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Outline

• Part I: The XiangShan Project

• Part II: Agile Chip Verification
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RISC-V Brings New Opportunities

Source: David Patterson, A New Golden Age for 
Computer Architecture: History, Challenges, and 
Opportunities, August 22, 2019

Prof. David Patterson
UC Berkeley
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The XiangShan Project

• Goal: building an open-source high-performance RISC-V core, which is 
widely adopted by both the industry and the research community

Linux

v.
s.
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One of the most active open-source chip projects



66

Roadmap of Two-tier Cores

� High performance

� Targeting server/data-center segment

• RVA-23 profile

• Leading RISC-V feature sets (H/V ext.)

Kunminghu (KMH) 
Architecture

Versus ARM Neoverse N2

� Power/area efficiency

� Targeting industry-control segment

• RVA-20 profile

• Taped out and tested

Nanhu (NH) Architecture

Versus ARM Cortex A76

• Industrial-grade μarch design and development workflow

• Highly configurable with agile development methodology

• Written in Chisel, delivered in both Chisel and Verilog
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μArch Overview of KMH Architecture

Comparison between Kunminghu & Nanhu

Competitive

Need optimization
[HotChips’24 ]
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WenYuHe (WYH): NoC IP for RISC-V server and AI Chips 

8 

■ KMHv2+WYHv2 SoC: 2/4/8 cores emu/FPGA test ( passed )，16/32 cores (WIP)
■ NoC mesh already supports multi-flit routing and large data package multicasting
■ WIP：D2D devices

Items Params

Mesh Frequency 
(P&R)

2.6 GHz
@7nm_SS

Maximum
Bidirection
Bandwith

3.99TB/s 
@512b

Mesh Scale up to 12x12

Router Delay <2ns

Router Area 0.041 mm2

Router Power 27.8 mW

Router Type
Input buffered 
Output Mux

Router Port
4 Direction+
4 Device 

Routing Strategy
Pseudo 
one-off

Package/Flit 1~N 

Maximum
Wire Number

1440

Routing 
Algorithm

XY

Topology mesh
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XiangShan KMHv2 Performance w/ NoC

SPECint 2006 est. / GHz SPECfp 2006 est. / GHz

400.perlbench 11.959 410.bwaves 21.816
401.bzip2 8.369 416.gamess 13.639
403.gcc 15.42 433.milc 13.191
429.mcf 20.23 434.zeusmp 17.101
445.gobmk 10.038 435.gromacs 11.213
456.hmmer 13.85 436.cactusADM 15.231
458.sjeng 10.236 437.leslie3d 15.482
462.libquantum 39.204 444.namd 9.623
464.h264ref 18.823 447.dealII 24.408
471.omnetpp 13.499 450.soplex 17.172
473.astar 9.688 453.povray 17.808
483.xalancbmk 23.78 454.Calculix 5.459

GEOMEAN 14.7 459.GemsFDTD 11.647

　

465.tonto 12.21
470.lbm 29.892
481.wrf 13.601
482.sphinx3 15.763

GEOMEAN 14.62

Base Score SPECint 2006 SPECfp 2006

KMHv2@3GHz 44.1 43.86

• SimPoint-Based Program Sampling Evaluation 
• Compiler：GCC 12 -O3，RV64GCB，jemalloc
• Cache：64KB I/D + 1MB L2
• 3200 DDR4 *2
• 3x5 Mesh + 2MB LLC * 8 
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Tape-out Status

• NHv2 has been taped out
• 2.5GHz, SPECCPU 2006 ~10/GHz

• KMHv2: Ready to tape-out

NHv2 Test Chip Demo
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KMHv3 under development (over KMHv2)

• ~30% ↑ for SPEC06 Benchmark • ~33% ↑ for SPEC17 Benchmark 
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Outline

• Part I: The XiangShan Project

• Part II: Agile Chip Verification
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Obstacles between XiangShan and industrial deployment

High-Performance CPU Core

Ready for Companies 

Chip Verification
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Build a rigorous verification framework to ensure quality

Single-core 
scenario

Multi-core 
features

Program 
slicing IO testing

Multi-core 
scenario BenchmarkOS Other 

applicationsIO testing

Others

BPU

CtrlBloc
k

IntExu

FpExu

L2Cach
e

VfExu

LSU

IFU

Icach
e

ITLB

Dcache

PTW

prefetch

FrontEnd BackEnd MemBlock L2C

UT

F

F

F

Noc

Verification 
Hierarchy IT  

ST

Prototype

3

Design 
Spec

Verification 
Strategy

Verification 
Plan Test Point Test Case Environme

nt Simulation
Process

1

FPGA

EDA

DIFFTEST

EMU

UVM

SPIKE

Forceriscv

Business tools

Riscv-Dv

FormalF

Tools
2
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Agile Verification Platform (1)

High level 
Abstraction 
Language 

Agile hardware verification 
tools  

① Functional verification 

② Performance verification

……

difftest

LightSSS

ArchDB

WT 

Snapshot

Chisel-base
d

prototypes

RISC-V
Checkpoint

XSPerf

Functional 
Warmup

Top-down
analysis

Transistor 
Circuit

Processor 
u-arch

Hardware 
Description 
Language

Design Flow Verification Flow

Existing 
Verification 

Platform and 
EDA tools

Agile Verification 
Platform
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Agile Verification Platform (2)

Open-Source 
Design

Open-Source 
Tools

[Micro’22][IEEE Micro Top Picks 2022]
[DAC’24][ASPLOS’24]

• Consist of 20+ new open-sourced tools (IEEE Micro Top Picks 2022)

Xiangshan

Agile development 
infrastructure
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Leverage Test Cases of Partners via Open Source

• The test cases are the companies’ private assets and are not suitable for 
sharing. But XiangShan is open sourced and can be deployed and verified 
by many companies together

• E.g., companies contributed 462 bugs (37%) for KMH’s development
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UnityChip：A Croudsourcing Platform for Chip Verification 

Features:

• Support crowdsourcing

• Based on cloud

• Support multi-languages

• Be compatible with UVM

• Involve software engineers
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Evaluation

● Effectiveness
– 5 undergraduate students found 10 bugs in 2 

months 

● Easy-to-Use
– Students not familiar with Linux and Python

– Learn to use tools in 5 days

– Start adding test cases after another 10 days

● UnityChip Competition for 
XiangShan
– Task: Unit Test for BPU and iCache

– 285 teams participated in the competition
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Acknowledgments

• A list outlines 33 techniques used in the XiangShan RTL codes
• https://docs.xiangshan.cc/acknowledgments/

https://docs.xiangshan.cc/acknowledgments/
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Open-access Resources 

•Contents
• Introduction to the microarchitecture design of XiangShan processor
• Introduction to the infrastructures for XiangShan development
• Hands-on development with typical use cases on XiangShan and MinJie

•Open-access materials

• Presentations slides
• https://github.com/OpenXiangShan/XiangShan-doc/tree/main/tutorial

• Demonstration environment
• https://github.com/OpenXiangShan/xs-env/releases

https://github.com/OpenXiangShan/XiangShan-doc/tree/main/tutorial
https://github.com/OpenXiangShan/xs-env/releases


Thanks
!


