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3- Algebraic Multi-Grid pre-conditioned Conjugate

Gradient
4- Aggregation based algebraic Multi-Grid
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3- Conjugate Gradients Squared Method +Sparse
Incomplete LU Factorization

4- Generalized Minimum Residual Method+Sparse
Incomplete LU Factorization

5- Biconjugate Gradients Method+Sparse Incomplete
LU Factorization

6- Quasi-Minimal Residual Method+Sparse Incomplete
LU Factorization

7- Preconditioned Conjugate Gradients Method
+Cholesky
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1- Global Gradient Algorithm
2- Stieltjes
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1- Conjugate Gradients Squared Method +Sparse
Incomplete LU Factorization

2- Generalized Minimum Residual Method+Sparse
Incomplete LU Factorization

3- Biconjugate Gradients Method+Sparse Incomplete
LU Factorization

4- Quasi-Minimal Residual Method+Sparse Incomplete
LU Factorization

5- Preconditioned Conjugate Gradients Method
+Cholesky

6- Algebraic Multi-Grid +Conjugate Gradients Method
7- Aggregation Based Algebraic Multi-Grid Method
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Abstract

The gradient-based algorithms are widely used for hydraulic analysis of pipe networks. Solving system of
linear equations has the most computational cost in the gradient-based methods particularly for large networks
with more than hundreds of variables. The Jacobian matrix form in the gradient-based methods is square and
banded. Elements of this matrix are function of flow rate and hydraulic resistance of pipe. The sparse Cholesky
method with node reordering is commonly applied for solving system of linear equations in the EPANET and
WATERGEMS softwares. As an alternative, the Jacobian matrix can be solved using the Multi-Grid method.
This paper studies the application of pre-conditioner methods such as AMG-CG and AGMG for solving the
Jacobian matrix and compares its results with other iterative and direct solvers. According to the results, AGMG
demonstrates better performance than AMG-CG in all studied cases and it is the best method for solving system
of linear equations in hydraulic analysis of huge pipe networks.
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