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Abstract: In recent years geologists have put a lot of effort trying to study the evolution of earth 8 
using different techniques studying rocks, gases, and water at different channels like mantle, 9 
lithosphere and atmosphere. Some of the ways are Estimation of heat flux between the atmosphere 10 
and sea ice, Modelling global temperature changes, Groundwater monitoring networks, etc. But 11 
algorithms involving the study of earth’s evolution have been a debated topic for decades. Also, 12 
there is distinct research on studying the mantle, lithosphere, and atmosphere using isotopic 13 
fractionation which this paper will take into consideration to form genes at the former stage. This 14 
factor of isotopic fractionation could be molded in QGA to study the earth’s evolution. We combined 15 
these factors because the gases containing these isotopes move from mantle to lithosphere or 16 
atmosphere through gaps or volcanic eruptions contributing to it. We are likely to use the Rb/Sr and 17 
Sm/Nd ratios to study the evolution of these channels. This paper, in general, provides the idea on 18 
gathering some information of temperature changes by using isotopic ratios as chromosomes, in 19 
QGA the chromosomes depict the characteristic of a generation. Here these ratios depict the 20 
temperature characteristic and other steps of QGA would be molded to study these ratios in the 21 
form of temperature changes, which would further signify the evolution of earth based on the study 22 
that temperature changes with the change in isotopic ratios. This paper will collect these distinct 23 
studies and embed them into an upgraded quantum genetic algorithm called Quantum Genetic 24 
Terrain Algorithm or Quantum GTA. 25 
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1. Introduction 28 
The evolution of human beings has been a long-studied material and the regular changes have 29 

been taking place in the study still the technology lacks to determine the complexity of human 30 
genetics that would not fulfill the desires of humans to know it properly. But after the use of the 31 
genetic algorithm that works on Charles Darwin’s theory of survival of the fittest the unbelievable 32 
results were founded. This algorithm not only helped in a better understanding of the previously 33 
founded disease but also helped learn new diseases. The great work of John Holland had flagged 34 
across the globe in distinct forms from making new medicines to determining the exact genetic 35 
disorder in patients. 36 

Such large-scale use of human genetic algorithm also shows the evolution of humans from 37 
generation to generation and how the living organism evolves. But this could not be limited here this 38 
can also be inferred from these descriptions that we can also seek the evolution of the environment 39 
in which that living being grew. This could be another face of genetic algorithm for the indirect study 40 
of the evolution of the environment. 41 
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These methods discovered above have been used since the discovery of the genetic algorithm 42 
and being continuously used to determine human genetic evolution environment evolution etc. but 43 
this paper is meant to direct the study of earth's evolution using genetic algorithm in a new form. 44 

This introduction has three different and distinct fields of studies that will converge at many 45 
points which will be described after the description of the fields that are used here. 46 
1. A great gratitude to the works of [1–3] which motivated us to use the idea of using isotopic 47 

fractionation in this paper. Isotopic fractionation, in general, describes the process that affects 48 
the relative abundance of isotopes. It is defined as the relative partitioning of the heavier and 49 
lighter isotopes between two coexisting phases in a natural system. The past references suggest 50 
the use of Rb-Sr, Sm-Nd etc. to study the modeling of earth in different channels. 51 

2. Temperature change with the change in isotopic ratios—The work of [4] suggests that the usage 52 
of change in Rb-Sr ratio constraints helps in the study of temperature changes over a large 53 
period. There work motivated us to derive the idea that change in isotopic ratios is the key role 54 
of the depiction of temperature changes. Thus, the paper will use the idea that the isotopic ratio 55 
changes could be modeled and temperature changes could be derived from it. Further, this will 56 
help to study the evolution of earth based on temperature changes.  57 

3. Quantum genetic algorithm—Classical genetic algorithm has been a long-studied since Holland 58 
founded it. The paper [5] clearly stated that the procedures of algorithm can be lifted from 59 
genetics and applied to a variety of problems involving control and decision. After the 60 
introduction of quantum computing the genetic algorithm evolved further over classical 61 
counterparts. Also, the mutation and crossover operators for the quantum genetic algorithm 62 
have been developed [6] and evolved to get better results. The quadratic speedup achieved on 63 
this has boost up of quantum GA rather than classical GA. 64 
In this paper, a brief overview is presented on Quantum GTA. The outline of this paper is 65 

divided into five sections. Section-1 is a basic Introduction for the structure of the genetic algorithm 66 
to study the temperature evolution of earth. For this, the paper recommends the use of Rb-Sr or Sm-67 
Nd ratio to study the changes in temperature of earth. Different literature content is comprised in this 68 
session to demonstrate how the isotopic ratios of Rb-Sr can and Nd-Sm can be used to study the 69 
mantle, atmosphere, and metasomatism of mantle. These ratios are used to study the isotopic 70 
evolution of earth model. From the literature content, it is derived that some isotopic ratio moves 71 
from mantle to atmosphere by volcanic eruptions and mantle to lithosphere through gaps thus 72 
exchanging isotopic ratios and this change in isotopic ratio is the function of temperature. In Section 73 
2 we define the methodology to implement this proposed algorithm. This section explains the usage 74 
of 5 keys of GA molded as Q-GTA which defines genome and chromosome for Q-GTA. Methodology 75 
also inscribes the Q-GTA algorithm, which is quite similar to GA with the evolution of some steps 76 
and new definitions. The objective of the paper is not the quantum or classical implications of our 77 
genetic terrain algorithm but towards the development of GTA itself. The previously recorded 78 
methods can be used to imply it in the quantum aspect or the classical aspect. 79 

Section 3 shows the result steps and some observations by different isotopic ratios of Sr for 80 
mutation in a single channel. As the proper data from isotopic geochemistry that fulfills the needs of 81 
the algorithm is not available there is no result description of crossover among the channels. This 82 
section clearly states that various ratios are responsible for the evolution of earth not limited to Sm-83 
Nd or Rb-Sr. For the calculation of other parameters, the fitness function used here is the simplest 84 
form of the fitness function which can never be rigid for us also the anchor cannot be rigid it may 85 
vary according to the needs and cognitive approach. Section 4 shows the conclusion and Section 5 86 
shows the future work. These sections speak out clearly that there is a lot more to be embroidered in 87 
Q-GTA and the use of D/H ratios [7] to study planetary evolutions of different planets. 88 
  89 
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2. Methodology 90 
The methodology of this proposed algorithm contains several parameters: population, fitness 91 

function, mutation, and crossover. These parameters decide the selection of chromosomes or next 92 
generation. The temperature variation is dependent on the parameters Mutation and Crossover. 93 
Thus, we would study these parameters in respect to each other giving the changes in the ratios in 94 
the same channel and among the channels. We will now modify the steps of the quantum genetic 95 
algorithm at each stage to suit or needs.  96 
1. Population—Population is created using chromosomes. Chromosome is a collection of genomes. 97 

Genomes here are the isotopic ratios of Rb/Sr and Nd/Sm. Population is the ratios from different 98 
channels  99 

2. Selection—The selection of different reservoirs of these ratios is sample collection from different 100 
areas within a channel. 101 

3. Fitness—Fitness function is the corresponding value of errors. This corresponding error is the 102 
errors in measurement we can have corresponding values of errors as fitness value. 103 

4. Crossover—Crossover function is the function that shows the relation of isotopes moves from 104 
one channel to another channel 105 

5. Termination—termination condition is the condition of terminate the algorithm. If the ratios are 106 
near to present ratios then the algorithm will terminate. 107 
We will count the generations it took to get the present ratios means that the ratios changed in 108 

this particular period is the second option to check if the results are correct or not. The flowchart is 109 
represented as a Figure 1. This figure shows the process for computing the temperature variation 110 
using isotopic ratios in the form of chromosomes.  111 

Key points of the algorithm: 112 
1. Gene is the basic unit of the Q-GTA, Gene depicts the isotopic ratio of a channel at a particular 113 

site. So, we will have a pool of genes from different sites and different channels. 114 
2. These genomes of different sites and a single channel are collected to make a chromosome. 115 
3. Initialization of the population is paradoxically random, i.e., the population initialization is 116 

random for a single channel but among the channel. It is filtered chromosomes i.e., each 117 
chromosome belongs to a single channel. 118 

4. Fitness is calculated by calculating the difference in the ratio of the current generation and next 119 
generation ratio. Fitness rank is given to each chromosome which is stored in another array. 120 

5. Mutation is the change in ratio in same channel as in mantle or lithosphere or atmosphere due 121 
to temperature change or other factors. 122 

6. Crossover is the change in ratio due to the movement of isotopes from one channel to another 123 
channel. 124 

7. Generation period is fixed. For example, 10 years = 1 generation and if the process is repeated 125 
five times, we need past 50 years ratio and could predict the future ratio. We can also call off the 126 
algorithm(terminate) if sufficient previous values are not available because it only decrements 127 
the predictivity of results. 128 

8. We forked the algorithm into two let us call them C and M, where C part goes to mutation in 129 
chromosomes and M goes for Crossover among the chromosomes. 130 

9. These c and m are classified as C1, C2, C3, …, Cn mutated chromosomes and M1, M2, M3, …, 131 
Mn crossover chromosomes. 132 

10. Further, we will find the fittest chromosome in C and M and labeled those chromosomes as CF 133 
and MF. 134 

11. Fittest chromosome is the chromosome who is the most similar to the next generation ratio. 135 
12. We will count the generations till we get the minimum error or say optimized results to predict 136 

future ratio of the next few generations. 137 
13. The final step is the usage of CPFT model that is cognitive prediction of future temperature. This 138 
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model will relate our isotopic ratio changes and deliver us the change in the temperature in the 139 
near future of our globe.  140 

 141 
Figure 1. Proposed Flow chart for Quantum GTA. 142 

  143 
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Algorithm 1 144 

BEGIN 145 
A. Generation  0 146 
B. Initialize pool genes as past ratio 147 
C. Procedure chromosome formation (gene, channel, chromosome) 148 

a. If ‘i’ less than ‘n’ then 149 
b. End if 150 
c. If gene[i].Random()  channel == gene[j].Random channel then 151 
d. Chromosome  gene 152 
e. End if 153 
f. End procedure 154 

D. If temp changes then 155 
a. Mutation  Δ chromosome Ratio 156 
b. CF [fittest mutated chromosome]  chromosome – Δ chromosome 157 
c. End if 158 

E. If movement of isotopes then 159 
a. Crossover Δ chromosome Ratio 160 
b. MF [fittest crossover chromosome]  chromosome – Δ chromosome 161 
c. End if 162 

F. Steps D.b and E.b forms fittest chromosomes 163 
G. Increment generation and go to step b till Generation not equals Present Generation 164 
H. CPFT (Cognitive Prediction of Future Temperature) 165 

END 166 

3. Results 167 
The results are obtained by using the proposed algorithm. This result is manually calculated by 168 

using different ratios of Sr. This Sr ratio is taken from [12]. The obtained results are represented for 169 
mutation as chromosomes.  170 

FOR MUTATION 171 

 172 
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 173 

*Gen 1—starting generation 174 
*Gen 2—second generation from start 175 
*Anchor value—here we simply use difference as anchor value. Anchor value is a value that 176 
calculates the difference between the two generations. We can use different functions to calculate 177 
anchor value. 178 
*Expected mutation—it is simply the next expected value by subtracting the anchor value from next 179 
generation value. 180 
*Fitness value—here we calculated simple percentage error. The fitness function can be changed to 181 
calculate a more accurate value. 182 

4. Conclusions 183 
The Q-GTA purposes an idea to seek generation diversity to ping the future prediction. It 184 

generates a purely different set of rules for the 5 pillars of GA. These pillars are molded in the form 185 
of isotopic ratios and thus gives the idea about variations in this. The algorithm also suggests that 186 
higher the number of generations better could be the prediction. The generation size must also be 187 
large to study significant change in the ratios. As per the original idea of the J. Holland these blocks 188 
involve determining rule interaction and control sequencing. Also there are no changes needed to 189 
make into the practical data from isotopic geochemistry but further prediction is purely a cognitive 190 
model. The Q-GTA still uses the survival of the fittest to study the evolution of earth. 191 

5. Future Work 192 
Future work on it can be the finding of common isotopic ratios (D/H ratios) [7] to study the 193 

evolution of different planets. Also, the CPMT model is not developed yet to predict the temperature. 194 
The future availability of proper data set i.e., the isotopic ratios of different channels at same duration 195 
could help us explain the crossover part of this algorithm. Development of fitness function also is the 196 
important part of future work as the prediction could be more accurate with the help of it. Q-GTA 197 
will surely help geologists to study the trends of nature whether they by default organizes themselves 198 
in the survival of fittest or not. The nature trends could also help us predict natural calamities and 199 
disorders. This is the first ever milestone of the Q-GTA algorithm and thus it needs to cover several 200 
more in various fields. 201 
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