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1. Intr oduction

This paperis a supplementto the paper The Analy-
sis and Optimization of Collective Communications on a
Beowulf Cluster [1], containingdiagramsillustrating the
All-Gather, All-ReduceandReduce-Scatterommunication
patternsaandgeneratedby a communicatiorpatternsimula-
tor.

It shouldbe readwith this paper;it is notintendedasa
read-alonelocument.

This paperis organizedas follows. Section2 givesa
diagramof the Burnyip configuration. Section3 givesdia-
gramillustrating how collectve communicatioroperations
for variousalgorithms. Diagramsgeneratedhe Simulator
Tool aregivenin Section6.

2. The Bunyip Cluster

Figurel shavsthe network 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 ectional Exchange

Figure? illustratesthe Bi-Directional Exchangepattern.

3.3.2 Recursive-Halving Recursive-Doubling

In the caseof the All-Reduce and All-Gather operations
Recursve-Halving Recursve-Doublingworks by simulta-
neousexchangeof databetweemodesasshown in theFig-

ure 3. Reduce-Gatheis illustratedby the top half of this

Figure.
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Figure 1. Network Topology of Bunyip
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Figure 2. Bi-Directional Exchange
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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 illustrateshe Fan-inFan-outpatterrfor All-Gather
andReduce-Scatter

3.3.4 Ring

Figure5 illustratesthe Ring pattern.

3.3.5 RepeatedBinary Tree

Figure®6 illustratesthe RepeatedBinary Treepattern.

3.3.6 Pipeline

Figure7 illustratesthe RepeatedPipelinepattern.

3.3.7 Full Fan-in

Figure8 illustratesthe Full Fan-inpattern.
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Figure 8. Full Fan-in

4. Results
5. Inter-Group Communication Patterns

6. Simulator
6.1 Example

Figures9 and10shawsthevisualizationof the Full-Fan-
In pattern,generatedy the SimulatorProgrammegrndthe
DiagrammingTool, respectiely. Figure9 wasusedto de-
rive the performancenodelfor this pattern.

Figure 11 shav the simulator visualizationof the Re-
peatedBinary Tree patternfor All-Gather, indicating the
overlap betweensub-operations.This was usedto derive
the patterns performancenodel.

7.Conclusions

References

[1] W. B. TanandP. Strazdins. The analysisand Optimization
of Collectve Communication®n a Beowulf Cluster In Pro-
ceedings of ICPADS 02: 2002 International Conference on
Parallel and Distributed Systems, Dec.2002.



\\
NN
N\
NN

Hnmm
y

1 [l
A~
™ [ By
]
 E— [ 1
[ I N~
= —a
JE—— [ |
|- |- ] [ | —
L L L ] L
[ | M
— [ |
[ [
— — — .
_
e .
-
.

Figure 10. Measured Time Chart for Full Fan-
in (Diagramming Tool)
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Figure 9. Time Chart for Full Fan-in (Simula-
tor)






