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1. Linux Lab # %

1.1 R A /A

AR B #A FelZE—4NET Docker + QEMU 8 Linux $% 3%, 7ERKEF D . F L4
MK Linux M # -

Linux Lab #&—/ARKAE, RREEAERIE, F 847 R324EH L A2 T 82T KL

Help Page

Linux Lab

“q

Terminal
Demo

1.2 FAER

« I
— http://tinylab.org/linux-lab/
. BE

— https://gitee.com/tinylab /linux-lab
— https://github.com/tinyclub/linux-lab

KB E -

e Cloud Lab

— Linux Lab #473% 22 LA
— http://tinylab.org/cloud-lab

e Linux 0.11 Lab

— AT Linux 0.11 £ 3


http://www.kernel.org
http://showdesk.io/2017-03-11-14-16-15-linux-lab-usage-00-01-02/
http://tinylab.org/linux-lab/
https://gitee.com/tinylab/linux-lab
https://github.com/tinyclub/linux-lab
http://tinylab.org/cloud-lab

— T3 1abs/linux-0.11-1ab & T H#EA Linux Lab A& A
— http://tinylab.org/linux-0.11-lab

o (CS630 Qemu Lab
— M T X86 Linux L4 %]
— T#H3 labs/cs630-qemu-lab . T A#EA Linux Lab R1& A
— http://tinylab.org/cs630-qemu-lab

1.3 BFAM
1.3.1 EXxB4%

o EARMER

o %3 Uboot

o FIAILH

o # Vexpress-a9 /& #& L3158 3 ARM Ubuntu 18.04
o & ARMG64/Virt &M L5152 % Linux v5.1

o 31 % B3 Riscv32/virt #= Riscv64/virt # Xk

1.3.2 ZEEHR%

o —KHAMIRLF A

o —A5HAMIRK L ANNALR

o IEMIKS] F B HATA LM
o BLEMRKATA R AR 69X A

1.3.3 A

e Linux Lab 7%

— Linux Lab &4
— £% Linux A&

— Linux Lab Disk &=
e (360° 3 # Linux ELF)
— RBETLEEAZHRZEN, 2%#@d Linux Lab %
1.4 B8

A, Linux Lab &2 &% E A —/4%3 . AL AMK Linux 995 R, € LH AT HEE .


http://tinylab.org/linux-0.11-lab
http://tinylab.org/cs630-qemu-lab
http://showdesk.io/7977891c1d24e38dffbea1b8550ffbb8
http://showterm.io/11f5ae44b211b56a5d267
http://showterm.io/0f0c2a6e754702a429269
http://showterm.io/c351abb6b1967859b7061
http://showterm.io/9275515b44d208d9559aa
http://showterm.io/37ce75e5f067be2cc017f
http://showterm.io/7edd2e51e291eeca59018
http://showterm.io/26b78172aa926a316668d
http://showterm.io/8cd2babf19e0e4f90897e
http://showterm.io/0255c6a8b7d16dc116cbe
https://www.cctalk.com/m/group/88948325
https://www.cctalk.com/m/group/88089283

mE AFHE 4 12

1 & AT QEMU. ¥ T+ LAKARM, 15+ RATH LK

2 Pikes %4 Uboot. Linux, Buildroot. Qemu. %4 Linux v2.6.10 ~ v5.x
3 TE At Rt L BB TR RFRA, i RRSEEH TR T RAEA
4 R A% X3F initrd, harddisk. mme #= nfs; ARM £##3&4 Debian # %4

) Docker RXLEECTHARE, T RERE T HRINHR R LT A4

6 R &5 9] AL ARH R M %5 17, X bash, ssh, vne, web ssh, web vne

7 M % REBMRER S L, AR LIFME (Raspid £ E—H19)

8 B #F® v . Curses (T vash/ssn 7 17]) Fe EH AT X B 3h

9 UUREN FIF B nake test 4 B AR AAT B B LMK

10 X T3 3T make debug 2 B AR AR 2 4T R K

E S HMAER 7k ER T LN -

1.5 RAHX
1.5.1 i B AR

KAYHFA, KA elinux.org L4 T —4 tinylinux # £ : Work on Tiny Linux Kernel -
GRBZRAWEN, HBKAEZIANTE LT IUAA .

1.5.2 R B%w

ERAFARLRY, %HETILMARTIIE— L3769 FE (240 . ge-sections) & & H
T Ibﬁ\i%éﬁkﬁ%é’:‘é#’?iéﬁﬁﬁiﬁ A

I FAE N gemu-system-arcr T A LI E /A L MGEME , ERINE L4 x4 Ftrace + Perf
BT RERGBHMN XA AN K, FAIAAREST ABERE X (defconfig) « X4 A %4
(rootfs) AR —%MXBA. BASHGFHT, HAGIERARRERIBE-TBEXT, H#
BANER LK e Emgte k.

1.5.3 AL

RETHRFLERGELEEIRNETH S5, A8 A —KX&KEE T noVNC # Docker, 4T
TR ARFLTHE—A Linux 0.11 Lab, b5, A THar A RGN R A . Aixie
B RIHF A GF MR AE SR, KT AL T Linux Lab 24424 .
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https://elinux.org/Work_on_Tiny_Linux_Kernel
https://lwn.net/images/conf/rtlws-2011/proc/Yong.pdf
http://gitee.com/tinylab/linux-0.11-lab

1.6 REZXE

1.6.1 v0.1 @ 2019.06.28

K 2016 F R A, 23 HKFOAREENAR, Linux Lab T 2019 F 6 A 28 BEXT % 1 4
E XA v0.1-
e v0.1 rc3
— B F A prebuilt FEHREBSEBERN, K@k T T HRER
e v0.1 rc2
— #5827 L etk % Bugs
e v0.1 rcl

— ML EEAGE 1 AMRER, EB LAt LR —F R T raspid o risc-v LI

1.6.2 v0.2 @ 2019.10.30

v0.2 ##¥F A Windows X5 # WAL LA LF . LN TFEIER LR EFR L. #
et RT L4 . #19 host M % root £#%. HHJkEE LRELEEM.
e v0.2 rc3
— #H¥ R A Windows I, % Docker: £ %% Virtualbox &% Vmware
e v0.2 rc2

— RGEHFHEASHKEFT AR LS
— % docker #:1% # # 3% gdb-multiarch X X%, BELAFNSNFERE—A gdb

e v(0.2 rcl

— BFAEERE, ARIEHG T XFHEAS LB LH
— HFm =, £BA#FH¥ Qemu- U-boot #= Buildroot &4 A 4%

1.6.3 v0.3 @ 2020.03.12
V0.3 — T AT A A~ REHED 512, #—FRAET KBSESGTHRKEL, &
TR mBHRBXARLT HFESPATHRGARFERAE, A S AL Linux BHHFT

v2.6.10, v2.6.11, v2.6.12, v2.6.14, v2.6.21, v2.6.24 % $ A~ AN, # LA T HEH T
W P F A .

e v0.3 rc3
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http://tinylab.org/linux-lab-v0.1/
http://tinylab.org/linux-lab-v0.1-rc3/
http://tinylab.org/linux-lab-v0.1-rc2/
http://tinylab.org/linux-lab-v0.1-rc1/
http://tinylab.org/linux-lab-v02/
http://tinylab.org/linux-lab-v0.2-rc3/
http://tinylab.org/linux-lab-v0.2-rc2/
http://tinylab.org/linux-lab-v0.2-rc1/
https://gitee.com/loongsonlab/loongson
http://tinylab.org/linux-lab-v0.3/
http://tinylab.org/linux-lab-v03-rc3/

— BRI P LA
e v0.3 rc2

— RSt git ©ETHRIKE: PTACET Rk A git init+fetch, A MEE
— R aH. FAHFRHETREXA, A TR AE . TTHAT . RE. %
‘i’%\ féib

e v0.3 rcl

— B % K& Linux BB AME L%

1.6.4 v0.4 @ 2020.06.01

v0.4 BRRASG T HREE . KK make . RERGFXFH—F T E/LAKL, B
HRA 64 42 ARM &##8) aarch64/virt #7138 Uboot % ¥ #Ft% arm/vexpress-a9 # Uboot
Bl G A RATRA, B BRT —RHABTEEE RGN NFSD #3869 24 F LA .

e v0.4 rc3

— #3% aarch64/virt Uboot % #%
— B EEHMANEEEE AN NFSD #3548 Sync F 1A

e v0.4 rc2

— #F¥E 16 T LR
— #¥ vne B P BTk

e v0.4 rcl

— ¥ A AL R E B4 codeaurora
— N RMFEMREEFREE D

1.6.5 v0.5 @ 2020.09.12

v0.5 # AT %3 #4612 Ubuntu 20.04, 2@ FALGAILAEE L4, FR—F 78
m BRI

ol
L
I
)

e v0.5 rc3

— %% arm/vexpress-a9 B %% & & & FI A 51 &4 Uboot %iF & K
— #—FREIBTALAR PO AER, BREA root FRE S A

e v0.5 rc2

— #—F & & Qemu hiFHRE. £ Gitee #¥ submodules #:1% . F B A H£97 R

12


http://tinylab.org/linux-lab-v03-rc2/
http://tinylab.org/linux-lab-v03-rc1/
http://tinylab.org/linux-lab-v0.4/
http://tinylab.org/linux-lab-v04-rc3/
http://tinylab.org/linux-lab-v04-rc2/
http://tinylab.org/linux-lab-v04-rc1/
http://tinylab.org/linux-lab-v0.5/
http://tinylab.org/linux-lab-v05-rc3/
http://tinylab.org/linux-lab-v05-rc2/

— # 3% Arch/Manjaro docker %% 4%
— 582 MacOS K5 80 89 A+ 7 G415 w15 F &

e v0.5rcl

— APEAREFSFAFHAAEAS L ZLERG L HE
— A@FRARIFE4E%ZE Ubuntu 20.04

1.6.6 v0.6 @ 2021.02.06

v0.6 T&FZHE, #IE B A ZARMA LA LA

e v0.6 rc3

— ¥ K showterm 41T &% L
— #—F T E AL TR LS

e v0.6 rc2

- %ﬁi%é ﬁi}{_ﬁ. g’;ﬁﬁ'ﬁ-ﬂ‘ ﬁ*g{ arm/ebf-imx6ull i’j%
— #H¥g packages-install BAr, AWBER .1abinit BEINRFEH VRS E
— HHEAITAN MR, ATFEBEFSTHERTIELE, RAMGAZE

e v(0.6 rcl

— R4+ 69 BSP & T &Ase
— 5 £ x86 R8N HRIFIFIAL
— %% aarch64/virt £ # Uboot 3] & =&

1.6.7 v0.7 @ 2021.06.03

v0.7 FEFA LA EA Linux Lab %%, IHENEE . AERIFSEIERA .

e v0.7 rc3

— ¥ v0.8 & K]
— #3% Linux Lab Disk 1% A 94
— FALA B RIFE R

e v0.7 rc2

— 5% sd boot, ¥ F#h#: %4 dosfstools
— 1% A truncate B dd @l Z# LG, RACNERE
— A source, checkout, patch % B 42 %73 make #i% 232

e v0.7 rcl
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http://tinylab.org/linux-lab-v05-rc1/
http://tinylab.org/linux-lab-v0.6/
http://tinylab.org/linux-lab-v06-rc2/
http://tinylab.org/linux-lab-v06-rc1/
http://tinylab.org/linux-lab-v0.7/
http://tinylab.org/linux-lab-v07-rc1/

J& # Linux Lab Disk # %

#13§ N A pAE ) ReFedE R AS

#3% £ @ Bk 7 X5t Ubuntu 20.04 8 X4

%% Windows ## macOS # % L& webvne ## 7

— BRRME . AL

14
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2. Linux Lab %%

Linux Lab & 7T Docker: st T2 %% Docker #®ETEHAmEHEGLOA P X, X
Linux Lab E &%, BFE =494 T, mE&EKRIRL@AL Docker 8 X FLRRH, %=
AR

ATBREIRIL, RBLRERNEATRELR, AREFRE, T2 LARASL.
TRELELRWRFR, RATERROAL, ERLHARMAAGREFEFHE.

e R ERE Linux HF XL ERLHg 342, AEREILLEM Linux Lab, 84 T4
M AR AEE W —KBEEP A 4 Linux Lab Disk, & T2 HZFH APP A# % “Linux
Lab Z&” EM £,

Linux Lab Disk &2 &4 T Ik .

o HEmEFMAE LM Ubuntu, ZarsA# 20.04
o IHE 641 X86 &AM £t ARF macBook EBPIEEA
o % ¥ £ Windows, Linux ## macOS %A 4T Br 46 Bp Al

— Windows Bpd&EBr Al & 2 3 % vmboot & &=
o IBFWEYL . TRAEEMME, 128G TAH 256G £ 4
o IBNLGREF. TRTRAEE,. RABIFRE, THAEEHFS

BRI S ARRMA : A 32G BRGBHM, wA 64G. 128C RHRE AR, KkuTh
A B RBBRK .
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https://shop155917374.taobao.com
http://tinylab.org/linux-lab-disk-raw-boot
http://tinylab.org/linux-lab-disk-windows-boot
https://www.cctalk.com/v/16218987372966?sid=1612665538389924
http://tinylab.org/linux-lab-disk-transparent-compress
http://tinylab.org/linux-lab-disk-mem-compile

Starting kerpe;

Booting Linux op Physical

ol CPU oxe
©icome to 47
{Znyy- 7ux Lab

# unape .,

2.1 REHER

Linux Lab £ —£ &8 # X Linux AFLHE,. TERGRBOE bz, 855
By BRI, EREAREZWNT

AR ®X LA

EUS LA X86_64, > 1.5GHz &2 E MAit L F 64 12 X86 L HEH
wE >= 50G A4 (25G), Docker #t% (~5G), Linux Lab(20G)
M 5 >= 4G RGN A THRASHRES FMARFF LR

W RFEAGILERR S, B 2 AR5 100G ~ 200G A £, AATARAE 8G
)/

B, ATBRATR, TERM|T —HREIORFALIER TRRELS .

BIEAL AR A Docker WA R AR A
Ubuntu 16.04, 18.04, 20.04 18.09.4 Linux 4.15, 5.0, 5.3, 5.4
Debian bullseye 19.03.7 Linux 5.4.42

16


https://shop155917374.taobao.com

B LA A RK Docker &R R #IRA

Arch Linux rolling-release 20.10.3 Linux 5.4.94, 5.7.4

CentOS 7.6, 7.7 19.03.8 Linux 3.10, 5.2.9

Deepin 15.11 18.09.6 Linux 4.15

Mac OS X 10.15.5 19.03.8 Darwin 19.5.0

Windows 10 PRO, WSL2 19.03.8 MINGW64__NT-10.0-17134
Manjaro rolling-release 20.10.3 Linux 5.8.3

HEEHE LR 2 mHiETE Linux Lab 9 4%, F232RGERL, Flde .

$ cd /path/to/cloud-lab/

$ tools/docker/env

System: Ubuntu 16.04.6 LTS

Linux: 4.4.0-176-generic

Docker: Docker version 18.09.4, build di4afb4

T W N =

2.2 2% Docker

47 Linux Lab & 2% F Docker, FfvAiF %L 2% Docker :

o Linux, Mac OSX, Windows 10
12 Docker CE

o #%¢ Windows BRA (A K32 A Windows 10)
@A Virtualbox & Vmware 2% Ubuntu /&1% A

#3471 Linux Lab '(—Fﬁ’ HHEE 6.1.4 THAERETE sudo #XFFV@’TVXJE BATA T &4

1|$ docker run hello-world

A, ERRAZEFEMA Docker, #H#$obBiEFEAE Docker %% ik IR % -

o T2 = Docker %184 A X A%
— EehLFREMSL, FRBIEMKT FERBE A A
e USTC Docker %1%4¢ A L A4%

— EEaRM%

17


https://gitee.com/tinylab/linux-lab/issues/I1FZBJ
https://store.docker.com/search?type=edition&offering=community
https://help.aliyun.com/document_detail/60750.html
https://lug.ustc.edu.cn/wiki/mirrors/help/docker

1 M Linux Lab &4 6% WL Docker A8 X F &, #FAF® LFEE T 6.1 ¥, 4% TR
. THRABN . TREAFRAERAF@MET R .

bR, k454 B Docker L -

Ubuntu A P Z%EFM# - doc/install/ubuntu-docker.md

Arch AP ®&EF# - doc/install/arch-docker.md

Manjaro A P 2% F# - doc/install/manjaro-docker.md

Windows A P i %= .

o % # Docker B F XA #4EA A Windows #A % 3% Docker
e Linux Lab %alfx# Git Bash %t 4 %+ &4 Git Bash 12 A

— AR E R Git For Windows /&, Ti#d KAr441% A “Git Bash Here”

2.3 BHFEIMEAR

4o R 2@ T Docker Toolbox %%, 15 # Virtualbox E# X\ defauit A48 /mnt/sdat> &
n, RWETAEELSEX, AL jroor BEZRBEBRAEANLG T .

1|$ cd /mnt/sdal

Xj'ﬂ: Linux Pr]f’ H T’]‘Vlﬁﬁii@ﬁ ~/Downloads ﬁk ~/Documents 'Flij%”‘/l\j—ﬁzgg”fé °

1|$ cd ~/Documents

3t F Windows #= Mac OSX A F . #E% %% Linux: W AE RO ZE—AR 5K DB
TR GAF A TAEZ ) .
Windows :

(git bash) $ cd /path/to/cloud-lab
(git bash) $ fsutil file SetCaseSensitiveInfo ./ enable

N =

Mac OSX:

1|$ hdiutil create -type SPARSE -size 60g -fs "Case-sensitive Journaled HFS+" -volname

labspace labspace.dmg
2 |$ hdiutil attach -mountpoint ~/Documents/labspace -nobrowse labspace.dmg.sparseimage

3|$ cd ~/Documents/labspace

st F Windows A P . A% £ 7% Git For Windows &, T#xd Stz A% T/FH %
1247 “Git Bash Here” -

18



https://docs.docker.com
doc/install/ubuntu-docker.md
doc/install/arch-docker.md
doc/install/manjaro-docker.md
https://docs.docker.com
https://git-scm.com/downloads
https://git-scm.com/downloads

2.4 kB LEM P KT

—Fﬁ'ﬁﬁ%ﬂ’ 1%%“)1‘%]7@]’%'1\”2]);' ° LiDUX Lab %*#—f}’ﬂ root 'H/‘P';T’ 1'5‘!%7{:%&%&@ root "H,‘
5, TN aR ZFIIRAF EA

é%%ﬁmFID’OﬁﬁmM!#gﬁﬁ%ﬁmﬁz

$ id -u “whoami~
211000

YW REAA roots HWELBM P, HH P wsen> HBTHKRT L, TH:

# id -u “whoami~
0
3 |# sudo -su <USER>

N =

ﬁ“%aﬁi#&%ifiﬁ root ’H,‘%: W'J')‘L‘jﬁ%ﬁ'g"/l\%ﬁm?'}]&%s ’f?i’tiftﬂlg%] laber :

sudo useradd --create-home --shell /bin/bash --user-group --groups adm,sudo laber
sudo passwd laber

sudo -su laber

@ N H &P

whoami

T W N =

laber

2.5 TEERIR

T # Cloud Lab, &5 &#%4% linux-lab £ &% :

$ git clone https://gitee.com/tinylab/cloud-lab.git
2|$ cd cloud-lab/ && tools/docker/choose linux-1lab

2o R IREA T root 5T K clone K&, THREFFLHIN LA P, Fleh LR L
RFP .

1|$ sudo -su <USER>
$ sudo chown -R <USER>:<USER> -R cloud-lab/{*,.git}

2.6 #&47H# B % Linux Lab

je# Linux Lab #R4E#=H & LT eg Al P &4 540 B & £ IR -

[y

$ tools/docker/run linux-lab

i# it Bash AR .

[y

$ tools/docker/bash

WL Web 2 L & BEERERINR .

[y

$ tools/docker/webvnc
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SR SN

$ tools/docker/vnc
$ tools/docker/ssh
3|$ tools/docker/webssh

[\l

B XA EET X
$ tools/docker/login list # 7l bk #F . FHRAME
2 |$ tools/docker/login vnc # A E-—MIFaefs

ot S R HRERP BERALE

bash docker bash ubuntu  A# £t

ssh %i# ssh ubuntu A EA

vne L@z | ubuntu  A¥EH +VNC client
webvne  web %@ ubuntu  ZIKFAELRT

webssh ~ web ssh ubuntu  ZEBE R A KEPT
W TEL@EE vne BPHAELANT], AL ATZEBLRA webvne, AERTAEEAN TS A #

4o R AR A A3 vne ’iif’ S HARA L EFE P 3%, Linux Lab ##%4 A vinagre. &£
g & P i@ idde T XA

1|$ tools/docker/vnc vinagre

WwRERGATRET T/F, HRELZGSITHPE RS VNC REE128, ATERIMA
B P

2.7 EH LRI H FHEAT

AT 47 Linux Lab A, B4 LRSI A G ARG, e BALEE .

$ tools/docker/commit linux-lab

N =

$ git checkout -- configs/linux-lab/docker/name

RIGHTAPATE#HT -

[y

$ tools/docker/update linux-lab

e REIHEN, HERFEL AW EITOES:

—

$ tools/docker/rm-all

do AT ok B 835 7 8 AT
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[y

[y

$ tools/docker/clean-all

Z & #1247 Linux Lab:

$ tools/docker/rerun linux-lab

2.8 RFELF: BH—ANFERK

—

© 00 N O Ut W N

BAERIRR, Wk A &

$ cd /labs/linux-1lab

BMNGs T a4, B8 vexpress-ao T RM LR FH T E 69 AMAR M A4 -

$ make boot

B root KT ER, THERMAED (FBAZ), AFRMAN root KGMANEEIPT .

Welcome to Linux Lab

linux-lab login: root

# uname -a

Linux linux-lab 5.1.0 #3 SMP Thu May 30 08:44:37 UTC 2019 armv7l GNU/Linux
#

# poweroff

#

BEN powerott BP7T K MR T - 2T ARG ZMA T T E, TAT crRiva x (RKXIZET cmmL

Aoon, FIRTEH, AEERET ) B H Qemu- TR, LT AZA— MRS, B ki1 &K prin
& Qemu #A2 .
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3. Linux Lab A7

3.1 ERAAFRMK

3.1.1 Pl H X FGFRK

I A E L F G RR:
1|$ make list
2| [ aarch64/raspi3 ]:
3 ARCH = arm64
4 CPU 7= cortex-ab3
5 LINUX 7= vb.1
6 ROOTDEV_LIST := /dev/mmcblkO /dev/ramO
7 ROOTDEV 7= /dev/mmcblkO
8 | [ aarch64/virt ]:
9 ARCH = armé4
10 CPU 7= cortex-ab7
11 LINUX ?= vb5.1
12 ROOTDEV_LIST := /dev/sda /dev/vda /dev/ramO /dev/nfs
13 ROOTDEV ?= /dev/vda
14 | [ arm/mcimx6ul-evk ]:
15 ARCH = arm
16 CPU 7= cortex-a9
17 LINUX 7= vb.4
18 ROOTDEV_LIST := /dev/mmcblkO /dev/ramO /dev/nfs
19 ROOTDEV 7= /dev/mmcblkO
20 | [ arm/versatilepb 1:
21 ARCH = arm
22 CPU 7= arm926t
23 LINUX 7= vb.1
24 ROOTDEV_LIST := /dev/sda /dev/ramO /dev/nfs
25 ROOTDEV 7= /dev/ramO
26 | [ arm/vexpress-a9 1]:
27 ARCH = arm
28 CPU 7= cortex-a9
29 LINUX 7= vb.1
30 ROOTDEV_LIST := /dev/mmcblkO /dev/ram0 /dev/nfs
31 ROOTDEV 7= /dev/ramO
32 | [ i386/pc 1:
33 ARCH = x86
34 CPU 7= gemu32
35 LINUX 7= vb.1
36 ROOTDEV_LIST ?= /dev/hda /dev/ram0 /dev/nfs
37 ROOTDEV_LIST[LINUX_v2.6.34.9] ?= /dev/sda /dev/ramO /dev/nfs
38 ROOTDEV ?= /dev/hda
39 | [ mips64el/1s2k ]:
40 ARCH = mips
41 CPU 7= mips64r2
42 LINUX ?= loongnix-release-1903
43 LINUX[LINUX_loongnix-release-1903] := 04b98684
44 ROOTDEV_LIST := /dev/sda /dev/ramO /dev/nfs
45 ROOTDEV ?= /dev/ramO
46 | [ mips64el/1s3a7a ]:
47 ARCH = mips
48 CPU 7= mips64r2
49 LINUX ?= loongnix-release-1903
50 LINUX[LINUX_loongnix-release-1903] := 04b98684
51 ROOTDEV_LIST ?= /dev/sda /dev/ramO /dev/nfs
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52 ROOTDEV ?= /dev/ramO

53 | [ mipsel/lsib 1]:

54 ARCH = mips

55 CPU 7= mips32r2

56 LINUX ?= vb5.2

57 ROOTDEV_LIST 7= /dev/ram0O /dev/nfs

58 ROOTDEV ?= /dev/ramO

59 | [ mipsel/1s232 1]:

60 ARCH = mips

61 CPU ?= mips32r2

62 LINUX ?= v2.6.32-r190726

63 ROOTDEV_LIST := /dev/ramO /dev/nfs

64 ROOTDEV ?= /dev/ramO

65| [ mipsel/malta ]:

66 ARCH = mips

67 CPU 7= mips32r2

68 LINUX 7= vb.1

69 ROOTDEV_LIST := /dev/hda /dev/ram0 /dev/nfs
70 ROOTDEV 7= /dev/ramO

71 | [ ppc/g3beige ]:

72 ARCH = powerpc

73 CPU ?= generic

74 LINUX 7= vb.1

75 ROOTDEV_LIST := /dev/hda /dev/ram0 /dev/nfs
76 ROOTDEV 7= /dev/ramO

77| [ riscv32/virt ]:

78 ARCH = riscv

79 CPU 7= any

80 LINUX 7= v5.0.13

81 ROOTDEV_LIST := /dev/vda /dev/ramO /dev/nfs
82 ROOTDEV 7= /dev/vda

83| [ riscv64/virt ]:

84 ARCH = riscv

85 CPU 7= any

86 LINUX 7= vb.1

87 ROOTDEV_LIST := /dev/vda /dev/ram0 /dev/nfs
88 ROOTDEV ?= /dev/vda

89 | [ x86_64/pc 1:

90 ARCH = x86

91 CPU 7= gemu64

92 LINUX 7= vb.1

93 ROOTDEV_LIST := /dev/hda /dev/ramO /dev/nfs
94 ROOTDEV_LIST[LINUX_v3.2] := /dev/sda /dev/ramO /dev/nfs
95 ROOTDEV ?= /dev/ramO

96 | [ csky/virt 1:

97 ARCH = csky

98 CPU 7= ck810

99 LINUX 7= v4.9.56

100 ROOTDEV ?= /dev/nfs

WwRABERFHFTORN, FEHRAEMITE, 7T A4% A arcH> FILTER:

1|$ make list ARCH=arm
2 |$ make list FILTER=virt
Z % Mk
1|$ make list-board # X £ 7~ ARCH
2 |$ make list-short # ARCH #= LINUX
3|$ make list-base # T 6 &S
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KA Linux Lab A P 48, B #4413 : tinylab, 2A&5 . ZRBRAAK

4|$ make list-plugin # RN
5% make list-full # FTARTFESE
6 |$ make list-real # AL H %R
71% make list-virt # LR B K K

3.1.2 BE-NMFEK

3.1.2.1 REARK

M v0.6 BRIABE, AT F@#t—FFRIIEAXREERHF£E, Linux Lab 4 L H A = eymi
FFE M, HAFRX LT R F F LA RA W X AR AR B E R TR A

ZEFZHM T A nake list-real £ 527k .

$ make list-real
[ arm/ebf-imx6ull ]:
ARCH = arm
CPU ?= cortex-a9
LINUX 7= v4.19.35
ROOTDEV_LIST := /dev/mmcblkO /dev/ram0 /dev/nfs
ROOTDEV ?= /dev/mmcblkO

N O Uk W N

WTFRRANAEHEEFERERER, HOAERED ZARBETHAL IS, Hld

boards/arm/ebf-imx6ull/README.md

FIAERIOFEM G —REL AR AT)E BREEY, W TG Tl e#iZ 5 tinylad
¥ ik 3 A48 2 8 Linux Lab A X ARBE .

WA BB Z T APP A# % “Linux Lab A#&” B X .
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3.1.2.2 B#FRK

A G AR R0 R BITF AR T A vexpress-a9’ EAVETOA B TERE, FA4FF1E A H A6 % 3L
F R > BARIE R poarp HR . BT

1

© 00 N O Ut s W N

W W W W W W KN N DNDNDDIDNDDNDNDNDLDLN F o = = e e
TR W N = O © 00O Utk WNFEO©OWSNO Utk W+~ O

N =

$
$

make BOARD=malta
make boot

o RBAFLGRT, LARERMATES, TMNARLLSKNER -4 CR—ZRFZFRA
B69), PTOARIUAM T

$ make BOARD=mipsel/malta

Eﬁﬂz%ﬁﬁnﬂc%’qaﬁﬁéﬁ@z%ﬁ%:

$ make list FILTER=virt

[ aarch64/virt ]:
ARCH = arm64
CPU ?= cortex-ab7
LINUX 7= vb.1
ROOTDEV_LIST := /dev/sda /dev/vda /dev/ram0 /dev/nfs
ROOTDEV 7= /dev/vda

[ riscv32/virt ]:
ARCH = riscv
CPU ?= any
LINUX 7= v5.0.13
ROOTDEV_LIST := /dev/vda /dev/ram0 /dev/nfs
ROOTDEV 7= /dev/vda

[ riscv64/virt J:
ARCH = riscv
CPU ?= any
LINUX 7= vb.1
ROOTDEV_LIST := /dev/vda /dev/ram0 /dev/nfs
ROOTDEV ?= /dev/vda

$ make list FILTER=/pc

[ i386/pc 1:
ARCH = x86
CPU 7= gemu32
LINUX ?= vb5.1
ROOTDEV_LIST ?= /dev/hda /dev/ramO /dev/nfs
ROOTDEV_LIST[LINUX_v2.6.34.9] ?= /dev/sda /dev/ram0 /dev/nfs
ROOTDEV 7= /dev/hda

[ x86_64/pc 1:
ARCH = x86
CPU ?= gemu64
LINUX 7= vb.1
ROOTDEV_LIST := /dev/hda /dev/ram0 /dev/nfs
ROOTDEV_LIST[LINUX_v3.2] := /dev/sda /dev/ram0 /dev/nfs
ROOTDEV 7= /dev/ramO

AR T A
$ make BOARD=x86_64/pc
$ make BOARD=riscv64/virt

da RAE 6 4 AL B boarar KRGO F RGBT RAMMEA, REZLAY
A6 RATHIRA P ANERS A ARARAREFR .
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1|$ make board=malta boot

1R G A VR S AR R SR T R ARG 6 H AR 4T A R AR -
#EFERFEOERE

1|$ cat boards/arm/vexpress-a9/Makefile

3.1.3 A#E#/H XA
Linux Lab X% “3&# S, AFERLY git ©CE TR EP LK. RARIG S
AP T AR Linux Lab £ A HF AR AL O A ARG AN, BHFORBERTLETHARK .

GAFEA BT 2 44T Linux Lab # 3 —% 4 Loyl F AR L - S XAHGLEEKRAR
Meg R, HEFTRETESAIFARIEZNOLEZERY, HFTREEFTR S MM
6 (B LT L RMA X gemu A ABEIE)

B H] & Ay AP 6 46 A

o 7 X#%/C-Sky Linux

e %% /Loongson Linux

A+, Loongson 44 v5.0 & # L4

3.1.4 REFAEKR
FRARBAMAFLOERE, R RE AT ARG FRAATERG, Wil A AR AR
Ao IMHALBRA. QEMU A, AR EfbshkmiE, thmd o MEF.

BEZEREEE, 2ERAGKRBEE (boards/<BOARD> /Makefile) 5 X BP?, A F a4 4ild
vim A B AT R G RH B E XA (boards/<BOARD>/ . labconfig) :

1|$ make local-edit

HALRE— R HOR K. A% RS AVIRA, RETEE Mo Féoks .

$ make list-linux

v4.12 v4.5.5 v5.0.10 [v5.1]

$ make local-config LINUX=v5.0.10
$ make list-linux

v4d.12 v4.5.5 [v5.0.10] v5.1

T W N =

o R JeAn X s X3 LKA /E}}ff— ’ ‘Vﬁlt 1% Rl board-edit 77 board-config> M, R A
local-edit %" local-config> 337}% B2 7J‘1JQ I‘:’] ﬁ- _J’_/ﬁ él] B &) N fE iff’f"’]— /‘1’ '9’{ °
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3.2 —#axn%RiE

v0.3 ARG ARG e T BARRM L4, PTA, W RARFAKL, Bk

$ make kernel-build

Py

T W N =

$ make build kernel

CHBHTRAAE RO, SR, RATARAAN —H F o048 & XA B AREAT .
— P, BRISEANBARTAE AT LR, TR BERR2REST, KATAT A
B A 4o REBFRPATEAN B £ B Az, T A 320 BB SUAF 2 4T

$ make cleanstamp kernel-build
$ make kernel-build

%

D UL R W N =

$ make force-kernel-build

6 o A AR AT A A% B AR Y B R

1|$ make cleanstamp kernel

%Y AL R A E A T root, uboot 7 gemu -

3.3 ¥m¥yRITA
3.3.1 TH

T HRAFT ARG . A% - buildroot A% U-boot % 7RAD .

1|$ make source APP="bsp kernel root uboot"
2| &

3 |$ make source APP=all

4| &

5

$ make source all

W RFEREBRTHRZLINS .

make bsp-source
make kernel-source

make root-source

©H P €N B

make uboot-source

make source bsp
make source kernel
make source root

—_
H O © 00 O O i W N =

®©H P H B

make source uboot

M v0.5 4, TR R T &£ Linux Lab 8 sty B X T, B L RAH A 54& Linux
Lab B &, Hx&EZR T -
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3.3.2 &t

# i (checkout) & %4 kernel # buildroot MR .

1|$ make checkout APP="kernel root"

3o B AR X3

$ make kernel-checkout

$ make root-checkout

Fy

$ make checkout kernel

N O Ot W N

$ make checkout root

o R TARME K m FHA L TR, FRELAFBRFTEARR AT HGINRE .

$ make kernel-cleanup

$ make root-cleanup

Fy

$ make cleanup kernel

N O Ot W N

$ make cleanup root

VA LA E F T gemu # uboot -

3.3.3 AT

%%iﬁﬁﬂT’ﬁT@%%ﬁ%ﬁﬁﬁmMWGMDMMMQMMN@quWﬁmd%ﬁ
T

1|$ make kernel-patch

2

3| &

4

5|$ make patch kermnel
3.3.4 RE

3.3.4.1 e A& E
& M#g B (defconfig) B E kernel 4= buildroot :

1|$ make defconfig APP="kernel root"

FRBLE, #E LT voards/<BoARD>/bsp/ T 89 defconfig :

$ make kernel-defconfig

$ make root-defconfig

s W N e

5
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5
6 |$ make defconfig kernel
7%

make defconfig root

1% M 4% £ 8 defconfig B E -

$ make B=raspi3

N =

$ make kernel-defconfig KCFG=bcmrpi3_defconfig
3 |$ make root-defconfig KCFG=raspberrypi3_64_defconfig

4o RAXIR A defconfig 494 5 WIZ K AT A B K4 RJF B %€ voards/<soarn>» A5 & buildroot,
u-boot ## linux-stable 48 é@ﬁ/ﬂé‘ B B %42 src/buildroot/configss src/u-boot/configs Fa src/linux-

stable/arch/<ARCH>/configs °

3.3.4.2 FH&RE

$ make kernel-menuconfig

$ make root-menuconfig

£

$ make menuconfig kernel

N OOt AW N

$ make menuconfig root

3.343 Retyr A

make kernel-olddefconfig
make root-olddefconfig

make root-olddefconfig

@h SN H &P

make uboot-olddefconfig

$ make olddefconfig kermnel

© 00 N O Ot W N

$ make olddefconfig root

-
o

$ make olddefconfig uboot

3.3.5 %wiF

—#2 %1% kernel # buildroot :

1|$ make build APP="kernel root"

¥ 3% %% kernel #= buildroot:

$ make kernel-build # make kernel
$ make root-build # make root
b

$ make build kernel
$ make build root

N O Ot W N
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M v0.5

ﬂ"ﬁé s ﬁﬁﬁ*@%gfg%éﬁ\iﬁ LinuX Lab él] build/ E 7?{']“; }7791}:&77}—\7%[3735;& output/ E]

& WEZERA

3.3.6 &#%&

AT A §9 B B A R tootfs/kernel /dtb 9 image 4 -

$ make
2 | $ make

saveconfig APP="kernel root"
save APP="kernel root"

f%’{% e & Fa image SAF 2] boards/<BOARD>/bsp/ :

make
make

make

©®H H P B

make

make

© 00 N O Ut W NN

make

—_
o

make

©hH P SN B

—
-

make

kernel-saveconfig
root-saveconfig
root-save
kernel-save

saveconfig kernel
saveconfig root
save kernel

save root

3.3.7T B#

%%"rﬁzﬂlj“%}ﬂ 3}5@%},})}1{@‘% $ =4 Z—E\JS i/] s iza%%ﬁﬁﬁl‘%/&ﬁﬁ] CTRL+a x, poweroff, reboot ES(‘
pkill gemu él}/?\ (—15:1'$;5‘% 6.2.2 %)

1|$ make

boot

A G KB (o RERBEMRA cTRL+ALT+2 quit):

make
make

make

T W N =

$
$
$ make
$
$

make

b=pc boot G=1 LINUX=v5.1

b=versatilepb boot G=1 LINUX=v5.1

b=g3beige boot G=1 LINUX=v5.1

b=malta boot G=1 LINUX=v2.6.36

b=vexpress-a9 boot G=1 LINUX=v4.6.7 // LINUX=v3.18.39 works too

EE: AL ABATXBHER LCD &R L3, LRFRRTAL £ £# Linux
J*]#Z 5.1 H}ij‘{f\éﬁlé/ﬁ‘, raspi3 ﬁ" malta %%ﬁﬂ‘&*}i )A'Lj% ttyO ﬁ’i‘iﬁ%fﬂf\ )}L‘%’é}gﬁ'ifﬁ)\ °

vexpress-a9 Fo virt BB H LT R 3 LCD, 1224 T &6y gemau: TR B AT IS T 61

LR EA
17T Al T

Wi “View” &3 s & ossn, X aBEZA TR LCD 428130 . &

XopTs ¥R AE K AN G qemu B HEKL -

$ make
2 |$ make

b=vexpress-a9 CONSOLE=ttyAMAO boot G=1 LINUX=v5.1
b=raspi3 CONSOLE=ttyAMAO XOPTS="-serial vc -serial vc" boot G=1 LINUX=v5.1

AT curses B 7 XBa (X 2#&E 4 XA bash/ssh 98 FH X, 2R &33BT A - LA

Ak, B

B % 212 B Esc+2 quit 3 ALT+2 quit)
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T W N =

T W NN

T W N =

N O Ot R W N

=

$ make b=pc boot G=2 LINUX=v4.6.7

1& A #4156 A% - dtb # Rootfs B # .

$ make boot PBK=1 PBD=1 PBR=1

or

$ make boot k=0ld d=old r=old

or

$ make boot kernel=old dtb=old root=old

1& A#FH e A # ~ dtb #= rootfs B # .

$ make boot PBK=0 PBD=0 PBR=0
or
$ make boot k=new d=new r=new
or

$ make boot kernel=new dtb=new root=new

4o % B4z AHA Uboot Rh4 . EHBE—NZEBBHD .

$ make boot BUILD="kernel uboot"

1% K Uboot & # (E] ﬁfl—ﬁzﬁ"hiﬁ- )ﬂ’L’]U‘f T versatilepb Fa vexpress-a9 %%kﬂ‘%i*)i) :

$ make boot U=0

1% A B8 rootfs B & (R#BT ALK I, BHELE /devs)

$ make boot ROOTDEV=/dev/ram // support by all boards, basic boot method

$ make boot ROOTDEV=/dev/nfs // depends on network driver, only raspi3 not work
$ make boot ROOTDEV=/dev/sda

$ make boot ROOTDEV=/dev/mmcblkO

$ make boot ROOTDEV=/dev/vda // virtio based block device

ﬁifﬂ g‘ﬁ 7]‘ 6{7 J*] 7}2 ﬁé\f‘j’ﬁﬁ)ﬁ if] (*g‘f\ : XKCLI = eXtra Kernel Command LIne) :

$ make boot ROOTDEV=/dev/nfs XKCLI="init=/bin/bash"

- EEE Lk

make list ROOTDEV
make list BOOTDEV
make list CCORI
make list NETDEV
make list LINUX
make list UBOOT
make list QEMU

@B B H hH L P P

ﬁiﬁ'] list <xxx> —EJ. YA g’: ﬂl i g <xxx>-list: 1’5'1 '!1" :

$ make list features
$ make list modules
$ make list gcc
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4.

Linux Lab # &

4.1 Linux A#

4.1.1 EXEZFARE

Linux Ik]*ﬁi%ﬁ%? "/I\HiPZr\ scripts/config> =T A ﬂ‘ﬂFiiﬁi\ﬁﬂiﬁc&ﬁWﬁ% lﬁaﬁﬁiﬁ{ﬁ °

%?Wiﬂﬁ’#’\’ 9%:35/?}/_‘:&%&%&}]‘7 T AR kernel-getconfig %" kernel-setconfig: =T %1/%]% ﬁ‘]#ﬁ éljli

Iﬁo

AT 1% RREATT AF &3 E I E A “enable/disable/setstr/setval /getstate” M 4%k &

BtE-

s W N e

D UL R W N

RI— AR ARG KE

$ make kernel-getconfig m=minix_fs
Getting kernel config: MINIX_FS ...

build/aarch64/linux-v5.1-virt/.config:CONFIG_MINIX_FS=m

18 RE— SR AZAR IR

$ make kernel-setconfig m=minix_fs

Setting kernel config: m=minix_fs ...

build/aarch64/linux-v5.1-virt/.config:CONFIG_MINIX_FS=m

Enable new kernel config: minix_fs ...

i% kernel-setconfi éﬁ'/?\ﬁljjﬁ'::%diiiﬁ , n, ¢, 0, 8, V:
g y

®R A

y Yo ik R A% P 69 B3R AR AR A A AT
c ARG AR 77 RpiF AR SR, R0l n 50
0 ARG AR 77 RpiE A AR SR, R0l n 90

n x B — A A% R
s RTC_SYSTOHC_DEVICE="rtc0"» X & rtc K& A rtcl
v v=PANIC_TIMEOUT=5, X & W #% panic B4 5

f—FeAPRR S %R

$ make kernel-setconfig m=tun,minix_fs y=ikconfig v=panic_timeout=5 s=DEFAULT_HOSTNAME=

linux-lab n=debug_info

$ make kernel-getconfig o=tun,minix,ikconfig,panic_timeout ,hostname
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4.1.2 A ABER

s W N e

Yo BT R 6 A 3R R A AR R

make modules
make modules-install

make root-rebuild // not need for nfs boot

®©H P N B

make boot

7 & src/modules/ 7 boards/<BOARD>/bsp/modules/ %42 T8 F)Tﬁ%ii;“\‘ :

$ make modules-list

W Re b n B BT P sre/modules/ F7 boards/<BOARD>/bsp/modules/ BT QR A ARSI, &

/ﬁ\ﬁll an src/linux-stable/ T‘% ﬁﬁﬁ%‘:ﬁi :

T W N =

— =
H O © 00 O O i W N =

[y

[y

s oW N —

$ make modules-list m=hello

1 m=hello ; M=$PWD/src/modules/hello
$ make modules-list m=tun,minix

1 ¢=TUN ; m=tun ; M=drivers/net

2 ¢=MINIX_FS ; m=minix ; M=fs/minix

12 A — AR AZAR R

$ make kernel-getconfig m=minix_fs
Getting kernel config: MINIX_FS

build/aarch64/linux-v5.1-virt/.config:CONFIG_MINIX_FS=m

$ make kernel-setconfig m=minix_fs
Setting kernel config: m=minix_fs

build/aarch64/linux-v5.1-virt/.config:CONFIG_MINIX_FS=m

Enable new kernel config: minix_fs

YiE— AN BEAER (Fl4e . minix.ko)

$ make modules M=fs/minix/
5

$ make modules m=minix

ZR e H AR

$ make modules-install M=fs/minix/

$ make modules-clean M=fs/minix/

H b A %

make kernel-setconfig m=tun
make kernel x=tun.ko M=drivers/net
make kernel x=drivers/net/tun.ko

make kernel-run drivers/net/tun.ko

Ytk sh AR MR (R ALGRIF R AR .
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$ make modules m=hello
5
3 |$ make kernel x=$PWD/src/modules/hello/hello.ko

N =

4.1.3 & A AT

P“] A éﬁ A % iﬁ“fifl‘ % “P ﬁiiifé”— src/feature/linux/ —;Et‘ “ij @"J}é‘ T 5%’]& éﬁ ﬁaﬁﬂ‘ T, TART %ﬂ
EENAE I RGF I RENGF AR .

1|$ make feature-list

2| [ /labs/linux-lab/src/feature/linux ]:
3 + 9pnet

4 + core

5 - debug

6 - module

7 + ftrace

8 - v2.6.36

9 * env.g3beige

10 * env.malta

11 * env.pc

12 * env.versatilepb
13 - v2.6.37

14 * env.g3beige

15 + gcs

16 - v2.6.36

17 * env.g3beige

18 * env.malta

19 * env.pc

20 * env.versatilepb
21 + kft

22 - v2.6.36

23 * env.malta

24 * env.pc

25 + uksm

26 - v2.6.38

FEH T A LR AR A, e R EEHRK T EZSE S 1T A
i Ak

Bldo, ) TARRENAEALIR 345, T AMAT 4o T M 69 424F

—

$ make feature f=module
2 | $ make kernel-olddefconfig
3 |$ make kernel

AT & malta ALK EBRERT 2.6.36 BA kee 5P, T ARAT L THAF

make BOARD=malta

export LINUX=v2.6.36
make kernel-checkout
make kernel-patch

make kernel-defconfig
make feature f=kft

make kernel-olddefconfig
make kernel

© 00 N O Ut W N
P P hH PH L P PH PL P

make boot
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4.1.4 HRARS L

Lo RABHE DD LRBAL, BATAEF L THHE.
B A src/linux-stable 3K AC E 89 H b xerer_sre B R T E T EMRABIR AT Z—A git 2 L

BAZ 7 LR AE vh.1:

N =

s oW N —

$ cd src/linux-stable
$ git checkout -b linux-vb5.1-dev v5.1

7#)\%3‘@@ kernel-clone A LinuX Lab élj vH.1 ){Fé"‘{h\lﬁaﬁﬁp*ﬂfi B 'j’{ :

$ make kernel-clone LINUX=v5.1 LINUX_NEW=linux-v5.1-dev

Z G ARIEH — K

4o RARBRATE vh.1 AP AT AN XA 69 R AR Peit — AL dx 2089, VA 13se/pe A

$ make b=i386/pc list linux
v2.6.10 v2.6.11.12 v2.6.12.6 v2.6.21.5 v2.6.24.7 v2.6.34.9 v2.6.35.14 v2.6.36 v4.6.7 [v5
.1] v5.2

Bldo, BAAT v2.6.38 L, TAFEM v2.6.36 KL%, HAORELTEL, HFIATRE

$ cd src/linux-stable
$ git checkout -b linux-v2.6.38-dev v2.6.38

$ make kernel-clone LINUX=v2.6.36 LINUX_NEW=linux-v2.6.38-dev

FRERY, FHAN commit: A4 HEREFALTELS BEFLRELZTE .

o kernel-checkout, # % X AN48 T, ThHLE 3 F A5 &
o kernel-cleanup, F#® git &/& ., T LFER LA K
o kernel-clean, FMm £ RiFiEk, ThaS A 3HIAT LR cleanup #h1F

4.2 Uboot 3| &85

I E AT %% U-boot 894 F : versatilepb 47 vexpress-a9 T #3F— 3K :

$ make BOARD=vexpress-a9

T2 Uboot :

$ make uboot-source

Bl — A 2K (JRAK B /L boards/<BOARD>/Makefile T i UBOOT %) :

$ make uboot-checkout
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L b B0 AR T 4520, T vA35 & Boorpev #° mroopEv AR ZE, e R A5 N &K (G 1E A

flash o

1

$ make uboot-patch

Y % 'ﬁ‘ A Eﬁ‘j "I“E{f f’;{ﬁ /ﬁ tftp, sdcard EX(‘ flash> 5“] A ﬁi /fli ‘fff/ﬁ N uboot-patch Z ﬁ'l— 47 make uboot-

checkout :

1

$ make uboot-patch BOOTDEV=tftp
$ make uboot-patch BOOTDEV=sdcard
$ make uboot-patch BOOTDEV=flash

sooroev /A T & & uboot 5 K& & AR M ZZ & 5] 5, roomoev A T &R A AZ MR E e

rootfs .

N =

[y

—_

N =

fic 2 U-boot :

$ make uboot-defconfig
$ make uboot-menuconfig

%1% U-boot :

$ make uboot

1% A BootpEv 42 RrootDEV 7] F, #E KA flash 7 X\ :

$ make boot U=1

NAEWE & tftp, sdcard Ek flash 77 3\ :

$ make boot U=1 BOOTDEV=tftp
$ make boot U=1 BOOTDEV=sdcard
$ make boot U=1 BOOTDEV=flash

HAVLT AL B #H5] B KT roomoey &R, ] 4o .

$ make boot U=1 BOOTDEV=flash ROOTDEV=/dev/nfs

PATHIE, £4 ramdisk, dtb = ulmage :

$ make uboot-images-clean

$ make uboot-clean

% & uboot 4ifp el E .

$ make uboot-save

$ make uboot-saveconfig

4.3 Qemu BB

A E 6 gemu AP AEF R H 69 Linux AR E TE, A &N A N T3R8 T4HF gemus

BAT% % qemu ¥ 7% k& vexpress-a9 #= virt A AR L LI EB T .

B % %F gemu-system-ARCH :
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$ make B=vexpress-a9

make gemu-download
make gemu-checkout
make gemu-patch
make gemu-defconfig

make gemu

O O Ut W N
@B N H PH L P

make gemu-save

gemu-ARCH-static # gemu-system-ARCH & Fat—#&%#F4, A T #14F qgemu-ARCH-
static, FHA T EKE Makefile F & 248 48 qemu_vs=1 RE B EHRE
o £ AT QEMU # QTOOL. 74 % %3R5 &6 42 A bsp T4 %+ 6 QEMU #

QTOOL, mARLEZKAERWALTOMA, F2RAEARLRFORE, WRREA %
Fid ey

L AFONEERLSEE, wREM 2.5 A QEMU, Linux 5.0 £2&itd£+ 2k,
¥ QEMU #4258 2.12.0 B, FAHE % . HAEAGEABFRIR T EEAXGPA.

Qemu H#RBEFMEKETCERERY, EETRAFEMP2RA . wRTERLE-RTE
BN R BB R, TAB 4 T 7 XAk 47

1|$ make gemu git_module_status=0

4.4 Toolchain T4

Linux A% E&NFRFFRE, AEGTAMTREZEELRFER T, AT R EP LY
JEJ1 s IR I AF AN Im NI T RAE . 240 ARM64 /virt, CCVER #= CCPATH -

7| b A 6T mF T B4

1|$ make gcc-list

TR MEGEAE RSN T A

1|$ make gcc

WG IFEERA, B TAT

$ make gcc-switch CCORI=internal GCC=4.7

[N

3 |$ make gcc-switch CCORI=1linaro

o RARAG I T B4k, WA A B6) T L4k

W RFBAENEG T L4, MooMig g /b TR4E . ATt z4F M &2 L4 aarch64, arm,
riscv, mipsel, ppc, 1386, x86 64 % ANk £ R4 .

GCC 89 R AT vhA o 5 £ 7 & # 4% € 89 Makefile 4t 28 Linux, Uboot, Qemu # Root %
VR R
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[y

GCC[LINUX_v2.6.11.12] = 4.4

KA LB E Sk, AE%BIF v2.6.11.12 BRAH Linux A#E &£ defconfig B A #hindk A 1%

Mg 28 GCC mA -

N =

H%miFEM Chost) 9%k 4, wEEMAaRERE (F %I X4 T v-1386/pc) :

$ make gcc-list b=i386/pc
$ make gcc-switch CCORI=internal GCC=4.8 b=1i386/pc

4.5 Rootfs XH# £ 4

AR rootfs Ry FRARHEROGEMAL, wREFERTRSEOLNFL, FE2EA

WA Linux X% & .

RFRAE T 42t arm32v7 9 Ubuntu 18.04 894 X A 4, % LA A 408 2 414F s Docker

Bets AEANEAREES HFHIMHFAL .

[y

T A8 Docker H#4E A .

$ docker run -it tinylab/arm32v7-ubuntu

TN L A 4R EBCGE k£ Linux Lab #4148/ .

(host)$ sudo apt-get install -y gemu-user-static

ARM32/vexpress-a9 (H P &A= %83 4 root):

(host)$ tools/root/docker/extract.sh tinylab/arm32v7-ubuntu arm
(lab )$ make boot B=vexpress-a9 U=0 V=1 MEM=1024M ROOTDEV=/dev/nfs ROOTFS=$PWD/prebuilt/

fullroot/tmp/tinylab-arm32v7-ubuntu

ARMG64 /raspi3 (A P &A% A root):

(host)$ tools/root/docker/extract.sh tinylab/arm64v8-ubuntu arm
(lab )$ make boot B=raspi3 V=1 ROOTDEV=/dev/mmcblkO ROOTFS=$PWD/prebuilt/fullroot/tmp/

tinylab-arm64v8-ubuntu

H 4 Docker ¥ & % 89 IR 4 -

[\l

$ docker search arm64 | egrep "ubuntul|debian"
arm64v8/ubuntu Ubuntu is a Debian-based Linux operating system 25
3 | arm64v8/debian Debian is a Linux distribution that's composed 20

4.6 Linux & Uboot A&

4.6.1 AKX Linux

1% R R Rk R SR iE A A
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[y

$ make feature f=debug
$ make kernel-olddefconfig
$ make kermel

Y iF AR R — AR

$ make kernel JOBS=1

'ﬁ"%%ﬁﬁ vnc ’KQ% webvnc )—&Fﬁé/} w1547 "—Féﬁ’/?\ﬁ%"}ghi

$ make debug

']%i]'ﬂ"‘/l\%ﬁéﬁ %sn Ef a., A .gdb/kernel.default ﬁﬂﬁlﬂil’jf\ A #hi& 1'T gdb

2%, wRZAT bash~ ssh &% webssh ]&I%éﬁ’ 'LFJ

RIEATho T 4 AR

1

[y

dAE A

KXAB M — K Linux Lab, &

$ make debug

IRBHEZ BRI SEo, FRTFHASIAE 0, FR—QE

Yo RS ZOR AP AR, T A N —1p 8 .gdb/kernel .user >

BAT, — R
EAERT AR AEF 4

$ cp .gdb/kernel.default .gdb/kernel.user

ALGASFNTETL T4

$ make debug linux
EY
$ make boot DEBUG=linux

B h WX R T A BT 4o T 44

$ make test-debug linux
#
$ make test DEBUG=1linux

B A AZ R o 4S M i BT R 6 XS AT

$ make kermel-calltrace func+offset/length

4.6.2 AKX Uboot

=

4o % 8K Uboot (KA .gdb/uboot.default PR A) :

$ make debug uboot
*
$ make debug DEBUG=uboot

o RAZBILEH S B Linux Lab, T2 8sERLET, HERTAERPATe THARRT
e R -
1|$ make debug uboot
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Rl =T A B 3 XA 0K -

$ make test-debug uboot
F
$ make test DEBUG=uboot

Iﬂ?f?—i’@, ‘ﬁﬂ%fﬂf’%fii}gliiﬂﬂ’$, "TU\%‘%‘J”\"%\@J .gdb/uboot .user s ﬁﬁ%?]ta]-h(iééﬂ'gﬁ

$ cp .gdb/uboot.default .gdb/uboot.user

4.7 B HLR K

[y

VA aarché4/virt VB A & =69 KM

$ make BOARD=virt

AMXBEE, A src/system/ H iT%gﬁL‘%éﬁX'{%/wi\

$ make rootdir
$ make root-install
$ make root-rebuild

B3NS R#H (5% 622 )

$ make test

MRATEERE XM

$ make test TEST_FINISH=echo

BAT— T & P ALy AR A A

$ make test TEST_CASE=/tools/ftrace/trace.sh

FATE P LA IR ) (commanp_LINE_s1zE LR R4S K, 4w, 4096, & F T L cndline size

HE)

1

B 4

%k B TR AR A4S 4k 4 LA X, TIMEOUT_CONTINUE=1

$ make test TEST_BEGIN=date TEST_END=date TEST_CASE='ls /root,echo hello world'

HATER B MK

$ make test TEST_REBOOT=2

Z2&: reboot TAA AT LA LR 1) #de, 2) 4%, 3) 254K 4 5, TEsT_TIMEOUT=30; 4) A2

/{i*/l\ﬁ%lriéﬁﬂ‘ﬁ*ﬁ_tlwﬁ\"/l\ﬁ%i LiHUX hl)izr\éﬁ%/l\%ﬁg (cmdline_size fr”f‘fi)ﬂ ﬂ:i%éf]ﬂ

commanp_riNE_s1zé A 4096) :

1

$ make test f=kft LINUX=v2.6.36 b=malta TEST_PREPARE=board-init,kernel-cleanup
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l‘iﬁ ! board-init ﬁ" kernel-cleanup Iﬂ '3—_5)% ﬁ-(/m'] ’Lﬁg E] h 354’ ) 'fgi% kernel-cleanup Z:%/,i\’ 7%’&4%
P AT 4R A XA |

MK — AN AR .

1|$ make test m=hello

MK % SRR .

1|$ make test m=exception,hello

AT %% ROOTDEV MiX#isk, &% @A nfs 51 37 X, 122 &4 &4 R R THRE L
% .

1|$ make test m=hello,exception TEST_RD=/dev/ram0

F2 MR A AZ AL B 3E 47X A ] (E insmod #= rmmod 44X 8] 35 47X A 7)) -

1 |$ make test m=exception TEST_BEGIN=date TEST_END=date TEST_CASE='ls /root,echo hello
world' TEST_PREPARE=board-init,kernel-cleanup f=cmdline_size

A DX A 3R R AZAR S i B AT X R A

1|$ make test m=1lkdtm TEST_BEGIN='mount -t debugfs debugfs /mnt' TEST_CASE='echo EXCEPTION
">" /mnt/provoke-crash/DIRECT'

A2 MK R R A AZ AR R T 2 AT A, AN AR S

1|$ make test m=1lkdtm lkdtm_args='cpoint_name=DIRECT cpoint_type=EXCEPTION'

MR A2 A feature-init (G AL /0 =T 2AF 4 B 1)

=

$ make test m=lkdtm lkdtm_args='cpoint_name=DIRECT cpoint_type=EXCEPTION' TEST_INIT=0
2| &
3 |$ make raw-test m=lkdtm lkdtm_args='cpoint_name=DIRECT cpoint_type=EXCEPTION'

45"] ’L;\J%‘i\i;{ VA &7};‘%5}% ﬁl] ﬁ:’(%’l (’fi[ﬂ make kernel-menuconfig ﬁ’fi‘#ﬁ_{é_‘) :

1|$ make test m=lkdtm y=runtime_testing_menu,debug_fs lkdtm_args='cpoint_name=DIRECT
cpoint_type=EXCEPTION'

MAX B g A feature-init: boot-init. boot-finish "A & 7R # TEST_PREPARE :

1|$ make boot-test m=lkdtm lkdtm_args='cpoint_name=DIRECT cpoint_type=EXCEPTION'

WX — A A A AL SR B A WX AT AT 2 make B AR

1|$ make test m=exception TEST=kernel-checkout,kernel-patch,kernel-defconfig

R — e AMRPTA DR OANT R XI, WwREXDBERAL, HE5E 6.2.2):

1|$ make test TEST=kernel,root TEST_PREPARE=board-init,kernel-cleanup,root-cleanup

18R — % & A MR A AR (F uboot, 4R X693, e . vexpress-a9) :
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1|$ make test TEST=kernel,root,uboot TEST_PREPARE=board-init,kernel-cleanup,root-cleanup,

uboot-cleanup

MR35 ST ALEAL, AFHIRHTE, AAERHER LR .

1|$ make test TEST_TIMEOUT=30s

MR A2 P o RABH, GREMATE SMK, M REEHEALE .

1|$ make test TEST_TIMEOUT=30s TIMEOUT_CONTINUE=1

WX R A% K

1|$ make test DEBUG=1

4.8 IH£X

A LT kA Qemu FEMA TAZ R 4 5y A -

4.8.1 £ rootfs P REIH

W A sre/systen/ 4B HBAZ P, R E A0 FH A4 rootfs :

mkdir src/system/root/
touch src/system/root/new_file
make root-install

make root-rebuild

T W N
@M PH B B P

make boot

T RBAFE root AP B X T #H new file XHF -

4.8.2 XA NFS % ¥ #

1% ] ROOTDEV=/dev/nfs &R B 7 & AR

1|$ make boot ROOTDEV=/dev/nfs

EH#NFS B &4 T :

$ make env-dump VAR=ROOTDIR
ROOTDIR="/labs/linux-lab/boards/<BOARD>/bsp/root/<BUILDROOT_VERSION>/rootfs"

[N

4.8.3 #id tftp R4

# Qemu AR LIBEAT ceep 405 B EALE titp RF & -

EHum
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T W N =

W N =

$ ifconfig broO

inet addr:172.17.0.3 Bcast:172.17.255.2556 Mask:255.255.0.0
$ cd tftpboot/

$ 1s tftpboot

kft.patch kft.log

Qemu &K :

$ 1s

kft_data.log

$ tftp -g -r kft.patch 172.17.0.3

$ tftp -p -r kft.log -1 kft_data.log 172.17.0.3

E2F: TRUAN Qemu FRARKZER ZAME, LA EM LR AT, ZTE

— 4~ bug?!

4.8.4 &7 9p virtio £ F 4

A XAl A —AF 8- Z B A 9p virtio, 54 qemu 9p setup - %F qemu B oL A%

Jl --enable-virtfs &, [ B P A% LM AT L BT .

O O Utk W N

EHEREAG LT

CONFIG_NET_9P=y

CONFIG_NET_9P_VIRTIO=y

CONFIG_NET_9P_DEBUG=y (Optional)

CONFIG_9P_FS=y

CONFIG_9P_FS_POSIX_ACL=y

CONFIG_PCI=y

CONFIG_VIRTIO_PCI=y

CONFIG_PCI_HOST_GENERIC=y (only needed for the QEMU Arm 'virt' board)

'ﬁ“%%%'fim gemu é(J -virtfs 5(‘ -device virtio-9p-pci B %"g‘{iﬁé A B PCI *ﬂ %éﬁﬁjﬁ’

T M F ik TAE
1 | 9pnet_virtio: no channels available for device hostshare
2 | mount: mounting hostshare on /hostshare failed: No such file or directory

oW N =

-device virtio-9p-device TR VORI .

A TARREALER, HFRMAAT 4

$ make feature f=9pnet

$ make kernel-olddefconfig
Docker EAt:

$ modprobe 9pnet_virtio

$ lsmod | grep 9p

9pnet_virtio 17519 O

9pnet 72068 1 9pnet_virtio
EF:
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W N =

© 00 N O Ut
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13
14

[y

$ make BOARD=virt

$ make root-install # Install mount/umount scripts, ref: src/system/etc/init.d/
S50sharing

$ make root-rebuild

$ touch hostshare/test # Create a file in host

$ make boot U=0 ROOTDEV=/dev/ram0 PBR=1 SHARE=1

$ make boot SHARE=1 SHARE_DIR=src/modules # for external modules development

$ make boot SHARE=1 SHARE_DIR=build/aarch64/linux-v5.1-virt/ # for internal modules
learning

$ make boot SHARE=1 SHARE_DIR=src/examples # for c/assembly learning

Qemu LR :

$ 1s /hostshare/ # Access the file in guest

test

$ touch /hostshare/guest-test # Create a file in guest

1 A Linux vb5.1 e 894 L ik -

A& IHFRE

aarch64 /virt virtio-9p-device (virtio-9p-pci ¥ nfsroot F IAF)
arm/vexpress-a9 X X ¥ virtio-9p-device

arm/versatilepb 1 X # virtio-9p-pci

x86_64/pc 12 X #F virtio-9p-pci
i386/pc X X #% virtio-9p-pci
riscv64 /virt Fl B X 3% virtio-9p-pci ## virtio-9p-dev
riscv32/virt Fl B X 3% virtio-9p-pci ## virtio-9p-dev

4.9 #JTHh

U W N

Linux Lab /ﬁ’- src/examples/assembly B %Tﬁﬂ" % IE%’FQE% &g Bl F -

$ cd src/examples/assembly

$ 1s

aarch64 arm mips64el mipsel powerpc powerpc64 README.md x86 x86_64
$ make -s -C aarch64/

Hello, ARM64!
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4.10 #3 C #%F
4.10.1 R¥bpigfeiais

A hello 4% .

$ cd src/examples/c/hello

2 | $ make

3 | gcc -fno-stack-protector -fomit-frame-pointer -fno-asynchronous-unwind-tables -fno-pie -
no-pie -m32 -Wall -Werror -g -o hello hello.c

4 | Hello, World!

4.10.2 X L RpFEREAT

T @ #4874 Linux Lab TR L4%EF #3247 C 25, & X32 (code for x86-64,
int /long/pointer to 32bits), ARM, MIPS, PPC #= RISCV ##l .

1|$ sudo apt-get update -y

2

31$ sudo apt-get install -y 1ibc6-x32 libc6-dev-x32 1libx32gcc-8-dev
41$ gcc -mx32 -o hello hello.c

5|% ./hello

6 | Hello, World!

7

8 |$ sudo apt-get install -y libc6-dev-armel-cross libc6-armel-cross
9|$ arm-linux-gnueabi-gcc -o hello hello.c

10 | $ gemu-arm -L /usr/arm-linux-gnueabi/ ./hello

11 | Hello, World!

12

13 | $ sudo apt-get install -y libc6-dev-mipsel-cross libc6-mipsel-cross
14 | $ mipsel-linux-gnu-gcc -o hello hello.c

15|$ gemu-mipsel -L /usr/mipsel-linux-gnu/ ./hello

16 | Hello, World!

17

18 | $ sudo apt-get install -y libc6-dev-powerpc-cross libc6-powerpc-cross
19| // Linux Lab v0.6 ¥ ., &/ -static, & M & 478 & A &4 &%

20 | $ powerpc-linux-gnu-gcc -static -o hello hello.c

21 | $ gemu-ppc -L /usr/powerpc-linux-gnu/ ./hello

22 | Hello, World!

23

24 | $ sudo apt-get install -y libc6-riscv64-cross libc6-dev-riscv64-cross
25 |$ riscv64-linux-gnu-gcc -o hello hello.c

26 | $ gemu-riscv64 -L /usr/riscv64-linux-gnu/ ./hello

27 | Hello, World!

r@A@I gemu-user BAg A 8FET, W REAAARKRT LB,
T8 AR R AR T o

F 4.8.1 7 RH B 2t

ER a4 RS libc6-dev, libc6 VAR libgcc? x32 &AM 7]\ , B% 11bX32gCC o T VAE apt-cache
search ﬁ?‘ i‘ﬁ’-ﬁﬂ D) 7| % °
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4.11 &EA7E &Y make Bz

Linux Lab i’ﬁ'ﬁli%/; 4o <XXX>-run 775\4175 ]EJ Makeﬁle CP /{)Lélj H 7[:1" s Eg"ﬁ" :

$ make kernel-run help

$ make kernel-run menuconfig

$ make root-run help

$ make root-run busybox-menuconfig

$ make uboot-run help

O O Ut W N

$ make uboot-run menuconfig

PAARERE o WEBRATRNESTHE OB XGHER ZHTAALEEITEE make B A7
% 414 kernel - rootfs # uboot -

4.12 £ A%

R HET RIS LIRS M5

o Linux Lab: sfA3tiee9+ K2 d V1.0
o Linux Lab: s2Adtdetg+ KEZd V2.0
e Linux Lab £ %% F# V0.2

o Linux Lab A A44%

— CCTALK
— B
_ ki

o XA Linux Lab ¥4 53 335 69 LI R A2

— {360° ##7 Linux ELF)

46
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https://space.bilibili.com/687228362/channel/detail?cid=152574
https://www.zhihu.com/people/wuzhangjin
https://www.cctalk.com/m/group/88089283

5. Linux Lab #X&

AFAB AT Ik 44 Linux Lab &k —32 3769 7 £ AR -

5.1 &F—A qemu XLFHWFRK

Pl AL VA arm RAA B

1|$ gemu-system-arm -M ?

5.2 GI&F LK B X

VA vexpress-a9 }‘b'{ﬂ :

1|$ mkdir boards/arm/vexpress-a9/

5.3 A=A L2 XFHHTRKT A% —% Makefile

VA versatilepb A4

1|$ cp boards/arm/versatilebp/Makefile boards/arm/vexpress-a9/Makefile

54 NkARBRERE

REBRANRER, RAGEMTARE AR IOGTIHRES, REAFLILERE .

Ak A %— doc/gemu/gemu-doc.html EK(‘ 7 2 BLAA

5.5 FlE &% configs XH

#M1%FEA Linux, buildroot # £ uboot # % config T -
Buildroot &4 % buildroot = A& B4 T 7 % 6 T .

[y

buildroot: src/buildroot/configs/qemu_ARCH_BOARD_defconfig
2 | kernel: src/buildroot/board/qemu/ARCH-BOARD/linux-VERSION.config

Uboot &3R4t T 7 % k4 69 B B LA -

1 | uboot: src/u-boot/configs/vexpress_ca9x4_defconfig

AMAH LR T A GERE .

=

kernel: src/linux-stable/arch/arm/configs/vexpress_defconfig
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[y

]

W N

LiHUX Lab "ﬁ/fi%'f%‘k%g 21-5)1(617 @aﬁ > xxx—-clone éﬁ/?\%- B}]':J:%’J }ﬂﬂlﬁ 6(7 ﬁﬂﬁ :

$ make list kermel

v4.12 v5.0.10 v5.1

$ make kernel-clone LINUX=v5.1 LINUX_NEW=v5.4
$ make kernel-menuconfig

$ make kernel-saveconfig

$ make list root

2016.05 2019.02.2

$ make root-clone BUILDRO0T=2019.02.2 BUILDROOT_NEW=2019.11
$ make root-menuconfig

$ make root-saveconfig

% fe E XAFHF Makefile B 2| €A10# R &RAT69F £ -

$ make kernel-menuconfig
$ make root-menuconfig
$ make board-edit

Rﬁiﬁ%ﬁﬁﬁbwmmmmﬂH%T%ﬂﬁ%%i%%&%%%%ﬁ$ﬁﬂ,ﬂm@nﬁ

$ make kernel-saveconfig

$ make root-saveconfig

$ 1s boards/aarch64/raspi3/bsp/configs/
buildroot_2019.02.2_defconfig 1linux_v5.1_defconfig

2019.02.2 & buildroot 8RR AR, vs.1 FABERAR, TANTEFE E/AL voards/<BOARD>/Makefile T

wEAF

W N

# % clone #4689 R k4T .

make gemu-clone QEMU=<old_version> QEMU_NEW=<new_version>

make uboot-clone UBO0OT=<o0ld_version> UBOOT_NEW=<new_version>

make kernel-clone LINUX=<old_version> LINUX_NEW=<new_version>

make root-clone BUILDROOT=<old_version> BUILDROOT_NEW=<new_version>

®hH P H D

5.6 #&# kernel:; rootfs # uboot #rrA

© 00 N O Ut s W N

=
o

ﬁh‘i}%&iﬂ‘hﬁ&fﬂ tag 4!*/7\365”:- branch éﬁ’/?\’ VA kernel 7‘{7'{5'] :

$ cd src/linux-stable

$ git tag
v5.0

ve.1
ve.1.1
v6.1.5

doe REATE 26 & vH.1 4 kernel, A8 A 7T VAL boards/<BOARD>/Makefile #8H@—4T : LINUX = v5.1 o

A GG IRARE Z B 89 defconfig LA+ B4 —H AR E .
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N O Ot R W N

T

[y

$ make kernel-clone LINUX_NEW=v5.3 LINUX=v5.1
E
$ make B=i386/pc

$ pushd src/linux-stable && git checkout v5.4 && popd
$ make kernel-clone LINUX_NEW=v5.4 KCFG=i386_defconfig

do R B AL tag, TAELEMLA commit 5 FE A CRIM— tag &F, BEH ke

LINUX = v2.6.11.12

2 | LINUX[LINUX_v2.6.11.12] = 8e63197f

[y

LB E A Linux ARA T 49 rootrs

ROOTFS[LINUX_v2.6.12.6] ?= $(BSP_ROOT)/$(BUILDROOT)/rootfs32.cpio.gz

5.7 RE, R R

W N =

VA kernel 74 .

make kernel-defconfig
make kernel-menuconfig

make kernel

@h SN H &P

make boot

Bl #6977 % & B T rootfs. uboot: #Z% gemu-

5.7.1 %iEimig # R A& R#

EE . AR ERBERS, HAKRIER S
GHREEQNE—NIEGEANFGER B E, FHERA /1abs/linux-1lab/build: A T F miFid

By RE, RRALHRAE XNAE, FHAREIRFOEELLEHEX .

RHEHES (ME—AREGAERNAFGLHFALAEA build B %)

$ make build cache

EARGBHEAGEARSE (RCEBHMNEEFTRE):

$ make build cache

A B 4% 5 A SR e iR

$ time make kernel

et & A B AKX (e REH build B X EERER).

$ make build backup
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B Rl %A (RE BN . BAAERE L9 build B &) -

$ make

build uncache

K EALR LR & 6% 5484 build B %

$ sudo

mount /path/to/backup-file /labs/linux-lab/build/

5.8 KA LRGRE L falic B LH

N O Ut W N

$ make
$ make
$ make

$ make
$ make

$ make

root-save
kernel-save
uboot-save

root-saveconfig
kernel-saveconfig

uboot-saveconfig

5.9 LT H T4

© 00 N O Ut s W N

—_
= O

%5, ¥ images - defconfigs. patchset 4% 2|7 &X 45289 bsp FHEREE -

¥k, RIEH bsp GEM I, F ik T -

$ git remote show origin
* remote origin
Fetch URL: https://gitee.com/tinylab/gemu-aarch64-raspi3/
Push URL: https://gitee.com/tinylab/qemu-aarch64-raspi3/
HEAD branch: master
Remote branch:
master tracked
Local branch configured for 'git pull':
master merges with remote master
Local ref configured for 'git push':

master pushes to master (local out of date)

KRG, & gitee.com E fork BAM&E, EABRGHEHR, RER

20

>

8 pull request -




6. ¥ R

6.1 Docker #a%
6.1.1 docker FT#Hi& K12

7‘!] T .4 Docker %ﬁfg él] T ﬁ 1% EZ ’ TF*J‘ 7/5‘%— tools/docker/install Hil’lf\éﬁ ﬂ‘] «'5: % EEF /etc/default/
docker P 89 pocker_opts VAR 6.1.6 ¥ -

6.1.2 Docker %5 LAN #%

1% docker M4 10.66.0.0/16> &N, RF R A4 T 7 X2t L3478 22 .

$ sudo vim /etc/default/docker
DOCKER_OPTS="$DOCKER_OPTS --bip=10.66.0.10/16"

$ sudo vim /lib/systemd/system/docker.service
ExecStart=/usr/bin/dockerd -H fd:// --bip=10.66.0.10/16

T W N =

HE#H B docker lR%F lab 25 AME & A K .

1|$ sudo service docker restart

$ tools/docker/rerun linux-lab

4o & Linux Lab #9M & AREEE TAF, HRRXERA B —NFRMEHIE, FRrEBRES
LAN 33k R .

6.1.3 A3 EMLEEL Linux Lab

Linux Lab # 72 ## #&&# T Cloud Lab F7% ® & 2% docker 3%, Bk, hb1 7 £ XM
# Cloud Lab & A3 AL H#E4T Linux Lab, S A AWML VRS RBIKFEAREL
P25 1% 69 45 %

Linux Lab ##&1t4 2 & § £ @ 2 4 A docker # RAE A M b2 F4F 69 I03% % 8 R A TR &
KPR ERA, Ammik &M LFe9erE, Ak Linux Lab % £ %] L 4£ K3 40
IRFTAEA .

6.1.4 ¥ root £ #*i&E4T tools 4

ﬁﬂ%%’%ﬁ-ﬁﬁiﬁi)ﬂ sudo ﬁ’J‘T%‘%—F?ﬁLﬁ tools H ??{—Féﬁél}/?\’ 7%5}%{%’]%7,366’1’&)3 7%%}7‘7@] docker
WHEH B A GAME LA

1|$ sudo usermod -aG docker <USER>
2 |$ newgrp docker

o1


http://tinylab.org/cloud-lab
http://tinylab.org/cloud-lab

6.1.5 M%&T#&

e R E % ping @, HREFET @I F5 5% —HE .

o DNS F&

Ju R ping 8.8.8.8 -I/VF.\_-EF%L': 1%‘#&7_5: /etc/resolv.conf #Eﬁ{%ﬁﬁiﬁmﬁaﬁ*ﬂ Bl .

o IP AR
4o R ping TARAEM . F45H 6.1.2 L& docker 2 H 8 ip AL HE -

6.1.6 Client.Timeout exceeded while waiting headers
fi# k7 ik FBRE VAT Docker SRR %36 & F o —A .

o T2 = Docker %144 A X A%
e USTC Docker 42134 A A%

Ubuntu 24T, #HRERRRAEALLEHFETRE—/FF5E#4T Mirror 35 2R E .

/etc/docker/daemon. json:

{

"registry-mirrors": ["<your accelerate address>"]

31}

/1lib/systemd/system/docker.service:

1 | ExecStart=/usr/bin/dockerd -H fd:// --bip=10.66.0.10/16 --registry-mirror=<your
accelerate address>

/etc/default/docker:

—_

DOCKER_OPTS=\"\$DOCKER_OPTS --registry-mirror=<your accelerate address>\""

B AL=AFXATRRANRE, F7#FES Docker A 7 Xis—# BT, #74) Linux
K?ﬁ‘ﬁ&*ﬁy’i%‘ﬁlﬂ /etc/docker/daemon. json ©

BEXERETLE docker MBRE A A .

1|$ sudo service docker restart

st T H A Linux 2%, Windows ##7 MacOS 2%, ZAMLEAE%E 2 = Docker 4144 A
LA .
Yo RF It G R EAIRRIRNE, HIFeEE L ERERDRE A TIT4H T AL .

1|$ docker info | grep -Al -i Mirrors
2| Registry Mirrors:
3 https://XXXXX.mirror.aliyuncs.com/
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https://help.aliyun.com/document_detail/60750.html
https://lug.ustc.edu.cn/wiki/mirrors/help/docker
https://help.aliyun.com/document_detail/60750.html
https://help.aliyun.com/document_detail/60750.html

6.1.7 XMKREL ThE WK, & E47 Linux Lab

WREREEBET CRZENR MR ELRE, HFLRATEE .

1|$ tools/docker/commit linux-lab

AEXWREER i%(&ﬁ%ﬂ)? J6, BETAEL A FEZ @ “Linux Lab” Bk &
BT, RAEABIGSITHRE — KRBT .

1]|$ tools/docker/run linux-lab

G

ﬁ?ﬂ?—i)ﬂ’: i’j‘r li docker start 'P}*\ET}?’ > 7%]‘#‘?: !
o R LF 7 RRFKRE, HREFLIAT 6.3.9 ¥ Fagtam F 9%k .

do R AR P 69 LA (REMA) A%2EE, A2 Linux Lab & B 3%& R, TRAEEMR
. BE7 XEAE 24 FPREG 4 FEEHT X flde. BEA-ADREEELA

1|$ tools/docker/vnc

6.1.8 the following directives are specified both as a flag and in the configu-

ration file

4o R 24T docker B8 3|4 T 441k

unable to configure the Docker daemon with file /etc/docker/daemon. json: the
following directives are specified both as a flag and in the configuration

file: registry-mirrors: (from flag: [https://docker.mirrors.ustc.edu.cn/], from

W N =

file: [https://xxx.mirror.aliyuncs.com])

AR F] HT/{:E /etc/docker/daemon. json Fa /etc/default/docker &+ RET registry-mirrors> ‘L%l‘ li%%;}éjé
@B G R Docker MR % BPT .

1|$ sudo service docker restart

6.1.9 pathspec FETCH__HEAD did not match any file known to git

'ﬁ“%ﬁ make boot HT @ '}lV'F%‘i‘H:: Tﬂﬂﬂ 2%17‘] W]é’g—"]‘ﬁé \3‘@1 1‘:]'7,5‘%— 6.1.5 '1»7,-

Could not resolve host: gitee.com

N =

error: pathspec 'FETCH_HEAD' dit not match any file(s) known to git

6.1.10 Docker not work in Ubuntu 20.04

S ﬁﬂ\/{i Ubuntu 20.04 F Docker Z:—T—’“F s 7%'%15&’@—15{] doc/install/daemon. json ﬁ'/%]‘igi dockerd
Y ERINEE, &% AEESE docker daemon :

23


https://docs.docker.com/config/daemon/

$ sudo cat /etc/systemd/system/docker.service.d/docker.conf
[Servicel

ExecStart=

ExecStart=/usr/bin/dockerd

$ sudo cp /etc/docker/daemon. json /etc/docker/daemon. json.bak

$ sudo cp doc/install/daemon. json /etc/docker/

O O Ut W N

$ sudo service docker restart

iiﬁi : 16/?%‘36 registry-mirrors ﬁaﬁﬁ/r 7% 2 ﬁifﬂ é/:’j]‘? Rk .

6.1.11 Error creating aufs mount

4o R 3B B| X ML45% . “error creating aufs mount to ... invalid arguments”, A8 &k & % A
i # 49 docker 4138 3h Tk £ 45, T PAM Storage Driver #fe—A, 4] 4e:

1|$ sudo vim /etc/docker/daemon. json

2 |4

3 "registry-mirrors": ["https://docker.mirrors.ustc.edu.cn"],
4 "storage-driver": "devicemapper"

513

REITRARAGRAR X, FAHG AR RABE Storage Driver XA 7T 84548 oz 78 % .

6.2 Qemu #8 %
6.2.1 8 KVM heig

KVM Zar H‘] 1 )ﬂ—L"J‘T gemu-system-i386 Fa gemu-system-x86_64 » ﬂ'ﬂ- B Eog 3 cpu #a bios ia‘% En,
BTREEINATHERS .

1 | modprobe: ERROR: could not insert 'kvm_intel': Operation not supported

#E cpu GEML LIRS, wREAME, MNEYA cpu FLIFE I

1|$ cat /proc/cpuinfo | egrep --color=always "vmx|svm"

4o & cpu L%, KATEF RHAMKRAE BIOS F 2 ATz, AFEHB s 1HEMN, % “Delete”
## A BIOS, ## 4 “Intel virtualization technology” ## & B M -

6.2.2 Guest MR ERBHAE

%ﬁﬁﬂT%iﬁ,%%Wﬁﬁi&lGﬂﬂm:%JLWWMf%NWnQQi%E%I
¥

« mipsel/malta (exclude Livux=v2.6.36)

 mipsel/lslb

o4


https://docs.docker.com/storage/storagedriver/select-storage-driver/

 mipsel/1s232
 mips64el/ls2k
 mips64el/Is3a7a
o aarch64/raspi3

 arm/versatilepb

’{:Eléf'j' poweroff ék(‘ reboot Hﬂ- ’ ;%gﬁ/ﬁ\ﬁ;}i’;}iﬁ ’ 7{7 TR & gemau ﬁﬁ)ﬂ CTRL+a x ék#(/ﬁ’ shell

4?/7\ pkill gemu °
AT AHNRZXEF LI, HAREZE teEsT_TIMEOUTs )49 : make test TEST_TIMEQUT=50 o

REREEEEZN -

6.2.3 #fT& i qemu

128 R @ B R
B o4l é CTRL+a x

AT Curses 89 B 43%  Esce2 quit 3K ALT+2 quit
AT X B LR CTRL+ALT+2 quit

ﬁfﬂ 7?7/% poweroff, reboot, kill, pkill

6.2.4 Boot Ef##: ) sdl2 &

&AW T docker 8 image A LH FH, MR G XEEHEAT lab:

$ tools/docker/pull linux-lab
$ tools/docker/rerun linux-lab

R

TR W N

$ tools/docker/update linux-lab

'fifﬂ tools/docker/update f’}f;ﬁéﬁ docker images %"/}?E—%%ﬁ/ﬁ\?& i’:ﬁ’T) ﬁ%j&%‘éﬁﬁilf o

6.3 A%
6.3.1 NFS & tftpboot R4

4 & NFS 5(4 tftpbOOt T e /VF R 1%/{}— e e 14'5' modprobe nfsd ﬂ’; i 3T 4847 /configs/tools/
restart-net-servers.sh ﬁ%ﬁfé A %R % ’ 'V}%Bﬁ] LN %{i A tools/docker/trun o
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6.3.2 £ vim YEZEWHREF 0

2 EA vim PARRBET creves ATBEEFR, BA—AFTo#RINF—4IE0, HHA

CTRL+Left 23X CTRL+Right %2, Linux Lab &% ctri+right B4t 4 crri+ws & cTRL+Left BRAT A cTRL+p -

6.3.3 ¥# Backspace L4

k4 B Al Web @ F RAetER . Bk, ki “Delete” 2 “Backspace” 47 Aa2E /. 4
fi;ﬂ alt+delete §X(‘ alt+backspace éﬂ_/a\%, V/\_F%ig zl- Jééﬂ/a\é}iélj ’J"E’LIE :

LA Vim Bash

T8 AT R ~/$  ctrl + a/e
A#/ER’—F w/b ctrl + Home/end
wETW—AF @ Alt + Delete/backspace
WA —AF At +d

Tkiral A o Ctrl + u

T kAZBHT A as Ctrl + k
T AR Ctrl + y

6.3.4 de TR #F RN

AT I/ F U NE, HIER crrevs RIBHE, MR & cTRL+spaces B R E KA LI K -

6.3.5 fTRAY Web F@EF 28X
AAF T XTARAT Web @ % oy K, —#HZ2@Z noVNC 2M42% E Scaling
Mode, ZHAHZRRTABER ; Ho5h—FTEBFHTIHET

RERNBFR—F, LR ERFAER, ERHFTERTE, 2EFFFRG T M TN E%SMA

1|* &% noVNC Web T @ A M&y @& (2MAADHK)

2 | x BT & 3%

3|* &&®E : 'Settings -> Scaling Mode: -> Local Scaling -> Apply'
4| F A E %

BT RABH AT E, LR Lab HATE— Mo EH HIHE .
Linux Lab éﬁﬁ%){'j—%dﬂ xrandr ;}ﬁ g}t\éﬁ s ﬁa%ﬂ:ﬁﬁ;}ﬂ s ‘Lﬁ‘ﬁéﬂ" E] ﬁ'w’tﬁ, 'f?‘]'!za :
IRELET A 69 B B RTHE .
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1|$ xrandr --current

2 | Screen 0: minimum 1 x 1, current 1916 x 891, maximum 16384 x 16384

3 | Virtuall connected primary 1916x891+0+0 (normal left inverted right x axis y axis) Omm x

Omm

4 1916x891 60.00%*+

5 2560x1600 59.99

6 1920x1440 60.00

7 1856x1392 60.00

8 1792x1344 60.00

9 1920x1200 59.88

10 1600x1200 60.00

11 1680x1050 59.95

12 1400x1050 59.98

13 1280x1024 60.02

14 1440x900 59.89

15 1280x960 60.00

16 1360x768 60.02

17 1280x800 59.81

18 1152x864 75.00

19 1280x768 59.87

20 1024x768 60.00

21 800x600 60.32

22 640x480 59.94
EHBEFRT

$ cd /path/to/cloud-lab
2|$ tools/docker/resize 1280x1024 # #EEEZE—-ART
3|$ tools/docker/resize # T HFSHEMNEELANELALRHEGREFZRT

W REFRYE 2R/, Tk T FHREE.

1. 2= XA B E MM, ZIREMIEE N L FEX
2. ?}E)x%im‘f'j' tools/docker/resize: ;}6 Lab ﬁ'%k']“‘&/’iﬁ i#ﬂu% %ﬁ/ﬁ-%k’]‘
3. #H B R K EE WebVNC Fd. &&H 226 FullScreen #4280 7T & X

6.3.6 W fTRANLFHEX

Ao, A& “Fullscreen” 3£42 -

6.3.7 fedT F A

1. A% 58 & #l

A EMAAL, & “Settings” &4, B E “File/Title/ Author/Category/Tags/Descrip-
tion”, &5 M “Record Screen” #& -

2. e x4

#& T “Connect” %42 .
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3. 4%k F 4]

T “Disconnect” 4z .
4. FHREH 9 AM

#T “Play” #42 .

5. 4 F M

I E £ “cloud-lab/recordings” B & TF . %44 showdesk.io 89 # By #4790 F .

|

P

6.3.8 Web R @& £nk&

Web #4#Tid FTRE xR RmEs, S5 Linux Lab AR TR L XA r, R EZK
A, FHadH Web &l R BeGR Frizia Wit EEe 4t .

6.3.9 % WEB R @£ Rk

4o R A TE WEB J @Bt 3 2 “Disconnect timeout” s ## % A 21 )& 44 2 & £ M “Connect”
B4, WRRALERY, HRTREITEELE.

B k% linux-lab & #4 docker 25 £ G EF B (Up: £%. Exit: AREF):

$ docker ps -a

CONTAINER ID IMAGE COMMAND CREATED STATUS PORTS NAMES

3| 19a61ba075b5 tinylab/linux-lab "/tools/lab/run" 4 days ago Up 4 days 22/tcp, 5900/tcp
linux-1lab-21575

4|75dae89984c9 tinylab/cloud-ubuntu-web "/startup.sh" 8 days ago Up 8 days ....443/tcp
cloud-ubuntu-web

N =

Jo R A Exit: THEANEEEAHENT . CTRAZER ALK, WRAEE A EM
T i i e T A AR

1]|$ tools/docker/run linux-lab

ﬁu%f&?&ﬁ?ﬁ 1\75; 1#] 7;!\7"9:[' \#)?E T‘}] EI NN

[y

$ tools/docker/logs linux-lab

WwRAEER, BULAIANRGGRSFELTRETERAFTEAAT, FRAZ L TIRE
WA RATE IR Ao A

E&: TH clean #2 rerun #4242 FE— L EZ S HIE, FAFEETAE SR, BAlwBEAE

k]

1|$ tools/docker/commit linux-lab

AR IREE EAE &3 Web BRAB, RBRILFM, FFEIREH EHET .

$ tools/docker/clean linux-lab
$ tools/docker/rerun linux-lab

N =

o8


http://showdesk.io/post

IR EREARAEEE S, HERRITT 44 (R4 L¥ZEA4 Cloud Lab 3%,
HH LA B RBED)

$ tools/docker/clean-all

$ tools/docker/rerun linux-lab

N =

6.3.10 Ubuntu Snap =&

F F %&%Tﬁ-? snap 7]:51 9%66 7] 4 TFtJ‘f)I(}ﬂ apt-get 'ﬁ?jft docker :

o REXKEAA P HIE docker A P AT FE LM root B P 4EA docker -
e Snap H&%/ﬁ\%%}\{ /dev/loop 1&%}}\rﬁ%§i£/£:}iikxﬁ ,2% ?f[, o

6.3.11 4{T& i VNC ZFa4BHE X
A#HNVNC BP0 RERGE, FRZPHRMATRR ZA LGB EF X TERAELNT,
EEALTHA Bug, wREWE I, LEAMEEGFT X, HAEAIIE.

BAEAR, REFT@GFT X, Bk, 5 VNC ZPamikttx, kAL Linux Lab A
&4 VNC B4 .

1]|$ sudo pkill xillvnc

Yo
N\

<

@ T Linux Lab & 8 # &k R4 44 x1lvnc R %, FIAZE T &

i

Tk

priy

i o

6.4 Linux Lab #a %

6.4.1 No working init found

Z&ZRA rootfs.ext2 THTRLHIR, HMRELH, ARBE B R ZRAMAT nake boots 4

[y

$ rm boards/aarch64/raspi3/bsp/root/2019.02.2/rootfs.ext2
2 | $ make boot

make boot AT VA B HA| B ZBRE . FH R FRATH .

6.4.2 linux/compiler-gcc7.h: No such file or directory

ﬁ%"*ﬁﬁfi)ﬂ él] gcce H)izr}_\;f:ﬁ é?ﬁ Linux ﬂ‘]#iﬁﬁ‘ ;Lal%’ —"Tﬂiim make gcc-switch {’Lﬁ/?\‘kﬂjﬁélj
Rw\Ey gee A, VA i3s6 / pc AR A B

$ make gcc-list
$ make gcc-switch CCORI=internal GCC=4.4

[\l
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6.4.3 linux-lab/configs: Permission denied

ﬁ/l\éjé"i%/ﬁ\ﬁjﬁ/ﬁ' make boot HT;J‘&&—J! ) },?\ T’Tﬁé%é]%i]%&’szg/@}/ff—ﬂj’{im T root #XFR’ ﬁ@/}b\‘
71—5\47%{’%35( cloud-lab/ H :?{éﬁ ﬁﬁﬁ%’- :
$ cd /path/to/cloud-1lab

$ sudo chown <USER>:<USER> -R ./{x,.git}

3|$ tools/docker/rerun linux-lab

N =

AR —2B BAl Linux Lab R X FBLEFBA PARA, o RAEM root AP T RN
., kbR AR P T ARE .

6.4.4 scripts/Makefile.headersinst: Missing UAPI file

ZARA MAC OSX 88 X HAAT RS KA E, H1E ndiutil 2K pisk veility B TR

"4\:

1|$ hdiutil create -type SPARSE -size 60g -fs "Case-sensitive Journaled HFS+" -volname
labspace labspace.dmg
2 |$ hdiutil attach -mountpoint ~/Documents/labspace -nobrowse labspace.dmg.sparseimage

3|$ cd ~/Documents/labspace

6.4.5 unable to create file: net/netfilter/xt__dscp.c

ZARYA Windows ZAEEIMHALO KT £ ¥, @i Git Bash 5 €

$ cd /path/to/cloud-1lab
2|$ fsutil file SetCaseSensitiveInfo ./ enable

[y

AR EE R AT cmd, KRB WAT

1|$ fsutil.exe file SetCaseSensitiveInfo <path/to/cloud-lab> enable

6.4.6 %1713 root A P

KIAFILT, TALE HEWE root

1]|$ sudo -s

6.4.7T RFFEXZGBRARARITAL

Lo RE B TZE:

1|$ make boot ROOTDEV=/dev/vda
2 | ERR: /dev/vda not in supported ROOTDEV list: /dev/sda /dev/ram0O /dev/nfs, update may help
'make bsp B=mips64el/ls3a7a'. Stop.

3
4 |$ make boot LINUX=v5.8
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5 | Makefile:594: *xx ERR: v5.8 not in supported LINUX list: loongnix-release-1903 v5.7,
clone one please: 'make kernel-clone KERNEL_NEW=v5.8'. Stop.

N

$ make boot QEMU=loongson-vi.1
8 | Makefile:606: #*** ERR: loongson-vl.1 not in supported QEMU list: loongson-v1.0, clone one
please: 'make gemu-clone QEMU_NEW=loongson-vi.1'.

AT EAREG T EMALM Hldo .

o HATR B RRAIE R XAF A LRI TEAR TS Ao

— T XA xxx-clone éﬁ’/’\'\i%& & "/I\%ﬁﬁ)ii'\’ B ﬁl‘i']‘% : gemu-clone, uboot-clone, kernel-
clone, root-clone
— AEREFRRATREARFRIE, J0UE T R E AR A

— RERWERFELAELE 5 KT
o LWRAHN T BMALRIERARAT L

— tede i AR F B AT rootoev_LisT F R A sda, ram0 ## nfs
— vda THRBRAFRIFRIAFRZEHREAME T LT
— IANARBRFFABRARF, FF Lkt 4

6.4.8 is not a valid rootfs directory

4o R B AME R 69 & TR U AL, HARFEIR P TRA LM crreee PBT T EFR M4 AL
B % . Ramdisk & Hardisk stfheel gz, FEAHAALTLE. A#K BSP B XLk
RRGEZGELT, TURRBLwTH4%E BSP e EAKKNEKE .

1|$ make bsp-cleanup

WREAERNGZRAPF ACTHEGIH AL, HAKIHA%ASE Linux 9%, Akt %
) EME FHEL .

61



7. BAFRBAMN
EAVEG K £ AfZ £ tinylab, ®K#@ ke X Linux Lab 898 P o XA R $#8 40 .
A RIEE

AR adelpdE PP A Linux Lab Disk . Efd 9 AL RF LRE R ATE, RERKLY,
WA AL B ZFI APP AR E “RIBRART RE&KN -

AR

BTl ] RGN B

Figure 3: Linux Lab #2 £ $ 4R P XA KB ~ A &iE!
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