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let m1: float[10]; 

let x = m1[0]; 
--- 
m1[1] := 1;

m1

x 1Ordered Composition
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• Renew affine resources.
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for (let row = 0..126)
  for (let col = 0..62)

 view window = shift orig[by row][by col]; 
    for (let k1 = 0..3)
      for (let k2 = 0..3)
        mul = filter[k1][k2] * window[k1][k2]

2D-Stencil 

Qualitative Studies



for (let row = 0..126)
  for (let col = 0..62)

 view window = shift orig[by row][by col]; 
    for (let k1 = 0..3)
      for (let k2 = 0..3)
        mul = filter[k1][k2] * window[k1][k2]

2D-Stencil 

Unroll?

Qualitative Studies



for (let row = 0..126)
  for (let col = 0..62)

 view window = shift orig[by row][by col]; 
    for (let k1 = 0..3)
      for (let k2 = 0..3)
        mul = filter[k1][k2] * window[k1][k2]

2D-Stencil 

Unroll?

Qualitative Studies



for (let row = 0..126)
  for (let col = 0..62)

 view window = shift orig[by row][by col]; 
    for (let k1 = 0..3) unroll 3
      for (let k2 = 0..3) unroll 3
        mul = filter[k1][k2] * window[k1][k2]

2D-Stencil 

Qualitative Studies



for (let row = 0..126)
  for (let col = 0..62)

 view window = shift orig[by row][by col]; 
    for (let k1 = 0..3) unroll 3
      for (let k2 = 0..3) unroll 3
        mul = filter[k1][k2] * window[k1][k2]

2D-Stencil 
Must partition

Qualitative Studies



The Future



let m1: float[12 bank M1]; 
let m2: float[12 bank M2]; 

for (let i = 0 .. 12) unroll N { 
  m2[i] = m1[i] * 2; 
} 

for (let i = 0 .. 12) unroll K { 
  sum += m2[i]; 
}

The Future
Resource Polymorphism



let m1: float[12 bank M1]; 
let m2: float[12 bank M2]; 

for (let i = 0 .. 12) unroll N { 
  m2[i] = m1[i] * 2; 
} 

for (let i = 0 .. 12) unroll K { 
  sum += m2[i]; 
}
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let m1: float[12 bank M1]; 
let m2: float[12 bank M2]; 

for (let i = 0 .. 12) unroll N { 
  m2[i] = m1[i] * 2; 
} 

for (let i = 0 .. 12) unroll K { 
  sum += m2[i]; 
}

The Future
Resource Polymorphism

M1 = { … } 
M2 = { … } 
N = { … } 
K = { … }



The Future
Modularity



def dot(m1: float[10], m2: float[10]) { 
  let sum = 0; 
  for (let i = 0 .. 10) { 
    sum += m1[i] * m2[i]; 
  } 
  return sum; 
} 

dot(A, B); 

The Future
Modularity



def dot(m1: float[10 bank 5], m2: float[10 bank 5]) { 
  let sum = 0; 
  for (let i = 0 .. 10) unroll 5 { 
    sum += m1[i] * m2[i]; 
  } 
  return sum; 
} 

dot(A, B); // A, B need exactly 5 banks 

The Future
Modularity



def dot(m1: float[10 bank 5], m2: float[10 bank 5]) { 
  let sum = 0; 
  for (let i = 0 .. 10) unroll 5 { 
    sum += m1[i] * m2[i]; 
  } 
  return sum; 
} 

for (let i = 0..2) unroll 2 { 
dot(A, B); // How many banks? How many copies of dot? 

}

The Future
Modularity



High-Level 
Languages

Hardware Description 
Languages

Netlist

Hardware

The Future
A Predictable Stack
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A Predictable Stack
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let m1: float[12 bank M]; 
let m2: float[12 bank M]; 

for (let i = 0 .. 12) unroll N { 
  m2[i] = m1[i] * 2; 
}

The Future
Resource Polymorphism Modularity

A Predictable Stack
High-Level 
Languages

Hardware Description 
Languages

Netlist

Hardware

Predictablity from 
languages to LUTs

capra.cs.cornell.edu/dahlia


