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Abstract  Complex application system is faced with large computing simulation of the whole
system, the whole physical process, true three-dimension and natural scale, which put forward
higher requirements for the supercomputer’s ability. Most large-scale applications of Sunway
Taihulight supercomputer are the largest scale of the correspondent field that partly represents
the characteristics of the application. This paper mainly analysis the calculation characteristics
and data migration behavior of the semi-scale and full-scale applications. First, we provide a brief
introduction to the Sunway Taihulight system, the architecture of the homegrown many-core
SW26010 processor and some parallel programming methods and architecture-related optimization
methods to supports large-scale parallel applications development. According to classification
criteria of the University of California, Berkeley, we analysis the applications of ten computing
themes such as dense linear algebra, sparse linear algebra, spectral methods, N-body methods,
structured grids, unstructured grids, Map-Reduce, graph traversal and dynamic programming.

Focusing on the characteristics of the algorithm, the adaptability of the architecture, the algorithm
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complexity, the space complexity, the characteristics of memory access and the communication
complexity, we get the bottlenecks of the application algorithms extended to the exascale. Based
on the above analysis and the architecture characteristics of SW26010, we first propose a new
performance model of one core group to help efficient algorithm designing on core group for
different applications. From this model, the program designers should increase the execution
efficiency of the CPU’s computing units, improve the memory access bandwidth of real applications
and reduce the amount and times of communication. For large-scale parallel applications, we also
give a modified performance model of large problems. For most memory intensive applications,
how to reduce the amount and times of discrete memory access, improving the bandwidth of
direct memory access (DMA), making full use of local data memory of each CPU core is the key
problem to get better performance. And the most important is how to take full advantage of the
register communication mechanism of the many-core SW26010 processor on-chip mesh to improve
the efficiency of memory accessing. For large full-scale applications, whether the amount of
calculation and the cost of memory access and communication could increase linearly with the
increasing of problem size is critical to extend to exascale. Based on this, we divide these applications
into two categories, applications with regular computing and data migration and applications
with irregular computing and data migration. The space and time complexity of regular applications
increase with the expansion of the problem scale, and the patterns of memory access and commu-
nication are regular. And the computing to memory access ratio and computing to communication
ratio are relatively high, which can get reasonable scalability and parallel efficiency. The irregular
applications are usually with irregular memory access or communication and have low computing
to memory access ratio and computing to communication ratio. The cost of memory access and
communication increases sharply with the increasing of problem size, which results to complex
data exchange and poor speedup. Based on these, the paper provides the suggestions for the
exascale super computer system. For regular applications, polymorphic and multi-scale systems
are needed to map different subsystem of complex systems and multi-level large-capacity storage
hierarchy is required to support regular discrete access and efficient on-chip data sharing, and
faster and lower -latency network is needed, which are some evolutional architecture changes.
For irregular applications, innovative memory controller, on-chip inter-connect and on-chip
cache are needed to increase memory access efficiency and some new architecture for efficient

fine-grained parallelism should be explored, which are some radical architecture innovations.
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applications of the calculation, involving weather, aerospace,
marine environment, bio-medicine, ship engineering and other
19 application fields since put into practical use. Twenty
more applications achieved ultra-large-scale parallel scale of
one million cores, which involved 17 full-scale applications
and 12 semi-scale applications. Five full-scale applications

entered the finalists of Gordon Bell Awards.
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It can be seen from most applications that the current real
application problem is oriented toward multi-scale, strong
nonlinear coupling and three-dimensional, including a large
number of multi-scale and multi-model computing problems.
There are multi-granularity, multi-dimension and multi-level
parallelism in these applications, faced with the large compu-
ting simulation of the whole system, the whole physical
process, true three-dimensional and natural scale, which put
forward higher requirements for the supercomputer’s ability.

Most large-scale applications of Sunway TaihuLight
supercomputer are the largest scale of the correspondent field

that partly represents the characteristics of the application.

This paper mainly analysis the calculation characteristics and
data migration behavior of the semi-scale and full-scale com-
puting-intensive applications. Focusing on the characteristics
of the algorithm, the adaptability of the architecture, the
algorithm complexity. the space complexity, the characteristics
of the memory access and the communication complexity, we
got the bottlenecks of the application algorithms are extended
to the exa-scale. Based on the performance bottlenecks, this
paper proposes the computer architecture requirements and
design recommendations about the next generation exa-scale

supercomputer.





