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What are Fractal Images?

. #sets of points generated by iterating
Pal’a”el FraCta| Image Generatlon re|at|\/e|y S|mp|e calculations
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#contain infinite detail

#show self-similarity
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What are Fractal Images? What are Fractal Images?
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What are Fractal Images? What are Fractal Images?

Iteration approaching infinity Iteration converging

n 12,0
wT 1| 0.35355339059327
2 | 0.45069390943300
12l 3| 0.47005027989035
1 1.11803 4 | 0.40997608405816
C=-1.0+ 0.5 2 0.55902 5 | 0.33506252161220
. 3 1.40451 6 | 0.34958508021450
4 1.29028 7 | 0.39034473986338
5 2.76564 8 | 0.40606669062459
6 6.55472 9 | 0.39395730588684
7 42.28971 10 | 0.37488377936362
— ] s 1789. 18964 f—d—p —_—t >
15 1o os x 15 1o os x
9 3201199. 12507 110 | 0.38268343236512
10 | 10247675838353. 00000 111 | 0.38268343236508
112 | 0.38268343236507

C=0.25-0.25

113 | 0.38268343236508
. 114 | 0.38268343236510
o 115 | 0.38268343236510
116 | 0.38268343236509
117 | 0.38268343236509
118 | 0.38268343236509
119 | 0.38268343236509
120 | 0.38268343236509

CS 580 - Parallel Processing



Matthias Book: Parallel Fractal Image Generation

What are Fractal Images?

Iteration looping
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What are Fractal Images?

Image characteristics

Iteration maximum:
150

@ self-similarity
@ infite detail

Parallel Algorithm Design

# Motivation:
deep zooms require high iteration count

max. iteration count always reached
on the inside of the set

high image resolutions desired

e.g. 8x11" fractal at 600 dpi: 31,680,000 pixels,
each with <= 2,000,000 iterations

» long computation times with serial algorithms

@ parallel computing can decrease computation time
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What are Fractal Images?

The Mandelbrot set

o fix point

What are Fractal Images?

Image characteristics

Iteration maximum:
’ 1,500,000

@ more iterations

» higher accuracy

Parallel Algorithm Design
Partitioning

smallest unit of computation:
1 pixel

ASCII output:
'#' = Z approaches infinity
' ' = Z does not approach infinity
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Parallel Algorithm Design
Blockwise Agglomeration
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Problem:
load not evenly balanced

Parallel Algorithm Design
Linewise Agglomeration

Solution:
load now relatively L
evenly balanced

Parallel Algorithm Design
Communication

® tasks don't have consecutive lines of image
» synchronization for sequential output required

output line
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Problem: only 1 task active at any time

Parallel Algorithm Design
Non-blocking communication

@ Solution: use non-blocking communication

® while lines to compute
" non-blocking receive from previous node
= compute lines and store in output buffer
= if notification received
= if at least one line in buffer
= send first line and delete from buffer

" else

" continue computation till one line complete

® send line and delete from buffer

" non-blocking send notification to next node

Parallel Algorithm Design
Projected performance

ideal ~ .-

" projected

close to ideal speedup,
since all nodes can do
computations all the time
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