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Tiling is illegal!
Perm

utation is illegal!
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IJ
=

UV
1    1
1    0

1-1
10

Skew
ing of inner loop by outer loop: 

Skew
ing of inner loop by an outer loop:   alw

ays legal

N
ew

 dependence vectors:  com
pute T*D

In this exam
ple,   D

 =   
T*D

   = 

This skew
ing has changed dependence vector but it has not brought dependent iterations 

closer together....

1   0
k   1

(k is som
e fixed integer)
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O
uter loop skew

ing: 

Skew
ing of outer loop by inner loop: not necessarily legal

In this exam
ple,   D

 =
-1

T*D
   = 

0-1
1

incorrect

D
ependent iterations are closer together (good) but program

 is illegal (bad). 
H

ow
 do w

e fix this??
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U

U
 = [-1][I]

D
O

  I =  1, N

X
(I) = I+2

X
(-U

) = -U
 +2

D
O

 U
 =  -N

,-1

Transform
ation m

atrix =  [-1] 

A
nother exam

ple:  2-D
 loop, reverse inner loop 

UV
IJ

1   0
0   -1

=

Legality of loop reversal:   A
pply  transform

ation m
atrix to all dependences &

 verify lex +ve

5
-5

C
ode generation:  easy 
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V

IJ
=

UV

UV
=

GH

G

H

C
om

position of linear transform
ations

= another linear transform
ation! 

C
om

posite transform
ation m

atrix is 

*
= 

1    0
0  -1

1    1
0    1

1     1
0   -1

H
ow

 do w
e synthesize this com

posite transform
ation??

close together! 
In final program

, dependent iterations are 

Transform
ation: skew

ing follow
ed by reversal�
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Tiling is illegal!
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-k
-n

-m

... ...
first row
w

ith negative entries
.......

row
 a

...

...
...

p3
p1

......
row

 b

(a) for each negative entry in the first row
 w

ith negative entries, 
      find the first positive num

ber in the corresponding colum
n

assum
e the row

s for these positive entries are a,b etc as show
n above

(b) skew
 the row

 w
ith negative entries by appropriate m

ultiples of 
      row

s a,b....
       For our exam

ple, m
ultiple of row

 a = ceiling(n/p2)
m

ultiple of row
 b = ceiling(m

ax(m
/p1,k/p3))

Transform
ation:

I
0 0 ..0 ceiling(n/p2) 0 0 ceiling(m

ax(m
/p1,k/p3))0...0

       I

p2
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O
riginal loop

Tiled fully perm
utable loop
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