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Algorithm 4.3 Odd/Even Sort

1: Given an array of n nodes (vq,...,v,), each storing a value (not sorted).
2: repeat

3:  Compare and exchange the values at nodes 7 and 7 + 1, 7 odd

4 Compare and exchange the values at nodes 7 and ¢ + 1, 7 even

5: until done
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Lemma 4.4 (0-1 Sorting Lemma). If an oblivious comparison-exchange algo-
rithm sorts all inputs of 0’s and 1’s, then it sorts arbitrary inputs.
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Algorithm 4.6 Shearsort

1:
2-

-

S S

We are given a mesh with m rows and m columns, m even, n = m?.

The sorting algorithm operates in phases, and uses the odd/even sort algo-
rithm on rows or columns.

repeat
In the odd phases 1,3, ... we sort all the rows, in the even phases 2,4, ...
we sort all the columns, such that:
Columns are sorted such that the small values move up.
Odd rows (1,3,....,m — 1) are sorted such that small values move left.
Even rows (2,4, ...,m) are sorted such that small values move right.
until done




MR

Q((Q&LL



A NN N N




2 vows :

Crthev
e of 0
ar-hy vouu

Oivhy vo
vow uf 1S

\m\@

b\ eawv



weo
n Q.Tg"l'l'

’\:l% y Dk@ty\ ﬂ)

—

|

Hen 1 VOwao\ '|EV~:\M.JC‘"€§
QOVHS



2(5\\5"\‘\ 0 W' ‘0 -
(o7 ly)
\\’\e&lré'ov‘l' uu "‘&\.w.. (JJ-Q,
|
) v loan
/ —proves | OO

4—dim. S i~ -




Al NOV AL Pev'. o C VJ\‘\/\'\ C on<tuct pev‘“°°|

fe/‘;\m'l o.ﬂ (Q\AS“*\ 3
B rcaPCo:\_

N

.« ® e

las N

possele Fwne & /T ‘0‘;52")

:/*/-‘b

<j Poof  JAWM




Theorem 4.7. Algorithm 4.6 sorts n values in \/n(logn+1) time in snake-like
order.



Algorithm 4.12 Half Cleaner
1: A half cleaner 1s a comparison network of depth 1, where we compare wire

i with wire i +n/2 fori =1,..., n/2 (we assume n to be even).
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Algorithm 4.12 Half Cleaner

1: A half cleaner 1s a comparison network of depth 1, where we compare wire
i with wire i +n/2 fori =1,..., n/2 (we assume n to be even).
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Algorithm 4.14 Bitonic Sequence Sorter

1: A bitonic sequence sorter of width n (n being a power of 2) consists of a
half cleaner of width n, and then two bitonic sequence sorters of width n /2
each.

2: A bitonic sequence sorter of width 1 is empty.
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Algorithm 4.16 Merging Network
1: A merging network of width n 1s a merger of width n followed by two bitonic
sequence sorters of width n/2. A merger is a depth-one network where we
compare wire ¢ with wiren —i+ 1, fori=1,...,n/2.

Lemma 4.17. A merging network of width n (Algorithm 4.16) merges two
sorted input sequences of length n/2 each into one sorted sequence of length n.
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Algorithm 4.16 Merging Network
1: A merging network of width n 1s a merger of width n followed by two bitonic
sequence sorters of width n/2. A merger is a depth-one network where we
compare wire ¢ with wiren —i+ 1, fori=1,...,n/2.

Lemma 4.17. A merging network of width n (Algorithm 4.16) merges two
sorted input sequences of length n/2 each into one sorted sequence of length n.
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Algorithm 4.18 Batcher’s “Bitonic” Sorting Network —T
1: A batcher sorting network of width n consists of two batcher sorting net- T3 &
works of width n/2 followed by a merging network of width n. (See Figure | =
4.19.) — B
2: A batcher sorting network of width 1 1s empty. E B s
Tl =

j J ’—\ Figure 4.19: A batcher sorting network
r
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Algorithm 4.23 Bitonic Counting Network.

1:

Take Batcher’s bitonic sorting network of width w and replace all the com-
parators with balancers.

: When a node wants to count, it sends a message to an arbitrary input wire.

3: The message 1s then routed through the network, following the rules of the

asynchronous balancers.

4: Each output wire 1s completed with a “mini-counter.”
5: The mini-counter of wire k replies the value “k 4+ i - w” to the initiator of
the i* message it receives.
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e An alternative representation of Batcher’s network has been intro-
duced in [AHS94]. It is isomorphic to Batcher’s network, and relies on
a Merger Network M [w] which is defined inductively: M |w] consists
of two M [w/2] networks (an upper and a lower one) whose output
is fed to w/2 balancers. The upper balancer merges the even sub-
sequence rq,Ia,...,T,—2, while the lower balancer merges the odd
subsequence z1, &3, ..., &y—1. Call the outputs of these two M[w/2],
z and 2’ respectively. The final stage of the network combines z and z’
by sending each pair of wires z; and z! into a balancer whose outputs

vield y2; and y2;4+1. B\/

e ———

evoeVv

Cb.... o0 ©







> 2
N N
[N ok
ot o4
&1 ;

: b1
bt
=

N

‘? ok 1

e

b R

b1 2l

: b

. L

b-t1
bt

| radd B b

I XET

oA
o1

wYogoTJa
A

§999 -
O
-+ |l

%—IO’U"
p-

Jo-FP
| +

o TEPP
NS

\VvalvE @)

A
A



Definition 4.24 (Step Property). A sequence yo.vy1.....Yw—1 is said to have
the step property, if 0 <y, —y; <1, for any 1 < j.
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Lemma 4.28. Let M[w] be a merger network of width w. In a quiescent state
(no message in transit), if the inputs xg, x4, . . ., Loy 2—1 TESP. Tay/2s Loy /2415 -~ s Taw—1
have the step property, then the output yo,y1,...,Yw—1 has the step property.
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