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ABSTRACT
Supercomputers are moving towards exascale computing [1], high-
performance computer systems are becoming larger and larger, and
the scale and complexity of high-performance computing (HPC) [2]
applications are also increasing rapidly, which puts forward high
requirements for cultivation of HPC majors and HPC course devel-
opment [3]. HPC majors are required to be able to solve practical
problems in a specific field of high-performance computing, which
may be a problem for system design or a problem for a specific HPC
application field. Regardless of the type of problem, the complexity
and difficulty of the problem are often very high because HPC is
interdisciplinary. The development of HPC courses to meet these
kinds of talent cultivation needs must emphasize the cultivation
of students’ Generalized System-level Comprehensive Capabilities,
so that students can master the key elements in the limited course
knowledge learning process.

System-level Comprehensive Capability refers to the ability to use
the knowledge and ability of the computer system to solve prac-
tical problems. The ACM/IEEE Joint Computer Science Curricula
2013 (CS2013) [4] also involves System-level Perspective. System-
level Comprehensive Capability is considered to be a crucial factor
to improve students’ system development ability and professional
ability. This is especially important for students majoring in high-
performance computing. Furthermore, due to the HPC field’s in-
terdisciplinary and high complexity characteristics, System-level
Comprehensive Capability is not enough for HPC majors, and stu-
dents need to have Generalized System-level Comprehensive Capabil-
ities. A knowledge system at the computer system level "vertically"
(from bottom to top: parallel computer architecture, operating sys-
tem/resource management system, compilation, library optimiza-
tion, etc.) is no longer enough; multiple high-performance comput-
ing application areas should also be "horizontally" involved. Gener-
alized System-level Comprehensive Capabilities vertically and hori-
zontally can meet the needs of different types of high-performance
computing talents.
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How to cultivate the Generalized System-level Comprehensive
Capabilities of HPC majors? National University of Defense Tech-
nology (NUDT) of China has faced some challenges [5] in building a
series of high-performance computing courses, adopted some mea-
sures, and gained some experience [5–7]. NUDT has developed the
Tianhe-2 supercomputer, which ranked No. 1 in the TOP500 list1
six times from June 2013 to November 2015. These achievements
are inseparable from the training of high-performance computing
talents and HPC curriculum development. NUDT has offered a
series of high-performance computing courses from freshman to
postgraduate for a long time. The courses cover a wide range, are
difficult and practical, and pay great attention to the cultivation
of students’ Generalized System-level Comprehensive Capabilities.
The following main means are adopted: i) Hierarchical capability
model construction is used to guide the establishment of curricu-
lum system and curriculum setting; ii) Real practice platforms and
real cases from frontier scientific challenges are used to construct
step-by-step practice cases; iii) A teaching mechanism that inte-
grates scientific research and teaching content is adopted. In the
curriculum setting, the emphasis is placed on basic mathematics,
general science courses, high-performance computing professional
courses, and basic courses for specific HPC application fields. Re-
garding the content of the curriculum, it is based on the principle of
breaking the boundaries of disciplines and specialties, establishing
the relevance of the knowledge system and frontier scientific issues,
and designing the whole process of teaching content with the direct
facing of basic scientific issues and frontier scientific research is-
sues. In terms of course implementation methods, there are various
forms, including small-class teaching, seminar-based teaching, case-
based teaching, and flipped classrooms, etc. In the past ten years,
the curriculum construction at NUDT has achieved remarkable
results. We have cultivated Generalized System-level Comprehensive
Capabilities of high-performance computing majors very well and
greatly helped the development of our high-performance comput-
ing research.
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