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Solution of Algebraic Equations

• Systems of linear equations
• Direct method

– Gauss elimination
– Doolittle and Crout method
– Modified Cholesky method

• Iterative method
– Jacobi method and Gauss-Seidel method
– Steepest descent method and Conjugate Gradient method
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Solution Method

• Direct method
– Unconditionally solve

• Iterative method
– Appropriate for large-scale problem
– Initial value assumption, Ill-conditioned matrix
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Direct Method

• Gauss elimination
• Doolittle-Crout method
• Cholesky method
• Modified Cholesky method
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Gauss Elimination: Forward Reduction
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Gauss Elimination: Backward Substitution
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Example 1
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Doolittle-Crout Method
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Cholesky Method
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Modified Cholesky Method
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Example 2
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Iterative Method

• Jacobi method
• Gauss-Seidel method
• SOR (Successive Over-Reduction) method
• Steepest descent method
• CG (Conjugate Gradient) method
• PCG (Preconditioned Conjugate Gradient) method
• ICCG (Incomplete Cholesky Conjugate Gradient) method
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Jacobi  Gauss-Seidel  SOR
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Example 3

• Jacobi method

• Gauss-Seidel method
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iter 0 1 2 3 4 5

x1 0 1.5 0.95 1.025 0.9975 1.0010

x2 0 2.2 1.90 2.010 1.9950 2.0005

iter 0 1 2 3 4 5

x1 0 1.5 1.025 1.001 1.0001 1.000025

x2 - 1.9 1.995 1.998 1.9999 1.999995
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Steepest Decent  Conjugate Gradient

• Fast convergence, less memory
– PCC(Preconditioned Conjugate Gradient) method
– ICCG(Incomplete Cholesky Conjugate Gradient) method

• Advantage for parallel computing
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Example 4
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