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Affine Loop Transforms

e General mathematical model for some loop optimization techniques: e.g. loop
fusion, fission, reordering/permutation
e Maps each point in an iteration space into a different iteration space via an
affine function (scaling + shift): i’ = Ci + ¢
o The rank of the matrix C (i.e. number of linearly independent columns) is also called the rank
of the affine loop transform.

e |teration spaces contain each possible value the loop variables can take. For

an n-deep nested loop: iteration space is n-dimensional polytope
o In2D: polygon, by convention draw axes so execution goes from left to right (j-direction), then
bottom to top (i-direction)
o Examples on next few slides!



Some Primitive Affine Transforms & Sample Iteration Spaces

for (i=1; i<=N; i++) {
Y[i] = Z[i]; /*s1x%/
X[i] = Y[i-1]; /*s2x/

SANENY -

Re-indexing

S1:p=1
So:p=1—1

if (N>=1) X[1]1=Y[0];

for (p=1; p<=N-1; p++){
Y[pl=Z[p];
X[p+11=Y[p];

}
if (N>=1) Y[N]=Z[N];
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Some Primitive Affine Transforms & Sample Iteration Spaces

for (i=1; i<=N; i++)
Y[i] = Z[i]; /*s1x/

for (j=1; j<=N; j++)
X[j1 = Y[jl; /*s2x/

Fusion
S1:p=1
So1p=1]

for (p=1; p<=N; p++){
Ylpl = Z[pl;
X[pl = Y[pl;

Ik
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Some Primitive Affine Transforms & Sample Iteration Spaces

for (p=0; p<=M; p++)
for (g=1; q<=N; i++)
Zlq,p] = Z[g-1,p];

for (i=1; i<=N; i++)

Z[i,j] = Permutation

iiii} MR e




Communication-Free Parallelism

e Given some iterative code, how can we divide up the iterations between
different processors so that there are no data dependencies across different
processors?

e Application of affine loop transforms! Transform loop indices into a processor
index p. (Also called “affine partition”, since we’re distributing them across
different processors.)

e First, find a valid affine partition of highest rank
o Find possible dependencies, and ensure all possibly-dependent iterations are mapped to the
same processor index.

e Then, generate code for each processor
o  Simple initial transform, with some additional optimizations.



Communication-Free Parallelism: Example

for(i = 0; i <= N; i++){
for(j = 0; j <= N; j++){
Ali; jl = Al1; 4] + Bli=1; jl; £/ 151)
Bli; 3l = Bliy il = Ali=1,; 3 # 11; /] (82)
I



Code Generation

for(p = ?; p <= ?; p++){
for(i = 1; i <= N; i++){

for(J = 0; j <= N; j++){
(p == i + 2%j)
Ali, j1 = A[i, jl + B[i-1, j]; // (S1)

if(p == i + 2%j + 1)

B[i, j] = B[i, j] + A[i-1, j + 1]; /1 (S2)

}

}
) Affine transform

S1:p=i+ 2%
S2:p=i+2*+1



Tighten Loop Bounds

for(p = 1; p <= 3*N + 1; p++){
for(i = max(1,p-2*N-1); i <= min(N, p); i++){
for(j = max(0, ceil((p-i-1)/2)); j <= min(N, floor((p-1)/2)); j++){
if(p == i + 2%j)

Ali, jl = AlL, j] + B[i-1, jI; /1 (S1)
if(p == 1 + 2% + 1)
B[i, j] = B[i, jl + A[i-1, j + 1]; // (S2)

Affine transform
S1:p=i+27%
S2:p=i+2%+1



