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 8    8    9    9    9    9    9    9    9 

 8    9    9    9    9    9    9    9    9 

 9    9    9    9    9    9    9    9    9 

Initial 
values 

Maximum 
identified 

0 P 1 P 2 P 3 P P P 6 P 7 P 8 P 5 4 

 5    2    8    6    3    7    9    1    4 

 5    7    8    6    3    7    9    1    4 

 5    7   15    6    3    7    9    1    4 

 5    7   15   21    3    7    9    1    4 

 5    7   15   21   24    7    9    1    4 

 5    7   15   21   24   31    9    1    4 

 5    7   15   21   24   31   40    1    4 

 5    7   15   21   24   31   40   41    4 

 5    7   15   21   24   31   40   41   45 

Initial 
values 

Final 
results 

0 P 1 P 2 P 3 P P P 6 P 7 P 8 P 5 4 
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5    2    8    6    3    7    9    1    4 

  1    6    3    2    5    3    6    7    5 

  

5    2    8    6    3    7    9    1    4 

  6    8   11    8    8   10   15    8    9 

                + 

  0    6   14   25   33   41   51   66   74 

                = 

5    8   22   31   36   48   60   67   78 

  6   14   25   33   41   51   66   74   83 

Initial 
values 

Final 
results 

0 P 1 P 2 P 3 P P P 6 P 7 P 8 P 5 4 

Local 
prefixes 

Diminished 
prefixes 
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0  P  1  P  2  P  3  P  P  P  6  P  7  P  8  P  5  4  

R ig h t -m o v in g  p a c k e ts  

L e ft- m o v in g  p a c k e ts  

5 2 8 6 3 7 9 1      
                      

  5 2 8 6 3 7 9          
                        

      5  2 8 6 3 7   
  
        5 2 8 6 3   
  
          5 2 8 6   
  
            5 2 8   
  

               5 2  

  
               5  

5 2 8 6  3 7 9 1 4  

    

4  

1 4 

4 
9 

1 

1 9 
4 7 

1 7 
4 3 

9 

1 3 

4 
7 9 

1 

1 2 

3 

3 

4 
7 6 

8 

8 

6 

9 

4 6 
7 9 

1 

1 

1 

4 
9 

1 

1 9 4 7 

1 

7 
3 

9 

1 

3 

4 7 9 

1 

1 

2 

3 

3 
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7 6 

8 

8 

6 
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5 
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9 

5 

5 

5 
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2 
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2 8 
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6 
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2 

2 

2 

2 
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3 

3 

3 

3 
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4 

4 

4 

4 

5 

5 

5 

5 6 

6 

6 

6 

7 

7 

7 

8 

8 
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9 
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7 8 

8 
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5    2    8    6    3    7    9    1    4 

5    2    8    3    6    7    9    1    4 

2    5    3    8    6    7    1    9    4 

2    3    5    6    8    1    7    4    9 

2    3    5    6    1    8    4    7    9 

2    3    5    1    6    4    8    7    9 

2    3    1    5    4    6    7    8    9 

2    1    3    4    5    6    7    8    9 

1    2    3    4    5    6    7    8    9 

In odd steps, 
1, 3, 5, etc., 
odd-
numbered 
processors 
exchange 
values with 
their right 
neighbors 

0 P 1 P 2 P 3 P P P 6 P 7 P 8 P 5 4 
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1-if dest = self 

2-then remove the packet {done}

3-else if dest < self or dest 

4-       then route upward

5-       else if dest δδδδ    maxl 

6-              then route leftward

7-              else route rightward

8-              endif 

9-       endif 

10-endif��
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then remove the packet {done} 

dest > maxr 

then route upward 

 

then route leftward 

else route rightward 
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    for  j =0 to  

        Copy Pj,  B

         s := 2s 

    endfor 

endwhile 
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 min(s, p – s)-1  do 
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Processor j, 0 ≤≤≤≤    j < p, write 0

for k = 1 to p – 1 Processor j, 

      l := (j + k) mod p 

      if S[l] < S[j] or S[l] = S[j] and 

         then R[j] := R[j] + 1 

      endif 

endfor 
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j, 0 ≤≤≤≤    j < p, do 

] and l < j 

S [j] into S[R[j]]
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PRAM list ranking algorithm (via pointer jumping) 

  Processor j, 0 ≤≤≤≤    j < p, do {initialize the partial ranks} 

    if next[j ] = j 

    then rank[j] := 0 

    else rank[j] := 1 

    endif 

    while rank[next[head]] ≠≠≠≠0 Processor j, 0 ≤≤≤≤    j < p, do 

       rank[j] := rank[j] + rank [next[j]] 

       next[j] := next[next[j]] 

�    endwhile����
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Parallel rank-based selection algorithm PRAMselect(S, k, p) 

1. if |S | < 4 

    then sort S and return the kth smallest element of S 

    else broadcast |S| to all p processors 

           divide S into p subsequences S( j ) of size |S | /p 

           Processor j, 0 m    j < p, compute the median Tj : = select (S(j), |S( j )|/2) 

    endif 

2. m = PRAMselect (T, |T|/2, p) {find the median of the medians in parallel} 

3. Broadcast m to all processors and create 3 subsequences 

    L: Elements of S that are < m 

    E: Elements of S that are = m 

    G: Elements of S that are > m 

4. if |L| ≥≥≥≥    k 

    then return PRAMselect (L, k, p) 

    else if |L| + |E| ≥≥≥≥    k 

           then return m 

           else return PRAMselect (G, k – |L | – |E|, p) 
     endif�����

%3!3 �0�)�
78��
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����FG���'�H���/A SELECTION-BASED SORTING ALGORITHM2�
��

Parallel selection-based sorting algorithm PRAMselectionsort(S, p) 

1. if |S| < k then return quicksort (S) 

2. for i = 1 to k – 1 do 

        mi := PRAMselect (S, i |S|/k, p) 

       {for notational convenience, let mo := –#���� ; mk := +#���� } 

    endfor 

3. for i = 0 to k – 1 do 

       make the sublist T (i) from elements of  S  that are between mi and mi+1 

    endfor 

4. for i = 1 to k /2 do in parallel 

         PRAMselectionsort (T (i), 2p/k) 

         {p/(k/2) processors are used for each of the k/2 subproblems} 

    endfor 

5. for i = k/2 + 1 to k do in parallel 

        PRAMselectionsort(T (i), 2p/k) 

Endfor��
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2. for i = 1 to 3 do 

        mi := PRAMselect (S, i 25/4, 5) 

       {for notational convenience, let mo := –#���� ; mk := +#���� } 

    Endfor 

 

��������������������������Q��J���������������������
�� PRAMselect (S,6, 5)����������
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3. for i = 0 to k – 1 do 

       make the sublist T (i) from elements of  S  that are between mi and mi+1 

    endfor 
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T : - - - - - 2|- - - - - - 4|- - - - - 6|- - - - - -��

T : 0 0 1 l 1 2|2 3 3 4 4 4 4|5 5 5 5 5 6|6 6 7 7 8 9 
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 4. for i = 1 to k /2 do in parallel 

         PRAMselectionsort (T (i), 2p/k) 

         {p/(k/2) processors are used for each of the k/2 subproblems} 

    endfor 

5. for i = k/2 + 1 to k do in parallel 

        PRAMselectionsort(T (i), 2p/k) 

Endfor��
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