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Abstract This paper deals with the representation problem of operators in two-dimen-
sional (2D) signal processing, which specifies the transformation of 2D signals in
the space domain as the ordinary picture or image signal. We first present their
representation by means of the tensor product of matrices on the basis of the fun-
damentals of operator-algebraic treatment of 2D signals established already in our
previous contributions. Using the representation, we then give a practical algo-
rithm for effectively implementing 2D signal processing operations on a SIMD multi-
processor for which identical processors obtain instructions from a single instruc-

tion stream and perform operations on multiple data streams.
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Input OQutput
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input:= F; /¥ SetinputtoF %/
for k :=1toK do
begin
SEND ( Ay , #(2k-1) )
/* Send the code Ay to the (2k-1)-th array processor * /
SEND ( By , #2k )
/* Send the code By to the 2k~th array processor */
output(k) := GO ( Ay , By, input )
/* Compute the matrix product #/
end ;
G = SUM ( output(k) ,k = 1,2, ,K);
/#* Get the sum of output(k)'s and set G to the sum * /
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Instructions to compute Eq.(4.23)
1% SEND, READ, GO, WRI{TE, SHUFFLE_ON/OFF

Pl
[~
P2 BUF SHUF HEM
K €> gy €D unT
#k
<>
—> PN
Buffer Data Memory
Shuffle Unit
Switch

Pi (i=1,2,--,N) : Processing Element

(a) SIMDw)LFTatyHilLd
T=(A, @B ) TORH

15

for k :=1to K do
begin
SHUFFLE ( #k ) OFF /# Shuffle switch off */
MEM ( #k ) =T
/* Set the k-th memory unit toT */
end ;
fork := 1toK do
begin
SEND ( By , #k )
/* Send the code By to the k~-th SIMD multiprocessor */
READ ( MEM ( #k ), buffer )
/* Read the data from the k—th memory unit to buffer */
GO ( By » buffer )
/# Compute ( I ® By ) X buffer #/
SHUFFLE ( #k ) ON /* Shuffle switch on */
WRITE ( buffer , MEM ( #k ) )
/* Write the data from buffer to the k-th memory unit */
SHUFFLE ( #k ) OFF
SEND ( Ay, #k )
READ ( MEM ( #k ), buffer )
GO ( Ay , buffer )
SHUFFLE ( #k ) ON
WRITE ( buffer , MEM ( #k ) )
SHUFFLE ( #k ) OFF
end ;
= SUM (MEM ( #k ),k =1,2,,K);
/* Get the sum of MEM ( #k )'s and set g to the sum */
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