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ICASE; GCF/KAH/SR

Stencil Methods (4) - DISTRIBUTE

Mappings:

� Red-Black mesh i. distributed (BLOCK,BLOCK) and

ii. distributed (CYCLIC,CYCLIC) on 4x4 processor grid.

1 2 3 4

1

2

3

4

1 2 3 4

1

2

3

4

i. (BLOCK,BLOCK) ii. (CYCLIC,CYCLIC)

HPF Templates for Applications, Slide: 19 August 1995
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PSI

I

J1

1

M2

M1

P1 P2 P3 P4

P1

P2

P3

P4

DECOMPOSITION 1 

D
E

C
O

M
PO

SI
T

IO
N

 2

Optimal Data Decompositions for Matrix equations in ADI

Solver (2D problem)

HPF Templates for Applications, Slide: 27 August 1995
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Full Matrix Methods: Panel Method - Ellipse

Example

� `Flying Ellipse' Example:

U

x

y

inf

wk

r jk x

ni
wj

� Ellipse in uniform incident 
ow Uinf, showing k'th panel

HPF Templates for Applications, Slide: 29 August 1995
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Full Matrix Decomposition:

BLOCK CYCLIC

Row distribution across (4) processors' memories. (Column

is similar).

Row distribution requires a distributed global test for the

pivot, whereas for column this is poorly balanced - but

requires no communication. Row requires broadcast of

partial matrix row, column requires broadcast of

multiplication factor.

HPF Templates for Applications, Slide: 31 August 1995
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Higher dimension Matrix Distribution

BLOCK CYCLIC

Cyclic row distribution provides best decomposition for both

matrix and RHS vector operations.

Column distributions are poor since a single processor is

required to work on entire RHS at all stages of back

-substitution. Mixing distributions is also possible but

REDISTRIBUTE may be costly.

HPF Templates for Applications, Slide: 32 August 1995
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Compressed Storage Format:

1 6

Compressed  vector  
representation of A

Sparse Matrix  A

row: row:

1 2 6

col :

colcol col

a a a

a a a a

a a

a a

0 0 0

0 0

0 0 0 0

a

a

11 12 15

21 22 24 26

31 33

42 44

55

66

a

a

51

62

0 0 0

0000

0

0 0 0 0

Compressed Sparse Column(CSC) representation of sparse

matrix A.

A(nz) contains the nonzero elements stored in the order of

their columns from 1 to n; row(nz) stores the row numbers

of each nonzero element; jth entry of col(n+1) points to the

�rst entry of the j'th column in A and row.

HPF Templates for Applications, Slide: 35 August 1995
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Communications for Matrix Vector Multiply (Row)

1

2

3

Procs

0 

Vector  qVector  q

Procs

Matrix  A Vector  qVector  q

Procs

Matrix  A Vector  qVector  p

11

Vector  q

0 

2

1

Procs

Vector  p

0 1 2 3

3

Communication requirements of (sparse)Matrix vector

multiplication where A is distributed in a (BLOCK, *)

fashion.

HPF Templates for Applications, Slide: 36 August 1995
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Communications for Matrix Vector Multiply (Column):

Vector  qVector  p Vector  q
(Merge of private copies)

0 1 2 3Procs

Matrix  A 

0 

1

2

3

Procs
Procs

0 1 2 3

(merge) (merge) (merge)

Communication requirements of (sparse)Matrix vector

multiplication where A is distributed in a (*, BLOCK)

fashion.

HPF Templates for Applications, Slide: 37 August 1995
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