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ABSTRACT 
Human Opinion Dynamics is a novel approach to solve 

complex optimization problems. This paper proposes and 

implements Human Opinion Dynamics for tuning the 

parameters of COCOMO model for Software Cost Estimation. 

The input is coding size or lines of code and the output is 

effort in Person-Months. Mean Absolute Relative Error and 

Prediction are the two objectives considered for the fine 

tuning of parameters. The dataset considered is COCOMO. 

The current paper demonstrates that use of human opinion 

dynamics illustrated promising results. It has been observed 

that when compared with standard COCOMO it gives better 

results. 
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1. INTRODUCTION 
When the information available is not complete or imperfect 

with less computation capacity and there is a need to find out 

the best solution from a large set of sample solutions then 

meta-heuristic or partial search algorithm is used to provide a 

solution to an optimization problem in Computer Science or 

mathematical optimization. There are various meta-heuristics 

available like, Multi-objective Particle Swarm Optimization 

[1], Genetic algorithm, Ant colony optimization [2], Bacteria 

Foraging Optimization, Genetic Algorithm, BAT Algorithm, 

Memetic Algorithm, and Firefly Algorithm etc. Extensive 

research has been done on these over large no. of applications. 

There is no exhaustive research using human opinion 

dynamics. Human opinion dynamics finds its applications in 

the areas of social physics. However recently a researcher 

throws light on the use of human opinion dynamics for 

solving complex mathematical optimization problems applied 

on some benchmark mathematical functions and compared the 

results with PSO[3].As Human being is the highest creature so 

the algorithm inspired by human creative problem solving 

process can be useful and provide better results. It is used as 

dynamic social impact theory as an optimized for the 

optimization of an impedance-tongue and results are 

compared with Genetic Algorithm and PSO[7]. 

2. HUMAN OPINION DYNAMICS 
It is a meta-heuristic technique to solve complex optimization 

problem based upon human creative problem solving process. 

Understanding the concept of collective decision making, the 

study of opinion dynamics and opinion formation is 

important. It has been one of the most significant areas in 

social physics. Human Interactions give RISE to different 

kind of opinions in a society[3].In social network the 

formation of different kinds of opinions is an evolutionary 

process. There are several models describing human 

interaction networks like cultural dynamics, opinion 

dynamics, crowd behavior, human dynamics etc utilised for 

search strategies and complex mathematical optimization 

problems. The process of collective intelligence from the 

tendencies of social influence with effects of individualization 

escapade for developing search strategies [3]. The algorithm 

formed based upon the opinion formation structure of 

individuals. The algorithm is governed by four basic essential 

elements: Social Structure, Opinion Space, Social influence, 

Updating Rule. 

2.1 Social Structure 
The Interaction between individuals, group of individuals, 

frequency of interaction and the way they interacts comes 

under social structure. There are number of models like 

Cellular automata, Small world, Random graphs etc have been 

proposed and simulated in social physics [1].The models are 

explained below: 

2.1.1 Cellular Automata Model 
This model was first considered by Von Neumann studied in 

1950 as a model used in biological systems. It works 

according to some set of rules based on the states of 

neighboring cells. It is affected by the presence of 

corresponding or adjacent neighbor. It is a discrete model used 

in complex science and biological processes. An example of 

cellular automata model is given below in table 1 which is 

having a system of cell objects exhibiting the following 

characteristics as follows: 

 All the cells live on Grid  

 Each cell has a state which might have two 

possibilities 0 or 1 or referred as yes or no. 

 Neighborhood of cell can be defined in plenty of 

ways but most probably the list of adjacent cells. 

 The figure represents grid of “cells” each “yes” or 

“no” and the colored part presents the neighborhood 

of cells. 

 

Table 1. Example of Cellular Automata Model 

Yes No Yes No No Yes No 

No Yes Yes Yes No No Yes 

No Yes No No Yes Yes No 

Yes Yes No Yes No No Yes 

No No Yes No Yes Yes No 

Yes Yes No Yes No No Yes 
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No No Yes No Yes Yes No 

No Yes Yes Yes No No Yes 

2.1.2 Random Graph 
 Random graph can be well defined as a random process of 

probability distribution over graphs. The application area of 

random graph in the areas where complex networks need to be 

designed. 

2.1.3 Small World 
It is the type of network where most nodes are not influenced 

by the neighbors but finding ways to reach each other by 

small number of steps. 

2.2 Social Influence 
It is the influence of individuals on each other and they act 

according to others actions or suggestions.“Equation (1) 

describes social influence uij(t) of individual j on individual i 

is given by  

       
      

      
                                                       (1) 

Where    (t) is the Euclidean distance between individuals 

.Social Ranking (SR) is based upon the fitness value of 

individuals. 

2.3 Updating Rule 
This rule is used to update the position of individuals in the 

search space .As it is dynamic in nature so change of position 

according to the best fitness value needs to be updated. In 

context to optimization problems it determines the new 

updated position of individuals. Equation (2) demonstrates the 

formula for updating rule 

    
    

 
                  

       
 
   

          (2) 

Where     represents updating rule,  (t) is the opinion of 

number of individuals,   (t) represents Social influence,        

is a normally distributed random noise with mean zero and N 

is the number of neighbours. 

2.4 Opinion Space 
There are two types of opinions of the individuals continuous 

or discrete. Continuous is the one which takes real values. 

Discrete takes values in the given range [0,1] or [1,-1]. 

3. HUMAN OPINION DYNAMICSIN 

SOFTWARE COST ESTIMATION 
Cost Estimation is an important activity and can be done 

throughout the entire life cycle of the software product to be 

developed. It is the process of calculation of effort used for the 

development of project. Time and budget are the two 

important factors in software project management. The main 

focus is on time and budget in software project development   

[4].There are various models used for the effort calculation in 

software cost estimation. One of the most widely used 

algorithmic model is COCOMO .The parameters of 

COCOMO tuned with the help of meta-heuristic techniques. 

In this paper Human Opinion Dynamics is used to optimize 

the parameters of COCOMO. 

3.1. COCOMO 

COCOMO model is developed by Boehm and have been 

widely used for the calculation of effort. Effort calculated by 

COCOMO model is measured in terms of size and constant 

value parameters a,b,c. using  Intermediate COCOMO II 

model in which effort can be calculated using equation (3). 

“Equation (3) gives the formula for effort”. 

                       (3) 

where size is the size of project measured in LOC(lines of 

code) or KLOC.EAF are effort multipliers. The value of 

parameters a=3b=1.2.As these values are fixed for COCOMO 

model but these parameters vary from organization to 

organization depends on various factors like environmental 

factors. So, there is a need to tune the value of parameters to 

obtain better result in terms of accuracy and less error. 

3.2 Fitness function 

Fitness function is that function which is used to evaluate that 

which opinion is performing best and gives best results. 

Each objective has some weight which is used to combine the 

two objectives into single objective. The weights assigned 

must be equal to one. 

 

W1+W2=1               (4) 

Hence, using the fitness function where the need is to 

minimize the error and maximize the prediction. Most Real 

World problems involves optimization of two or more 

objectives [1].A multi objective optimization function involve 

minimization of one and maximization of other. The fitness 

function used in our equation is based upon two objectives 

MARE i.e. mean absolute relative error and prediction. 

 “Equation (4) defines the fitness function used in the said 

approach.” 

 

                             (5) 

 

Where MARE is mean absolute relative error and Prediction 

(n) is the project having n% error.”Equation (6) gives the 

formula to calculate mean absolute error” 

        
                          

            
    (6) 

 

Where ‘n’ is the total number of projects and Mes. Effort is 

the actual measured effort and est. Effort is the effort 

calculated by using cost model COCOMO II and proposed 

technique. 
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4. PROPOSED METHODOLOGY 
 

 

 Step 1: START 

 Step 2: Initialize the opinions from 1 to 30 

 Step 3:Assign any random value to a,b,c  

 Step 4:Apply constraints (range of a, b, c) 

 Step 5:For every value of opinion i of each 

individual. 

 Step6:Apply COCOMO formula and calculate effort 

with the calculated values of parameters a,b,c. 

 Step 7:For these values of a,b,c, store the value of 

fitness function as the cost function which is to be 

minimized 

 Step 8:Find Social Rank for  the present value or 

opinion 

 Step 9:If Social rank is greater than 1then normalize 

and then calculate distance i.e. Euclidean distance 

between two individuals. 

 Step 10:Find social influence of the opinion which 

is based upon social rank and Euclidean distance 

 Step 11: If best fit solution is found i.e, the opinion 

which fits aptly in the fitness function then go to 

Step 12 otherwise go to step 7. 

 Step 12: Update the value of Opinion 

 Step 13: If minimum error <ɛ (minm error) and 

maximum iteration =k then stop,otherwise go to 

Step 5 and perform the optimization process again. 

 

5. PERFORMANCE RESULTS AND 

IMPLEMENTATIONS 
This section describes the experimentation part. For testing 

the effectiveness of proposed models, it is tested on 

COCOMO dataset. Two datasets of 20 projects and 21 

projects are considered. Tuned value of parameters obtained 

by implementing the above methodology. 

Experiment 1.Total 20 projects are considered from 

COCOMO dataset .Total no. of iterations performed =100, no. 

of opinions =30. The optimized values of a,b,c obtained  are 

a=4.2 , b=1 , c= 1.3 . 

1) The table given below is showing the values that are 

already available in dataset from COCOMO dataset . 

TABLE 2. Experimental results for the  comparison of 

effort 

 

Apply constraints 

For each opinion i 

Apply COCOMO 

Calculate cost=fitness function 

Find social rank(SR) 

Is SR>1? 

Calculate distance 

Find social influence 

Update opinion 

Is min. 

Error <ɛ? 
Is 

max.Ite

r=k? 

STOP 

YES 

START 

Initialize opinions 

Select values of a,b,c randomly 

Is best fit 

no.found? 

Normalize 

NO 

NO 

YES 

NO 

NO 

Yes 
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2) Table 3 given below represents the actual effort and 

compared to effort calculated by COCOMO and proposed 

method. 

TABLE 3 Results for Comparison of error 

 

 

Fig. 1.Represents 2d movement of convergence of opinions 

for opinion 1 

Fig..2 .Represents the plot of convergence of opinions for 

opinion 2 

 

Fig.3.Represents the 2d movement of convergence of 

opinion 

 

 

Fig.4  .Represents the plot of convergence of opinion 1 

when 100 iterations are performed. 

 

 

Fig..5. Represents the plot of convergence for opinion 
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Fig .6.Represents the plot for convergence of opinion 3 

 

Fig .7.Represents the dataset values which consists of 

project number, lines of code, effort multipliers (EAF) and 

measured effort. 

 

Fig. 8. Represents the comparison of COCOMO effort 

with measured effort 

 

Fig..9. Represents the actual measured effort and effort 

calculated by human opinion dynamics 

Effort calculated by Human Opinion Dynamics is more close 

to the actual measured effort. Thus our proposed approach 

gives better results. 

 

Fig.10.Respresents the comparison between actual effort, 

COCOMO effort and effort calculated by Human Opinion 

Dynamics 

 

Fig.11. Represents the mean absolute relative error 

between COCOMO and human opinion dynamics, thus 

the error of COCOMO is more than the error of human 

opinion dynamics. 
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COCOMO error is more than the error calculated by human 

opinion dynamics. 

 

Fig .12.Represents calculated effort and error of human 

opinion dynamics 

Experiment 2. Total 21 projects are considered from 

COCOMO dataset for testing the model. The tuned value of 

parameters obtained a=3.9,b=1.1,c=5.8. 

Table 4. Represent the results of comparison of effort 

calculated by COCOMO, measured and human opinion 

dynamics. 

TABLE 4. Experimental results of comparison of effort 

 

6. CONCLUSION AND FUTURE SCOPE 
The Software Cost Estimation problem was dealt with in this 

paper which is a very important problem in the SDLC cycle as 

it influences the decision making process. A novel algorithms 

known as Human Opinion Dynamics based Optimization to 

estimate the Software Cost using intermediate COCOMO-II 

model. The software costs are predicted and the results are 

found to be quite better than that of the normal COCOMO-II 

model. The results when compared among HOD and 

COCOMO that the HOD’s performance is quite better than 

the COCOMO’s results both in terms of convergence and 

accuracy.  

In future, other meta-heuristics algorithms can be applied and 

the results can be compared with our proposed methodology. 

The advanced COCOMO models can also be utilized and the 

approach can be utilized to develop an online system which 

would automatically predict the software cost serving as an 

automated feedback system for the business analyst.  
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