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What are Fractal Images?

sets of points generated by iterating 
relatively simple calculations

contain infinite detail
show self-similarity
have a fractal dimension

What are Fractal Images?

The complex plane
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What are Fracta l  Images?

The iteration formula
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What are Fracta l  Images?

Iteration approaching infinity
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What are Fracta l  Images?

Iteration converging
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What are Fracta l  Images?

Iteration looping
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What are Fracta l  Images?

The Mandelbrot set
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Z → ∞∞

Z → fix point

Z looping

What are Fracta l  Images?

Image characteristics

self-similarity

infite detail

I terat ion maximum:
150

What are Fracta l  Images?

Image characteristics

more iterations

Ø higher accuracy

Iterat ion maximum:
1,500,000

Parallel Algorithm Design

Motivation:
n deep zooms require high i terat ion count

n max. i terat ion count a lways reached
on the inside of the set

n high image resolut ions desired

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

Ø long computation t imes with serial algorithms

paral le l  computing can decrease computat ion t ime

Paral lel Algorithm Design

Partitioning
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ASCII output:
'# '  = Z approaches inf inity
' '  = Z does not approach inf in i ty
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Paral lel Algorithm Design

Blockwise Agglomeration
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Problem:
load not evenly balanced

0.5

-0.5

0.5-0.5-1.0-1.5

yi

x

Paral lel Algorithm Design

Linewise Agglomeration

# #                            
# # #            

# # # # # # #          
# # # # # #          
# # # # # #          
# # # # #           
# # #            

#  # # # # # # # # # #    #     
# #    # # # # # # # # # # # # # # # #     
# #  # # # # # # # # # # # # # # # # # #    # ##              

# # # # # # # # # # # # # # # # # # # # # # # #  # #               
# # # # # # # # # # # # # # # # # # # # # # # # # #               

# # # # # # # # # # # # # # # # # # # # # # # # # #
# # # # # # # # # # # # # # # # # # # # # # # # # # # # # #               
# # # # # # # # # # # # # # # # # # # # # # # # # # # # ##              

# # # # # # # # # # # # # # # # # # # # # # # # # # # # # ##              
# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #             
# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #              

#          # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #              
# #   # # # #       # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #              
# # # # # # # # #     # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #             

# # # # # # # # # # #    # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #              
# # # # # # # # # # # # # #   # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #              
# # # # # # # # # # # # # #  # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # ##              
# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # ##              

# #  # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #               
# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #
# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #
# #  # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #               

# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # ##              
# # # # # # # # # # # # # #  # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # ##              
# # # # # # # # # # # # # #   # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #              

# # # # # # # # # # #    # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #              
# # # # # # # # #     # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #             

# #   # # # #       # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #              
#          # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #              

# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #              
# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #             
# # # # # # # # # # # # # # # # # # # # # # # # # # # # # ##              
# # # # # # # # # # # # # # # # # # # # # # # # # # # # ##              

# # # # # # # # # # # # # # # # # # # # # # # # # # # # # #               
# # # # # # # # # # # # # # # # # # # # # # # # # #
# # # # # # # # # # # # # # # # # # # # # # # # # #               

# # # # # # # # # # # # # # # # # # # # # # # #  # #               
# #  # # # # # # # # # # # # # # # # # #    # ##              
# #    # # # # # # # # # # # # # # # #     

#  # # # # # # # # # #    #     
# # #            

# # # # #           
# # # # # #          
# # # # # #          

# # # # # # #          
# # #            
# #            

Solution:
load now relat ively
evenly balanced
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Paral lel Algorithm Design

Communicat ion

tasks don't have consecutive l ines of image

Ø synchronizat ion for sequential output required
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send notif ication

send notif ication

send notif ication

send notif ication

Problem: only 1 task active at any t ime

Paral lel Algorithm Design

Non-blocking communication

Solution: use non-blocking communicat ion

§ whi le l ines to compute

§ non-blocking receive from previous node

§ compute l ines and store in output buffer

§ i f notif ication received

§ i f  at least one l ine in buffer

§ send f irst l ine and delete from buffer

§ else

§ cont inue computat ion t i l l  one l ine complete

§ send l ine and delete from  buffer

§ non-blocking send noti f icat ion to next node

Paral lel Algorithm Design

Projected performance

Processors

Sp
ee

du
p

ideal

projected

close to ideal speedup,
since al l nodes can do
computations al l  the t ime

Parallel Fractal Image Generator

Thank you!


