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The Butterfly Parallel Processor

o a MIMD machine.

o a tightly coupled,
shared memory machine.

o expandable over a wide
range of configurations.

0o a homogeneous multiprocessor.
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Processor nodes and switch for a 168 processer configuration.
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A 16 input—-16 output Butterfly switch.



2. Benchmarking Technique.

Objective:
To measure:

1. Ability of various applications to
effectively utilize multiple processors.

2. Multiprocessor overhead.

Technique:

1. Measure runtime of program on
3, By v, N DEOCESSOTrS.

2. Compare runtime of optimized
uniprocessor version of application

with runtime of multiprocessor
version on a single processor.



3. Programming Methodology.

Concerns:

o Storage Management:

Goal :

Approach:

o Processor

Goal:

Approach:

Keep all memories equally
busy to prevent slowdown that
occurs when many processors
access a single memory.

Uniformly distribute data
across the memory of the
machine.

Management :

Keep all processors busy to
prevent slowdown that occurs
when some processors sit idle.

Decompose problem into T tasks,
where T >> P.

Rely on statistics to minimize
idle time.



Programming Methodology

Processor Management (Cont.)

Applications are structured to
have two parts:

1. Set of routines that perform the tasks.
2. One of more "task generators” that
identify "next"” task for execution.
Task Generator Notion:
o 2 Procedures:
Generator procedure (G) that takes
as parameters a worker procedure (W)

and description of data.

o G calls W specifying subsets of the
data until work is completed.

(o Processors are used as they are
available to execute the calls of W.



4. Results
o Matrix Multiplication.

o Solution of Simultaneous
Linear Equations.

o Image Processing Utilities.

Convolution.
Region relabeling.
Region of interest histograms.
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EFFECTIVE PROCESSORS
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MATRIX MULTIPLICATION
400 x 400 Matrices

(avg. 9.0 psec per 1 Procassor
Multiply-Add)

(Uniprocessor Code with Local
Data is 6% Faster)

(4.8 sac for 128 Processors)
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EFFECTIVE PROCESSORS
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GAUSSIAN ELIMINATION
1200 Equations

(avg. 40 psec per 1 Processor)
(Uniprocessor Code with Locai
Data is 7% Faster)

(208 sec for 122 Processors)
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Image Utilities
Region Relabeling
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Image Utilities
Region Histograms
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Image Utilities

Region Histograms

histogram 1

histogram 2

histogram 3

histogram n




Effective Processors
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Convolution of 1024 x 1024 Image with 3 x 3 Mask
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