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Background

•

– Fortran 90

– High Performance Fortran

– ZPL

•

A(1:n, 1:m) =
B(1:n, 1:m) + C(1:n, 2:m+1) * D(0:n-1,1:m)

// for( i=1; i n; ++i )
//   for( j=1; j m; ++j )
//      A[i][j] = B[i][j] + C[i][j+1] * D[i-1][j];
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A(1:n, 1:m) =
B(1:n, 1:m) + C(1:n, 2:m+1) * D(0:n-1,1:m)

// for( i=1; i n; ++i )
//   for( j=1; j m; ++j )
//      A[i][j] = B[i][j] + C[i][j+1] * D[i-1][j];

tmp(1:n,1:m) = C(1:n, 2:m+1) * D(0:n-1,1:m)
A(1:n,1:m) = B(1:n, 1:m) + tmp(1:n, 1:m)

for( i=1; i n; ++i )
for( j=1; j n; ++j )

tmp[i][j] = C[i][j+1] * D[i-1][j];
for( i=1; i n; ++i )

for( j=1; j n; ++j )
A[i][j] = B[i][j] + tmp[i][j];

for( i=1; i n; ++i )
for( j=1; j n; ++j )

tmp[i][j] = C[i][j+1] * D[i-1][j];
A[i][j] = B[i][j] + tmp[i][j];
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•

– Fusion : 

– Contraction : 

•

/ 

–

– Typically 20% Max 400% 



• ZPL

• Normalized Array Statement
• Fusion 

• Array Statement Dependence Graph
•

• Fusion Partition
•

• Scalarization
•



Normalized Array Statement

•

– “[ ] ”

• @( , ) 

– for(i,j) A[i][j] = B[j][i]

– for(i)   A[i] = B[2*i]

– for(i)   A[i] = B[n-i]

•

– :  for(i)   A[i] = A[i+1]

// 
[1..n,1..m] A@(0,0) := B@(0,-1)
[1..n,1..m] A@(0,0) := B@(1,2) + C@(-1,0)



ASDG
(Array Statement Dependence Graph)

•

– Flow Dependence

– Anti Dependence

– Output Dependence

[1..n] A@(0) := B@(0) // 
[1..n] C@(0) := A@(0)

[1..n] B@(0) := A@(0)
[1..n] A@(0) := C@(0) // 

[1..n] A@(0) := B@(0)
[1..n] A@(0) := C@(0) // 



ASDG
(Array Statement Dependence Graph)

• Flow/Anti/Output 

• Iteration Space 

[1..n,1..m] A@(0,0) := B@(0,0)
[1..n,1..m] C@(0,0) := A@(1,0)

for(i=n; i 1; --i)    // 
for(j=1; j m; ++j)

A[i][j] = B[i][j]
C[i][j] = A[i+1][j]

[A, (-1,0), flow]

ASDG



ASDG
(Array Statement Dependence Graph)

• = 

• = 

– [ ,
,

flow|anti|output ]

•



ASDG
(Array Statement Dependence Graph)

•



Fusion Partition

•

– Fusion for Contraction

• Fusion

– Fusion for Locality

•
Fusion

– Fusion for Greedy



Fusion 4 Clustering

•

1: 
2: (

)

3: xi

4: 



Fusion 4 Clustering

•

5: 
6: 

Fusion!



•

• Contract dep vec (0,..,0)

• …

•

•



•

– N

• for(i) for(k) …, or for(k)for(i) … ?

–

• Dependence Vector





•
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•

–

•

–

– alias

•
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•

–

– Modula-3 (C )

• LV1 [TypeDecl]

–

• mayAlias(e1,e2) =
subtypes(type(e1)) subtypes(type(e2))≠Φ
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• LV2 [FieldTypeDecl]

–

• mayAlias(e1.field1,e2.field2) =
[TypeDecl] & field1==field2

• LV3 [SMTypeRefs]

– LV1

• e1 := e2 

• type(e1) type(e2)

• mayAlias = (subtypes eqclass)(type(e1))
(e2)≠Φ
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• LV1 

– ArrayList List 

• LV3 

– ArrayList List 
i.e., ArrayList ArrayList
List

–
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•

– ( )

–

• RLE (Redundant Load Elimination)

–

– 8 6
RL 95%


