial value (σ_initial) to a final value (σ_final) at 

each step (each generation). Nonlinear modulation  

in simulations showed satisfactory performance, 

which is illustrated in the following equation: 

                
……...(2) 

Where :  

σiter : Is the standard deviation in the current step. 
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itermax : Maximum number of iterations. 

n : Is the nonlinear modulation index[4]. 

 

The new seed position is then calculated using the 

following equation: 

……..(3) 

xson : Represents the offspring. 

xparent : Represents parents. 

randn : Generating random numbers of standard 

normal distribution (0,1)[3]. 

 

Step (4): Competitive exclusion 

        If the plant does not leave any offspring it 

will go extinct, so there is a need for some kind of 

competition among plants to limit the maximum 

number of plants in the colony. When the 

maximum number of plants in the colony of Pmax is 

reached, the mechanism of exclusion of plants with 

weak fitness function will be activated for that 

generation[4]. 

 

3 CHICKEN SWARM OPTIMIZAION 

(CSO) 

Is an algorithm inspired by nature, first proposed 

by Xian bin Meng et al. (2014), which simulates the 

hierarchical system of the chicken swarm and the 

behaviors of the chicken swarm, including roosters, 

chickens and chicks. The chicken can be divided 

into several groups, One rooster and several 

chickens and chicks as shown in Figure (4) as there 

are different chickens follow different laws of 

movement. There are competitions between 

different chickens under a specific hierarchy. 

 
 

Fig. 4. (a): represents a group of chickens (b): represents 

the hierarchy of chickens for a group of (rooster, 3 

chickens and 5 chicks). 

The hierarchical system plays an important role in 

the social life of chickens. The dominant chickens 

predominate on the weak chickens in the flock. 

There are the most dominant chickens that stay 

close to the head roosters of the flock ,as well as the 

weak hens and roosters Who standing on the edge 

of the group. In general, chicken behavior varies by 

sex. The dominant rooster will look for food and 

fight the chickens that invade the area inhabited by 

the group and the dominant chicken will almost 

agree with the dominant rooster to collect fodder 

for food, but the weak one will reluctantly stand 

around the group looking for food. There are also 

competitions between different chickens. As for 

chicks, they are looking for food around their 

mothers. All chickens cooperate simply with each 

other. However, they may coordinate with each 

other as a base to search for food in a specific 

hierarchical order. 

Because of the above descriptions, we can talk 

about the Chicken Swarm Optimization (CSO) 

algorithm mathematically. Chicken behavior was 

improved according to the following rules: 

1. There are several groups in the chicken swarm. 

Each group includes the dominant rooster, a couple 

of chickens and chicks. 

2. How to divide the chicken swarm into several 

groups and identify the chickens (roosters, chickens 

and chicks) all depending on the values of the 

fitness function of the chickens themselves. The 

chickens with the best fitness function values will 

be treated as roosters, each of which will be the 

main rooster in the group. Chicken with the worst 

fitness values would be the chicks in the group and 

the rest would be chicken. Chicks randomly choose 

which group to live in. The mother-child 

relationship between chickens and chicks is also 

random. 

3. The hierarchical system, the relationship of 

hegemony and the mother-child relationship in the 

group will remain unchanged. These cases will be 

updated every several times. 

4.  The chickens follow roosters in their search for 

food while they may prevent others from eating 

their food. Assume that the chickens will steal the 

good food at random that others found it  and the 

chicks are looking for food around the hen and the 

dominant people have a preference in the 

competition for food[5]. 

The roosters movement account of the following 

equations: 

..(4) 
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….(5) 

Randn(0, 𝜎2
): is the distribution of Gauss at an 

average of 0 and variance σ ^ 2, ε: is the smallest 

constant in the computer and is used to avoid 

splitting error,  k: is the coefficient of introduction 

of roosters and is chosen randomly from the group 

of roosters,  f: is the value of the fitness function for 

x. 

As for chickens, they can follow their co-workers 

roosters to search for food. Moreover, they 

indiscriminately steal good food that others have 

found, although they may be suppressed by other 

chickens. The dominant chickens have an 

advantage in competing for food compared to other 

more submissive chickens. These phenomenas can 

be mathematically formulated as follows: 

 

….(6) 

….(7) 

      …(8) 

Rand: is the generator of generating random 

numbers that follow the uniform standard 

distribution, 𝑟1 ∈ [1, … . . , 𝑁]: represents the 

entrance of the rooster who is a colleague of i of 

chickens, 𝑟2 ∈ [1, … . . , 𝑁]: is the entrance of 

the chicken (rooster or chicken) which is randomly 

selected from the squadron so that r1 ≠ r2, It is clear 

that 𝑓𝑖 > 𝑓𝑟1, 𝑓𝑖 > 𝑓𝑟2 so 𝑆2 < 1 < 𝑆1. 

 

As for the chicks, they move around their mothers 

to feed on food and the mathematical formula is: 

...(9) 

 

𝑥𝑚,𝑗
𝑡

:refers to ith of the chick's mother 𝑚 ∈

[1, 𝑁], FL: is a parameter where 𝐹𝐿 ∈ (0,2) 
means that chicks will follow their mothers to 

search for food and by taking individual differences 

into account, FL for each chick is randomly 

selected from 0 to 2 [5]. 

 

4 PROPOSED ALGORTHM 

   To add the swarms intelligence to the invasive 

weed optimization algorithm (IWO), this algorithm 

has been combined with chicken swarm 

optimization algorithm (CSO), which uses swarm 

intelligence to find global optimal solution for 

optimization problems and other. The new 

proposed algorithm has been named (IWOCSO ). 

       The invasive weed optimization algorithm 

(IWO) is characterized from the other evolutionary 

algorithms by three different properties: 

reproduction, spatial dispersion and competitive 

exclusion. The maximum benefit of these properties 

has been achieved in the hybridization process. The 

steps of the (IWOCSO) algorithm can be 

summarized as follows: 

Step (1): Creating initial population by generating 

an initial solutions and calculating the value of the 

fitness function of this population. 

Step (2): Reproduction and production of new 

seeds using equation (1). It allows reproduction 

property to produce a new generation (children). 

Step (3): Spread of seeds in the  search space  

(spatial dispersion). This property gives the IWO 

algorithm the ability to adapt and randomize 

because it used  normal distribution and standard 

deviation (SD) calculated from equation (2) which 

allows the spread of seeds in the search space. 

Step (4): Determination the children (offspring) 

position in the search space using equation (3). 

Then parents and children gather together to form a 

colony of weeds. 

Step (5): In this step begin the operations of the 

chicken swarm optimization algorithm (CSO), 

which is: 

First: The  colony of parents and children was 

brought together( in step 4) and considered as the 

initial population of the chicken swarm. 

Second: To determine the movement of the 

roosters, the values of 𝑥𝑖,𝑗
𝑡+1

 and 𝜎2
 are 

calculated using equations (4) and (5). 

Third: the movement of the chicken is 

represented by calculating the values of 𝑥𝑖,𝑗
𝑡+1

,𝑆1 

and 𝑆2 using the equations from (6) to (8). 

Fourth: Calculate the movement of chicks using 

equation(9). Last but not least if the end condition 

is satisfied then stopped or repeat the four steps 

above until the condition is met. 

Step (6): Once all the steps of the chicken swarm 

optimization algorithm have been completed, the 

population that gives the best value of the objective 

function in the CSO algorithm is used as a colony 

of weeds to re-enter to the invasive weed 

optimization algorithm and then calculate the 
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fitness function for this population after it has been 

improved. 

Step (7): The improved population is arranged 

based on the value of the fitness function. 

Step (8): After the improved community order, 

comes the role of the third characteristic of the 

IWO algorithm (the competitive exclusion). When 

the maximum number of plants in the colony of 

Pmax is reached, the low-fitness elements are 

eliminated and the process is repeated until the 

solution is reached Optimize or until you meet the 

stop condition. Flow chart (5) illustrates the steps of 

the proposed new algorithm (IWOCSO). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 5. Flow chart for the proposed IWOCSO algorithm. 

 

 

 

 

 

 

 

 

 

5 NUMERICAL RESULTS 
 

   The new (IWOCSO) algorithm has been tested 

using 23 global optimization problems, and the new 

IWOCSO algorithm has been compared with the 

Whale optimization Algorithm(WOA) and 

dragonfly algorithm(DA). Tables 2 to 4 show the 

details of the test functions. The new proposed 

algorithm (IWOCSO) is a merger between (IWO) 

and the chicken swarm optimization algorithm 

(CSO), so they contain the parameters of these 

algorithms shown in Table 1. 

 
Table 1: Parameters of Algorithms 

 
Parameters The description IWO CSO IWOCSO 

 

MaxIt 

 

Maximum number 

of iterations 

1000 1000 1000 

npop0 The size of the 
initial population 

10 10 10 

npop Maximum size of 

the population 

ــــــــــ 25

 ــــ

25 

Smin Minimum number 

of seeds 

ــــــــــ 0

 ــــ

0 

Smax Maximum number 
of seeds 

ــــــــــ 5
 ــــ

5 

n Nonlinear 

modulation index 

ــــــــــ 2

 ــــ

2 

σinitial The initial value 

of the standard 
deviation 

ــــــــــ 0.5

 ــــ

0.5 

σfinal 
 

 

The final value of 
the standard 

deviation 

0.00

1 

ــــــــــ

 ــــ

0.001 

   

The standard test functions can be divided into 

three groups: unimodal functions, multimodal 

functions and multidimensional functions with 

fixed dimensions. It should be noted that the 

difference between the multimedia functions with 

fixed dimensions in Table 4 and the multimedia 

functions in Table 3 is the ability to determine the 

desired number of design variables. Multimedia 

functions contain many local points, so it is difficult 

to solve this type of function because it fall in local 

solutions, The proposed new algorithm (IWOCSO) 

was used to solve these functions in order to find 

the global optimal solution, and Table (5) shows the 

results of the IWO, CSO, DA,  WOA algorithms 

and compares them with the proposed IWOCSO 

algorithm. 
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Table 2: Description of unimodal functions. 
 

 
     

 
TABLE 3: DESCRIPTION OF MULTIMODAL FUNCTIONS. 

 

 
 

 

Table 4: Description of multidimensional functions with 

fixed dimensions functions. 

 
  

 

 

 

   The results in Table 5 show the success of the 

hybrid algorithm  IWOCSO  in finding the optimal 

solution for 19 of the 23 functions of the test 

function .This is a test of the success of the 

hybridization process and the usefulness of the use 

of swarm intelligence. Referred to the functions 

that passed the test in green and failed in red. 

 

Table 5: Demonstrates The Results Of The Iwo, Cso 

, Da , Woa Algorithms   And Compares Them With 

Iwocso. 

 

 
 

Apply the test using a computer that has the 

following specifications: Processor CPU speed is 

GHZ2.50, RAM size is 4GB, and Matlab R2013a is 

running Windows 7.  

The mean and standard deviation of the IWOCSO 

hybrid algorithm have been calculated and 

compared with the mean and standard deviation of  

IWO, CSO , DA , WOA, Tables (6 to 7) explane 

the results obtained 



180 

 

 

 

 

 

H. T.Yaseen et. al / International Journal of Computer Networks and Communications Security, 6 (8), August 2018 

    Tables numbered (6) and (7) show the mean 

values  μ and the standard deviation of the 

IWOCSO hybrid algorithm and the IWO, CSO , 

DA  and WOA algorithms. 

 

 

 
Table 6: Shows the mean values for the hybrid algorithm 

and other algorithms 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 7: Shows the standard deviation values for the 

hybrid algorithm and other algorithms 

 

 
 

6 CONCLUTION AND FUTURE WORK 

    In this study it was noted that there is a 

weakness in the performance of the algorithm of 

invasive weed optimization algorithm and to solve 

this problem was hybridized with  chicken swarm 

optimization algorithm  to take advantage of the 

characteristics of the swarms to avoid falling into 

local solutions. This was done by comparing the 

results of the hybrid algorithm (IWOCSO) with the 

basic algorithms IWO and CSO and two other 

algorithms follow the swarms system, WOA and 

DA algorithm. The hybrid algorithm (IWOCSO) 

produced excellent results. The best global solution 

was obtained for most testing functions. In the light 

of the results of this paper, we recommend that the 

proposed hybrid algorithm be applied to the NP-

hard problems  such as the travelling salesman 

problem(TSP) and vehicle routing problem(VRP) 

and other. 
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