Parallel Sorting

Three solutions to sorting in parallel:
« Unlimited parallelism — similar to bubble sort
» Fixed parallelism — 26 threads, one per letter

o Scalable parallelism — Batcher’s Bitonic Sort



Using Unlimited Parallelism

Dog | Cat | Art Eel Bus | Fun
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Swap Loop

bool continue = true;
rec L[n];

whil e (continue)
{
swap_pairs(1);
swap pairs(0); /* sets continue */

}




Swaping Pairs

void swap pairs(int start)

{
forall (1 1n(start...n-2:2)) /* stride by 2 */
{
rec tenp;
bool done = true;

1 f (strcnp(L[i]. X,

L[ir+1].x) > 0) {
tenp = L[i];

L[i] = L[i+1];

L[1+1] = tenp;

done = fal se;

}

If (!start) continue

= 1 (&&/ done) ;

}
}



Fixed Parallelism
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Counting

rec L[n];
forall (index in(0..25)) {
int size = nySize(L, 0);
rec nyL[] = localize(L), tenp[];
I nt counts[26] = 0, nyCount, nyStart;

for (int 1 = 0; I < size; 1++4)
count s[ | et Rank(nyL[i].x[0])] ++;

myCount = +/counts[index]; /* inplies sync */
tenp = | ocal Sort (i ndex, nmyCount);
nyStart = (+\nmyCount) - nyCount;

for (int 1 = 0; I < myCount; |++)
L[I + nyStart] = tenmp[i];



Local Sorting

rec[] local Sort(int index, Int nyCount)

{
rec temp[] = new rec|[nyCount];

Int | = 0;
for (int i =0; i <n; i+4)
I1f (letRank(L[i].x[0]) == index)
tenp[)++] = L[I1];
al phabeti zel nPl ace(tenp, nyCount);

return tenp;



Scalable Parallelism




Scalable Parallelism

ThreadID: 0 1 2 3 4 5 6 7
As bits: 0000 0001 0010 0011 0100 0101 0110 0111
Input: 51(27 26 25] : (21 06 16)[08E28N38][11 03 13][19 [33 22 04]
(p.d)

e f————— ——— o
(=,0) ] 01727 26 25])(01 15 18](21 16 06][08 8113 11 03][19 31 39](33 22 04]
(0,1) ) 25 : [13 28 38][39 - 19 04]
(1,2) 04]
{0,2) 03]
(2,3) 01 | : 1122 28 31][19 : 27 40]

[

(1,3) 01 05 06 3 16 - 51[22 26 27][33 38 2 40]

(0,3) 03 : 9 21 22](25 26 27)[28 31 33 40



Batcher’s Setup
rec L[n];

Nt t;
int m=1092(t);
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typedef struct { char x[ MAXLEN]; int hone; } key;
key Buf K[nml[size],;
bool free'[n] = false, ready'[M;

Assume L localized into equal contiguous segments

Assume Buf K localized by first index
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Batcher’'s Thread Outline

forall (index in(0..t-1)) {
rec nyL[size] = localize(L), inputCopy][size];
key Kn[][] = localize(BufK), K[size];

for (int i =0; i < size; i++) {
KIi1].x = nyL[1].X;
K[i].home = | ocal ToGobal (nyL, i, 0);
}

al phabeti zel nPl ace(K, size, bit(index, 0) /* up or down */);

. /* main | oop */

for (int I =0; I < size; |++)
I nput Copy[i] = L[K[i].hone];

barri er;

for (int i =0; I < size; i++)

myL[1] = iInputCopy[i];
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Batcher’s Thread Main Loop Outline

for (int d =1; d <= m d++) {
for (p=d- 1, p>0; p--) {
free' [neigh(index, p)]; /* wait to send */

for (int i =0; i < size; i++)
Buf K[ nei gh(index, p)][i] = K[i];

ready' [ nei gh(index, p)] = true; /* sent */
ready' [index]; /* wait to receive */

merge(i ndex, d, p, Kn, K);
real phabeti zel nPl ace(K, size, bit(index, p));

free'[index] = true; /* ready to receive */
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Batcher’s Merge

void nerge(int index, int d, int p, key Kn[][], key K[])

{
for (int i =0; i < size; i++) {
bool want ;
I nt cnp;
cnp = strenp(Kn[index][i].x, Kli].x);
1 f (bit(index, d) == bit(index, p))
want = (cnp > 0);
el se
want = (cnp < 0);
1 f (want)
K[i] = Kn[i]:
}



