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 HIRLAM

 ETA (SKIRON)

 ANNs

 Chaos Dynamics

 Expert Systems
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;"
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 (circulation models)

General Circulation Model Equations (Navier-Stokes prim.eq.):
du
dt

uv
fv

p
F

tan
cos

( )
1

1 (momentum equation)

dv
dt

u
fu

p
F

2 1
2

tan
( ) (momentum equation)

p
z

g ( )3 (hydrostatic equation)

1
0 4

cos
( cos )
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u v w

z
(continuity equation)

( , ,...) (5)T p (equation of state)

dT
dt

f T( ,...) ( )6 (thermodynamic equation)

d
dt t

u v
w

z
D

cos
( )

 + 

 (cloud physics)

. (10) - (1000) km 1 day - 1 year

. (100) - (1000) km 1 week - 1 century

FDM - Finite difference methods

SM - Spectral methods

FEM - Finite element methods
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HIRLAM - High Resolution Limited Area Model

HIRLAM Circulation Model Equations:
u
t

f v
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cos
ln

cos
( ) ( )

1
1

v
t

f u
v R T p

E P Kd v
v v( )

ln
( ) ( )

1
2

R T
p

pd v ( )3

T
t

u T v T T T
q p

P Kv
T Tcos ( ( ) )
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(5) (moisture eq.)

p
t

v
p p

h 0 6( )

1 1
2

2 2

cos
[cos ] , ( )

v
u E u v D

Discrete HIRLAM model

 " " (gridpoints)

 ( )

Shallow water model

 (1-layer) 

.

 3  1 .

 benchmark .
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Subgrid processes

 gridpoint Dx

 Dt

: "Parameterization assumption"

 ( ) 



6/16

, , -177

 Dynamics (DYN): time step solving (30%) .

 Physical (PHYS): subgrid processes (70%) .

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.

 " "

 PHYS,  DYN

 3D-plane  2D-grid (stacked)

E

Explicit Eurelian

 Euler 

 time step.

 time step (gravity waves)

Semi-implicit Eulerian

-)  Euler 

 time step.
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 time step  explicit  (x5)

 (Helmholtz eq. set solver)

Spectral: 

 Fourier (parallel FFT): gridpoints frequencies

 Fourier: frequencies gridpoints

 explicit,  semi-implicit

 & 

 ( )

 ( 2  gridpoints)

 parallel FFTs

Semi-Lagrangian
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: 

 gridpoints.

 &  (  gridpoints)

 time step  implicit 

 time step (x3)  Eulerian  ( )

 gridpoints

&
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 Matrix:  2D-gridspace  2D-

 Vector:  2D-gridspace 

 Blocked:  gridpoints 

 Scattered:  gridpoints 

: blocked (a)  scattered (b)

 Data-parallel: 

 Work-sharing: 

Sequential code Data-parallel code Work-sharing code

   DO 10 J=2,N-2

     DO 20 I=2,M-2

       B(I,J)=(A(I+1,J)-A(I,J))

  +             *(A(I,J+1)-A(I,J))

20   CONTINUE

10 CONTINUE

   B(2:M-2,2:N-2)=(A(3:M-1,2:N-2)

  +                -A(2:M-2,2:M-2)

  +                *(A(2:M-2,3:N-1)

  +                -A(2:N-2,2:N-2))

CDIR$DOSHARED (J,I) ON B(I,J)

    DO J=2,N-2

        DO I=2,M-2

            B(I,J)=(A(I+1,J)-A(I,J)

   +                 *(A(I,J+1)-A(I,J))

        END DO

    END DO

 (Sub-Domain Splitting)
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 MIMD

 PE (MIMD)

 &  ( ) 

 data-parallel (SIMD) 

Explicit Message Passing

: blocked send/receive message passing (PVM)

 overhead  (  handshake)

: shared memory management (Cray T3D)

 overhead  'put' (  cache invalidate)

 (Cray T3D)
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CRAY T3D (64 PEs): vector (1D), blocked & scattered data decomp.

CRAY T3D (64 PEs): matrix (2D), blocked & scattered data decomp.
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MP-1 MasPar (1K PEs): vector (1D), blocked & scattered data decomp.

MP-1 MasPar (1K PEs): matrix (2D), blocked & scattered data decomp.
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CRAY T3D (64 PEs): sub-domain splitting (upper bound & measured)

CRAY T3D (64 PEs): PVM & shared memory explicit communications
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MasPar MP-1: SIMD array machine

PE-Array: 1K to 16K PEs, each 16K to 64K RAM, 32/64-bit FPU

Array Control Unit (ACU): scalar RISC CPU, 12 MIPS

Data Parallel Unit (DPU): front-end typical workstation (Dec 5000)

Peak Performance for full 16K system: 26K MIPS, 1200/550 MFLOPS.

Communications: Xnet, Router.

MasPar MP-2: SIMD array machine

PE-Array: 1K to 16K PEs (32-bit), each 16K to 64K RAM, 32/64-bit FPU

Peak Performance for full 16K system: 68K MIPS, 6300/2400 MFLOPS.

Cray T3D: MIMD scalable machine (multi-computer)

PE pool: 32 to 2048 PEs in 3D torus (DEC-21064 Alpha CPU), 64-bit FPU.

Peak Performance per PE: 150 MFLOPS

Peak Performance (total): 4.8 (32 PEs) to 300 (2048 PEs) GFLOPS.

Communications: physically distributed, logically shared memory.

 (Fortran77) 

 Fortran90.

.

 compilers 

.

.
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 NWF (HIRLAM)

,  SIMD (data-parallel)  MIMD (work-

sharing), .

 semi-implicit Eulerian FDM, spectral (SM).

 data .

.

 Spectral

, .

 parallel FFTs.

 Semi-implicit

 (  SM)

 SM.

 Multi-computer (Cray T3D) 

 sequential & parallel code.

.

 Massively Parallel (MP-x) 

.

 ( ).

 & 

 ( ).

 ( ).

 compilers (directives, overheads).

.
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