CSE 457: Parallel Sorting Worksheet -1 1

Assume that? < N andP is a power of2, i.e., P = 2* for some integek. Assume that each processor
starts out with ary| i st of sizem = N/P; the numbers in the original list of siZ€ are divided arbitrarily
into theseP lists of sizem = N/P. Letpgsort?(startprocessor, endprocessor) refer
to a sorting function to sort in parallel the global list caiispng all local lists (ryl i st) at processors
with ranksst art pr ocessor to endpr ocessor. Letqui cksort (nyl i st) be the standard serial
Quicksort function which returns mylist in sorted order;atist of sizem, this function costsn log, m.

In the last class we discusspdsort 1 which has an unacceptably high computation cost. Now censid
converting it to a more efficient parallel sorting scheme.

1. Letsplit(mylist, pivot, leftlist, rightlist) beafunction that partitions elements in
mylist so that leftlist contains all numbers smaller thargual to pivot and rightlist contains the remaining
numbers.

Letnerge(nylist, listl, |ist2) beafunctionthat merges the element$irst 1 andl i st 2
such thatryl i st contains all numbers in sorted order.

Can you use these two functions to chapggsor t 1 so that its computation costs are decreased signifi-
cantly (without increasing communication costs)? Prowidar algorithm by editingogsor t 1 appropri-
ately (we will call itpgsort 2).

qui cksort (nyli st)
pgsort2(0, P-1)

pgsort 2(startprocessor, endprocessor)

processorgroupsi ze = endprocessor - startprocessor +1
part nerdi stance = processorgroupsi ze/ 2
m dprocessor = startprocessor+partnerdi st nace

if ( partnerdi stance >= 1)
if (nyprocessorid = startprocessor)
pi ck pivot as the nedian of ny sorted list nylist
end if
br oadcast pivot from startprocessor to processors in the range
startprocessor to endprocessor
split(mylist, pivot, leftlist, rightlist)
if (myrocessorid >= mdprocessor)
nypartner = nyprocessorid - partnerdi stance

sendrecei ve exchange: send nmy leftlist and receive partner’s rightlist

to replace ny leftlist
nmerge(nylist, leftlist, rightlist)
pgsort2(n dprocessor, endprocessor)
el se
nypartner = nyprocessorid + partnerdi stance

sendrecei ve exchange: send nmy rightlist and receive partner’s leftlist

to replace ny rightlist
merge(nylist, leftlist, rightlist)
pgsort 2(startprocessor, m dprocessor-1)



end if
end if
end pqgsortl

Typically, the median of a randomly sampled subset of nusibrea list is very close to the median of the
list. For purposes of easy analysis assume that the pivettgah using the median of the local list is such
that it perfectly splits each local list into equal sized kid right halves.

a) Using P processors, how many times is the functppsor t 2 invoked at a processor? Provide expres-
sions.

b) What is the size ofryl i st at each invocation at a processor?
¢) What is the total computation cost at a processor? Pr@xgeessions.

d) Consider communication costs usindor the startup and,, for the per word cost. Provide an expression
for the communication cost at a processor during a singléa@alqsor t usingp processors.

e) Provide an expression for the total communication cdsigeocessor over all calls fgsor t 2 starting
with P processors. Show your work. Simplify to show the higher ptdam in the cost; you may assume
thatm /2 > log,(P).

f) Provide an expression fdfp the cost (time) onP processors for the parallel algorithm. Which costs,
computation or communication, dominate fugsort 1 andpgsort 2?



