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 1   2   3   4  5  8  9 10  11 12 15 16 17 20 22 24 25 26 29 30 31 32 33 36 40 45 47 50 52 55 58 63 65 

2  5  8 9 12 15 20 25 29 30 31 32 47 50 52 55 63 65   1  3  4  10 11 16 17 22 24 26 33 36 40 45 58 

M=3 

32 12 47 25 29 63 52  2 30 55 65  5  9 20 15 31  8 50 22 45 10  1  11 24  3 33 17 58 40 26 36 16  4 

  5  8  9 15 20 31 50 55 65  2 12 25 29 30 32 47 52 63 1  3  10 11 17 22  24 33 45 4 16 26 36 40 58 
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 A  3 
 B 10 
 C  8 
 D  6 
 E  1 
 F  9 
 G  8 
 H  2 
 I   7 
 J  2 
 K  4 
 L  5 
 M  3 
 N  6 
 O  9 
 P  1 

  5  q 
  7  r 
  6  s 
  1  t 
  6  u 
  1  v 
  2  w 
  3  x 
  4   y 
  8  z 

  5  q 
  7  r 
  6  s 
  1  t 

M=4 
r s 

 A   3 
 B  10 

  5  q 
  7  r 
  6  s 
  1  t 
 C  8 
 D  6 
D 6 s 

  5  q 
  7  r 
  6  s 
  1  t 
 E   1 
 F   9 
D 6 s 
E 1 t 

  5  q 
  7  r 
  6  s 
  1  t 
 G   8 
 H   2 

  5  q 
  7  r 
  6  s 
  1  t 
  I   7 
 J   2 
 I  7  r 

  5  q 
  7  r 
  6  s 
  1  t 
 K  4 
 L  5 
 I  7  r 
 L 5 q  

  5  q 
  7  r 
  6  s 
  1  t 
 M   3 
 N   6 
N  6  s 

  5  q 
  7  r 
  6  s 
  1  t 
 O   9 
 P   1 
N  6  s 
P  1  t   

  6   u 
  1   v 
  2   w 
  3   x 
 A   3 
 B  10 
 A 3 x 

  6   u 
  1   v 

 2   w 
 3   x 

 C  8 
 D  6 

A 3 x  
D 6 u 

 6   u 
 1   v 

 2   w 
 3   x 

 E   1 
 F   9 

E 1  v 

 6   u 
 1   v 

 2   w 
 3   x 

 G   8 
 H   2 

E 1  v  
H 2  w 

 6   u 
 1   v 

 2   w 
 3   x 

 I    7 
 J    2 

J 2 w 

 6   u 
 1   v 

 2   w 
 3   x 

 K   4 
 L   5 

J  2 w 

 6   u 
 1   v 

 2   w 
 3   x 

 M   3 
 N   6 

J  2 w 
M 3 x 

 6   u 
 1   v 

 2   w 
 3   x 

 O   9 
 P   1 

N 6 u 
P 1  v 

* Red blocks are flushed 
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 4   y 
 8   z 

 A   3 
 B  10 

  4   y 
  8   z 

 C  8 
 D  6 
C  8  z 

  4   y 
  8   z 

 E   1 
 F   9 
C  8  z 

  4   y 
  8   z 

 G   8 
 H   2 
C  8  z 
G 8  z 

  4   y 
  8   z 

  I   7 
 J   2 

  4   y 
  8   z 

 K  4 
 L  5 
 K 4 y 

  4   y 
  8   z 

 M   3 
 N   6 
K 4 y 

  4   y 
  8   z 

 O   9 
 P   1 
K 4 y 

D 6 s 
E 1 t 

 I  7  r 
 L 5 q  

N  6  s 
P  1  t   

A 3 x  
D 6 u 

E 1  v  
H 2  w 

J  2 w 
M 3 x 

N 6 u 
P 1  v 

C  8  z 
G 8  z 

K 4 y 

* Red blocks are flushed 

Final result 

 A  3 
 B 10 
 C  8 
 D  6 
 E  1 
 F  9 
 G  8 
 H  2 
 I   7 
 J  2 
 K  4 
 L  5 
 M  3 
 N  6 
 O  9 
 P  1 

  5  q 
  7  r 
  6  s 
  1  t 
  6  u 
  1  v 
  2  w 
  3  x 
  4   y 
  8  z 

M=4 
r s 
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 A  3 
 B 10 
 C  8 
 D  6 
 E  1 
 F  9 
 G  8 
 H  2 
 I   7 
 J  2 
 K  4 
 L  5 
 M  3 
 N  6 
 O  9 
 P  1 

  5  q 
  7  r 
  6  s 
  1  t 
  6  u 
  1  v 
  2  w 
  3  x 
  4   y 
  8  z 

M=4 r s 

 A   3 
 B  10 

 C  8 
 D  6 

 E   1 
 F   9 

 G   8 
 H   2 

  I   7 
 J   2 

 K  4 
 L  5 

 M   3 
 N   6 

 O   9 
 P   1 

 A   3  A   3 
 D   6 

 F   9   F   9  F   9  F   9  F   9 
 M   3 

 N   6 
 O   9  

 B  10  B  10  B  10 
 E   1 

  I   7  I   7 
 K  4 

 P   1 

 C   8  C   8  C   8 
 G   8 

  H   2 
  J   2 

 L   5   L   5   L   5 

h(A) = A mod 3 
 5   q 
 7   r 

 6   s 
 1   t 

 6   u 
 1   v 

 2   w 
 3   x 

 4   y 
 8   z 

 6   s  6   s 
 6   u 

 3   x  3   x 

 7    r  7    r 
 1    t  

 1   v  1   v  1   v 
 4   y 

 5   q  5    q  5   q 
 2   w  

 8   z 

s 

Partition 0 

Partition 1 

Partition 2 

* Colored blocks are flushed 

r 

Partition 0 

Partition 1 

Partition 2 
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M=4 

r s 

 A 3 x 
 D 6 s 

 6   s 
 6   u 

 3   x 

 7    r 
 1    t 

 1   v 
 4   y 

 5   q 
 2   w 

 8   z 

 A   3 
 D   6 

 F   9 
 M   3 

 N   6 
 O   9  

 B  10 
 E   1 

 I   7 
 K  4 

 P   1 

 C   8 
 G   8 

 H   2 
 J   2 

 6   s 
 6   u 

 3   x 

 F   9 
 M   3 

 6   s 
 6   u 

 3   x 

 N 6 s 
 N 6 u 

 D 6 u 
 M 3 x 

 N   6 
 O   9 

 6   s 
 6   u 

 3   x 

 7    r 
 1    t 

 1   v 
 4   y 

 B  10 
 E   1 

 7    r 
 1    t 

 1   v 
 4   y 

 I     7 
 K    4 

 7    r 
 1    t 

 1   v 
 4   y 

 P   1 

 E 1  t 
 E 1  v  

 I  7  r 
 K 4  y 

 P 1  t 
 P 1  v 

 5   q 
 2   w 

 8   z 

 C   8 
 G   8 

 5   q 
 2   w 

 8   z 

 H   2 
 J   2 

C  8  z 
G 8  z 

 H 2 w 
 J 2 w 

 A   3 
 D   6 

D 6 u 

 L   5 

 5   q 
 2   w 

 8   z 

 L   5 

 L 5 q 

s0 

r0 

output 
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n=500 
b=50 

n=5000 
b=200 

n=7000 
b=100 

[100/20]*200 + 100 = 1100 

Temp1: n=7000, b=250 

[50/20]*250 + 50 = 800 

Temp2: n=7000, b=700 

Join1: compute 1100 
            write 250 
Join2: compute 800 
            write 700 
Sel/Proj:  700 
TOTAL: 3550 
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n=500 
b=50 

n=5000 
b=200 

n=7000 
b=100 Temp1: n=100, b=10 

Scan: 50 
(sel. 20%) 

Temp2: n=500, b=20 

Temp3: n=100, b=10 

Join: 10+20 = 30 

Join: 10+100 = 110 

Scan: 200 
(sel. 10%) 

Sel1: compute 50; write 10 
Sel2: compute 200; write 20 
Join1: compute 30; write 10 
Join2: compute 110; write 14 
Proj:  14 
TOTAL: 458 

Temp4: n=140, b=14 




