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1. Intr oduction

This paper is a supplementto the paper The Analy-
sis and Optimization of Collective Communications on a
Beowulf Cluster [1], containingdiagramsillustrating the
All-Gather, All-ReduceandReduce-Scattercommunication
patternsandgeneratedby a communicationpatternsimula-
tor.

It shouldbereadwith this paper;it is not intendedasa
read-alonedocument.

This paperis organizedas follows. Section2 gives a
diagramof the Bunyip configuration.Section3 givesdia-
gramillustratinghow collective communicationoperations
for variousalgorithms. Diagramsgeneratedthe Simulator
Tool aregivenin Section6.

2. The Bunyip Cluster

Figure1 shows thenetwork topologyof Bunyip.

3. Algorithm Description and Performance
Models

3.1. Performance model for Point-to-point Mes-
sages

3.2. Operations

3.3. Communication Patterns

3.3.1 Bi-Dir ectionalExchange

Figure2 illustratestheBi-DirectionalExchangepattern.

3.3.2 Recursive-Halving Recursive-Doubling

In the caseof the All-Reduceand All-Gather operations
Recursive-HalvingRecursive-Doublingworks by simulta-
neousexchangeof databetweennodesasshown in theFig-
ure 3. Reduce-Gatheris illustratedby the top half of this
Figure.

Figure 1. Network Topology of Bun yip
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Figure 2. Bi-Directional Exchang e
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Figure 3. Recur sive-Halving Recur sive-
Doub ling
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Figure 4. Fan-in Fan-out
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Figure 5. Ring

3.3.3 Fan-in Fan-out

Figure4 illustratestheFan-inFan-outpatternfor All-Gather
andReduce-Scatter.

3.3.4 Ring

Figure5 illustratestheRing pattern.

3.3.5 RepeatedBinary Tree

Figure6 illustratestheRepeatedBinary Treepattern.

3.3.6 Pipeline

Figure7 illustratestheRepeatedPipelinepattern.

3.3.7 Full Fan-in

Figure8 illustratestheFull Fan-inpattern.
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Figure 6. Repeated Binar y Tree

End of Pipeline Sequence
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Figure 7. Pipeline
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Figure 8. Full Fan-in

4. Results

5. Inter -Group Communication Patterns

6. Simulator

6.1. Example

Figures9 and10showsthevisualizationof theFull-Fan-
In pattern,generatedby theSimulatorProgrammerandthe
DiagrammingTool, respectively. Figure9 wasusedto de-
rive theperformancemodelfor thispattern.

Figure 11 show the simulatorvisualizationof the Re-
peatedBinary Tree patternfor All-Gather, indicating the
overlapbetweensub-operations.This was usedto derive
thepattern’sperformancemodel.

7. Conclusions
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Figure 9. Time Char t for Full Fan-in (Simula-
tor)

Figure 10. Measured Time Char t for Full Fan-
in (Diagramming Tool)
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Figure 11. Time Char t for Repeated Binar y
Tree pattern (Simulator)
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