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Motivation Spatial Models Connectivity-based Models
* Increase in the data sizes forces scientific computing to execute parallel Geometric Partitioning: Problem: Distributing communicating tasks among processing units.
jobs » Given the set of points associated with « Balanced load distribution
« A good partitioning of the tasks to the parallel supercomputer cores coordinates and weights, distribute the « (Good communication pattern
becomes crucial to: coordinates into equally weighted parts based on Hypergraph Partitioning: Find a balanced partition of the tasks that minimizes
« utilize computation and communication units better the locality of the coordinates multiple communication metrics
e use less energy Applications: The applications requiring geometric data
« obtain shorter execution times locality :
* Number of processors in supercomputers increased from O(100K) to O(1M) » Particle methods, crash simulations, direct volume Directed Hyperg raph Model
* large and hierarchical networks rendering . Allows to formulate and minimize other

« sparse allocations where processors are spread further communication metrics in addition to the total

. Communlpatlon messages travel longer routes | )] Parallel Multi-Jagged (MJ) A|gorithm volume metric
* network links may be congested due to the heavy traffic - « TV: Total communication volume
* Not only a good pgrtitioping of the tasks, but also a good mapping of them E 256.0 « MSV: Max. of the send vol. of processors
to ihe processors Is crucial to obtain a better performance 0O 81 H24 D H3s4 D153 g’ « MSRV: Max. of the communication (send/
* This problem is called Mapping Problem n — 128.0 " — recv) vol. of the processors
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« Computational tasks are represented using different models ‘E ‘; ‘ a B
* Spatial Model: a geometric model @ ~ UMPa Multiobjective Multilevel Hypergraph Partitioner
« Connectivity-Based Models: graph model, hypergraph model E 3 . . . . o
y Ehe I\I/:appltrrw]g pzrobrl]em Is solved #S'ng any of the models O . . . . . E . K-way multi-level partitioner » Handles multiple metrics with a tie-
sually with a 2-phase approach. | Q 20 - 73) ° Uses directed hypergraph model breaking heuristic
’ 'II:'i:St, ailwoad balanced partition of the tasks is found O E r H r H E « Minimizes multiple communication » Prioritizes metrics as primary,
en, the obtained parts are mapped to the cores of a supercomputer Lo . - . - . - o objectives in a single phase secondary and tertiary objectives
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Conclusions and Future Work S o I 130
« Multi-sections instead of bisections * Number of global messages 2
« Hybrid (OpenMP + MPI) o If further partitionings will be § 1.20
* Load Balancing:  Avoids migrations by checking: communication bounded z
* Geometric partitioner  Load Imbalance vs. migration cost = 110
* A parallel multi-sectioning method ) 100 b & I 3 3
» Heuristics to minimize the data movements = ) s
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* The use of geometric partitioning algorithm for task mapping 5 b : o= W av | W HIV | HPW av | W
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» Different phases in 2-phase methods seek for different objectives
e The first phase is not aware of the architecture ObJeCtlve Map the tasks to the Processors to reduce both the CongeStion of
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