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for(jO in 0..floor((M-2)/32))
bx[32,34,3];

// Tiling with redundancy
for(il in 0..min((N-2):32,32)+2)
for(jl in 0..min((M-2)%32,32)+2)
int 1 = i0*32+il

int j = jO*32+j1

for (c in 0..3)

bx[i1][j1l][c]=

(in[i][jllc] + in[il[j+1][c]

+ in[i][j+2][c])/3

for(il in 0..min(N-2,32))

for(jl in 0..min(M-2,32))

int i = 10*32+il

int j = jO*32+j1

for (c in 0..3)

by[il[j]I[c]=

(bx[i]1[j1lc] + bx[i+1][j][c]

+ bx[1+2][j][c])/3

for(jo in 0..floor((M-2)/32))
bx[32,34,3];

// Tiling with redundancy
for(il in ©..min((N-2):32,32)+2)
for(jl in 0..min((M-2)%32,32)+2)
int i = 10%32+il

int j = jO*32+j1

for (c in 0..3)

bx[il][j1][c]=

(in[i][j]lc] + in[i][j+1][c]

+ in[i][j+2][c])/3

for(il in 0..min(N-2,32))
for(jl in 0..min(M-2,32))

int 1 = 10*32+il

int j = jO*32+j1

for (¢ in 0..3)

by[il[jllc]l=

(bx[i][j]1lc] + bx[i+1][j][c]

+ bx[i+2]1[j1[c])/3
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// Declare the iterators i, j and c.
> Var 1i(0, N-2), 3(0, M-2), c(0, 3);
i Computation bx (i, 3, ¢), by(i, I, c);
¢ // Algorithm.
r bx(i,]J,c) = (in(i,j,c)+in(i, j+1,c)+in(i, j+2,¢))/3;
1804.10694v5 DIA 3 — // Declare the iterators i, j and c. // Declare the iterators i, j and c. % byld, Sp0) = doxii, Jp o) #he el i e) ko {142, Joa}) /306
w00t var i(0, N-2), j(0, M-2), c(8, 3); Conputation bx(k, 1. G3, byld, 3, <1
Computation bx(i, j, c), by(i, j, c); // Algorithm. - N
7/ Algorithm. bx(i,j,c) = (in(i,j,c)+in(i,j+1,c)+in(i,j+2,¢))/3;
bx(i,j,c) = (in(i,j,c)+in(i,j+1,c)+in(i,j+2,c))/3; by(i,i,c) = (bx(i,j,c)+bx(i+1,1,c)+bx(i%2,§,¢))/3);
by(i,j,c) = (bx(i,j,c)+bx(i+1,j,c)+bx(i+2,j,c))/3);
for (i in 0..N-2)
for {(j in 0..M-2)
for (c in 0..3)
bx[i1[]jl[c] = o o ‘ )
(in[i1[3]1 [cl+in[i1 [J+1] [cl+in[i] [3+21(c]) /3
for (i in 0..N-2)
for (j in 0..M-2)
for (c in 0..3)
by[il[]j1[c] =
1804.10694v5_DIA_ 4 — for (i in 0..N-2) for (i in 0..N-2) (ox[il[3]1 [cl+bx[i+11 3] [e]l+bx[i+2]1[]1lc]) /3
for (j in 0..M-2) for (e
0002 f ( 0..3)
for (c in 0..3) Q[nﬁ?h1= , ;
(e e il (el Clein il [15
bX[l][]][C] - %:%lqy;y;g;ﬂl Jlcl+in[i][j+2][c])/
(in[11T31Icl+in[4]1[j+1] [c]+in[1][j+21[c])/3 for () in 0. H-2)
for (i in 0..N-2) bylil(j1lc] =
for (j in 0..M-2) (bx[41[71[c]+bx[1+1] [1[cl+bx[1+2] [§1[c1)/3
for (c in 0..3)
by[il[j][c] =
(bx[i]1[jIlcl+bx[i+1][jI[cl+bx[i+2]1[j]1[c])/3
1 // Scheduling commands for targeting
2 // a multicore architecture.
1804.10694v5 DIA 5 —_— // Scheduling commands for targeting // Scheduling commands for targeting _
0003 // a multicore architecture. // a multicore architecture
Parallel for(i0 in 0..floor ((N-2)/32))
for(j0 in 0..floor ((M-2)/32))
bx[32:34:31;
// Tiling with redundancy
for(il in 0..min((N-2)%32,32)+2)
for(jl in O0..min((M-2)%32,32)+2)
int 1 = 10x32+il
int j = j0%32+71
for (¢ .in 0..3)
bx[il][j1] [cl= o ‘
(infi1[31[c] + in[i] [J+1][c]
+ in[i] [J+2][c]) /3
for(il in 0.,.min(N-2, 32))
for{jl in Q,.min(M-2,32}}
int i = i0%32+il
int § = j0%32+31
for (¢ in 0,.3)
byl[1][J] [c]=
o (bx[11[3] [c] + bx[i+1l][]
1804.10694v5 DIA 5 —_ Parallel for(i® in 0..floor((N-2)/32)) Parallel for(i@ in 0..floor((N-2)/32)) + bx[i+2][]][c]) /3
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// We assume that in[][][] is initially
// distributed across nodes. Each node
// has a chunk of the original

// in[1[1[] that we call lin[I[][].

// Start by exchanging border rows of
// Win[][1[1]

distributed for (is in 1..Nodes)
send(1lin(0,0,0), M*2*3, is-1,{ASYNC})
distributed for (ir in 0..Nodes-1)
recv(lin(N,0,0), M*2*3, ir+l, {SYNC})
distributed for (i@ in 0..Nodes)
parallel for (il in 0.. (N-2) /Nodes)
int i = i0*((N-2)/Nodes) + il

for (j in 0..M-2)

for (c in 0..3)

bx[i][j1[c] =

(Lin[i][j1[c] + lin[i]1[j+1][c]

+ lin[il[j+2][c])/3

distributed for (i@ in 0..Nodes)
parallel for (il in 0..(N-2)/Nodes)
int i = g*((N-2)/Nodes) + il

for (j in 0..M-2)

for (c in 0..3)

by[il[j]l[c] =

(bx[i]1[j1lc] + bx[i+1][j][c]

+ bx[i+2][j1[c])/3

// We assume that no gather operation on

// by[1[]1[] is needed

// We assume that in[][][] is initially
// distributed across nodes. Each node
// has a chunk of the original

// in[1[1[1 that we call lin[][1[].

// Start by exchanging border rows of
/7 WUnl1011]

distributed for (is in 1..Nodes)
send(lin(0,0,0), M*2*3, is-1,{ASYNC})
distributed for (ir in 0..Nodes-1)
recv(lin(N,0,0), M*2*3, ir+l, {SYNC})
distributed for (i@ in 0..Nodes)
parallel for (il in @.. (N-2) /Nodes)
int i = i@*((N-2)/Nodes) + il

for (j in 0..M-2)

for (¢ in 0..3)

bx[i][jllc] =

(Uin[i][j1lc] + lin[i][j+1][c]

+ lin[i][j+2][c])/3

distributed for (i@ in 0..Nodes)
parallel for (il in 0..(N-2)/Nodes)
int i = q*((N-2)/Nodes) + il

for (j in 0..M-2)

for (c in 0..3)

by[il[jllc] =

(bx[i1[j1lc] + bx[i+1]1[j][c]

+ bx[1+2][j1[c])/3

// We assume that no gather operation on

// by[1[1[] is needed

/ We assume that in[][][] is initially
/ distributed across nodes. Each node
/ has a chunk of the original

/ in[]1[][] that we call lin[][]I[].

/
/

Start by exchanging border rows of
lin[]1[][]
distributed for (is in 1. .Nodes)

send (1in(0,0,0), Mx2x3, is-1, {ASYNC})
distributed for (ir in 0. .Nodes-1)
recv (1lin(N,0,0), M=%2%3, ir+l, {SYNC})

S S R

distributed for (i0 in 0..Nodes)
parallel for (il in 0., (N-2)/Nodes)

int 1 = 10 ((N-2)/Nodes) + il
for (j in 0..M-2)
for (c in 0..3)

bx[i][]j][c] = ) ) )

(1in[i1[31[c] + lin[i][J+1] [c]
+ lin[i]1[J+2]([c])/3

distributed for (i0 in 0..Nodes)
parallel for (il in 0..(N-2)/Nodes)
int i = g ((N-2)/Nodes) + il
for (j in 0..M-2)
for (c in 0..3)
byl[il[31[c] = .
(bx[i1[j1[el + bx[i+l] cl
+ bx[i+2]1[]3]1[c])/3

assume that no gather operation on
[][] is needed
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for(q in 1..N-1) {...} // distribute on q

for(q in 1..N-1) {...} // distribute on q

for(q in 1..N-1) {...} // distribute on g

1804.10694v5 DIA

0008

g = get rank(); if (gP1l and g<N-1) {...}

q = get_rank(); if (qP1 and g<N-1) {...}

g = get_rank(); if (g=>1 and g<N-1) {...}

/* Ring Blur Filter =/

R(i,3j) =(Img(i-1,3-1) + Img{i-1,3) + Img(i-1,3+1)+
Img (i, j-1) + Img (i, j+1) +
Img (i+1, j-1) + Img(i+l,3) + Img(i+1, j+1))/8

/* Roberts Edge Detection Filter =/

Img (i, j) = abs(R(i,Jj) - R(i+l,j-1)) +

1804.10694v5_DIA_ 10 — /* Ring Blur Filter */ /* Ring Blur Filter */ abs (R(i+1,9)- R(i,3-1))
. . . . . . . . R(i,j) = (I i-1,j-1 I i-1,j I i-1,j+1
0009 R(i,j) = (Img(i-1,j-1) + Img(i-1,j) + Img(i-1,j+1)+ T e i T L
Img(i,j-1) + Img(i,j+1) + Ing(i+l,j-1) + Img(i+1,j) + Img(i+1,j+1))/8
. . . . . . /* Roberts Edge Detection Filter */
Img(i+l,j-1) + Img(i+l,j) + Img(i+l,j+1))/8 Ing(i,j) = abg(R(i,j) CR(it1,3-1)) +
/* Roberts Edge Detection Filter */ o )
.. . . . abs(R(i+1,j)- R(i,j-1))
Img(i,j) = abs(R(i,j) - R(i+l,j-1)) +
abs(R(i+1,j)- R(i,j-1))
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1804.10694v5_PIC 11 — — — number of nodes
0003
1804.10694v5_ 5 —_— // Scheduling commands for ta rgeting // a multicore // Scheduling commands for targeting // a multicore architecture. —_—

LST0003 architecture. // Tiling and parallelization. Var i0, j0, il, ji; by.tile(i, j, 32, 32, i0, j0, il, j1);
// Tiling and parallelization. Var i0, jo, il, j1; by by.parallelize(i0); bx.compute at(by, j0);
.tile(i, j, 32, 32, i0, jO, il, jl); by.parallelize(i0);
bx.compute at(by, jO);
1804.10694v5 5 —_ Parallel for(i® in 0..floor((N-2)/32)) for(jo in 0..floor Parallel for(i0 in 0..floor((N-2)/32)) for(j0 in 0..floor((M-2)/32)) bx[32,34,3]; // Tiling with —_
LsTovos ((M-2)/32)) bx[32,34,3]; // Tiling with redundancy for(il | (e ort O e Ln G i1e) + dnfiy o1l (6] + infa1(3e21 ()73
in 0..min((N-2):32,32)+2) for(jl in 0..min((M-2)%32,32)+2 for(il in 0..min(N-2,32)) for(jl in ©..min(M-2,32)) int i = 10*32+il int j = jO*32+j1 for (c in
) int i = i0*32+il int j = jO*32+j1 for (c in 0..3) bx[il 0..3) by[il[jllcl= (bx[i]1[j1lc] + bx[i+1]1[j1[c] + bx[i+2]1[j]1[c])/3
] [] 1] [C]= (1n[1] [J ] [C] + 1n[1] []+1] [C] + ln[]_] []+2] [C] )/3 host _to_device copy(in_host, in); GPUBlock for (i@ in @..floor (N-2) / 32) ) GPUBlock for (jO
for(il in 0..min(N-2,32)) for(jl in 0..min(M-2,32)) int i in 0..floor ((M-2) / 32) ) shared bx [3,32,34] ; // Tiling with redundancy GPUThread for(il in
= 10’f<32-|.-11 int j =.JO*32,+31 for (C,ln 0: -3) by[illj]lc]= o..min ((N—2)%32, 32)+2)cpurnread for(j1 in 0..min ((M—2)%32,32)+2)int
(bx[i][jIlcl + bx[i+1]1[jllc]l + bx[i+2][j1[cl)/3 o . _ o o
. . . . . i = 10*32+il int j = jO*32+j1 for (c in 0..3) bx[c][il][jl]= (in[il[j][c] + in [i]1[j+1][c]
host to device copy(in host, in); GPUBlock for (i@ in 0
..floor (N-2) / 32) ) GPUBlock for (jO in 0..floor ((M-2
) / 32) ) shared bx [3,32,34] ; // Tiling with redundancy
GPUThread for(il in 0..min \(((\mathrm{N}-2) \% 32,32)+2
)\) GPUThread for(jl in 0..min \(((\mathrm{M}-2) \% 32
,32)+2)\) int i = i0*32+il int j = j0*32+jl1 for (c in O
..3) bx[cl[il][j1]l= (in[il[j1lc]l + in [i]1[j+11[c] + in
[i] [j+2] [c] ) / 3 GPUThread for(il in 0..min(N-2,32))
GPUThread for(jl in 0 ...min(M-2,32)) int i = i0*32+il
int j = jO*32+j1 for (c in 0..3) by[cl[il[j]l= (bx[cI[i][]
1 + bx[cl[i+1][j] + bx [c] [i+2] [j] ) / 3 device_to_host
_copy(by, by host);
1804.10694v5 10 — /* Ring Blur Filter */ R(i,j) = (Img(i-1,j-1) + Img(i-1,]j /* Ring Blur Filter */ R(i,j) = (Img(i-1,j-1) + Img(i-1,i) + Img(i-1,j+1)+ Img(i,j-1) + —_

LSTo008

) + Img(i-1,j+1)+ Img(i,j-1) + Img(i,j+1) + Img(i+1,j-1)
+ Img(i+1,j) + Img(i+l,j+1))/8 /* Roberts Edge Detection
Filter */ Img(i,j) = abs(R(i,j) - R(i+1l,j-1)) + abs(R(i+l
,j)- R(i,j-1))

edgeDetector creates a cyclic dependence graph with a
cycle length \(\geq 1\) ( R is written in the first
statement and read

Img(i,j+1) + Img(i+1,j-1) + Img(i+1,j) + Img(i+1,j+1))/8 /* Roberts Edge Detection Filter */

Img(i,j) = abs(R(i,j) - R(i+1,j-1)) + abs(R(i+l,j)- R(i,j-1))

edgeDetector creates a cyclic dependence graph with a cycle length 2 ].( R is written in the

first statement and read




