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Abstract

In this paper, we describe a massively parallel programming language V and its application to descrip-
tion of parallel image processing algorithms. V is designed so as to be independent from target machine
architectures as much as possible, and to provide a framework for programmers to describe a wide variety of
parallel algorithms easily. V is based on the functional language framework and augmented by introducing
the idea of the parallel object-oriented system. Here, we show the outline of the language by using several
examples and its effectiveness for the description of parallel image processing algorithms.
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{export out: integer}
={for (v,count,n,s,e,w)
init (val,0,N,S,E,W)
until(count>=M) return(v) do
recur (next, count+1, tail (n), tail (s), tail (e),
tail(w))
{ where
next =
(head (n)+head (s) +head (e) +head (w) ) /5,
I=put (out, v)} ;
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field Average(average) (val) (i:n, j:n) on mesh
{ foreach (i) in 1..n do
if i=1 then
foreach (j) in 1..n do
if j=1 then
link (ex1@[1, 11, ¢ch1@[n, 11, ch2@[1, 2],
ch3@[2, 11, ch4@[1,n])
elsif j=n then
link (ex1@[1,n],ch1@[n,n], ch2@[1, 1],
ch3@[2,n], chd@[1,n-11)
else
link (ex1@[1, j1,ch1@[n, j1,ch2@[1, j+1],
ch3ef2, j1,ch4@[1, j-11)
elsif i=n then
foreach (j) in 1..n do
if j=1 then
link (ex1@[n, 1], ch1@[n-1, 11, ch2@[n, 2],
ch3@[1, 11, ch4@fn,n])
elsif j=n then
link (ex1@[n,n], ch1@[n-1,n], ch2@[n, 1],
- ch3@[1,n],ch4@[n,n-1])
else
link(ex1@[n, j], ch1@[n-1, j1,ch2@[n, j+11,
ch3@[1, j1, ch4@[n, j-1])
else
foreach (j) in 1..n do
if j=1 then
link (ex1@[i, j],ch1@[i-1,11, ch2@li, 2],
ch3efli+1,1],chd@[i,n])
elsif j=n then
link(ex1@[i,n],chi@[i-1,n],ch2@[i, 1],
ch3@[i+1,n], cha@[i,n-11)
else
Vink (ex1@[i, j1,ch18[i-1, j1,ch2@[i, j+1],
ch3@li+1,j],ch4eli, j-11)
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agent smooth()
{channel C, N, S, W, E, NW, NE, SW, SE: integer}
{export RESULT, OUT: integer}
— C:HEE (71— FaA»SANTS)
— ZOM: AR §EENE (71 —IVERDARN)
— OUT:BEFRFEEICAMT B 20D HK— b
— RESULT: MERERDE (7 1 =V FOHNEH T 3)
= {for {c, n, s, w, e, nw, ne, sw, se)
init (C, N, S, W, E, NW, NE, SW, SE)
until (error_occurs()) return(error_code())
do recur(tail(c), tail(n), ......... )
where
result = — HBREZEDE
I=put (result, RESULT),
— BRET—ILRDOHA
I=put (head(c), OUT)
— BEFROEEIEEA

— Iy Ui ODagent HEDESRE
agent edge()
{channel C, N, S, W, E, NW, NE, SW, SE: integer}
{export RESULT, OUT: integer}
= |for (c, n, s, w, e, nw, ne, sw, se)
init (C, N, S, W, E, NW, NE, SW, SE)
until(error_occurs()) return(error_code())

do recur(tail(c),tail(n), ......... )
where
result = — T v JVBREDE

!=put (result, RESULT),
— BRET 1 - FDAA
I=put (head (c), OUT)

— BHEZROEEEE~
}

— BWERENT 1 -V FER
field SMOOTH (smooth)
{channel input: integer}
{export output: integer}
(i:n, j:n) on mesh
= for each (i,j) in ([1..n],[1..n]) do
link(input[i, j1, chieli.jl)
link (ex1@[i. j], output[i.jl)

— AverageDEE (FiN—) &Rt

— Iy VRHEOT -V KESH

field EDGE (edge)

{channel input: integer}

{export output: integer}
(itn, j:n) on mesh

— fieldDER EfEE
Smooth = organize (SMOOTH),
— HERET— NV FDER
Edge = organize(EDGE),
— Iy PHRHT L RDER
concatenate (output@amera, input@mooth),
— DASOHAEHEBRRET « — IV FEHS
concatenate (output@mooth, input@dge),
— ¥EREL Iy URHERS
concatenate (output@dge, input@isplay)
— Iy VRHET s AT L1 2 #E
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function smooth(c, n, s, w, e, nw, ne, sw,
se. integer)
return(integer)
=(C+N+S+W+e+nw+ne+sw+se/9

smooth_image: field = Mask3x3(smooth)

function smooth_real(c, n, s, w, e, nw, ne,
sw, se: real)
return(real)
=(C+nN+S+W+e+NW+ne+sw+ se)/9
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