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Open Source — fully leveraging RISC-V's openness

Source: David Patterson, A New Golden Age 
for Computer Architecture: History, Challenges, 

and Opportunities, August 22, 2019

Prof. David Patterson
UC Berkeley



The XiangShan Project

l Goal: Build a Linux-like open-source RISC-V processor that can be widely 

adopted by industry while also enabling academic research.

Linux

v.s.



The Evolution Process of XiangShan
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One of the most active open-source chip projects

• GitHub: >7000 Stars, > 900 Forks

Data collected on May 20, 2026



One of the Highest Performance RISC-V Chip

XiangShan-KMH achieved 16.5/Ghz for 
SPECPU 2006, one of the highest 
performance RISC-V Chip by far.

SPECInt

SPECfp

SPECCPU 2006



Mass Deployment

7

MooreThreads GPGPU in 10K-
chip datacenters Integrates 

XiangShan-NH as control CPU

SpaceMIT edge-server chip
integrates XiangShan-KMH

An internet company‘s next-
gen chip integrates 4-core 

XiangShan-KMH

30,000 chips ordered
10,000 chips launching in August



XiangShan Family Open-Source Projects

openxiangshan.cc



(1) XiangShan · KMH



XiangShan · KMH



(2) XiangShan · NH



XiangShan · NH



(3) XiangShan · AI
l XiangShan empowers AI computing through two paths: high-throughput computing IP 

and low-latency AI CPUs that unify general-purpose computing with AI inference



l Xiangshan high-throughput AI IP integrates E6 
CPU control core, RVV vector core, AME matrix 
core, intelligent DMA, and software-programmable 
SRAM.



l An end-to-end software stack for AI chips, comprising large model & application layers, front-
end compilers, MLIR, and high-performance operator libraries, leverages a full toolchain to 
enable end-to-end support from model deployment to performance tuning.  



l Unified General-Purpose and AI-Inference CPU (XSAI)

l XSAI integrates a dedicated AI matrix unit (AMU) and a high-performance Xiangshan CPU core 
within a single AI CPU core. The AMU handles intensive matrix computations, while the high-
performance Xiangshan CPU core manages general-purpose computing, with both sharing data 
through a high-bandwidth L2 Cache. This design eliminates data movement bottlenecks, enabling 
seamless collaboration between general-purpose computing and AI inference.





Llama2-15M running on XSAI@FPGA



(4) XiangShan · NoC

l XiangShan·NoC
is an advanced 

Network-on-Chip 

(NoC) solution 

purpose-built for 

modern data 

centers and AI 

computing. 



XiangShan · NoC



(5) XiangShan Open Source Computing Subsystems



XiangShan Open Source Computing Subsystems



XiangShan Family Open-Source Projects

openxiangshan.cc



XiangShan will release a new version every year

l Through the agile open-source methodology, XiangShan achieves rapid product iteration.



(1) High performance + Fast iteration
l High performance: develop an open-source processor that enters the top international tier of the 

RISC-V track

l Fast iteration: build agile chip-development infrastructure for faster iteration



Object-Oriented Architecture (OOA) Design Methodology

26

l Decouple a general-purpose processor into objects, use a high-level chip-design language (e.g. 
Chisel), and build an object library

l Enabling faster iteration of the XiangShan high-performance RISC-V core



Key Idea of OOA

Idea Encapsulate circuit primitives and operations as hardware objects; design processor 
architecture using the MFC paradigm

Effect • Defined 4,175 object types, composed to build 4 XiangShan microarchitectures, with >85% 
code reuse

• Related papers published at MICRO'22, DAC'24, ASPLOS'25, HPCA'26, etc.

Software Design OOA Design

Base Language C, C++ Chisel (Scala)

Primitives int, float, char, function, class Wire, Reg, Module, etc.

OOP Support Encapsulation / inheritance / 
polymorphism

Encapsulation / inheritance / 
polymorphism

Design Pattern MVC, MVVM, etc. Model-Flow-Controller (MFC)

Template Library C++ STL Template library for CPU and XPU



An OOA-Based Agile Processor-Development Platform

Development Flow Newly Developed Tools

l 30+ newly developed tools form an agile chip-development platform



Case Study: Four XiangShan Microarchitectures with >85% Code Reuse

XiangShan (KMH V2)
High-performance core

May 2025October 2024

XiangShan (XSAI)
AI accelerator

XiangShan (TraceRTL)
Trace-driven performance model

XiangShan (NH V5)
Efficient core



OOA Achieves 85% Code Reuse for XiangShan

Submodule KMH V2
LOC

Code Reuse Ratio (new lines)

NH V5 TraceRTL XSAI

XiangShan ~134k 81.24% 94.43% 94.57%

YunSuan ~42k 98.25% 100% 100%

Utility ~7k 75.01% 89.90% 100%

CoupledL2 ~21k 80.61% 99.28% 94.83%

huancun ~12k 94.17% 99.86% 100%

OpenLLC ~4k 93.61% 100% 100%

New code — (27.8k) (7.5k) (16.7k)

Total ~220k 85.54% 96.29% 92.57%

l Based on a single set of OOA object descriptions, four XiangShan microarchitectures 
were designed



(2) How to Ensure Open-Source Chip Quality?

Kunminghu performance 
benchmarks against ARM 

Neoverse N2
7nm@3GHz

SPECINT2006: 15 points/GHz

High-
Performance

Enterprises can adopt 
with confidence

Verification effort is 
enormous (>70%)

Chip 
Verification

Agile Verification 
Platform AI-Assisted VerificationProduct-Grade 

Verification Flow



Measure #1: Industrial-Grade Verification Flow
Design Spec Verification 

Strategy Planning Test-Point 
Decomposition

Test-Case 
Writing

Verification 
Environment

Simulation 
Regression

Verification 
Process

Verification 
Strategy

Unit Test (UT) Key Samples ST Online ST Signoff

VCS/Verilator Palladium FPGA

ST Fail casesBug reproduceUT Analysis

UVM

Verification 
Tools

Commercial tools: FORCE-RISCV, RISC-V DV, Formal, 
Sting... Self-developed: DiffTest-H, GSIM, TL-test-new...

Open-
Source 

Verification

Partner companies: 492 bugs submitted — EpicSilicon 370, 
DiluTec 84, BlueChip 25, SOPHGO 13

Crowdsourced verification supports multiple languages —
5 undergraduates found 10 bugs in two months



Measure #2: New Agile Verification Flow

New Languages
New Paradigms

① Functional Verification

② Performance 

……

DiffTest

LightSSS

ArchDB

WT 

Snapshot

Chisel-
based
prototypes

RISC-V
Checkpoint XSPerf

Functional 
Warmup

Top-down
analysis

Logic 
Circuits

Processor
Architecture

HDL

Chip Design Chip Verification

Existing verification 
platforms

& EDA tools

Agile HW Verification 
Platform



Measure #3: LLM-Based Chip Verification — UCAgent

Idea Proposed a method of describing hardware timing behavior using high-level software languages (e.g. 
Python), enabling LLMs to accurately generate Python-based hardware test cases

Effect • UCAgent, the chip-verification intelligent agent, improves verification efficiency >10×

• Supports automated unit testing (UT) verification for XiangShan; paper accepted at ISCA'26

• UCAgent has already been deployed in several chip companies



UCAgent: Unit-Test (UT) Automation

n Fully automated verification for up to 5,000 lines 
of RTL — test-case generation, documentation, 
reports, etc.

n 10× verification efficiency improvement

Open-source: https://github.com/XS-MLVP/UCAgent

UCAgent

APIàGLM 4.6、DeepSeek 3.2 
Qwen3、GPT5，Claude 4.5……

MCP à Code Agent
• 1,283 lines of Verilog
• 200+ test cases auto-generated
• Bugs confirmed: 3

One module in an AI vector processor

UCAgent vs. Human
5 hours vs. 15+ days



Agile Verification Enables Mass Deployment

l 14 companies are actively adopting the 
platform, and total product shipments have 
reached 50,000 units.
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