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Abstract  Interconnection network design is one of the core technologies in the constructions of
exascale clusters and large-scale distributed systems. Such large-scale computing system is expected
to be achieved in the near future due to the rapid innovations of semiconductor logic and memory,
architectures, interconnections and other industry technologies. Among these, due to performance
and cost factors, interconnection network plays a critical role in such a large-scale computing
system. In large-scale clusters or datacenter, the design of interconnection network is facing
greater challenges. Firstly, the increasing computing capacity of a single node requires the network
providing higher bandwidth and lower latency. Secondly, the increasing number of nodes requires
the network has extremely better scalability. Thirdly, the increasing scale of system leads to

worse performance of collective communication, which is harmful to the performance and scalability
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of applications. Fourthly, the increasing number of devices requires the network has better reliability.

As the performance of compute nodes keep increasing, interconnection network has gradually become

the bottleneck of large-scale computing system. However, switch chip, the core component of

interconnection network, can offer limited aggregate bandwidth because of the constraint of

physical processes and packaging technologies. The underlying network designers should consider

the processing characteristics of the network traffic when selecting and optimizing the network

architecture. Improper traffic model will cause the departure between network architecture and

characteristics of communication, which will reduce the overall performance of data centers and

clusters. Big data platform has the cost-effective advantage of data processing with the feature of

simplified programming and parallel computing, which has being more and more recognized by

the industry. In recent years, the community of high-performance computing is also increasingly

using Big data platform for HPC data processing, which has become a powerful means for

scientific data analysis gradually. Scientific data traffic generated by the application of HPC tends

to have many requirements, including high quality processing, compute in communication link

and huge date size, which is called as “high-throughput” traffic. The scale of data processing and

the port cost of network need to be considered during the design of datacenter for distributed

computer system. The most widely used model for computing and communication in distributed

system is MapReduce.

The traditional traffic generation method for “Black-Box” is coarse

granularity with poor scalability. Therefore, this paper presents a methodology for MapReduce

traffic modeling and generation based on the idea of “event-driven”.

The accuracy evaluation,

which compared our methodology with the real application traffic, indicates that the traffic

generated by our method can accurately reflect the characteristics of the network traffic generated

by MapReduce in distributed computing system. Our performance simulation analysis and bottleneck

analysis of four major data center networks, which is conducted by using the characteristic flow in

network simulator, shows that the difference of network performance between the one loaded

with MapReduce traffic and the one loaded with uniform random traffic is more than 30 % . indicating

that characteristic traffic could more obviously reveal the issues of network congestion and bottleneck.

The results of our simulation, related to the bottleneck of network performance, topology

scalability and network cost-effectiveness, provide a new way for large-scale data center network

selection and network performance optimization.
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Background

Nowadays, “I1T3.0” has come into our eyes which
includes Al, big data, and architecture technology and so on.
Currently big data is increasingly attracting the attention
which has become the most importing role in research of
computer science. However, the traffic modeling of big data
is a kind of difficult problem, because the method of traffic
generation rely on huge computation ability and data storage.

Big data platform has the cost-effective advantage of data
processing with the feature of simplified programming and
parallel computing, which has been more and more
recognized by the industry. In recent years, the community
of high-performance computing is also increasingly using Big
Data platform for HPC data processing, which has become a
powerful means for scientific data analysis gradually. Scientific
data traffic generated by the application of HPC tends to have
many requirements, including high quality processing,
compute in communication link and huge date size, which is
called as “high-throughput” traffic. The scale of data processing
and the port cost of network need to be considered during
the design of DC for distributed computer system. The main

method of architecture design in DC includes two ways: (1) The

design of private network according to application-specific.

(2) The optimized implementation for the general network
topology according to the traffic character. The application
by customized network need to be processed in an effective
way based on distributed data processing system.

At present, MapReduce is the most widely used computing
and communication model in distributed system, and *Black-
Box” is the traditional method for traffic generating. Since
“Black-Box” is coarse-grained with poor scalability, this
paper introduces an event-driven method by fine modeling of
MapReduce traffic and further implements corresponding
traffic generator in a well-tested parallel network simulator.
The contrast experiment with real application traffic shows our
method can correctly reflect the applications’ characteristics
when system scales.
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