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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. This paper briefly introduces the analysis results of the algorithm characteristic,
architecture adaptability, computational complexity, memory access complexity and communication complexity
of the super large scale parallel application of Sunway TaihuLight supercomputer. Based on the above analysis of
the exa-scale applications, the paper provides the suggestions for the exa-scale computer system.
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Sunway TaihuLight supercomputer system has supported
several hundreds of users and one hundred more large complex
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.

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
computing 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.
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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
full-scale

migration behavior of the semi-scale and

computing-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.
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