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A: (i: 1..N)::
     (j: 1 .. N-i+1)::
       a[i][j] = in[i][j] + a[i-1][j];

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

C: (k: 1..N)::
     (l: 1..k)::
       b[k][l+1] = g( b[k][l] );
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k

l

for (j=1; j<=N; ++j) {
  for (i=1; i<=N-j+1; ++i)
    a[i][j] = in[i][j] + a[i-1][j];
  b[j][1] = f( a[N-j+1][j],
               a[N-j][j] );
  for (l=1; l<=j; ++l)
    b[j][l+1] = g( b[j][l] );
}
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Logical Memories Solution

2K x 7 @ 30 ns

2K x 7 @ 30 ns

5K x 8 @ 10 ns 5K x 8 @ 10 ns

8K x 8 @ 10 ns

2K x 7 @ 20 ns

2K x 7 @ 20 ns

8K x 8 @ 10 ns

8K x 8 @ 10 ns

8K x 8 @ 10 ns

Physical Memories
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Behavior

int A [1000]
int B [1000]
...
B[k] = A[i] + A[j]

A B

+

i
k

R

j

S1: R = A[i] + A[j]
S2: B[k] = R

S1: R1 = A[i];  R2 = A[j];  j’ = k + 1000
S2: B[j’] = R1 + R2

A

+

i

j

k1000

j’

B

R1 R2

No Clustering Clustering
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Physical Memory Assignment
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Iteration 2

Iteration 3

Iteration 4

(c) Inner Loop Execution Trace
in each Iteration

(d) New Elements
(e) Tile

for  (i = 1;  i < N−1; i++)

        for  ( j = 1; j < N−1; j = j + 2) {

                res = a[i][j] * u[i+1][j] + b[i][j] * u[i−1][j] +

                           c [i][j] * u[i][j+1] + d[i][j] * u[i][j−1] +

                           e[i][j] *   u[i][j]   − f[i][j];

                u[i][j]   =   u[i][j]   −    (K * res) / e[i][j];

        }

(a) Behavior (b) Access Pattern
Contour

u[i][j−1] u[i][j+1]

u[i−1][j]

u[i][j]

u[i+1][j]
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end for

int   a[N], b[N], c[N]

c[i] = a[i] + b[i]

. . .
for i in 0 to N−1

(a) (b)

b

b[i]

NN N

Data CacheMemory

a[i]

a

c[i]

c
C

b

b[i]

NN N

C

Data Cache

Memory

a[i]

a

c[i]

c

Dummy Words

(c)

(d)

C

Data Cache

...

c[i]b[i]a[i]

Memory

Tiles

a[0]... b[0]... c[0]...
...b[n−1] ...c[n−1]...a[n−1]

Sum of tile sizes
= cache size
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ô!ö ô.ö�äkå:ìfè>ç�çIû � ñDöàä'ìXå ìfê.ð�î!ô�ö ö~åyç�ç�òDô�ãàã�å ðàâAç6ô]ð�å:ý_âAê�ú&â�ãàê!ð�å çàñAó>ã�è>â�å � ã�ð�åyìfå ó>îfè>âAå '
ö~è>å â_ã�ö ô�öàäAå:ñkã�è>ó>è��Iô�ã�è>ê.âbï_å ç�òNå�ö~è�ô]óVó>î
íNå�ö ô�ñkç�å�ì
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��ð¼ô.æ_è>ã�è>ê�âDô]ó>óVî_ï ö ô.ö�äkå ç�ô]ð�å&ì�ô�âDô]é�å�æ�í_î�ã�äAå&äNô�ð¼æ�ú�ô]ð�å�ô�âNæ:ãàä�ñkç�ö ô�öàäAå�ô�ö ö�å ç�çàå ç�ô�ðàå&ã�ð¼ô]âAç�òNô�ð�åyâ�ã�ã�ê�ç~ö�äkå�æ_ñAó>å ðàç�ïAíNê�ãàä/è>â�ã�äAå
ö~ê.ìfòAè>ó>å ð�ô�âNæ�è>â'ã�äAåfö�ñAç�ãàê�ì�äDô]ð¼æ_ú&ô�ðàå/çàî�â_ãàäAå ç�è>ç �0��# � ��æ_ê�ì�ô�è>âAç�û �Aðàê�ì ã�äAå�õ_èVåyú&òDê.èVâ_ã³ê�ë�ô8ã�ð¼ô.æ_è>ã�è>ê�âNô�óbç~öàäAå�æ_ñAó>å ðIïiô]ó>ó
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ô�ãàã¼ô.ö�äkèVâké/ô�ö ö�ñAð¼ô]ã�å:ãàèVìXè>âAé�èVâ�ërê�ðàì
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RowDecode
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2 cycles 2 cycles 2 cycles 2 cycles Precharge
3 cycles
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Unoptimized Schedule:  7 x 4 = 28 cycles

Row (b[0])

Col (b[0])

Row (b[1])

Col (b[1])

Row (b[2])
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