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// straightforward code
for(i = 0; i < N; i += 1)
for(j = 0; j < N; j += 1)

for(k = 0; k < N; k += 1)
c[i][j] += a[i][k]*b[k][j];

// unrolling + scalar replacement 
for(i = 0; i < N; i += MU) {

for(j = 0; j < N; j += NU) {
for(k = 0; k < N; k += KU) {

t1 = A[i*N + k];
t2 = A[i*N + k + 1];
t3 = A[i*N + k + 2];
t4 = A[i*N + k + 3];
t5 = A[(i + 1)*N + k];
<more copies>

t10 = t1  * t9;
t17 = t17 + t10;
t21 = t1  * t8;
t18 = t18 + t21;
t12 = t5  * t9;
t19 = t19 + t12;
t13 = t5  * t8;
t20 = t20 + t13;
<more ops>

C[i*N + j]         = t17;
C[i*N + j + 1]     = t18;
C[(i+1)*N + j]     = t19;
C[(i+1)*N + j + 1] = t20;

}
}

}
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Rules = algorithm knowledge

(≈100 journal papers)



void sub(double *y, double *x) {
double f0, f1, f2, f3, f4, f7, f8, f10, f11;

f0 = x[0] - x[3];
f1 = x[0] + x[3];
f2 = x[1] - x[2];
f3 = x[1] + x[2];
f4 = f1 - f3;
y[0] = f1 + f3;
y[2] = 0.7071067811865476 * f4;
f7 = 0.9238795325112867 * f0;

< more lines >
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Vectorization:Threading:

GPUs: Verilog for FPGAs:

 Rigorous, correct by construction

 Overcomes compiler limitations



DFT(n, x, y) {
…
for(i = …) {

DFT_strided(m, x+mi, y+i, 1, k) 
}
…

}

•

•

•

DFT_384(x, y) {
…
for(i = …) {
t[2i]   = x[2i] + x[2i+1]
t[2i+1] = x[2i] - x[2i+1]

}
…

}

•

•

void DFT(int n, cpx *y, cpx *x) {
int k = choose_dft_radix(n);

for (int i=0; i < k; ++i)
DFTrec(m, y + m*i, x + i, k, 1); 

for (int j=0; j < m; ++j)
DFTscaled(k, y + j, t[j], m);

}



S-
S, G, S, Perm

S

Gf f

Sf f

Permf f

S

Example:

Repeat until closure



DFT: scalar code

DFT: full-fledged (vectorized and parallel code)







void dft(int n, cpx *y, cpx *x) {
if (use_dft_base_case(n))

dft_bc(n, y, x);
else {

int k = choose_dft_radix(n);
for (int i=0; i < k; ++i)

dft_strided(m, k, t + m*i, x + m*i);
for (int i=0; i < m; ++i)

dft_scaled(k, m, precomp_d[i], y + i, t + i);
}

}

void dft_strided(int n, int istr, cpx *y, cpx *x) { ... }
void dft_scaled(int n, int str, cpx *d, cpx *y, cpx *x) { ... }



d = dft(n)
d(x,y)



d = dft(n1)
d = dft(n2)
…

d = dft(n)
d(x,y)

void dft(int n, cpx *y, cpx *x) {
if (use_dft_base_case(n))

dft_bc(n, y, x);
else {

int k = choose_dft_radix(n);
for (int i=0; i < k; ++i)

dft_strided(m, k, t + m*i, x + m*i);
for (int i=0; i < m; ++i)

dft_scaled(k, m, precomp_d[i], y + i, t + i);
}

}
void dft_strided(int n, int istr, cpx *y, cpx *x) { ... }
void dft_scaled(int n, int str, cpx *d, cpx *y, cpx *x) { ... }



void dft(int n, cpx *y, cpx *x) {
if (use_dft_base_case(n))

dft_bc(n, y, x);
else {

int k = choose_dft_radix(n);
for (int i=0; i < k; ++i)

dft_strided(m, k, t + m*i, x + m*i);
for (int i=0; i < m; ++i)

dft_scaled(k, m, precomp_d[i], y + i, t + i);
}

}
void dft_strided(int n, int istr, cpx *y, cpx *x) { ... }
void dft_scaled(int n, int str, cpx *d, cpx *y, cpx *x) { ... }



dft(int n, cpx *y, cpx *x)

dft_strided(int n, int istr, cpx *y, cpx *x)

dft_scaled(int n, int str, cpx *d, cpx *y, cpx *x)

etc.



≤ ≤



≤ ≤



void kernel(float *x, float *A, float *B, …) {
float t0_64_0, t0_64_1, t0_64_2, t0_64_3 …;

t0_57_0 = A[0];
t0_56_0 = A[1];
…
t0_59_0 = t0_57_0 + t0_33_0;
t0_63_0 = t0_59_0 * t0_9_0;
t0_59_1 = t0_56_0 + t0_32_0;
t0_60_0 = t0_59_1 * t0_8_0;
< many more lines>

MKL

BTO

MKL



def f(x: Array[Double], y: Array[Double]) = {
for (i <- 0 until 2) {
y(2*i)   = x(i*2) + x(i*2+1)
y(2*i+1) = x(i*2) - x(i*2+1)

}
} 

def f(x: Array[Rep[Double]], 
y: Array[Rep[Double]]) = {
for (i <- 0 until 2) {
y(2*i)   = x(i*2) + x(i*2+1)
y(2*i+1) = x(i*2) - x(i*2+1)

}
} 

t0 = s0 + s1;
t1 = s0 - s1;
t2 = s2 + s3;
t2 = s2 - s3;

def f(x: Rep[Array[Double]], 
y: Rep[Array[Double]]) = {
for (i <- 0 until 2) {

y(2*i)   = x(i*2) + x(i*2+1)
y(2*i+1) = x(i*2) - x(i*2+1)

}
} 

t0 = x[0];
t1 = x[1];
t2 = t0 + t1;
y[0] = t2;
t3 = t0 - t1;
y[1] = t3;
t4 = x[0];
t5 = x[1];
t6 = t4 + x5;
y[0] = t6;
t7 = t4 – x5;
y[3] = t7;

def f(x: Rep[Array[Double]], 
y: Rep[Array[Double]]) = {
for (i <- 0 until 2: Rep[Range]) {

y(2*i)   = x(i*2) + x(i*2+1)
y(2*i+1) = x(i*2) - x(i*2+1)

}
} 

for (int i=0; i < 2; i++) 
{

t0 = x[i];
t1 = x[i+1];
t2 = t0 + t1;
y[i] = t2;
t3 = t0 - t1;
y[i+1] = t3;

}



def f(x: Array[Rep[Double]], 
y: Array[Rep[Double]]) = {
for (i <- 0 until 2) {
y(2*i)   = x(i*2) + x(i*2+1)
y(2*i+1) = x(i*2) - x(i*2+1)

}
} 

t0 = s0 + s1;
t1 = s0 - s1;
t2 = s2 + s3;
t2 = s2 - s3;

def f(x: Rep[Array[Double]], 
y: Rep[Array[Double]]) = {
for (i <- 0 until 2) {

y(2*i)   = x(i*2) + x(i*2+1)
y(2*i+1) = x(i*2) - x(i*2+1)

}
} 

t0 = x[0];
t1 = x[1];
t2 = t0 + t1;
y[0] = t2;
t3 = t0 - t1;
y[1] = t3;
t4 = x[0];
t5 = x[1];
t6 = t4 + x5;
y[0] = t6;
t7 = t4 – x5;
y[3] = t7;

def f(x: Rep[Array[Double]], 
y: Rep[Array[Double]]) = {
for (i <- 0 until 2: Rep[Range]) {

y(2*i)   = x(i*2) + x(i*2+1)
y(2*i+1) = x(i*2) - x(i*2+1)

}
} 

for (int i=0; i < 2; i++) 
{

t0 = x[i];
t1 = x[i+1];
t2 = t0 + t1;
y[i] = t2;
t3 = t0 - t1;
y[i+1] = t3;

}

def f[L[_],A[_],T](looptype: L, x: A[Array[T]], y: A[Array[T]]) = {
for (i <- 0 until 2: L[Range]) {
y(2*i)  = x(i*2) + x(i*2+1)
y(2*i+1)= x(i*2) - x(i*2+1)

}
} 

http://dl.acm.org/citation.cfm?id=301661
http://z.cs.utexas.edu/wiki/flame.wiki/FrontPage
http://cvxgen.com/index.html
http://www.scala-lang.org/
https://scala-lms.github.io/
https://scala-lms.github.io/
https://www.semanticscholar.org/paper/Go-Meta-A-Case-for-Generative-Programming-and-DSLs-Rompf-Brown/c132975aae02372b0549415027e3f8d029268024
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http://spiral.ece.cmu.edu:8080/pub-spiral/abstract.jsp?id=170
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