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Figure 9.1. A parallef compare-exchange operation. Processes P;and P
send their elements to each other. Process P;keeps min{a, a }, and P
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A schematic representation of comparators: (a) an increasing
comparator, and (b) a decreasing comparator.
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A typical sorting network. Every sorting network is made up of
e " 7| a'series of columns, and each column contains a number of comparators
connected in parallel.
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Merging a 16-element bitonic sequence through a series of log
16 bitonic spliits, P
Origionl £ e 0 4o o s
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A bitonic merging network for n = 16. The input wires are
numbered @, 1 ..., n - 1, and the binary representation of these numbers is
shown. Each column of comparators is drawn separately; the entire figure
represents & @BMUE}' bitonic merging netwark. The network takes 2
bitonic sequence and outpuis it in sorted order.
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BITONIC (55t o556
A schematic representation of a network that converts an :
input sequence into a bitonic sequence. In this example, ©BM[k] and
©811[k] denote bitonic merging networks of input size k that use @ and ©
comparators, respectively. The last merging network ($BM[16]) sorts the
Chk e AT / _input. In this example, n = 16. 5
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The comparator network that transforms an input sequence of
16 unordered numbers into a bitonic sequence. In contrast to Slide 10
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Communication during the last stoge of bitonic sort. Each wire

is mapped to a hypercube process; each connection represents a
compare-exchange between processes.

13

24 processes. In this algorithm, /labe/ ic
dimension of the hypercube.

procedure EI
begin
for I =

comp exch
. end BITCNIC SORT

(Lol - BEN B S . BN TS WS W

For (dz g, de=12d0

¥ = =

o B bt paw mad 0 g

Hypercube «s..& ... 7

Paraliel formulation of bitonic sort anr » °
‘e process’s label and d is the

5 - y e - o #
Vit b O 2P 5l il i 0 o
. T — i -— = 2

crcube with p =
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Mesh «<s 55, Bitonic ;jln i o coslss

Different ways of mapping the input wires of the bitonic
sorting network to a mesh of processes: (a) row-major mapping, (b) row-
major snakelike mapping, and (¢) row-major shuffled mapping.

Mesh ass 5, Bitonic s;5Le o0 coilss

The last stage of the bitonic sort algorithm for n = 16 on a
miesh, using the row-major shuffled mapping. During each step, process
pairs compare-exchange their elements. Arrows indicate the pairs of
processes that perform compare-exchange operations.
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A binary tree generated by the execution of the quicksort
algorithm. Each level of the tree represents a different array-partitioning
iteration. If pivot selection is optimal, then the height of the tree is &(log

n), which is also the number of iterations.

& &3l S e
Quick Sort

CRCW PRAM S5 (gl QuickSort s3Le gilse

The binary tree construction procedure for the CRCW PRAM
paraltel quicksort formulation.

L. procadure BUILD TREE (3;L1...n7;
24 begin
B Eor cach process 1 do
4. begin
9 Ioor = i)
&, parent; i= rowt;
7. lefvchildii] = cightchild{i} i= n-+ iy
- end for
9. rapeat for eash process i ¢ & aot do
10, begin
i s G if {Ali} < Alparenc ]} er
(A{i]= Alpa b and 2 <PRrent;) then
12, begin
13. Ieftehildis
14, if i = Jef ;] than exit
35, alse pareat, = lertopild{parent [;
16, and for
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Quick Sort

The execution of the PRAM sigorithm on the arrsy shown in w
(2] The arrays leftchild and rightchilé are showm in (¢}, (d), and (e} as
the algerithm progresses. Figure (f) shovs the binary tree constructed by

the algorithm, Each nede is labeled by the process (in square brackets), Lok
and the element is Stored at that process fin curly brackets), The element
is the pivet, In each node, processes with smaller elements than the pirot
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