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Mapping Normal Algorithms to
Meshes

e Normal algorithms work well on hypercubes

e Because hypercubes are expensive, we map normal
algorithms to 1-D and 2-D arrays, which are not.

e Shuffle and unshuffle operations are key to the
translation of normal algorithms to meshes.

e A shuffle operation on a deck of card: split the deck
In half and interlace the two sets of cards.

e Example on 8 = 23 elements:
Original 4567
Shuffled 4152637
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Shuffle Operations on Linear
Arrays

e Consider shuffle of n = 29 items on 1-D
arrays. Can be done by a sequence of swaps
of adjacent elements on the array, as shown.
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Shuffle Operations on Linear
Arrays

e Could you write a small program for each
array processor using the integer it contains
as well as the cell number to decide when to
swap and when to terminate?

e Number of steps: n — 1 where n = 24-

o . reverse shuffle steps
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Shuffle Operations and
Hypercube Adjacency

Original 01234567
Shuffled 04152637
e Represent the eight integers in binary
Original 000 001010011100 101 110 111
Shuffled 000 100 001 101 010110 011 111

e In original, elements | and i+1 for | even differ in the
least significant bit. WWhen shuffled, they differ in
most significant bit.

e Swapping linearly adjacent elements simulates
hypercube swapping.
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Ascending Normal Algorithm
Simulated on a Linear Array

e A normal algorithm swaps values in
processors whose indices differ in one bit.

000 001 010 011 100 101 110 111

e Implement swap across first dimension by
Swap between even-odd neighbors.

e Implement swap across second dimension by
Unshuffle; shuffle blocks of four elements
Swap between even-odd neighbors; unshuffle.

000 010 001 011 100 110 101 111
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Ascending Normal Algorithm
Simulated on a Linear Array

e Implement swap across third dimension by
Unshuffle; shuffle blocks of eight elements

Swap between even-odd neighbors
000 100 001 101 010 110 011 111
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Normal Ascending Algorithm

on Linear Array
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e Running time on dD hypercube
o Shuffles: 2(2x'-1)fork =2, 3, ..., d.
Total 2(2¢ —d -1)
e Swaps: d
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(0,0) (0,1)
(1,0) (1,1)
(2,0) (2,1)
(3,0) (3,1)
(4,0) (4,1)
(5,0) (5,1)
(6,0) (6,1)
(7,0) (7,1)
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(0,2) (0,3)
(1,2) (1,3)
(2,2) (2,3)
(3.2) (3,3)
(4,2) (4,3)
(5,2) (5,3)
(6,2) (6,3)
(7,2) (7,3)

(0.4)
(1.4)
(2.4)
(3.4)
(4.4)
(3.4)
(6.4)
(7.4)

(0.5)
(1.5)
(2,3)
(3.5)
(4.5)
(3.3)
(6,5)
(7.5)
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Ascending Normal Algorithms
on a Two-Dimensional Array

(0,6) (0.,7)
(1,6) (1.7)
(2,6) (2.7)
(3,6) (3.7)
(4,6) (4.7)
(5,6) (5.7)
(6,6) (6.,7)
(7,6) (7.7)

e Consider mxm array {(r,c)} in row major order
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Ascending Normal Algorithms
on a Two-Dimensional Array

e Treat an index as cm+r. All normal alg. exchanges
can be done by doing shuffles on rows followed by
shuffles on columns.

e Map n = 229 vertices onto 29 x 29 array.
Elements (r,c) and (r,c+1) agree in d msb’s
Elements (r+1,c) and (r,c) agree in d Isb’s.

e Ascending algorithm uses shuffles on rows followed
by shuffles on columns.

e Algorithm uses O(Vn) steps, n=m2.
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Normal Algorithms on Cube-

Connected Cycles

e Consider CCC simulating d-
dimensional hypercube

e Let each ring have length
d < 2k<2d.

e Simulate msb’s of ascending
algorithm on rings.

e Rotate and swap on ring to
simulate asc. alg. on Isbs.

e Running time is O(d).

Lecture 21 Parallel Computation IlI CS256 @John E Savage

\
—_1-|-|
T
™
="
alu

N
__'—l—

f
(e
b1y B

Mo

o
£ N
||I|T—_|.- 1} _l'l___

P
L4
Hanl

12



Routing on Networks

e Data movement on networks is challenging:
Contention introduces delay

e Permutation routing: each input to a unique output.
e Local routing network: messages have destination
address. Network switches use only this information

to route messages.

e A sorting network, such as Batcher’s bitonic sorter
(Sect. 6.8.1) is a local permutation-routing network.
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Global Routing Networks

e Global routing networks have knowledge of
destinations for each message.

e Global permutation routing networks have
unique destination for each message.

Permutations determined by switch positions.

e Benes permutation network formed by
placing FFT graphs back-to-back and
replacing nodes with switches.
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Benes Permutation Network
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PRAM Model

e The PRAM is an abstract programming model

Processors operate synchronously, reading from
memory, executing locally, and writing to memory.

Common Memory

|

|

RAM

RAM
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PRAM Model

e Four types: EREW, ERCW, CREW, CRCW

R —read, W — write, E — exclusive, C — common

e Can Boolean functions be computed quickly?
How can a function be represented?
Can we use concurrency to good advantage?
Is this use of concurrency realistic?
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