	Abstract
	Preface
	List of symbols
	List of Abbreviations
	Introduction
	Literature Review
	Navier-Stokes Equations
	Turbulence and Modeling
	Direct Numerical Simulation: DNS
	Large Eddy Simulations: LES
	Reynolds Averaged Navier Stokes: RANS

	Turbulence models for RANS
	Eddy Viscosity Hypothesis
	Prandtl Mixing length models
	Zero- and One- Equation Models
	Two-Equation Models

	Reynolds Stress Models: RSM's

	Comparison of RANS models
	Limitations of RANS modeling
	Other Methodologies
	Uncertainty Quantification
	Data Driven Turbulence Modeling
	Bayesian Optimization
	Applications of Machine Learning
	Neural Networks
	Random Forest
	Physics Informed Machine Learning
	Sparse Regression of Turbulent Stress Anisotropy
	Evolutionary Algorithms: Gene Expression & Genetic Programming
	A posteriori analysis - Gene Expression Programming
	Kolmogorov-Arnold Networks

	Review and Analysis of Genetic Programming Methods and Applications
	Review of Applications of KANs

	Research Questions

	Methodology
	Working of Genetic Programming
	Gradient Optimized Genetic Programming
	Gradient based optimization methods
	Trust Region Method
	L-BFGS optimization
	Levenberg-Marquardt Method
	Adam: Adaptive Moment Estimation


	Working of Kolmogorov-Arnold Networks
	Algorithm development procedure
	Frozen (A priori) Model development
	CFD cases
	Turbulent Production and RST modeling

	A posteriori Model Development

	Preliminary Results of GP & KANs
	Preliminary Testing of Genetic Programming
	Initial Testing of GP with author defined problems
	Terminal Optimization
	Operator Optimization
	Conclusions from testing with author-defined problems

	Benchmark Testing - phase I
	Dataset - 1: 210_cloud
	Dataset - 2: 537_houses
	Dataset - 3: 344_mv
	Conclusions - Benchmark Testing Phase I

	Benchmark Testing - phase II
	Dataset - 1: 210_cloud
	Dataset - 2: 344_mv
	Conclusions - Benchmark Testing Phase II


	Preliminary Testing of Kolmogorov Arnold Networks
	Function 1
	[2, 5, 1] Network
	[2, 5, 5, 1] Network

	Function 2
	[2, 5, 1] Network
	[2, 5, 5, 1] Network

	Function 3
	[4, 3, 3, 1] Network
	[4, 3, 1] Network
	Pruned Inputs - [4, 3, 1] Network

	Function 4
	Conclusions - Preliminary KANs testing


	A priori CFD Results
	Genetic Programming with gradient descent for PH - 
	Optimization - I
	Optimization - II

	Kolmogorov Arnold Networks for PH - 
	Least Squares comparison
	Periodic Hill Testing
	Turbulent Production
	Reynolds Stress Tensor

	Square Duct Testing
	Turbulent Production
	Reynolds Stress Tensor

	Performance Comparison
	A priori Conclusions

	A posteriori CFD Results
	Initial a posteriori testing
	Results of Initial a posteriori

	Regularization Analysis
	Final a posteriori training and testing
	Training Case

	Testing Cases
	A posteriori Conclusions

	Conclusion
	Recommendations
	References
	Methodology
	Tournament Selection Algorithm
	Illustration of control points, B-splines and basis functions
	Adopted TBNN concept
	Apriori CFD setups
	Apriori CFD Modeling

	Preliminary Results
	Terminal Optimization - RMSE & Training R2
	Function 1 - f1(x1, x2)
	Function 2 - f2(x1, x2)
	Function 3 - f3(x1, x2)

	Operator Optimization - Training R2
	Function 1 - f1(x1, x2)
	Function 2 - f2(x1, x2)
	Function 3 - f3(x1, x2)

	Benchmark Testing - Phase I
	Dataset 1: Median RMSE, Training R2, Average Function Count & CPU Time
	Dataset 2: Median RMSE, Training R2, Average Function Count & CPU Time
	Dataset 3: Median RMSE, Training R2, Average Function Count & CPU Time

	Benchmark Testing - phase II
	Dataset 1: Median RMSE, Training R2 & Average Function Count
	Dataset 2: Median RMSE, Training R2 & Average Function Count

	Preliminary Testing of Kolmogorov Arnold Networks
	Optimizer Parameters
	Symbolic Formula of Function 1
	Symbolic Formula of Function 2
	Symbolic Formula of Function 3
	Function 4


	A priori CFD additional Results
	Genetic Programming with gradient descent for PH - 
	Median Plots
	Logarithmic Plots

	Genetic Programming with gradient descent and combined optimization - 
	Analysis of quantities with respect to function calls

	KANs for PH - 
	Mutual Information Values
	Completed Function Set for SD
	Mathematical Representation of Individuals and Overall Correlations
	kdeficit PH
	bij PH
	kdeficit SD
	bij SD


	A posteriori CFD additional Data
	Initial a posteriori
	Final a posteriori - training and testing
	Training Case
	Testing Case



