†

jonathan@cs.UAlberta.CA

ABSTRACT

n p procesn ≥ p^3 i i + regular sample

p X X be n X_{i:j} X_i, X_{i +1} X_j ≤ i ≤ j < n p^2 n and X_i ≠ X_j i ≠ j.

p w = p n

sor i (1 ≤ i ≤ p X_{(i − w : iw − 1} X Xas p X

X p(p −

X_p^w_+ , X_p^{2w}_+ , . X_p^{(p − w}_+ P 0 ≤ j ≤ p − 1.

p lists, p −

Y Y_1 , Y_2 , . Y_{p(p −} Y_2^p , Y_{p + 2}^p Y_{(p − p + 2}^p p − X y y . y_{p − 1} p(p − p −

X p − i (1 ≤ i ≤ p j j = . p − the p X p i i − ≤ i ≤ p. i (1 ≤ i ≤ p p i p p p X is sorted. n = p = w = p n =

p(p −

p − 1 = zgu

p 3n

p 2n

welements.

Proof i ≤ i ≤ p

1) i = ≤ y_1

p^2 − p − 2 p > y_1

p^2 − p − 2 p ) p w X > y_1

n − (p^2 − p − 2 p ) p w p + 2 p ) p w < 2w elements

of X ≤ y_1.

2) i = p p > y_{p − 1}

(p − p + 2 p ≤ y_{p − 1}

p^2 − 2p + 2 p ) p w X

≤ y_{p − 1} n − (p^2 − 2p + 2 p ) p w < 2w

X > y_{p − 1}.

< i < p i > y_{i − 1} and ≤ y_i

(i − p + 2 p ≤ y_{i − 1}

ing lb = i − p + 2 p ) p w X

p − i)p − 2 p > y_i

p w − y_i

ub = p − i)p − 2 p + p w − X > y_i.

Xis n n − ub − lb w − p w + 1 < 2w X i w = p 2n

p^2 n

p n elements.

Ο(w log w

w log w w^2

w log w

w Ο(p^2 log p^2 p − w elements. Ο(p^2 log p^2 + p log w w Ο(2w log p

O(w log w + w log p + p log w + p^2 log p^2 Ο(w log w Ο( p n log n n ≥ p_3.

n ≥ p^3

w

w p(p − p − p − p −

gesort.

therefore p (p − n.

key). p (p −

n

pardo pardo

merging merging rules:

do/for n Ο(n log n), n

t_{PE} (n) = log n where C n

t_{PE} (n) = n log n × t_{PE} ≤ n ≤ t_{PE}

t_{PE} t_{R1000} (n_1 ) t_{PE} (n_1 ) = t_{R1000} (n_2 ) t_{PE} (n_2 )

where n_1 and n_2 t_{R1000} (n p p in p

RDFA RDFA Relative D F A p

RDFA = w m

where m p w = p n p m ≥ w RDFA ≥ RDFAis, RDFAof r r

The RDFA RDFA

PSRS:

p

p RDFA

pardo pardo lows: PMS ≤ Quickmerge ≤ PSS ≤

distribution.

Assume p p p −

p n

Ο(w log w + w log^2 p Ο(w log^2 p w = p n .

w p −

p (p − p −

p sublists. i (0 ≤ i ≤ p − j + j, j = p − j ≠ i. p −

merging.

A B A node B. n Ο(p^2 log p^2 + w log p + w log w + p log w Ο( p n log n) when n ≥ p^3

m mτ, where β τ time.

log p neighbors.

p j 2^{j− 1} p p^2 elements, p per

j=1Σ^{log p( 2j− 1 pτ ) log p + (p − pτ.} p p − ( (p − τ p. p × p matrix, j+ i i, j 0 ≤ i, j ≤ p − i)_k k of p i i

__k

k i L_{i, j} j+ node i and L_{i,j} ≤ i, j ≤ p − L_{i, j} p × p

0 L_{i,j} w ≤ i, j ≤ p −

j=0Σ^{p − 1L}i,j^{w ≤ i ≤ p − P (2)}

i =0Σ p − 1

L_{i,j} 2w ≤ j ≤ p −

log p × [L_{i, j}

p

k (1 ≤ k ≤ log p

k− 1 log p − k

matrix. Proof

2 p

k (1 ≤ k ≤ log p min 2^{k− 1} w^{log p − k + 1} w . Proof k

(min 2^{k− 1} w^{log p − k + 1} w )τ

k=1Σ^{log p (min}2^{k− 1} w^{log p − k + 1} w^{)τ ) = 2β log p +}_p^{p − nτ.}

4β log p + ( p p − n + (p − p + log p τ ,

p n >> log p Ο( p n ).

much

Ο(w log w) Ο( p n n >= p^3

X n p i + i ≤ i ≤ p − w = p n

i is i +1.

Ο(p log p Ο(n log p p − k

Ο(p^2 log n Ο(n).

messages.

Ο(n Ο(p^2 Ο(p^2 log n

Acknowledgments

References zgu tiprocessors,

Network,

Pattern

Algorithm, Multiprocessors, Proceedings 154-160.

sors

Hyper- ,

Jourprocedure PSRS(array , n, p) # array n − n p begin p p − p sample p(p − − size (n +p − /p rsize (size +p − /p for i = 0 to p − 1

start = i×size end = (i + ×size − = start + size − 1 if end ≥ n then

end = n − 1

array [start :end Quicksort(array, start, end) for j = 1 to p − 1 do

if j×rsize ≤ end then

sample[i×p +j] = array [ j×rsize] else sample[i×p +j] = array [end] endfor endfor

sample p(p − − p − pivots p − Quicksort(sample p(p − − 1) for i =0 to p − 2 do

pivots[i] = sample[i×p + endfor

i into p sublists: # array [subsize[i×(p + +j subsize[i×(p + +j+ − ≤ j ≤ p − for i = 0 to p − 1

start = i×size end = (i + ×size − = start + size − 1 if end ≥ n then

end = n − 1 subsize[i×(p + = start subsize[i×(p + +p] = end +1 Sublists(array, start, end, subsize, i×(p + pivots p − 1) endfor

p partitions. for i = 0 to p − 1 bucksize[i] = 0 for j = i to p×(p + − 1 step p +1 do

bucksize[i] = bucksize[i]+subsize[ j+ − subsize[ j] endfor endfor

for i = 1 to p − 1

bucksize[i] = bucksize[i]+bucksize[i − endfor bucksize = 0

for i = 0 to p − 1

array [subsize[i +j×(p + subsize[i +j×(p + + − ≤ j ≤ p − 1 array bucksize[i] endfor end PSRS

procedure Sublists(array, start, end, subsize, at, pivots, , lp) array [start :end p pivots[ :lp subsize at.

begin

mid ( +lp)/2 pv = pivot[mid] lb = start ub = end while lb ≤ ub do

center (lb +ub)/2 if array [center] > pvthen

ub = center − 1 else lb = center +1 endwhile subsize[at +mid] = lb if < midthen

Sublists(array, start, lb − 1, , pivots, , mid− 1) if mid < lp then

Sublists(array, lb, end, subsize, at, pivots, mid+1, lp) end Sublists

Sizes

400000 29.71 800000 62.62 1000000 79.56 2000000 167.10 4000000 350.17 8000000 732.28

Speedup

PEs 0 16 32 48 64 0

16

32

48

64

... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...

. . ... ...

.... ................................ .... ... . ..

....

.. .

.....

.....

.....

. ..........

..............

........

... ... ... ... ... ... ... ... ... ... .. .

....

....

....

....

....

....

....

.... ...

Sizes

400000 29.71 800000 62.62 1000000 79.56 2000000 167.10 4000000 350.17 8000000 732.28

Speedup

PEs 0 16 32 48 64 0

16

32

48

64

... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...

. . ... ....... . .. . . . . . .. . .

....

.....

... ....

........... .. . ...... .... . . ..... ....

....

....

....

....

....

....

.. ....

.........

.........

......... ..

RDFAs Sizes

RDFAs Sizes for j = log p p − . do_{log p − j} 1a_j a_j (j−_{log p − j + 1} a_j.

for j = . p do_{log p − j + 1} a_j a_j (j− p −

log p − j 1a j.

for k = . p do i i)_k i

__k

L_{i,j} and L_i^{_k}_{, j}^{_k} , ≤ j ≤ p − j)_k = 0.