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1. Background



The One Student One Chip (0SOC) Initiative

Launched in 2019 by UCAS (University of Chinese Academy of Sciences)
Learning—by—doing : Teach students to build real chips
Non—profit : Free learning for everyone, free tape—out for students

Open: Everyone is welcomed

Learn—on—demand
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The 1st 0SOC (Aug to Dec, 2019)

e Allowing a student to graduate with a processor chip designed by
herself/himsel f

e Five senior undergraduates of UCAS participated
o Completed the design of a 64-bit RISC-V processor in four months

e The chip was taped out with 110nm and ran Linux and a self-built
UCAS—core 0S successful ly

Development Timeline — 1st OSOC finished successfully
| Sept. joct. 10/21 18I28 Nov, 11/1822 5111/21 1731. ID12/1016—26 E e 1st OSOC Goal Achieved!!
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e The students of 1st OSOC graduated with their own RISC-V
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NutShell: A Linux—Compatible RISC-V Processor
Designed by Undergraduates
(1st 0SOC processor chip)

A 64-bit RISC-V Processor

Tape—out w/ 110nm process

Single—issue, 9—-stage, in—order
RV64IMAC, support M/S/U

BPU with PHT, 512-entry BTB, 16—entry RAS
Sv39, hardware TLB refill

32K L11 & L1D

Read consistency for L11 & L1D

128K L2 cache, next |ine prefetch
Develop with Chisel

SDRAM, SPI flash, UART

Support Linux 4. 18.0 kernel

Support Busybox

Can boot Debian 11 on Emulator & FPGA

e 110nm process

° 1 Omm2
e 200mw@350MHz Typical
e TQFP100 package




NutShel |

e Open—sourced on GitHub

. wakafal Merge pull raquest #31 from Guedjwlpwlw/improve settings print -

]

1 debug

o NutShel l:

| fpga

| project

M ready-to-run

B scripts

B s

B tools/readmemh

[ R o R o~ R i R o B i A o N - D - A

.gitgnors
LICENSE

M zkefile
READMF.mel
Luild sht

Luile sc
debian_un_fpg
devieg.md
scalastyle conf

scalastyle-test

#Fork > 245

% Fork 249 Y7 Star 1.5k

abbFefr 17 hours ago @ 1,293 commits

dac: revise documents for nutshell last month
fpga,doc: refine doc about standalaneipyng) G days agao
uptale sbt version 2 years ago
ready-to-run: update nemu-sv wilh fatest version 11 days ago
cache: use SyncReadMem 12 mont g

TopMain.scala: print 'long int' in hex 17 hours ago
tools: add generator to generate resdmemh files for loadMemoryFromFie 2 years agoe
Merge branch master’ into pyng-standalene-argo last month
icense: add copyright awner JCAS 241 days ago
makefile: set inarder-sim as default canfig 10 days aga
reacime: set pyn as default haard in readme 11 days aga

Open Source Chip Project by University (OSCPU)

Let students design their own chips!

https://github. com/0SCPU/NutShel |

Openkuler,

Open—sourcing

an 0S developed by Huawei,

is booted successful ly on NutShel |
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.6800060]
.690000]
. 760000]
.810000]
.840600]
.980600]
.9960600]
.616000]
.020060]
.030000]
.3000080]
.550000]
.630660]
.910660]
-IDN +PCRE2 default-hierarchy=legacy)

6.940000]

clk: Not disabling unused clocks
Waiting for root device /dev/mmcblkep2...
mmcO: new high speed SDHC card at address aaaa
mmcblk®: mmcO:a3aaa SSO8C 7.40 GiB

mmcblk®: pl p2

EXT4-fs (mmcblkep2): mounted fillesystem with ordered data m
VFS: Mounted root (extd filesystem) on device 179:2.
devtmpfs: mounted

Freeing unused kernel memory: 176K

This architecture does not have kernel memory protection.
random: fast init done

systemd[1]: System time before build time, advancing clock.
systemd[1]: Falled to lookup module alias 'autofs4': Functi
systemd[1]: systemd v243-18 running in system mode. (+PAM +

systemd[1]: Detected architecture riscvéd.

Helcome to opentuler 20.03 (LTS)!

7.046000] systemd[1]:

Set hostname to <opentuler-RISCV-rares.



https://github.com/OSCPU/NutShell

Feedback from students

Self—-explorin

The biggest difference compared O previous
experiments is that there are no detailed
step—by—step instructions from predecessors.
Instead, | have to find my own methods,
implement them independently , and then val idate
the results—even if it means starting over

From scratch.

~

/

From user to creator

//Erofessor Hu Weiwu once said that as GS students,
we should learn how to build computers, not just
how to use them. | did not fully appreciate this
statement before; in fact, | once questioned
whether it was reasonable for the cs curriculum
at UCAS to include so much hardware content.
However, it was only after getting involved in
real projects that | realized the knowledge and

N

are straight—forward , often just a few short
lines. However, implementing them in code turned
out to be far more chal lenging than | had

: skills learned in university are truly valuable .4//

More confidence, more patience

~Compared to myself four months ago, the
most significant change is this shift in
mindset. When facing bugs, | no longer
stubbornly focus on one point. Instead, |
tell myself that bugs are written by
people, and as long as | have patience and

dig deep enough, | will definitely find

~

,/

\the problem.

Accomp | i shment

//Tt was only after getting involved in this
project that | realized course assignments are
like a ready—made orchard where you simply pick
the fruit, whereas a project is more |ike being
handed a barren piece of land and a few sapl ings.
You have to do everything yourself—from clearing
the ground to planting and fertilizing —without
knowing whether the effort will bear fruit. For
some reason, it feels like the fruit grown from

\\scratch tastes sweeter.

N

[ Empower students! J




Report Accepted by RISC-V Global Forum 2020

NutShell: A Linux—Gompatible RISG-V Processor
Designed by Undergraduates

Your submission was accepted for
RISC-V Global Forum 2020

The RISC-V Event Team E
Dear Huagiang,

It is our pleasure to inform you that we

Nutshell: A Linux-Compatible RISC-V
Processor Designed by Undergraduates
as a lightning talk, and would like to
welcome you as a speaker to the RISC-V
Global Forum 2020, happening virtually
Thursday, September 3. Sessions will
overlap during US, Europe, and Asia
working hours. We ask that you please
review the information below and on the
Speaker Guide and complete all the
required items to confirm your speaking
engagement.

The event will take place on the virtual
event nlatform. MeetinaPlav. The

* [ ] N

E]:F?HESCIJV’
Global Forum

Barcelona
9.00 AM-3:00 AM
| Shanghai

San Francisco ! 3:00 PM—9:00 AM
12:00 AM—=6:00 PM |

The only report given by
undergraduates




2. Gurrent Teaching and
Organization Model



Explore Large—-Scale (from 2021-)
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Update on:2025/06/29



0SOC Course Design

Based on open—sourced, practice—oriented, open learning

o : : N s e .
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Learning Roadmap

Rkl) TIME

888880 o0
sh $ cat hello.c SUPER o i
#include <stdio.h> mnnm m'ms e
int main() { o190 NINTENDD ~ e
printf(“Hello YSYXI\n”); L ~
return O; L s
J = FPF:P?ELEPH e [vea J(uart J(spr ]

Fill a form Preliminary Interview Basic Advanced Debug Exam SoC Integra:ion

["10 mins] [172 months] [15 mins] [~2 months] ["3 months] [~1 hour] [T1 week]

| i:»r
o
I

ﬁ

|
|
i

Physical Tapeout Packaging PCB Testing Run demos
design [2 4 months] [72 weeks] [T1 week] [71 week]

["2 months]



0SOC Organization Method

m Teaching Assistant Team : Train high—quality offline TAs (advanced level), combined
with online TAs (basic or advanced level)
m Let students guide other students( peer tutoring ): advanced level TAs participate in

SIG projects while also mentoring 'beginner' and 'intermediate’ students

Recruit a large r----W--IW--IW--W----E Train talent by
nhumber of students :SIG Solo: 1SS+0S+uarch+SoC+physical design+PCB I levels:
(2000 - 4000), with a : i .
' i Build a chip with everything open-sourced ! Experts: 10%

strict assessment Team work e e e e Advanced: 30%
process for o k A ........................... Basic: 60%
registration S b Specialist (3 mons) aslic.

(admitting 25%), 1) Out-of-Order
] . 2) Performance opt.
while ensuring the

proportions:

TA : Stu= "9l e

tapeout

Advanced (3 mons)

1) 5-stage pipeline + Cache
2) AXI4, UART, SPI, -

T L T T T T T O

| . . |

I Preliminary(2 mons) | 3 g

i run self-build OS and PAL . .

f :1 ) Linux basics E ) tapeout Chlp Companles

12) C Programming b . Open—source

13) Simulation : BasiC (2 mons) Commun it ies

14) digital circuit, RTL ! 1) Single cycle CPU Uni -
Students from 15) ISA simulator basics 1 Inter- |1 2) run Super Mario niversities

-- 7 Simulation Demo Research

the S A— T ——— ' —Instrtutions——

uliversities



Learning Materials are opened

The 6th "One Student One Chip" Program
Home Page

¢ Time: Every Saturday 15:00~17:00 China Standard Time

o Bilibil Live | recording@

Learning Objectives

"One Student One Chip" will develop your general skills. At the end of the course, you will have a
better understanding of the following questions:

. how processors are designed?
. how programs run on computers?

. how to optimize the performance of a processor?

1
2
3
4. how to use/design the right tools for efficient debugging?
5. how to write your own test cases for unit testing?

6

. how does an RTL design generate a flowable layout?

We will guide you to design a RISC-V pipeline processor. Run an operating system on your processor.

Run a real game on the OS. The processor that achieves the target will be connected to the SoC and
will be given the opportunity to tapeout.
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Course Website
Handouts (260, 000 words)

Slides (0800 pages, 85,000 =

words)
Videos > 40 hours)

Linux system installation and basic usage

@ Install a Linux operating system

We're going to reuse the contents of the PA handout, and we're going to ask you to follow PAO

to install Linux OS.
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@ Get "One Student One Chip" code framework

When you read the PAO handout and proceed to the section on getting the PA framework code,

you will be prompted with a box asking you to return to the content of the handout here.

First of all, please add a ssh key on github, please STFW on how to do that. Then get the

framework code of "One Student One Chip" by the following command:

git clone -b master git@github.com:0SCPU/ysyx-workbench.git

Once you have it, you can go back to the appropriate place in the PA handout and continue

reading. But you should also note that:

e Please use ysyx-workbench as the project directory in the PA handout, i.e. replace
occurance of 1cs2022 in the PA handout with ysyx-workbench .
* When change the student number and name in ysyx-workbench/Makefile , you can leave

the student number unchanged until you have completed the preliminary.
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Handouts in English Version are available

The 6th »*# =% Study Handouts

Learning Objectives
Learning Resource
Past Courses Home
Other resources

Record of events

Course Home Study Handouts Other Materials Select Languages

The 6th "One Student One Chip" Program
Home Page

e Time: Every Saturday 15:00~17:00 China Standard Time

o Bilibil Live? | recording [

Learning Objectives

"One Student One Chip" will develop your general skills. At the end of the course, you will have a better

understanding of the following questions:

1. how processors are designed?

2. how programs run on computers?

3. how to optimize the performance of a processor?

4. how to use/design the right tools for efficient debugging?
5. how to write your own test cases for unit testing?

6. how does an RTL design generate a flowable layout?

We will guide you to design a RISC-V pipeline processor. Run an operating system on your processor.
Run a real game on the OS. The processor that achieves the target will be connected to the SoC and will

be given the opportunity to tapeout.
g PP Y P

Learning Resource

e |cons can be clicked to jump to the appropriate resource
e Complete handouts can be viewed via the navigation bar at the top right of the page

e The content of the Stage S handout is still available

¢ = Clanguage (program/simulator/system software) | R = RISC-V instruction set| P = processor
design| T =tools
Handouts  Slides

Stage ID Task Recording € R P T

The 6th »*3 == Study Handouts

Prestudy Stage

Prestudy overview
How to ask smart questions

Linux system installation and basic
usage

Reviewing the C language

Build a verilator simulation
environment

Basic Digital Circuit Lab
Complete PA1

Submission of pre-study defense
application

Course Home Study Handouts Other Materials Select Languages

How to ask smart questions

@ Fill in the general education questionnaire

Before starting the first task of pre learning, please carefully read the content in sections “Signup”
4 and "FAQ" on the official website and fill in “The general education questionnaire of 'One
Student One Chip'“[4. Note: The general education questionnaire can be repeated many times,

and only those who score 100 can apply for admission defense.

# Read "How To Ask Questions The Smart Way" and "Stop Ask Questions The
Stupid Ways", and write an essay of your thoughts on them

Your first task in the prestudy is to read the articles "How To Ask Questions The Smart Way"
and "Stop Ask Questions The Stupid Ways"(% and Don't Ask Like a Retard(4, and write an 800-
word essay about your experience of asking and being asked questions, and what you think about

"good questioning” and “Independent problem solving through STFW and RTFM".

This task is not intended to be a waste of time, nor is it intended to prohibit you from asking any
questions, but it is intended to show you “what is the right thing to do". When you are willing to
work on these "right things” and try to ask questions in a professional way, you have already taken

the first step to become a "professional”.

# STFW, RTFM, RTFSC

Try to find and understand the meanings of the three acronyms in the above article.

You may feel offended by the F word, but in fact the meaning of the F word is never the point, it
just reflects the legend behind the three acronyms and makes them easier to remember. For
example, RTFSC originated with the first words of Linus Torvalds, the father of Linux, in a reply to

an email dated April 1, 1991, which is still available on the Internet mailing list. Interestingly,

BREAKING: New handouts will be released this month (ysyx. org/en),

featuring a more beginner—friendly design.




Learning Stage Division(New handouts)

e Small, simple system —> Large, complex system

e Small program —> Real program

Minimum
Vi i mum Tape—out
Inimu
Level Stage S
Certificatio eve &
nLeve \ Stage A
Entrance \
Interview Stage B
\\\ Stage C Super Mario

Stage D

Stage F, E

Single—Cycle

Super Mario

9 inst.

Single—Cycle

Device(sim

)

Super Mario

RT-Thread >

4

RT-Thread

RV32E (45 inst.)

Pipel inetcache

Single—Cycle Bus+So(

Device (RTL)

Device (RTL)




Learning Notes of a student
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Students

learning notes and meeting attendance
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No Deadline for Learning

e The time spent by students to finish learning varies (from
weeks to years)

Different universities, different majors, different grades,
different basics

Some of them learn more quickly than others
Some of them start earlier than others

Some of them are busier than others with their own courses

e Students without any basics may spend > 500 hours

500h: the time to take compulsory courses and finish all assignments

e Students can always learn with her/his own timing schedule

Once she/he finishes, she/he can apply for interview/exam



Online Debug Exam, instead of paper exam

e When students apply for tape—out, TA will inject some bugs
randomly in students' project

Including hardware, software, building and simulation system bugs

e Required to debug within 1 hour in an online meeting
share screen throughout the entire process

e o evaluate whether
student knows enough details in the whole project
student can analyze problem from the respect of sw—hw co—operation
student knows when to use the right tools during debugging
student can solve new problems by herself/himself



Chip & Board
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Demo by students

e A computer science
student who began

studying 0SOC as a
junior

e Load Linux from
flash and boot
successful ly, _
showing the CAS Fi #Am
logo B .




Delivering PGB to students
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Brought up Chips, Ran 0S & Applications
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https://www.bilibili.com/video/BV1Mw411678u
https://www.bilibili.com/video/BV1Mw411678u

Enroll Anytime, Open Year—Round

Website
ysyx. org/en

Telegram
Group

Home About Projectv Signup Course® Contactus
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Scan the QR code or visit ysyx.org/en and click
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3. Collaboration



0SOC Roadshow Event

e Our journey is ongoing, we warmly invite you to reach out and extend an invitation
to OSOC to V|S|t your Iocatlon|
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Professor in Kazakhstan introduces 0SOC in his class
e Professor Nursultan Kabylkas, Nazarbayev University

o Register an elective course Iin NU: Microprocessor Design and
Verification 101 (CS335)

o ITrain the first batch of RISC-V processor chip design talents for
Kazakhstan




Kazakhstan Got its First Self-Designed Processor Chip from 0SOGC

e In March 2025, student 0lzhas in Kazakhstan got his own designed RISC-V
chip and tested successfully

e The chip is totally designed through 0SOC and taped out by 0SOC

e The first self—-designed processor chip, demonstrating a big milestone
In Kazakhstan

NU SEDS Researchers Successfully Fabricate Made in Kazakhstan: a new stage in the development of
Kazakhstan's First Locally Designed Microchip the semiconductorindustry

11.03.2025
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0SOC Base in Kazakstan Nazarbayev University

e Professor Nursultan Kabylkas runs a lab, and most of the
students there have joined the 0SOC program

e Now it becomes the base and the workshop for 0SOC students
at NU

e Forming an active 0S0C student community




e Professor Nobuaki Kobayashi,

Train students’
topics

Willing to organize
e - P Ep B
&4 A: Nobuaki Kobayashi <kaobayashi
&%mTiE): 2024438298 19:20
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Professor in Japan adopts the 0SOC program

University

RISC-V design skills and explore RISC—V-related research

]
Ilf\'l'f\ Iﬂ“ﬂl’\f\f\f\

——IRiaHB R
EZH A :"Nobuaki Kobayashi” <kobayashi.nobuaki@ihon—u. ac. ip>

& AR 8] - 2024-04-15 10:31:18 (FHE—)

HWEEA : “Tunzang Bao” <baovz@ict. ac.cnd

¥b3E : “Biwei Xie” {xiebiwei@ict.ac.cn>, ysyx@bosc.ac.cn, yuzihao {suzihao@ict.ac.cnd,

miaoyuyang@ict. ac.cn
FR: Re: Re: Re: Re: XF "—4—% "TH, HFxAFE

Dear Prof. Yungang Bao,
Thank you very much for your guidance.

I think this is a very progressive initiative that provides equal opportunities to students from
all over the world and rewards the efforts of passionate and motivated students.

To give you some background on my department, in recent years, Japan s declining birthrate has
become an increasingly serious problem, and it is difficult to make ends meet (in terms of the
business of education, since we are a private university) if we have only Japanese students.
Therefore, we are actively accepting students from overseas, and about 40% of this vear’s new
students of my department are international students. Of these, students from China account for
more than 95%.

My main research areas are biological signal processing and digital circuits, and so RISC-V is a
very suitable theme for me, but i1t is difficult for me to promote a comprehensive education because
I am the only one teacher in my laboratory.

With this background, it is wvery attractive for me to participate in the efforts you are promoting,
and I think it will be wery beneficial for the students as well.

¥e may be able to assist in the near future with translating the materials into Iapanese
i , . " = are; as I
belleve that ]apanese students w1ll be able to take the lectures well enough w1th these materials.

Thank you for your continued support.

Best regards,

PAFAES
HAEAFE TEEHEE N T
T274-8501 TEEMBHETHATTHUELS 6SHEPEOE




0SOC University Col laboration Pathway

> Initial Stage > > Strengthened Stage > _

_—

Plan A: Regularly provide learning
reports

Applicable scenario: A small number
of students begin their study

Plan B: Regularly provide reports +
teaching exchange

Applicable scenario: Intention to
initiate 'teaching collaboration’
Advantages: OSOC provides targeted
solutions for teaching collaboration

Plan D: Achieve OSOC credit certification
Applicable scenario: University officially
recognize OSOC learning contents and
award credits on it

Advantages: Combines students'
extracurricular practice with academic
credits, effectively motivating students to
participate in

Plan H: Offer OSOC Practical Courses
Advantages: Comprehensively cultivate
students’ knowledge across the entire
front-end and back-end chain, as well as
their hands-on practical skills

Plan E: Set OSOC club/workshop
Advantages: Offcially make study study
group and OSOC could provide some
financial support

Plan I: Offer OSOC Bootcamp

Applicable scenario:University provides
venue and resource support, while OSOC
provides teaching organization
Advantages: Concentrated offline teaching
and learning for students, with high
learning efficiency, short duration

Plan C: Regularly provide reports +
teaching exchange + assign TAs
Applicable scenario: A certain number
of students are studying, and they
form study groups

Advantages: Assign TAs to monitor
student progress within the group and
provide guidance and support

Plan F: Integrate OSOC tools in courses
Applicable scenario: University adjusts
courses to integrate relevant contents

Plan G: Integrate OSOC experiments in
courses

Advantages: Enhance practical aspects of
the class, develop students' hands-on
skills

Plan J: Conduct research and teaching
project collaboration

Applicable scenario: University and OSOC
share common project collaboration goals
Advantages: Both parties contribute
resources to tackle technical challenges
and carry out research and development,
with project validation and iteration
experience used for curriculum reform

~

-

The plans are gradual |ly deepened and can also be carried out at the same time.




Future Plan

Invite or attract more domestic and overseas students to participate

Improve and add more language versions of handouts

o Including but not |imited to: Portuguese, Japanese, German, Russian, etc.
Establish deeper cooperation with some universities(domestic and overseas)

o form large—scale study groups and workshops

o Introduce 0SOC experiments in courses or as part of graduation projects

Connect more companies and institutions

o provide greater and better employment opportunities for advanced—level students
Set overseas bases

» provide venue for local students to gather and study offline

= -—
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Thank you!

For collaboration and communication,
please contact via email:
suxiaoke@ict.ac.cn

S

website Telegram
ysyx. org/en Group Chat
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'_ —1 y ) \cademv of S q ' INSTITUTE OF  COMPUTING TECHNOLOGY , CHINESE ACADEMY OF SCIENCES s80sC BEIJING INSTITUTE OF OPEN SOURCE CHIP

S University of Chinese Academy of Sciences



FAQ

Q: Where can | register?
A: On the official website(ysyx.org/en), follow the signup process.
Q

- Where can | find the study materials?
A: On the official website(ysyx. org/docs/en/) More FAQs

Q: | am in a lower grade/attending an ordinary university/studying another major/have no prior
knowledge, can | participate?

A: Yes, you can.

Q: | have already graduated, can | participate?

A: You could study as you want, but free tape—out will be only provided for students.
Q: When is the registration deadl ine?

A: It's open all the time, you can learn anytime.

Q: Are there any fees for registration and learning?

A: This is a free project — no fees will be charged.

Q: How is registration screened?

A: There is no screening, the project team encourages everyone to learn.
Q: How long does it usually take to study?

A: |t varies from person to person, you can try for two weeks first.

Q: When do | need to finish the learning?

A: There is no deadline, finish the learning and apply for defense.



