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The trend in the field of high—performance computing is that supercomputers increase in performance
capabilities with each successive generation. Top systems have had their compute performance increase
by two orders of magnitude each generations, while their network bandwidths have only increased by one
order of magnitude over three generations. The fact that the (i) size of HPC systems are increasing, (ii)
workloads sizes are becoming larger due to the HPC-Big Data convergence et al., and (iii) that compute
capabilities are improving at a much higher rate than communication capabilities, various applications
are becoming more transfer—bound than before.

Another factor that affects communication performance is the sharing of network resources among processes
in the same application as well as sharing among different applications. Different workloads (namely MPI
and 1/0) will have different traffic patterns because their data exchange requirements differ. The degree
by which the resulting interference will affect communication performance requires analysis of application
communication patterns and their interference patterns.

The scale and complexity of network architectures, such as InfiniBand-based fat-tree networks, and the
abstractions of communication libraries, such as MPI, pose challenges to conducting efficient performance
analysis. In the absence of faster network hardware, effective measurement and analysis of communication
performance is crucial for overcoming these limitations. Non—portable data extraction methods and unwieldy
tool—-chains are typically needed in order to understand application performance bottleneck over network
links, the point of intra— and inter—application resource contention.

This work introduces an approach to conducting performance analysis of MPI applications running on
large—scale networks that efficiently and portably exposes performance metrics from within MPI the layer.
The collection and analysis of these metrics provide unique insights into possible bottlenecks occurring
in the hardware layer during MPI operations, including collectives. The results demonstrate that the
existing Peruse interface in Open MPI can be extended to expose metrics from within the MPI layer in a
portable manner. This portability is achieved by the fact that the Peruse interface is available in all
Open MPI implementations. The creation of the ibprof profiler further showed that the collection of low
level metrics can be achieved in a very non—intrusive manner and with minimal overhead. The average
communication overhead incurred was 2.06% for the MPI_Alltoall microbenchmark, 7.63% for the MPI_Bcast
microbenchmark, and 0.02% for the NPB FT application benchmark. Additionally, the time taken to write
the communication profile to OTF files was less than 1 second for each benchmark.

To achieve meaningful presentation of the communication profiles reported by ibprof, a hardware—centric
performance visualization for fat—tree networks was developed in Boxfish. This generalized visualization
module can be used to graphically represent any 2-dimensional network topology. The visualization method
leverages the features of Boxfish to provide user—friendly, flexible, extensible, and scalable
presentation of performance data from multiple domains, such as the hardware, the communication, and the
application domains. Case studies demonstrate how this analysis approach can identify communication
anomalies in applications as well as communication libraries and guide performance optimization

strategies.




Another important contribution of this work is a characterization of the interference between the MPI
and I/0 traffic on fat—tree networks. The characterization study was done using the packet-level accurate
network simulations and highlights the impact of varying the message size, communication interval, and
job size. The results show that MPI traffic is more sensitive to interference than I/0 traffic in all
cases. Light I/0 traffic exhibited a 1.9X slowdown due to heavy MPI interference, while light MPI traffic
exhibited a 7.6X slowdown due to heavy I/0 traffic. Furthermore, a significant feature of I/0 traffic
patterns was identified and labeled as the 7/0-congestion threshold This threshold is the I/0 interval,
or frequency, of sending I/0 requests where the self-congestion from I/0 is more detrimental than the
contention due to MPI interference. This threshold varies with the I/0 request size and the job size.

Finally, an evaluation of the efficacy of three communication optimization strategies is presented. These
strategies are targeted at mitigating the I/0-MPI interference on fat—tree networks by taking advantage
of network topology—specific features and the characteristics of the interference. The node allocation
strategy and the I/0 server placement strategy are shown to, independently, completely avoid I/0-MPI
interference. That is, careful placement of jobs on the network and the physical location of I/0 servers
can isolate I/0 traffic from MPI traffic on the network. The third mitigation strategy, throttling, is
shown to reduce slowdown of MPI performance by approximately 200% while incurring only an 18% performance
penalty. This strategy is guided by the I/0O-congestion threshold of the I/0 workload.
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