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ê1´L¤��z¡·¦L �¥3¨ ¤RÉL -«��k���3�z�z V�z¡¢£��i¤�¡z¥�¦0ª�¬VÉL �¹� 

V2

qi qj
= ~~

{V(qi + ∆qi) - 2V(qi) +

V(qi - ∆qi)}/{∆qi}

V2

qi2
= ~~

{V(qi + ∆qi,qj + ∆qj) -
{V(qi + ∆qi,qj - ∆qj) +
{V(qi - ∆qi,qj + ∆qj) +
{V(qi - ∆qi,qj - ∆qj)}/
{4∆qi∆qj}

V(qi +/- ∆qi)  
V(qi +/- ∆qi,qj +/- ∆qj)V(qi)

1 2 3 7 8 9 19

The elements of the force 
constant matrix F are 
approximated by numerical 
second derivatives. The function 
evaluations are distributed 
across 19 processors.

F = {  }

2

á



ê1´L¤��¢¡·¦L �¥3¨�¤HÉL 1¬V¥�¹D«�´L¤R�3¤�¡z¥�¦Ø¥3¨�¤HÉL 1ÓL¡çÙ����3¤�¡z¥�¦��3�ü¨¸�� V³T´L �¦L¬V¡z Vª

{  }

The function evaluations from the 19 
processors are combined to determine
the F matrix elements. 

1 2 3 7 8 9 19

= F 
Fill F by 
symmetry

diagonalize

ω1
ω2

ω3

The ωi are the 
vibrational frequencies
that we seek.

{  } {  }
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