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4% Dozens of ISAs in the past 50 years

* Over the past half-century, dozens of instruction sets have appeared,
all owned by private companies.
* Most have disappeared as their companies merged or shut down.

x86 Alpha
Mmgg[@@ﬁ-@
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4% Today: CPU Market Dominated by x86/ARM

* Over the past half-century, dozens of instruction sets have appeared,
all owned by private companies.
* Most have disappeared as their companies merged or shut down.

* Joday, only x86 and ARM remain as mainstream instruction sets,
each with its own ecosystem.

e D a ™

x86 Alpha N (infteb

MIps “Pare




% Open-Source Software Ecosystem

Customized codes
=" <10% LOC

&--

Open Source SW )
Ecosystem

LAMP/MEAN etc.
> >90% LOC

salieaqiy
sagdeyped p\S
INAT11/22D

)

Mirror the success of the open-source software ecosystem?
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4% Open-Source Chip Ecosystem (OSCE)

To Lower the barrier of chip development
By saving the cost of IPs, EDA tools and engineers in chip design

- Customized code
o e < 10% LOC

N
Open-Source
Chip Ecosystem

ISAs/IPs/ Languages/ | | Verification/
SoCs EDA tools Simulation

- e

* Yungang Bao, The Four Steps to An Open-Source Chip Design Ecosystem, ACM SIGARCH Visioning Workshop, June 2019 42

OS/Compiler > >90% LOC
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L1: OPEN ISA
'L2: OPEN Design & Implementation
'L3: OPEN Tools & Infrastructure
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% Three levels of OSCE -

U N EEEEEEEEEEEEEEEEEEEEEE A,
YsEEEEEEEEEEEEEEEEEEEEEEER

Open Tools & Infrastructure

Mmrk ﬂeerin} ﬂ TOCR

ISA Spec. | [ Doc RTL codes b Layout

component DebugCoreTop is

128 Enlry 2 e
[l 32 KB ) cache (4 way) | -
* E Shard
60 Fre-Docoxdy, Folch Bl vt
U —Mhm o il cu0_Trig :in t_trig 0 (others => (others => '0'));
b cul Trig : in t_trig 1 := (others => (others => '0')):
E cu2_Trig :in  t_trig 2 := (others => (others => '0'));
cu0_Data :in  t_data 0 := (others => (others => '0'));
3 cul_Data :in  t_data_1 := (others => (others => '0'));
cu2_Data :in  t_data 2 := (others => (others => '0'));
ZhKy
S P
" 12 Gacte
-Enu-.u. X P P2 ey
(Progrem Visible Sigls) |

EFIE] I‘ﬁﬂ = =

{
.

gt RX p : in downto 0) := (others => '0');

EN“:EI m gt_RX n : in downto 0) := (others => '0');
| i ) 9 gt_TX p : out downto 0) ;
a Rewt ! gt_TX n : out downto 0)

+ P
I

o e | 3
| ;n';s; T e cumt oo -cacha g - ):
m} 1wyl end component;

= | Open Design & implt J
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4% Open Standards: Instruction Sets Want to be Free!

* In 2010, UC Berkeley launched the RISC-V free and open ISA.

Field Standard | Free, Open Impl. Proprietary Impl.
Networking Ethernet, |Many Many

TCP/IP
0S Posix Linux, FreeBSD M/S Windows
Compilers C gce, LLVM Intel icc, ARMcc
Databases SQL MySQL, Oracle 12C,

PostgresSQL M/S DB2

Graphics OpenGL |Mesa3D M/S DirectX
ISA 72 )y x86, ARM, IBM360

b RISC

Instruction Sets Want to be Free!




4% Open-Source: Democratization and Building Consensus

-

\_

(inteD)
ARM

~

J

 Private owned

« Monopoly

V.S.

-

~

b4 RISC

Instruction Sets Want to be Free!

« Open development

« Open and shared ecosystem
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% A chip design that changes everything

« 10 Breakthrough Technologies 2023 A chip design that changes everything: 10
Breakthrough Technologies 2023

Computer chip designs are expensive and hard to license. That’s allabout to

Ever wonder how your smartphone connects to change thanks to the popular open standard known as RISC-V.
your Bluetooth speaker, given they were made by
different companies? Well, Bluetooth is an open
standard, meaning its design specifications, such as
the required frequency and its data encoding
protocols, are publicly available. Software and
hardware based on open standards—Ethernet, Wi-
Fi, PDF—have become household names.

By Sophia Chen January 9,2023

[ e |

Now an open standard known as RISC-V
(pronounced “risk five”) could change how
companies create computer chips.

OECEHT  JL1i08 AN A,
NI LM
N

--- MIT Technology Review
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# RISC-V: A mainstream market (> $90 billion) by 2030

* The global market size is projected to reach $92.7 billion by 2030,
with a compound annual growth rate of 47.4%.

$45 $100
$40 $90
$35 / $80
$70
$30 »
» $60 =
= 525 °
= (=]
o $50 o
S s =
$40 5
o $30
10 $20
$5 $10
$0 S0
2021 2022 2023* 2024* 2025* 2026* 2027 2028* 2029* 2030*
C0CPU - General Purpose 3 App Processor COGPU 0 Security
B Al Accelerator N FPGA Cose N Network Device
3Storage Controller [ MCU w—Total
SHDgroup

Global Revenue Forecast for RISC-V SoC Chips



4 The XiangShan Project

Open-Source Software
Ecosystem

L1: Open ISA

Open-Source Chip

L2: Open Design
Ecosystem P :

L3: Open Tools

P RISC
PYAYN
>

XIANGSHAN

®
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4 XiangShan: Open-Source High Performance Processors

L1: OPEN ISA (RISC-V)
{ [L2: OPEN Design/Implementation
'L3: OPEN Framework/Tools

= XiangShan ' puslic < EditPins v+ ®uUnwatch 97 v % Fork 823  ~ Starred 6.7k -

# master + ¥ 295Branches © 5Tags Q Gotofile t  Addfile ~ [RENTII About

Open-source high-performance RISC-V

0% Anzoo0oo and good-circle fix(Rob): redirect need waiting for all uop writeback v/ defcc01 -5 hours ago D) 11119 Commits processor
M github feat(CLINT): add new clint to match 1:1 ration between CLIN... 2 weeks ago & xiangshan.cc
ChiselAIA @ 45894b submodule(ChiselAIA):bump ChiselAIA to fix lose interrupt (... 5 months ago cift=d 4 ity Qe i
coupledL2 @ abf2f74 build: bump chisel 6.7.0 (#5069) 2 weeks ago 00 Readme
&5 View license
W debug bump difftest & mkdir for wave/perf for local-ci script's run-... 2 years ago
A Activity
difftest @ OafOfec fix(difftest): bump and align parseArg return values (#5009) last month [E Custom properties
6.7k stars,
fudian @ e1bd469 chore: bump chisel 6.0.0 (#2654) last year w
® 97 watching
huancun @ 65ef077 build: bump chisel 6.7.0 (#5069) 2 weeks ago % 823 forks
B9 images docs(readme): update kunminghu architecture graph (#3910) 11 months ago Report repository
BE macrnc/ere fmainferala Naw(SR: fiv iinnrivilanad CSRe and narmicsinn rhark lact vaar

Fragrant Hill in Beijing > 6.7K stars, > 820 forks on GitHub



4% The Open-Source RISC-V CPU

 Vision: To establish an open-source RISC-V core backbone like Linux,
which can be widely used in industry and support innovative ideas
from academia.

V.S.

XIANGSHRAN




4 XiangShan: Open-Source High Performance Processors

https://github.com/OpenXiangShan/XiangShan

e 1stgeneration: Yangihu (YQH)
* RV64GC, single-core, superscalar OoO
 28nm tape-out, 1.3GHz, July 2021
« SPEC CPU2006 7.01@1GHz, DDR4-1600

21.69

« 2"d generation: Nanhu (NH)
* RV64GCBK, dual-core, superscalar OoO
* 14nm GDSII delivery, 2GHz, 2023 Q3

. ok .
 Estimated** SPECint 2006 19.10@2GHz @@ g B g e e W
o€ & o oo’ g A & \‘\006 po®
W W p

« 3"d generation: Kunminghu (KMH)

* RV64GCBKHYV, quad-core, superscalar OoO
 Advanced-node, 3GHz, 1.5x IPC of NH
* Close collaboration with industrial partners

SPECint 2006/GHz* (Proportional to IPC)
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https://github.com/OpenXiangShan/XiangShan

4 XiangShan Gen 3: Kunminghu

 Target ARM Neoverse N2
« SPECCPU2006: 45@3GHz (15/GHz)
* Vector/Hypervisor extension supported

* AJoint Dev Team (coordinated by BOSC)

FB=IKELWL (EHRB#IZR )
SIEREFFIFRISC -V XEER % B S5l A&
V] =14))

azcaﬁaua Hm “

- \ \
)} V4 b#/ zn n“ "1' \ A\ .‘
v \
/ ' 3

” d

Kunming Lake in Beijing
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4 Highlights in XiangShan Gen 3 Kunminghu

..........................

* Functional Enhancement Design (| F1 [~ F2 [ F3 [ F4

..........................

« Support RISC-V Vector/Hypervisor extension

Verification F1 B F2 | F3 [5 Fa |

« Support RVA23 profile L L H

« Support interconnection based on CHI protocol
« Performance Exploration
« Performance boost in frontend, backend, load-stor Agile Development Model

Tape-out

..........

« Performance model calibrated with RTL
« Workflow: DSE on perf model => Impl. & fine tunning on RTL

« Functional Verification
 Hierarchical verification flow spanning system/integration/unit level + FPGA

prototyping
* Industrial-grade verification process

« Physical Design
« Experienced physical design team
« Simultaneous iteration of RTL coding based on timing evaluation
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4% Performance Evaluation of Gen 3 Kunminghu

 Method: SPEC CPU checkpoints selected by Simpoi

* Base: GCC 12-03, RV64GCB, jemalloc | - .
- 1MB L2 and 16MB L3 |

Frontend

e Simulated@®@3GHz with DRAMsim3 DDR4-3200

SPECint 2006 est.@ 3GHz | SPECfp 2006 est.@ 3GHz
400.perlbench 35.88 |410.bwaves 66.89
401.bzip2 25.50 |416.gamess 40.89
403.gcc 46.72 |433.milc 45.25 r—
429.mcf 58.13 |434.zeusmp 52.10
445.gobmk 30.26 |435.gromacs 33.65
456.hmmer 41.60 |436.cactusADM 46.16
458.sjeng 30.53 |437.leslie3d 46.01
462.libquantum| 122.50 |444.namd 28.88 o
464.h264ref 56.57 447 dealll 73.43 | . | L2Cache |
471.omnetpp 39.37 |450.soplex 51.99 ‘
473.astar 29.23  |453.povray 53.44
483.xalancbomk | 72.03  |454.Calculix 16.38 ‘
GEOMEAN 44.15 |459.GemsFDTD 37.18 Floorplan of KMH V2R2 (single core)
465.tonto 36.67
470.lbm 91.24
481.wrf 40.62
482.sphinx3 48.57
GEOMEAN 44.60




4 XiangShan: Open-Source High Performance Processors

0\ | /\/\/\
SPECint2006
per-GHz /\/\/\
19
: Note: Power & Area
16 4 still behind ARM
13
: F=REW (EBRMRIm Y -
BIEREFERISC-V A ESSIL KB R
1 0 - W EEh
7 ¢
7 A75
- A Joint Team
4 -
—_—
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4% Compiler Support for Nanhu and Kunminghu

* LLVM & GCC support XiangShan optimizations (BOSC, ISCAS, ICT

= O ‘gce-mirror gce

<> Code [1 Pullrequests 48  ( Actions [0 Projects [ Wiki (@ Security |~ Insights

Q Iivm / livm-project

Code () lIssues Sk+ ‘) Pullrequests 44k () Actions @ Security |~ Insights

[RISCV] Add sched model for XiangShan-NanHu #70232
dtcxzyw merged 6 commits into 1lvm:main from dtcxzyw:xiangshan-nanhu-minimal |'_\T—' on Feb 12, 2024

Commit @e3e@bf Commit f@cd40f

Q) Conversation 24 -0- Commits 6 [} Checks o Files changed 6
(") ) (577 ple committed on Jun 6
[RISCV] Add processor definition for XiangShan-KunMingHu-V2R2 (i RISC-V: Support —mcpu for XiangShan Kunminghu cpu. e dtexzyw commented on Oct 26, 2023 Member = ***
Xiangshan-KuningHu is the third generation of Open-source This patch adds support for the XiangShan Kunminghu CPU in GCC, allowing

e o rTret) () G S G G the use of the ‘-mcpu=xiangshan-kunminghu’ option.

CEin GE) @ P , i . . . . . . XiangShan is an open-source high-performance RISC-V processor.

XiangShan-KunMingHu is the third-generation open-source high-performance
RISC-V processor.[1] You can find the corresponding ISA extension from the . y . .
XiangShan Github repository.[2] The latest news of KunMingHu can be found This PR adds the schedule model for XiangShan-NanHu, the 2nd Gen core of the XiangShan processor series.

in the XiangShan Biweekly.[3] Overview: https://xiangshan-doc.readthedocs.io/zh-cn/latest/integration/overview/

The KunMinghu manual is now available at

It will be updated on the official Xiangshan documentation site

E : ‘ ‘ Ope = sl g — L . . It is based on the patch D122556 by @SForeKeeper. The original patch hasn't been updated for a long time and it is out of

[3] htt i 1 sync with the current RTL design.

You can find the corresponding ISA extension from the Xiangshan Github
repository:

A dedicated scheduling model for KunMingHu's hybrid pipeline will be N " .
proposed in a subsequent PR. Now ICT-CAS is about to complete the tape-out of NanHu core according to @poemonsense. So | posted this PR to add

support for it.

If you want to track the latest performance data of KunMingHu, ple
check xiangshan Biweekly:
gce/ChangeLog:

This PR adds the proc definition for KunMingHu V2R2, developed by
the t 3

E 08 [RISCV] Add processor definition for XiangShan-NanHu #70294

gec/testsuite/Changelog:

The scheduling model for Xiangshan-KunMingHu V2R2 will be submitted in a
subsequent PR.

- ) bsA Vel dtcxzyw merged 2 commits into Ulvm:main from dtcxzyw:xiangshan-proc-def (8 on Nov 8, 2023
* gce. target/riscv/mep
nd wangpc-pp
T e et TR e rave e o FrRaens - y
. Co-Authored-By: Jiawei Chen <j
Co-Authored-By: Yangyu Chen <ci

Co-Authored-By: Tang Haojin <t3

Co-authored-by: Xu, Zefan <ceba,
Co-authored-by

€Y Conversation 17 -0- Commits 2 E) Checks o

Files changed 3

Fon

e dtcxzyw commented on Oct 26, 2023 Member = ***

This PR adds the processor definition for XiangShan-NanHu, an open-source high-performance RISC-V processor.

According to the official documentation, NanHu core supports
RV64IMAFDC_zba_zbb_zbc_zbs_zbkb_zbkc_zbkx_zknd_zkne_zknh_zksed_zksh_svinval . | found that NanHu also supports
zicbom and zicboz . You can find them in the source code. Features supported by NanHu have been confirmed by
@poemonsense.

See also #70232.

(©)
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4% OpenXiangShan: Empowering Architecture Research

* An open-source, continuously developing research platform

Your research field XiangShan provides ...

Performance: An industrial-competitive, high-
performance superscalar OoO microarchitecture

Functionality: RVA23-compatible RISC-V design
Development: mature, user-friendly design flows

Microarchitecture

Tapeouts by the XiangShan team and leading
industrial partners with real-world deployment

Chip development tool Realistic and challenging research problems

58



4% An Effective Infrastructure for Research

* Topic: Computer Architecture

* XiangShan: a realistic out-of-order RISC-V
implementation with industry-competitive
performance and an active open-source
community

* Minlie provides the toolchains

* Microarchitecture, accelerators, novel
architectures, profiling, systems,
benchmarking, security, compilers, ...

midgard EPFL

Imprecise Store Exceptions, ISCA'23
Single Address Space Faas with Jord, ISCA'25

* Topic: Agile Chip Development
» XiangShan is a progressive, configurable,
complicated, challenging benchmark
* Minlie provides a good startpoint

* HDLs, verification, performance, power,
area, prototyping, DFT, synthesis,
placement, routing, ECQO, ...

ming (ns)

<) [}

£ 5.0 1

E 2.5

2

Fooil

10° 10 =0 s
Real Area (mm?) Real Power (W) Real Timing (ns)

s

Predicted Power (W)
Ti

SNS v2, MICRO'23 (Duke University)
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4% Outline

* The Era of Open-Source Chips

* Open-Source Industrial-Competitive RISC-V Chips
* Open-Source Chip Design Tools

* Open-Source Development & Business Models

e Conclusions
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4% Open-Source Infrastructures (Tools) for Chips

it nt

XiangShan Chips

>

Complex ISAs » Lower thresholds A
» Microarchitecture » Agile development
» PPA improvements » Parameterization
) T ) ST
\C )




4 Chisel: agile hardware description language

2018: quantitatively comparing Chisel and Verilog, reducing code size by 80%

2020: completed the 15t generation of XiangShan, booting Linux within 3 months

2022: 67,000 lines of design code and 31,000 lines of verification code

2024: 214,000 lines of code in all code repositories

2020F I 2021
68 | 78 | @8 98 108 | nA 1 12R L 1B | 28 | 38 | 4B

—
_—
h—at
P—q

7H6H21:50, E#uizisCoreMark

202153H81H13:28,
AINET494130MIESHY
SPECIZLHER

9F12H16:21, LinuxEsa §
10822H6:03, DebianE#Ez |

2021££3810H8:53,
TEFPGA LRIhiE{THHEIT & O

i*
BRAD BORE 25 i E3




4 Better design flexibilities

Kunminghu has 212 configurable parameters, and its ARM A76 has 8 configurable parameters, and
L2/L3 cache has 65 configurable parameters the DSU (L3) has 25 configurable parameters.

Frontend e e Branch Predictor | Return )
aed.'.’:;“/sﬁﬁaa‘e Fetch Target Queue uFTB (BPU) prack L1 Instruction Cache
PC read result 64 entries s | FTB TAGE sC ITTAGE NanoBTB (16-entry) 64 KiB 4-Way instruction TLB
for Backend lm rox Troaren PGSR MicroBT8 (64-entry) (48-entry)
v v Branch Prediction Unit Main BTB (6K
Instruction Instruction Fetch Unit il ENE (59 16 Bytes/cycle
Cache Ra05
yies Predecode 8Bytes
Ba |:¢ Instruction Fetch |
, 4 way 32 Bytes Instruction
FDIP Prefetcher Instruction Buffer Uncache 4-8 Instructions/cycle
48 entries ReOrder Buffer w
160 entires 2
ITLB ] 6inss PO F t | Dei%deé)zubeue | \ z
M I 6-way Decoder | Instruction Fusion | ron (WE o) <
l 6 Uops End Inst Inst Inst Inst %
Rename & Dispatch ‘ Move Elimination ROB Compression Scheduler 4-Way Decode
Decoder | | Decoder || Decoder | [ Decod
Integer Rename Table ‘ ‘ FP Rename Table ‘ ‘ Vector Rename Table | ool H ool | | oode” ‘ | oo |
MopP MoP MoP MopP
Integer Dispatch Queue * 2 Memory Dispatch Queue Float Dispatch Queue Vector Dispatch Queue T
16 entries 6ido 18 entries 6i60 16 entries 6i60 16 entries 6i60 Rename / Allocate / Commit S
ReOrder Buffer (128-entry) % 9
por por popP por por por por por 3 g
INTIQ #0 INTIQ #1 INTIQ #2 INTIQ #3 sIQ VEC IQ #0 VECIQ#1 VECIQ#2 =1 I N
24entries || 24entries || 24entries || 24entries DIG16°3 STAIQ16°2|| 16°2 16 entries 16 entries 10 entries o U ol
T T T T T ) T T T ) T T T T T Dispatch = S N M
INT Physical Register File aau |[acu |[acu |[ acu |[Acu VEC Physical Register File 9] = Q g
224 entries + RegCache (16 INT + 12 MEM) W || || || st || sT 128 entries 3 o <
v 2 2 2 2 2 2 2 = B S HOP HoP HoP poP poP HOP HOP HOP ® et g %
o, || BR[| ot || eru || Awu (182 | AL || San oTier|[prLee|[oTLe: | [orier|jpTLer EA
[ Issue (120-entry) 3| =
—— Integer Block ol T [y T] oFety T 2o [] o | [ chew || chom | | oo || e | |0 &
72 ontrios o4 ontrics Vector Block Por i [Port T [ Port | [Port | [ Port ] [ Port | s
: pOP pop pOP noP pOP pOP <
FPIa 40 |[FPia#t HFPIQ#Z FPIQ #3 | Pl | L““;’ZQ:;‘:;:AR 27168/ cycle
18 entries | 18 entries || 18 entries || 18 entries 18 entries . K- -
e e e e el g s
FP Physical Register File EEnE] o 2 £ ¥ ONT
192 entries LoadQueueReplay L2 Cache @ )
v v v T 72 entres B e 1 MB 8 way 4 bank BOP EU aN &
e || P ‘ FAL | FALU H - H o | i S < e
oy || AT (AT [ TR )| P Len Data Cache 1 =
64 KB 8 way 8 bank H H 32
Float Block Execution Engine Togy Yoay T,
e Pty
Data TLB
16M|53160v?acyh4ebank L1 Data Cache (48-entry)
Prefetcher i =
stream sms stride ITLB Repeater 64 KiB 4 Way
Memory Block




4% DiffTest: a co-simulation CPU verification framework

* Co-simulation workflow
* |Instructions commit/other states update
* The simulator executes the same instructions
* Compare the architectural states
* Abort or continue

e Verification infrastructures for CPUs
* APIs for HDLs such as Chisel/Verilog

e RTL simulators such as Verilator, VCS,
Palladium

* RISC-V ISS such as Spike, NEMU

https://github.com/OpenXiangShan/difftest

Instruction commit

A

External interrupts

ISS < Processo
Other information r
|
v
Compare
Basic architecture
while (1) {

icnt = cpu_step();
ref_step(icnt);

rls = cpu_getregs();

r2s = ref_getregs();

if (rls != r2s) { abort(); }

Online checking

64


https://github.com/cyril0124/verilua

4% Standard interfaces for RISC-V CPU verification

* Key idea: information probes support flexible combination for
different scenarios

Base

D/F
ISAs

Debug

ArchEvent
TrapEvent
InstrCommit
ArchlntRegState
CSRState

ArchFpRegState

ArchVecRegState
VecCSRState

HCSRState

DebugMode

Hardware
Features

Superscalar

RF delayed

Store

Consistency/
coherency

TLB

IntWriteback
FpWriteback
VecWriteback

ArchintDelayedUpdate
ArchFpDelayedUpdate

StoreEvent

SbufferEvent
LoadEvent
RefillEvent

L1TLBEvent
L2TLBEvent
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4% Accelerated co-simulation on Emulator/FPGA

* DiffTest now supports hardware-accelerated co-simulation

XiangShan

~

J

NutShell

~

J

Rocket

~

J

DUT

|

REF NEMU
DiffTest ) .
: Spike
Simulators N J

Synopsys

. Cadence Xilinx
VCS } [Ve”lator} {GS'M} [Palladium} FPGA

<1KHz <5KHz

<10KHz

<1MHz"®" ~10MHzV*"
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4% DiffTest-H: semantic-aware co-simulation acceleration

* Optimizes communication overhead for verification data packets

* Batch: Reduces communication frequency

* Squash: Reduces communication data volume

* Replay: Maintains debugging granularity

[ DUT ][ DUT ]
Core 0 Core 1
8 3
Monitor ]
i D

Communication=----- -1

Hardware

[ Global Memory ]

[ REF 0 ] [ REF 1
ISS ISS

__________

| ISA
REF : " Checker
Ck

[ Send ]

Software

= run
->debug

Figure: workflow

Category Types Representative Examples
Control Flow 5 Excepti(?ns and in.terrupts,
Instruction commits, Traps, ...
Register Updates 9 CSRs., General—pur.pose registers,
Floating-point registers, ...
Load/store operations,
Memory Access 3 ) .
Atomic memory operations, ...
. Cache refill operations,
Memory Hierarchy ® L1/L2 TLB operations, ...
RISC-V Extensions 9 Vector/Hypervisor CSRs,

Vector registers, ...

Table: Packets
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4 DiffTest-H: Hardware-Accelerated Co-Simulation Verification

* 13.8 MHz on FPGA, instruction-level debugging
* Deployed on XiangShan, with 151 bugs uncovered
* Open-Source at github/OpenXiangShan/difftest

I === ""I‘" —————————————————————— )
et Mik ARG LG [0S Aestorms A wrsehe ,,N'v,.\ FFF R IR X XiangShan XlangSha
- INSTITUTE OF COMPUTING TECHNOLOGY CHINESE ACADEY OF SCINGES ——— 35==2 BEIJING INSTITUTE OF OPEN SOURCE CHIP XiangShan Open-Source Processor Community AN G Iobal M emory
Core 0 "9 Core 1 "l"
e i [REF 0 REF 1]
| Monitor ] t (NEMU J{ NEMU
.

DiffTest-H: Toward Semantic-Aware Communication in ' oo == = — = - — SR
Hardware-Accelerated Processor Verification sl :Debugglng | ISA
i . w Checker E
Buffer Lo
b oo ' i
[ Non-Block ]

Transmission w run
ELHardwa_r_t_a i Software  ->debug !

Kunlin You®2, Yinan Xu?, Kehan Feng3, Luoshan Cail2, Yaoyang Zhou3 and Yungang Bao!?
1State Key Lab of Processors, Institute of Computing Technology, Chinese Academy of Sciences
2 University of Chinese Academy of Sciences
3 Beijing Institute of Open Source Chip




% Verilua: an easy-to-use unit-testing framework

New option
for hardware
verification

DA

\ VS Cocotb
VPIML VPI

IR + Z5i%

PyMTL/PyHGL/ChiseI

B—EEEEES

UVM/SV

PUTIEE ESEESST  ERE - R E%HE L E
WS-SR BiES. BHs & BiES & -
HDL -- -- -- Y Y
HVL Y Y Y Y Y
HSE Y -- -- -- --
WAL Y -- -- -- --
¥k & i i = =

https://github.com/cyril0124/verilua

muxXx.sv

54

main.lua

fork {
main_task = function()

module mux(
output wire out,
input wire sel,
input wire a,
input wire b

);

assign out = sel ? b :

endmodule

a;

sim.bypass_initial()

dut.a:set(0)
dut.b:set(1)

dut.sel:set(1)
await_time(1)
dut.out:expect(1)

dut.sel:set(0)
await_time(1)
dut.out:expect(0)

print("TEST PASS!")

sim.finish()
end

b

A INFO]
INFO]

INFO]
INFO]
INFO]
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4% XS-GEMS5: Calibrated Gem5 Simulator

¢2cemb

4 )
Simulator-based
performance
bottleneck analysis
. . E>\ J . Simulator-based
calibration Simulator-based feature
(" ) feature review

Simulator-based implementation

N

design exploration

E> feature review E> Feature

implementation

RTL-based

- J
RTL-based RTL PPA
RTL-based feature review evaluation
performance
bottleneck analysis -
) RTL-based RTL-based A

design exploration

https://github.com/OpenXiangShan/GEM5
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Calibrated Gem5 Simulator

SPEC CPU 2006

1

* Currently being used for architecture exploration of the KunminghuV3

* The error of a single benchmark is less than 5%

3%680.5%
I B mm ﬁl ° |-

* The overall error with RTL (KunminghuV?2) in SEPCO06 is less than 3%
BT

* Based on GEMS5, calibration was completed for XiangShan

XS-GEMS5

80%
40%

1
10118 8duew.loliad

N
b
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+

Software Platform RTL

TraceRTL: Trace-driven RTL CPU Model

* Applying mature architecture exploration techniques from simulators to RTL

* Insight: Architecture exploration only requires essential performance
components; complete functional correctness is unnecessary

* Performance evaluation is performed before ensuring CPU functional correctness

* Rocket Chip Generator (2016)
« FireSim (2018)

« BOOM-Explorer (2021)

+ XiangShan (2022)

............................................................ e eetesnreneenseene s s e sme s mssmeene s

* SimpleScalar (1997)
+  GEMS (2005)

. M5 (2006)

« gemb5 (2011)

TRACERTL
(This Work)

: + Sniper (2011)
« ZSim (2013)

i « ChampSim (2022)
+ Calipers (2022)

Execution-Driven

Execution Model

Trace-Driven

Workload
Preparation

TRACER'_[I_. ___________
RTL ' Ag”e R
 Performance? unctional Performance
plementatlon '\__E_\@ll_l_aat_'_QfJ_, Correctness Evaluatlon

Current Workflow
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4 TraceRTL: Trace-driven RTL CPU Model

* Automated, low-intrusion modification of a trace-driven XiangShan

* Eliminating functional dependencies: Chisel, circuitry, architecture,
functional abstraction, performance sensitivity, etc.

* Eliminating performance errors: The impact of lost information in the trace,

including addresses, data, etc.

i branch misprediction/exception/etc. CPU RTL Module
Branch Predictor |
R R EEEET N . : .
\start addr : fetch ® ® Execution Units
: | request Branch/Jump Unit
:e?d addr L Decode/ D
et v Instruction Fetch Rename/ Compute Unit
------------ Schedule

Memory Unit

--il Reorder Buffer

(a) Fetch request format N
PR L PP - " trace instrs v @ Instruction Flow Check :
tinstr encoding ! ; ®
B Do - HIITG4->
itarget/exception |/ Trace Reader trace file
imemory addr ! inflight instructions
etc. " iTrace RTL Module C/C++

(b) Trace instruction format

(¢) Trace-Driven Simulation Framework

Trace-driven CPU from XiangShan

IPC
o - N w B w a

Il.fll. _I EEEECEEEEEE B -
| |
i 11 | 111 |
1
I
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[ B [
1
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I
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4% FPGA accelerated desigh space exploration

* Design Space Exploration (DSE): Searching the CPU design parameter space to
find the PPA balance point

* Due to several limitations, all current work is performed on a simulator.
* Speed Limitation: Single simulation speed should be fast enough.
* Parameter Limitation: Simulators offer flexible parameter tuning, while RTL is challenging
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4% FastDSE: FPGA + logic/physical parameter decoupling

* FastDSE: FPGA Acceleration + Logic/Physical Parameter Decoupling

* Stable operation at 50MHz
* accelerating the DSE process by 68.7 times.

RobSize(Physical) = P entries (compile-time provision)

logical active region logical inactive region LOgiC/PhySiCal Pa rameter DeCOUpling
* One physical param
— - _ - " » Multiple logical parameters
R:ogbsstr%:%(igﬁg%%;a{{ej%\/tiles (run-time provision) . A djLISt dynamically

L mask access to [0, L-1] )
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4% Minlie: Open & Agile Development Toolchain

* |t supports a new model of collaborative chip development based on open source,
continuously building a team of over 600 people (the largest in the world).
» Selected as one of the 12 IEEE MICRO Top Picks

[ New Feature ]:>[ RTL Implementation ]::)[ Functional Verification H Performance Validation H Physical Design ]

<z ~z
CircuitUtils Architecture Test Generation ] [ Test Generation FuII-S(?/ (;:Et;Réig‘;:point
<
TL-C Agent: Customize - == =~z
TileLink FIRRTL Transforms f si . BetaPoint: Characteristic
Bus/Cache Reference Model imulation Profiling Tools (WIP)
Behavior Model § AM: Bare-Metal Run-Time Env | TL-C Transaction Generator I I
GlobalMem: Multi-Core Memory Model g NEMU: Fastest ISA Simulator Result Comparison Emulation s aanc s Micioy
Architectural Warmup
TL-Test: SMP-Diff: Multi-Core Co-Sim DiffTest: Co-Simulation ~~ ~~
rorroprosweing | [ reoa |
Behavior Checking LightSSS: Simulation Snapshot T T
ArchDB: Waveform Terminator: Chisel-Native Debuggin: Statistics Analysis PerfDB: Performance
Transaction Analyzer Visualizer and Debugger 9ging y Modelling and Analyzer
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4% Outline

* The Era of Open-Source Chips

* Open-Source Industrial-Competitive RISC-V Chips
* Open-Source Chip Design Tools

* Open-Source Development & Business Models

e Conclusions
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% Development Model for Open-Source Chips

* With the support of the Beijing Municipal Government and
the Chinese Academy of Sciences, 16 companies jointly

launched the Beijing Institute of Open Source Chip (BOSC)
to accelerate the industrial development of Xiangshan.

« BOSC has assembled a team of >500 people, becoming one

of the largest RISC-V CPU core R&D teams in the world. 805C
S AL ERUDER S5 1o 7S KRB S 0 5t W R 2 ; e
!‘Q nﬂﬁgﬁ%ﬁ;’* @ PXIERED ﬂﬁ%&\é\/gﬁ% @Beqmgmde gggggggggggggggggggggggggggggg o \ : ““ 7 { ”; %ﬁ

SirE B ai.!.z.ﬁ = 7hunder=oft gL

THEE Alibaba Group

DET=[2ESE
Tencent iR ‘ ZTE3 E SWl N
GigaDevice
4 ErREE f#youddo e
orizo e LEEMZGREERLT

vvvvvvvvvvvvvvvvvvvvvvvvvvv

16 Founding Members o Dec6221



4 Tiered Rolling Open-Source Model

Colleges _ .

Institutions

BOSC —— _> Tape-out Verification

05 ALsorrpses s ok

Sos5c BENINGINSTITUTE OF OPEN SOURCE CHIP

Companies == =>

Gechnical Innovation\

Academic Researchers

>
(Design Iteration\

\ Open-Source Communit )

Engineering Team

Industry Verification )

\Member Companiesj

Stable IPs

\ Downstream Companies )

O 7\ 7\ 7\ 7\ 7\ >
A\ 7\ A\ A >
\J N\ \J \
7 marks/GHz 10 marks/GHz
1.3GHz@28nm 2GHz@14nm
2021.7.15 2022.2
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% Chip products based on XiangShan

Kunminghu V2
ser | Product | TapeoutTime _
8-core video codec 2025/9
64-core server 2025/9
128-core server 2025/108
128-core server 2026/3
8-core client SoC 2026/3
16-core 2026/3
64-core server 2026/3
4-core client SoC 2026/6
128-core server 2026/12

Nanhu
User | Product | TapeoutTime
| GPGPU 2024/production
J GPGPU 2024/production(>10k)
K 4-core FPGA ctrl. 2025/12
L 4-core sec. ctrl. 2025/12
M
N

XiangShan Nanhu Chips

I O " m w UN® >

4-core 2025/12
4-core router ctrl.  2026/3




4% FPGA Prototype in Only Two Weeks

XS Core

Peripheral

Storage Ethernet
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% Real Chip of XiangShan Nanhu

* Test chip was back in October 2023

» Successfully brought up Linux and working with PCle device (GPU, Ethernet,
USB..)

The world’s first laptop powered by
a open-squrce RISC-V processor

Ruyi Book
CPU “XiangShan Nanhu" (RV64GCBK),up to 2.5GHz
Memory 8GB DDR5 4800MT/s
GPU AMD RX 550
usB 2x USB3
Ethernet 2x 2.5Gbps Ethernet Port

- 1x 14-inch LCD Display

Display 1% HDMI, up to 4K

—4 TouchPad Support 9 kinds of gesture operation
Audio Built-in high-quality speakers.

Dimensions  315*233*25mm

Ruyi Book

Nanhu test board @ RVSC’24 Ruyi XiangShan Book
Running Desktop Linux & Cloud Game* Design by ISCAS, Inchi, MilkV

* Genshin Impact - Cloud, only ~ 1 fps, just for fun
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% Linux Boot on 8-Core XiangShan Kunminghu V2

* Lanxin Computing has successfully launched Linux on an 8-core SoC built
on the Kunminghu V2

File Edit View Windows Help x "uart@port=2333 ID=0" @ o
= S = [marchid : 09
E&g%i @ Rew B3| e ninpid : 0x0
hart isa + rvB4inafdovh_zicbom_zicboz_zicntr_zicond_zicser_zifencei _zihintnt]_zihintpause_zihpn_zacas_zfa_zfh_zfhnin_zba_zbb_zbe_zbkb._zbko._zbkx.zbs_zknd.zkne_zknh_zkt_zksed_zksh
Setwp | Control [ Bookmark | DRTL | SDL | Probs | Mermory | Infin| ~[~2vbb-zvFh_zvfhmin_zvkb_zvkt._snai een_ssaia_sscof puf _sstc_svinval svnapot._svpbmt
[processor H g
Work Dire hart :
Da\.ubas.e o DX ecioy) isa : rvBdinafdovh_zichon_zichoz_zicntr_zicond_zicsr_zifencei _zihintnt]_zihintpause_zihpn_zacas_zfa_zfh_zfhmin_zba_zbb_zbe._zbkb_zbko._zbkx_zbs_zknd_zkne_zknh_zkt _zksed_zksh
Design Directory: -zubb_zvfh_zvfhmin_zvkb_zvkt_smaia_snstateen_ssaia_sscof paf _ssto_svinual_svnapot_supbat
i [ : svd8
Work Directory: | uarch : bosc, kah-v2
ivendorid : 0x0
Emuator: = Online © Offline ::;:‘;“ § e
hart isa : rvB4inafdovh_zichon_zicboz_zicntr_zicond_zicsr_zifencei _zihintnt]_zihintpause_zihpn_zacas_zfa_zfh_zfhmin_zba_zbb_zbe_zbkb_zbke_zbkx_zbs_zknd_zkne_zknh_zkt_zksed_zksh
Configuration _zvbb_zvfh_zvfhain_zvkb_zvkt _smaia_swstateen_ssaia_sscofpf_sstc_svinval_svnapot _svpbat
State: TBrun Change To:  Sim iprocessor t 6
art s
% = = + rv4inafdovh_zicbom_zichoz_zicntr_zicond_zicsr _zifencei zihintnt]_zihintpause_zihpm_zacas_zfa_zfh_zfhmin_zba_zbb_zbe_zbkb._zbke._zbkx zbs_zknd_zkne_zknh_zkt_zksed_zksh
[Emulatoriph-1 v [ Short (% (Emuator settobx 22) df |'2% . gy curhmin: 2o ke shaia_snatateen_ssala.Sscofpa st svinval_umapot_svpbnt
Sim Host: *|v Board: [150+15.1+152+15 1 1Bq [ i
= uarch ¢ bosc,knh-v2
Target: Skip All: Tristate VO: I |Cable Status|irun { [endocid 3
i . i ninpid : 0x0
Vision Mode: Download Retry:|0___[interval|10__ & hart, {88 + rvB4inafdovh_zicbon_zicboz_zicntr. zicond_zicer. zifencel zihintnt]_zihintpause zihen_zacas.zfa.zfh._zfhnin_zba_zbb_zbo_zbkb_zbko_zbkx zbs _zknd.zkne.zknh.zkt. zksed_tksh
End Session _zvbb_zvfh_zvfhmin_zvkb_zvkt_smaia_swstateen_ssaia_sscofpnf_ssto_svinval _svnapot_svpbmt
. P"DCGO‘OF 3?
Continuous Upload SST2 (SHM) Wa : 1
: rvB4inafdovh_zicbon_zicboz_zientr zicond.zicer zifencei _zihintnt]_zihintpause_zihpn_zacas_zfa_zfh_zfhmin_zba_zbb_zbc.zbkb_zbke_zbkx zbs_zknd.zkne zknh_zkt zksed_zksh
Save/Restart Cosimulation State zwb zvfh_; Mh-un zv«b ZVkt_smaia_sn sscofpnf_sstc_svinval _svnapot_svpbmt
Cosimulation State File Name: u-‘ch E mc,km-vz
ivendorid : 0x0
Save Restart Emulator State v Debug Env marchid : o:xs
llWld :
hart v64ma5dcw| zicbom_zicboz_zicntr_zicond_zicsr_zifencei_zihintnt]_zihintpause_zihpn_zacas_zfa_zfh_zfhmin_zba_zbb_zbc_zbkb_zbke_zbkx zbs_zknd_zkne_zknh_zkt _zksed_zksh
EVbb_Ivfh_rvihwin b Tkt smala_snctatesn_seeia_secorpa? seto_svinvel ovnapot swpcet
= a = - #1/bin/sh
AEXUN> §IOFCE  y{Ls5_1UF) .U_€_Cpu_PCOre_COrel.Pd_Ti_ 1 v devtmpfs does not get automounted for initranfs
§§f:2; /bin/mount -t devtmpfs devtmpfs /dev
KErun> source src/script/bm_ren.tcl # use the /dev/console device node from devtapfs if possible to not
INFO (legacy-55628): memory parallel begin. # confuse glibc's ttyname_r().
INFO (legacg 55628): memory parallel end. ® This may fail (E.G, booted with console=), and errors from exec will
NOTE: do _rst() to reset entire design ... # terminate the shell, so use a subshell for the test
INFO (legacy 51034): Some nets in SDL expressions wei[lif (exec 0</dev/console) 2>/dev/null; then
ee contents of file sdl_keepnets.tcl for more detail :‘:C ‘;;;:‘W;z:::}:
XErun> run "o "
config peu pll sel reg exec 2/dev/console
release sys reset... i
start cnoc init wgpe
sy 123‘ aies uic /sbin/init *$Q
start r init... S
pcu boot end




% Roadmap 2025: 3 CPU Compute Systems

Nanhu V5 Kunminghu V2 Kunminghu V3

- SPEC06 10/GHz - SPEC06 15/GHz « SPECO06 22/GHz
CPU e 2GHz@12nm e 3GHz@7nm e 3GHz@7nm

- Target ARM A76 « 64-core « 128-core

- 2025/10 delivery - 2025/4 delivery - 2025/12 delivery

Zhujiang V1 Wenyuhe V2
« Ring Bus - T CMN-700
NoC . Max 16-core . 1a2r89-f::)re

« Cache Coherency

« Chiplet support
« 2025/10 delivery

« 2025/12 delivery
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4% Advantages of open-source collaborative development

B Traditionally, test cases are valuable private assets of chip companies.

B With open source, it can be directly deployed within different companies.

B Atotal of 1,467 bugs have been fixed, of which 492 (33.4%) were submitted by companies.

KMH V2 BUG
96 s Rtk = RitfR Rit ki i E HBUGH
873
370 367
327
83 84 83 73
[ - mor rrErs BB Bo

Internal ESWIN SPACEMIT LANXIN SOPHGO
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% UnityChip Verification: Crowd-Sourcing Verification

* Chip verification using an open-source crowdsourcing model

* Bringing together software and hardware engineers

* A verification campaign launched on XiangShan @ N

Open-source
verification materials

* Let 10,000 people participate in verification!
Working
platform

 https://open-verify.cc/en/

i AR AR

Enterprise Org Students En'thus i asts
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4 UnityChip: A Croudsourcing Platform for Chip Verification

Verilator BLAlAril)
Shared Python ﬁ
VCS libs

Features: Involve software engineers

* Enable crowdsourcing

* Support multi-languages
* Be compatible with UVM

(it

Effectiveness
Others

* 5undergraduate students found 10 bugs in 2 months

Easy-to-Use
* Students not familiar with Linux and Python
* Learnto usetoolsin 5 days
* Start adding test cases after another 10 days

UnityChip Competition for XiangShan
* Task: Unit Test for IFU, BPU, ITLB, etc.
« Scan the QR code for more information GitHub Link
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4% Open Problems on Chip Development Infrastructures

* Sharing the real-world infrastructure challenges faced by Eﬂ:ﬂ

the XiangShan project

-
e Hardware

\_

Descriptions

* Functional
Verification

* Performance
Improvements

Problems

~

J

! * Architecture A /° Discussions A
* Software * Interns
Engineering * Full-time
* EDA * Research/Industrial
* PL/Sys/... Collaborations
L Directions JAN Participation P
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4% Outline

* The Era of Open-Source Chips

* Open-Source Industrial-Competitive RISC-V Chips
* Open-Source Chip Design Tools

* Open-Source Development & Business Models

e Conclusions
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L1: OPEN ISA
L2: OPEN Design/Implementation
L3: OPEN Framework/Tools

~N

% XiangShan achieves L2.5 |

V-

bpon anoworld‘l‘ool#

microarch: #y coding EDA Tools

- — )
N [~

ISA Spec. Docs RTL b Laou

728 Entry component DebugCoreTop is
- 32KB e o
e e ] i
A Shared
Inclusive
168 Pre-Decode.
LAl L3 Cache r(2 downto 0) := (others => '0');
= (16 way)

in (others => (others => '0'));
e 4 in (others => (others => '0"));
in (others => (others => '0')):
' in (others => (others => '0")):

The RISC-V Instruction Sot Manual C in (others => (others => '0')); i e
in (others => (others => '0'));

VSharedi

SCL : in
SDA : inout

== L3 Cache =

downto 0) := (others => '0');

downto 0) (others => '0');
gyl | 3 downto 0) ;
e gt_TX n : out downto 0)

ST2Entry. STEY o) ke aual )5
| I . ported [-cacha (8 way)|«
4 L@-BHW' l I end component;

OpenISA_ | Open Design/imptt y
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% One of the Most Popular Open-Source Chip Projects

 GitHub: >6700 Stars, > 800 Forks

% 6tar History

I ® OpenXiangShan/XiangShan J

GitHub Stars

202l 2022 2023 2024 2025
Date %} star—history.com

Data collected on Oct 10, 2025
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4 15+ XiangShan Tutorials Around the World

. HPCA, Edinburgh, Scotland
* ASPLOS, San Diego, USA
. RVSC, Hangzhou, China

. « HPCA, Sydney, Australia
* MICRO, Austin, USA

* More coming...

@ @ @ @
2023 2025

ASPLOS, Vancouver, Canada * HPCA, Las Vegas, USA

RVSC, Beijing, China  ASPLOS, Rotterdam, Netherlands

MICRO, Toronto, Canada * RVSE, Paris, France
* |SCA, Tokyo, Japan
« APPT, Athens, Greece Welcome old and
* RVSC, Shanghai, China new friends!

e MICRO, Seoul, Korea
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4 XiangShan Open-Source Community Conference

A Sules

* BT RHR K= e
: XIANGSHAN OPEN SOURCTE COMMUNITY
==

7 77N SN

The 4t RISC-V Summit China 2024 The 5" RISC-V Summit China 2025
Hangzhou, China Shanghai, China
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4% GitHub Issues & Discussions

Number of Issues

* Time to First Response for Issues
* Average: 25 hours
* Median: 13 hours

 Feel free to create an issue on GitHub

2023 2024 2025
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4% Acknowledgments in XiangShan

* A list outlines 32 techniques used in the XiangShan RTL co

* https://docs.xiangshan.cc/acknowledgments/

Multi Port Data Cache

[1] Gurindar S. Sohi, and Manoj Franklin. "High-bandwidth data memory systems for superscalar processors." 4th
International Conference on Architectural Support for Programming Languages and Operating Systems (ASPLOS). 1991.
[RTL Codes]

Data Replacement J

[1] Aamer Jaleel, Kevin B. Theobald, Simon C. Steely, and Joel Emer. "High performance cache replacement using re- ,*
-~
reference interval prediction (RRIP)." 37th Annual International Symposium on Computer Architecture (ISCA). 201 OW{PTL
-
Codes] o

Data Prefetch K

[1] Jean-Loup Baer, and Tien-Fu Chen. "An effective on-chip preloading scheme to reduce data access P'enaltyf‘ ACM/IEEE

Conference on Supercomputing. 1991. [RTL Codes] .

R
[2] Stephen Somogyi, Thomas F. Wenisch, Anastassia Ailamaki, Babak Falsafi and_/-\_n.dLeIaE I.Vl.o.sgévos. "Spatial memory
streaming." 33rd International Symposium on Computer Architecture (ISCA). 200§. [RTL Codes] =
L "

sssnmmn?
.
",

[3] Santhosh Srinath, Onur Mutlu, Hyesoon Kim, and Yale N. Patt "Feedback directed prefetching: Impro;i'rfg'me,_
performance and bandwidth-efficiency of hardware prefetchers." IEEE 13th International Symposium on High
Performance Computer Architecture (HPCA). 2007. [RTL Codes]

"y
L}
Ly
a

"y
L]
.....
e
Ly}

EU. P master ~

Siudya feat(dfx): integerate dfx components (#4312) v

Code | Blame

/

1359 lines (1207 loc) - 58.6 kB - @

* Copyright (c) 2024 Beijing Institute of Open Source Chip (BOSC)

Copyright (c) 2020-2024 Institute of Computing Technology, Chinese Academy of Sciences
Copyright (c) 2020-2021 Peng Cheng Laboratory

* XiangShan is licensed under Mulan PSL v2.

“ You can use this software according to the terms and conditions of the Mulan PSL v2.

You may obtain a copy of Mulan PSL v2 at

http://license.coscl.org.cn/MulanPSL2
THIS SOFTWARE IS PROVIDED ON AN "AS IS" BASIS, WITHOUT WARRANTIES OF ANY KIND,

EITHER EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO NON-INFRINGEMENT,

MERCHANTABILITY OR FIT FOR A PARTICULAR PURPOSE

See the Mulan PSL v2 for more details

Acknowledgement

XiangShan / src / main / scala / xiangshan / mem / prefetch / SMSPrefetcher.scala (&

This implementation is inspired by several key papers:

< [1] Stephen Somogyi, Thomas F. Wenisch, Anastassia Ailamaki, Babak Falsafi and Andreas Moshovos

2006.

[Spatial memory

* streaming.](https://doi.org/10.1109/ISCA.2006.38)" 33rd International Symposium on Computer Architecture (ISCA).

package xiangshan.mem.prefetch

import org.chipsalliance.cde.config.Parameters

import chisel3.

import chisel3.util._

import utils._

import utility._
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4% Biweekly Report in English

* ourrecent progress and performance data

* https://docs.xiangshan.cc/zh-
cn/latest/blog/category/biweekly-en/

Biweekly-en

2025498290 - 9% T Biweekly-en - EE 5 iR E

[XiangShan Biweekly 86] 20250929

Welcome to XiangShan biweekly column! Through this column, we will regularly share the latest
development progress of XiangShan. We look forward to your contribution.

This is the 86th issue of the biweekly report.
We are very pleased to share two pieces of news with you.

On September 20, the XiangShan team won the first Open Source Contribution Award from the
CCF Architecture Committee. This collective award holds special significance for the XiangShan
team—it represents recognition and support from our academic peers for the open-source
processor and the team itself, laying the foundation for XiangShan to have a broad impact. The
XiangShan team will continue to move forward, step by step, striving to keep XiangShan alive for
30 years!

On September 22, Innosilicon released the "Fenghua 3" full-featured GPU. The "Fenghua 3" GPU
successfully integrated the XiangShan "Nanhu" processor IP core, which is performance-
competitive with the ARM Cortex-A76, as its high-performance on-chip main control CPU. This
integration marks a new phase in the industrial application of open-source high-performance
CPU IPs and signifies that RISC-V can carve out a path different from the traditional ARM model.

We believe that open-source chips do not equate to low performance or low quality. Open source
will profoundly change the cost structure of chip development, providing a new paradigm for chip
design in the industry.
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% User Guide El%ﬁ
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* For Software Developers and Hardware Integrators e

* https://docs.xiangshan.cc/projects/user-guide/en/late E

XiangShan
Open-Source Processor
User Guide

Applicable to Kunminghu V2R2
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4 Design Document

 Detailed Docs on Microarchitecture and Modules

* https://docs.xiangshan.cc/projects/design/en/latest/

XiangShan
Open-Source Processor
Design Document

Applicable to Kunminghu V2R2
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Xiangshan Open-Source Processor Commnity
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4% Open-Source: From Software to Hardware

* 96% software codebases contain open-source code (overall 77%)

* In the future, the proportion of open-source IP in the chip industry
will inevitably break through zero, and will continue to increase.

Open Source Is Everywhere
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The 2024 Open Source Security and Risk Analysis (OSSRA) Report | Synopsys



4% OpenXiangShan: Together for a Shared Future

* Feel free to contact us through email or file issues on GitHub!
* all@xiangshan.cc

e https://github.com/OpenXiangShan/XiangShan

XiangShan XiangShan XiangShan Biweekly XiangShan User XiangShan Design
Home page Document Report Guide Document
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