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3.  

 (geophysical fluid dynamics)  Navier-Stokes, 
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 (spectral methods - SM), 

.

 (finite element methods - FEM), 

 ( ) .

, , 

.



7/24

, , -177

3.1   HIRLAM
 HIRLAM (High Resolution Limited Area Model) 
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 "Shallow Water Model".

Shallow Water Model
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Subgrid Processes

. 

 time step, 

 gridpoint. 

.

 " " 

. 

 "parameterization assumption",  subgrid processes 

,  gridpoint, 

.  subgrid processes 

.

 subgrid processes 

HIRLAM . , 

 " "  (DYN)  subgrid

processes  " "  (PHYS).  DYN 

30% ,  PHYS 

 (57.7%).

Program HIRLAM ;

Read data ;

Initialization ;

For each time step

DYN ;  {dynamical part}

PHYS ;  {physics part}

6 hourly input of new boundary data

End For ;

Output results.

HIRLAM ,  DYN  (gridpoints) 

,  PHYS . 
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 (data-parallel) 
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3.2  

 HIRLAM .
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 DYN. ,

 (FDM, SM, FEM) 

 Eulerian (explicit, semi-implicit), spectral  semi-

Lagrangian .

Explicit Eulerian
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 (implicit) 
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semi-implicit  (explicit) 
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 Euler , 

 time step,  time step 
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Spectral

 Euler, ,

. 
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 Fast Fourier Transformations 
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.  spectral  seim-implicit

Eulerian .

 ( )  FFT 

 (integration area + boundary relaxation zone)  25%

(10%  )   (extension  zone).  
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,  FFT 

 super-linear ,
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.
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 implicit ). 
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 HIRLAM   ( )  

 Fortran-77. 

, 

.

. 

, 

. 

, 

. 

, 

 ( ).

4.2  

, 

 2-D . 
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(blocked)  (scattered).

 blocked 

.  gridpoints 

 ( ). ,  scattered , 

 gridpoint .

,  gridpoints .
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: (a) blocked, (b) scattered.

gridpoints . , 

,  scattered 

 blocked
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. 
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4.3  

 SIMD (MasPar MP-x) 

 MIMD (Cray T3D), 

. 

 SIMD  data-parallel ,  MIMD

 (work sharing) .

 SIMD 

 MP-1  MP-2, 

. 

 gridpoints. ,  MIMD 

 Cray T3D, . 

, , 
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 (compiler directives) 

. 

, 

. ,  Cray T3D
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4.4   (Sub-Domain Splitting)

,  MIMD 
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 sub-domain splitting.
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buffering ,  extension zone

 SM .
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 overhead 
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MPI. 

 (message passing) , .

, 
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 shared memory management (Cray T3D), 

. 

 (put)  (get),  cache

invalidation, 

. 
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