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Abstract  The high-performance interconnection network is one of the main components of the
high-performance computing system. It is responsible for the connection of computing nodes,
storage nodes, and I/O devices in the high-performance computing system, and is responsible for
the communication of all nodes in the high-performance computing system. There are a large
number of parallel applications in high-performance computing systems that need to exchange
data between different nodes (between computing nodes, between computing nodes and 10
nodes, between computing nodes and storage nodes). High requirements are put forward for the
communication delay and bandwidth of high-performance interconnection networks. A large
number of high-performance computing systems have adopted customized interconnection
networks to meet application requirements. The customized interconnection network can well
meet the design requirements of high performance computing system, and can optimize the design
of network performance such as communication delay and communication bandwidth to better
meet the various communication requirements of high-performance computing systems and
improve communication performance, thereby improving the actual operating performance of
parallel applications in high-performance computing systems. Interconnection network design is

an important means to improve network communication performance. At the same time, the
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message mechanism has a huge influence on communication performance. Even under the same
topology and router conditions, different message mechanisms will still cause huge differences in
communication performance. The customized features of customized networks are largely
reflected in the ability to customize various message mechanisms. Each customized network
has its own message mechanism and defines its own message protocol to meet its own special
communication needs. The high-performance interconnection network and message mechanism
are studied on the purpose of independent control. The communication performance must match
the fast developing computing capability on the road to exascale system. The worldwide top
supercomputers mainly select Mellanox InfiniBand, Cray Aries, Intel Onmi-path, and employ the
25 Gbps transmission technique to implement their interconnection network. The networks of the
top domestic supercomputer, such as “Sunway Taihu Light” and “Tianhe 2”, are constructed
based on 14 Gbps transmission. The interconnection network and message mechanism of the
Sunway exascale prototype system are introduced in this paper. Sunway exascale prototype
system is the third-generation supercomputer of Sunway supercomputer family, after Sunway
Blue Light and Sunway Taihu Light. As a pre-research project for the exascale system, the peak
performance of this system is up to 3. 13PFlops. The interconnection network of this system is
constructed based on two innovative Sunway chips: the Sunway high-radix router chip and
Sunway high-performance network interface chip, depending on the 28 Gbps transmission
technique. Moreover, a generalized fat-tree network topology is developed; an out-of-order
message mechanism with dynamic packet-interleaved transmission in two rails is implemented;
the efficient Sunway message verbs and library are designed. The communication performance of
the prototype system improves 4 times compared with Sunway Taihu Light, and it therefore
makes the solid technology foundation for Sunway exascale system. Sunway exascale prototype
system makes the break-through on the key technologies of 28 Gbps transmission, high-radix
router, high-performance network interface, high-efficient and reliable network architecture.
Furthermore, Sunway network chipset of new generation is designed, and the network of Sunway
exascale prototype system is constructed. They all contribute to the design of the domestic
exascale supercomputer. The research achieves the goal of innovative design of the exascale
system by constructing the large-scale verification system, mastering the techniques of new
interconnection network architecture, and testing based on domestic components and parts.

Keywords  multi-rail network; generalized fat-tree topology; high-radix router chip; routing

arithmetic; network interface; message engine; message library
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