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Unpaectictabe [ty of S toos:

1 dnt m1[512][512], m2[512][512], prod[512][512];

2

int sum;

3 for (int i = 0; i < 512; 1i++) {

4

O 00 N O O

for (int j = 0; j < 512; j++) {

sum = 0;

for (int k = 0; k < 512; k++) {
sum += m1[i][k] * m2[k][j];

}

prod[i1[j] = sum;

1}

Figure 2. Dense matrix multiplication in HLS-friendly C.
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for (int k = 0; k < 512; k++) {
sum += m1[i][k] * m2[k][j];
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(b) With unrolling.
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(c) With unrolling and banking.
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(c) Unrolling and banking in lockstep.
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let x = A[0O]; leb ’me = AEOJ;
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let A: float[10]; 1let B: float[10];
{

let x = A[0] + 1 (SBCLMCVUHMQ/

B[1] := A[1] + x // OK Famﬂ@b
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let x = 0; x :=x + 1; let y = x;
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let A: float[10 bank 2]; TJ{lW%Z} ):/0_7
A{0}[0] := 1;
A{1}[0] := 2; // OK: Accessing p¢+‘£aﬂhhb
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for (let i = 0..10) unroll 2 { f(i) }
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for (let i = 0..5) { f(2xi + 0); f(2*xi + 1) }
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let A: float[10];
for (let i = 0..10) unroll 2 {
A[i] := compute(i) // Error: Insufficient banks.

}
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let A: float[10 bank 2];
for (let i = 0..10) unroll 2 {
let x = A[1i]
f(x, A[0]) }
for (let i = 0..5) {
{ let x0 = A[2*1] --—— f(x0,0A[0T) };
{ let(xl = A[2*i + 1] --- f(x1, A[0]) } }
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for (let i = 0..5) {
{ let x0 =¢A[2*%7]; let x1 =A[2%7 + 1] }
{ f(xo, A[0]); f(x1, A[0]) } }

Comblne  cons bt

for (let i = 0..10) unroll 2 { dot += A[i] * B[i] }
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for (let i = 0..10) (A{O}][B{O}‘ A{l}][B{l}
unroll 2 { RN J

let v = A[i] *x B[i]; PE O * PE 1 *
} combine {

dot +=v; AN .
} combine + [%] dot
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let A: float[8 bank 4]; POE — Ba1nk
view sh = shrink A[by 2]; // sh: float[8 bank 2] \_,
for (let i = 0..8) unroll 2 PE Bank
sh[i]; // OK: sh has 2 banks. Compiled to: A[i]. 1 2
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let A: float[8 bank 2]; 0/1]2]8/4]5 6|7 —
. PE Bank
for (let i = 0..4) { 123 4.5 67 1 + ]
view s = suffix A[by 2xi]; —
11218 45 6|7
s[1]; // reads A[2xi + 1] P = e
) olilz[s]+[e]s 17 =
PE + Bank
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view v = shift M[by e]; ﬁf — + B%*
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let A: float[12 bank 4]; 1 1
for (let i = 0..3) { /// P—
view r = shift A[by ixi]; // r: float[12 bank 4] PzE ¥ ank
for (let j = 0..4) unroll 4 ___
let x = r[jl; // accesses A[i*i + j] PE - Bank
} 3 3
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let A, B: float[12 bank 4]; °
view shA, shB = shrink A[by 2], B[by 2]; Da.hb.&/ Cﬂnﬂbl,/

for (let i

0..6) unroll 2 {

view VA, vB = suffix shA[by 2*i], shB[by 2x*i];
for (let j 0..2) unroll 2 {
let v = vA[j] + vB[j];
} combine {
sum += v;

1}

float A[12], B[12], sum 0.0;
for (int i = 0; i < 6; i++)
for (int j = 0; j < 2; j++)
sum += A[2%i + j] % B[2%i + jI;
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Lemma 1 (Progress). IfI,A + ¢ 4 I},A; and T, A ~ o, p,
theno,p,c — o', p’,c’ orc = skip.

Lemma 2 (Preservation). IfT, A+ c 413, Ay andT, A ~ o, p,
and o, p,c — o', p’,c’, thenT’, A" + ¢’ A T),A} andT", A’ ~

’ 4
o,p.

Theorem. If0,A* + ¢ 4 I}, Az and 0,0, c N o,p,c’ and
o, p,c¢’ -, then ¢’ = skip.
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for (r=0; r<row_size-2; r++)
for (c=0; c<col_size-2; c++)
for (k1=0; k1<3; kl++)
for (k2=0; k2<3; k2++)
mul = filter[kl1x3 + k2] *
orig[(r+kl)*xcol_size + c+k2];

for (let row = 0..126) {
for (let col = 0..62) {
view window = shift orig[by row][by col];
for (let kil 0..3) unroll 3 {
for (let k2 = 0..3) unroll 3 {

let mul = filter[kl][k2] * window[k1l][k2];
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