CS 450: Numerical Anlaysis

Chapter 1 - Scientific Computing
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What is Numerical Analysis?
» Numerical Problems:
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Example: Mechanics'

» Newton’s laws provide incomplete particle-centric picture

» Physical systems can be described in terms of degrees of freedom (DoFs)

» A piston moving up and down requires | DoFs
» 1-particle system requires 3 DoFs
» 2-particle system requires 4 DoFs

» 2-particles at a fixed distance requireg S DoFs

» N-particle system configuration described by 3N DoFs
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"Variational Principles of Mechanics, Cornelius Lanczos, Dover Books on Physics, 1949.



Scientific Computing Applications and Context

» Mathematical Modelling for Computational Science

wna,:’nuu.; ~ contl 97,(14,,“( (/,acn'l.ul A?,')-n
Ladbgy SON A

» Linear Algebra and Computation
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Sources of Error
» Representation of Numbers:
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» Propagated Data Error: | '“fw,
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» Computational Error = f(z) — f(z) = Truncation Error + Rounding Error
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Error Analysis

» Forward Error:
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Conditioning

» Absolute Condition Number:
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Posedness and Conditioning

» What is the condition number of an ill-posed problem?
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Stability and Accuracy

» Accuracy:
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» Stability:
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