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A:[ol2]4]6]8

B:| [0]3]6]9
B[1] = A[0] + O
B[2] = A[1] + 1
B[3] = A[2] + 2
B[4] = A[3] + 3

> B[5] = Al4] + 4
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A:[ol2]4]6]8

B:| |o[3]6]9]12
B[1] = A[0] + O
B[2] = A[1] + 1
B[3] = A[2] + 2
B[4] = A[3] + 3
B[5] = A[4] + 4
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for(i =0; 1 <5; ++)
Bl[i+1] = A[i] + i

=
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B : 0
for(i =0; 1 < 5; ++i)
. Bl[i+1] = A[i] + i
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for(it = 0; I < 5; ++)
Bl[i+1] = A[i] + i
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A:10[{2]4]6(8

B : 03
for(it = 0; I < 5; ++)
Bl[i+1] = A[i] + i
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for(it = 0; I < 5; ++)
Bl[i+1] = A[i] + i
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B 0136
for(i = 0; I <5; ++)
Bl[i+1] = A[i] + i
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for(it = 0; I < 5; ++)
Bl[i+1] = A[i] + i
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A:10[{2]4]6(8

B : 013(6]9
for(it = 0; I < 5; ++)
Bl[i+1] = A[i] + i
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for(it = 0; I < 5; ++)
Bl[i+1] = A[i] + i
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for(i =0; 1 <5; ++)
Bl[i+1] = A[i] + i
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for(i = 4: i >=0; --i)

— Bl[i+1] = A[i] + i
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1. 14
A:10[214|6|8
B 12
for(t =4, 1 >=0; --1)

5 Bl[i+1] = A[i] + i
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A:10[214|6|8
B 12
for(t =4, 1 >=0; --1)

— Bl[i+1] = A[i] + i
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A:10[214|6|8
B 9112
for(t =4, 1 >=0; --1)

5 Bl[i+1] = A[i] + i

-

HAZEDIZEE 2003-03-13 — p.4/1!



712
A:10[214|6|8
B 9112
for(t =4, 1 >=0; --1)

Bl[i+1] = A[i] + i
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A:10[214|6|8
B 69|12
for(t =4, 1 >=0; --1)

5 Bl[i+1] = A[i] + i
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B 69|12
for(t =4, 1 >=0; --1)

Bl[i+1] = A[i] + i
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A:1012(4(6]|8

B 316[9 |12
for(i =4, 1 >=0; --1)
Bl[i+1] = A[i] + i
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A:1012(4/6](8
B 3169 |12
for(i =4; 1 >=0; --1)

Bl[i+1] = A[i] + i
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B 0[3|6]9 |12
for(i =4; 1 >=0; --1)
Bl[i1+1] = Ali] + 1
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DTSE
-

Data Transfer and Storage Exploration

— Optimize memory usage to reduce
power consumption

#® Remove unnecessary buffers
# Data reuse

Domain: embedded systems, ...

o -
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Basic ldea
L o

Global loop transformations

Loop transformation = reordering of loop iterations
Aim:

# reduce life-times of array elements

# increase locality and regularity of accesses

How:
Transformation of polytopes in the polyhedral model

o -

HAZEDIZEE 2003-03-13 — p.6/1!



Example

for (]=0;]<=10; ++])
AL3I[I] = ...
for (1=0;1<=5;++)
for (]=0;]<=5;++])
. = A 3][1+2*) +3];
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Example

for (]=0;]<=10; ++])
AL3I[I] = ...
for (1=0;1<=5;++)
for (]=0;]<=5;++])
= AL 3] [ 1 +2%] +3];
Buffer size: 8

-
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Example

for (j=0;j<=10; ++j)
AL3][j] = ...
for (i=0;i<=5;++i)
for (j=0;j<=5;++j)
.= A3][i+2%] +3];
Buffer size: 8

for (i =3 i <= 10; i++) {
AL3ITi] = ...

for(j=max(ceil (i-2,2),3);j<=floor(i+3,2);]++)

. = A3[1]; }

-
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Example

o .

for (j=0;j<=10; ++j)
AL3][j] = ...
for (i=0;i<=5;++i)
for (j=0;j<=5;++)
.= A[3][i+2*j+3];
Buffer size: 8

for (i =3 i <= 10; i++) {
AL3I[i] = ...
for(j=max(ceil (i-2,2),3);j<=floor(i+3,2);]++)
. = A3][1]; }

Léﬁﬁersue:l __J
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Example

f1‘or (1 =0;1<=0; ++1)
for (j=0;]<=10; ++)
AL3ILI] = ...
for (1=0;1<=5;++)
for (]=0;j<=5;++j)
- = AL3] [T +27) +3]
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for
for

Example

(1 =0;1<=0; ++1)
(] =0;) <=10; ++] )

AT = ...

for
for

(1=0;1<=5;++1)
(] =0;) <=5; +4])
= Al 3][1I +2*] +3];

N N\ N N[ Nl N/

/N /N /N /N

X X X X
X X X X
X X X X
X X X X
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Steps

Model extraction
N level loop nest — N-dimensional polytope

Placement
= Polytopes in common iteration space

Ordering
= Schedule

Code generation

-
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[llustrative example

-

Initial specification:
(1: 1..N)::
(J: 1..N1+1)::
a[1][1] = nli][)] +afi-1]1)];

(p: 1..N)::
b[p][1] =1( a[N-p+1][p], a[N-p][p] );

(k: 1..N)::
(I: 1..Kk)::
b[ K] [I'+1] = g( B[K][I] );
L__Buﬁerspacerequhed:ZN __J
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Model Extraction

®
®
o<
[ )

(i: 1..N):: T

(j: 1..NT1+1)::
a[t][1] =uin[i][)] +a[i-1][]];

(p: 1..N)::

b[p][1] = f(a[N-p+1][p], a[N-pl[p]);

° (k: 1..N)::

oo (I: 1..k)::

*—0—0 b[ k] [1+1] = g(b[K][I]);
oo

-
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_inear Placement

0
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_inear Placement




Translation




Translation
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Ordering-I|
for (i=1; i<=N+2; ++i) { T

for (j=1; j<=N-i+1; ++j)
a[i][j] =in[i][j] + a[i-1][)];
It (...) b[NIi+2][1] = f(a[i-1][ N1 +2],
a[i1-2][N-1+2]);
for (K=N-1+3; k<=N, ++k)
bl K] [1 +k-N-1] = g(b[k][1+k-N-2]);

Choosing an ordering vector: 1st possibility (buffer space
required: N+3)

.

-
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Ordering-I1i
f Q/T. o o for (j=1; j<=N, ++j) { T

.,/ ¢ ¢ .>. for (i=1; I<=N-j+1; ++i)
/ > a[i][j] =in[i][j] + ali-1][j];
o o o | o b[j]1[1] = f(a[N-j+1][]], a[N-jJ][]]);
/ for (1=1; I<5j; ++)
¢ .>' ¢ ? b[J ][I +1] = g(bl[j][I]);
i>o ® o o }
/& e o o o
/i e o o o

Choosing an ordering vector: 2nd possibility (buffer space
required: 2)
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Dependencies in PDG

- array space

Dlp

J

fmomo_m uononpoud

u:onsumption space
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Dependencies in PDG

- array space

® OO WY WEMBMBEE XX XXXXXX

Dlp

fmomo_m uononpoud

J

u:onsumption space
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Dependencies in PDG

- array space

XXXXXX

o O .

0

1

0
® X X

1
0
19,
®

p
® © o H(W)X

J, =

Dlp

S

fmomo_m uononpoud

J

u:onsumption space
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Dependencies in PDG

- array space

XXXXXX

o O .

0
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0
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Dlp
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Dependencies in PDG

production spacej

u:onsumption space J
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Dependencies in PDG

production spacej

aoeds Aele

u:onsumption space J
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Dependencies in PDG

\ A.=10 1 5
0 0 1

gs-
|
1
OO =
O = O
—_— O O

o - - -

HARZEDIZE 2003-03-13 — p.17/1



Dependencies in PDG

chl N 1 0 3
\ A.= [0 1 5
0 0 1

S
o
@/a®

1 0 0
Ap=10 1 0
0 0 1
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Dependencies in PDG

pcfi ) 1 0 3
™S Ac=10 1 5
0 0 1

ﬁ:b.
|
1
OO =
O = O
—_— O O

o - - -
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Dependencies in PDG

P 1 7 Coney = cone Py

0 3
~ \ /
S AC:()15\/ ,
0 0 1 . /




Dependencies in PDG

i 7 Cone, = cone P,

\ /
\ /
/
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Dependencies in PDG

"1 7 Cone, = cone P,

P! N 0 3
d\ Ac =10 1 5 \\/ //
0 1 . ’
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Distance vector polytope/cone

-

Cone, = cone Py

\ /
\ /
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= {;Aicﬁ-l& 20}

Cone, = {7?|ch€ Py, 7'd > O}
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Dependencies in PDG
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