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Chebyshev Acceleration Method
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 Discretization would lead to A  
Eigenvalue of the diff. eqn. being 

     the same as that of matrix equation



 Example of Large Dominance Ratio Cases (Causing Slow Convergence of Power Method)

 Consider an eigenvalue problem in 1-D particle diffusion

 Diffusion problems for large domain have large dominance ratio

 Slow convergence of power method
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Properties of Chebyshev Polynomial (1/2)
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Properties of Chebyshev Polynomial (2/2)
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Significance of Chebyshev Polynomial (1/2)

coefficient of the m -th order term  being  

 Am ong the various norm alized polynom ials of order m   

    ( ),

    norm alized sm allest m axim umC hebyshev Polynom ial has the  in [-1,1].
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 Assume there is a polynomial of order m

 D efine ( ) ( ) ( )  w hich becom es an (m -1)th order function( )
m

mT

m m
E x x p x x cancelled  

 Am ong the (m +1) m axim al points,   ( )  is   at the odd num bered pointspositive

negative

 

   from  the right ( 1) w hereas  at even n um bered points  Assum ption.

m
E x

x



 

 T his m eans ( )  has m  zeros, or m -th orde r polynom ial w hich is a contradiction.  
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Significance of Chebyshev Polynomial (2/2)
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 O ther interpretation: Am ong the various  polynom ials of order m  

   passing through (1+a,b) (a,b>0), 

   C hebyshev Polynom ial has the sm allest  m axim a in [-1,1].  

   And the m axim a is 1.0.



 P roof

 U nder the sam e assum ption as the above, 

   E (x) has m  zeros in  [-1,1] 

   since there are m +1 alternating m axim a, 

   and one m ore zero at 1+a 

   leading to  a total m +1 zeros. 
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Chebyshev Acceleration Method
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 Single Parameter Method

 T w o Param eter M ethod

 Extrapolation using two previous iterates

 Extrapolation of eigenvector using the current estimate 

   by power method and the previous iterate



 The extrapolation parameter is the single parameter and it is iteration depe t nden
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Two Parameter Chebyshev Acceleration (1/4)
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 Drawback's of Single Parameter Method

 The polynomial order (K) is preset

 The extrapolation parameter becomes very large for large K  

    too much extrapolation
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Two Parameter Chebyshev Acceleration (2/4)
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Two Parameter Chebyshev Acceleration (3/4)
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Two Parameter Chebyshev Acceleration (4/4)
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Practical Estimation of σ
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Error Reduction at l-th step of chebyshev (1/4)
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Error Reduction at l-th step of chebyshev (2/4)
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Error Reduction at l-th step of chebyshev (3/4)
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Error Reduction at l-th step of chebyshev (4/4)
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Chebyshev Acceleration Logic (1/3)

 Chebyshev Acceleration Logic
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Chebyshev Acceleration Logic (2/3)
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Chebyshev Acceleration Logic (3/3)

4. Reset cycle if neccessary
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Chebyshev for Multi Group Problem
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Eigenvalue Update with Fission Source
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Fission Source Iteration

1. Determine fission source at each node and fission source adjustment parameter 
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Loop over groups

2. Determine source at each node for the current group
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3. Solve for flux for the group

4. Sweep over groups (one sweep)

5. Upscattering sweep if necessary

6. Determine new fission source

7. Estimate new  k

8. Estimate pseudo error

9. Estimate dominance ratio

12. Monitor effectiveness of the current Cheby cycle

10. Determine extrapolation parameters

11. Do extrapolation


