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Towards Developing High Performance RISC-V Processors Using Agile Methodology

Yinan Xu*f, Zihao Yu*, Dan Tang*¥, Guokai Chen*, Lingrui Gou*?, Yue Jin*1, Qianruo Li*f,

Xin Li*T, Jiawei Lin*, Tong Liu*, Zhigang Liu*, Jiazhan Tan*, Huagiang Wang* T, Huizhe Wang*T, Kaifan Wang*T,
Chuangi Zhang*!, Fawang thmg“ Linjuan Zhang* ", Zifei Zhang"r Yaoyang Zhou"T Yike Zhou*, Jlangrun ZouH
Ye Caill, Dandan Huan¥, Zusong LiY, Jiye Zhao¥, Zihao Chen®, Wei He?, Qiyuan Quan?,

Sa Wang*f, Kan Shi*, Ninghui Sun*! and Yungang Bao*'%

*State Key Lab of Processors, Institute of Computing Technology, Chinese Academy of Sciences, China
TUniwr.\'iiv\' of Chinese Academy of Sciences, China
tBeijing Institute of Open Source Chip, China
S8peng Cheng Laboratory, China
1Beijing VCore Technology Co., Ltd., China
| Shenzhen University, China

Abstract—While research has shown that the agile chip design
methodology is promising to sustain the scaling of computing
performance in a more efficient way, it is still of limited usage
in actual applications due to two major obstacles: 1) Lack of
tool-chain and developing framework supporting agile chip
design, especially for large-scale modern processors. 2) The
conventional verification methods are less agile and become a
major bottleneck of the entire process. To tackle both issues,
we propose MINJIE, an open-source platform supporting agile
processor development flow. MINJIE integrates a broad set
of tools for logic design, functional verification, performance
modelling, pre-silicon validation and debugging for better
development efficiency of state-of-the-art processor designs. We
demonstrate the usage and effectiveness of MINJIE by building
an open-source superscalar out-of-order RISC-V processor
code-named XIANGSHAN with two generations using agile
methodologies. We quantify the performance of XIANGSHAN
using SPEC CPU2006 benchmarks and demonstrate that
XIANGSHAN achieves industry-competitive performance.

Despite the benefits, agile design methodology is still
of limited usage especially for practical modern designs.
To further investigate the issue, we talk to chip archi-
tects, research scientists and lead engineers from twelve
hyperscalers and major chip companies across multiple
sectors, including data center, smartphone, communication
and automobile. According to this survey, we summarize two
common concerns regarding the agile methodology:

1) Agile approaches are not quite ready for complicated
processors. Although a number of chips have been built using
agile approaches, most of them are research prototypes and
are relatively small or less complicated designs [1], [14],
[15]. It is not clear if similar approaches can be directly
applied to large-scale designs such as modern processors.

2) The verification process is still less agile. While
modern verification methodologies such as UVM [16],

2021M%PPT——https://github.com/OpenXiangShan/XiangSha n-doc/tree/main/slides
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