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1. Linux Lab # %

1.1 R A {H

AR B TelZ—AET Docker + QEMU 8 Linux $£%IR%. 7@ KEFD . F L4
MK Linux A4 .

Linux Lab #&—AARKME, REMEEMTRIE, 7 B AT AR H LA P GETRE .

=
qﬂ File Actions Edit View Help

Help Manual ubuntu@linux-lab: /labs/linux-lab X

Welcome to Linux Lab

linux-lab login: root

#

# uname -a

Linux linux-lab 5.13.0 #1 SMP Sun Oct 10 01:27:31 CST 2021 armv71l GNU/Linux
#

# poweroff

# Stopping network: OK

Saving random seed: random: dd: uninitialized urandom read (512 bytes read)
0K

Stopping klogd: 0K

Stopping syslogd: OK

umount: devtmpfs busy - remounted read-only

umount: can‘t unmount /: Invalid argument

The system is going down NOW!

Sent SIGTERM to all processes

Sent SIGKILL to all processes

Requesting system poweroff

Flash device refused suspend due to active operation (state 20)

README

— https://tinylab.org/linux-lab/
— https://oschina.net /p/linux-lab

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

e Cloud Lab

— Linux Lab BATHEFELL, AFANRLITRE, LA TR2EH


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

— https://tinylab.org/cloud-lab
e Linux 0.11 Lab

— AT Linux 0.11 23, 4E&RE&m% Linux Lab Disk. BP#&B Linux £% %
— TF#H 2| 1abs/linux-0.11-1ab & ° A3 £ Linux Lab R4 A
— https://tinylab.org/linux-0.11-1ab

o (CS630 Qemu Lab

— AT X86 Linux L4 % 7. 4% A% Linux Lab Disk, BP4&# Linux %% &
— T#H3 labs/cs630-qemu-lab J&, T H#A Linux Lab M 1% F
— https://tinylab.org/cs630-qemu-lab

« RVOS Lab

— AT RISC-V OS A% #42% 3, &% A2 Linux Lab Disk, BP &8 Linux #% &
— T#H3 src/examples )G ?"Tﬁ;}i'/ﬁ- Linux Lab J*]#ig':«%}
— https://gitee.com/tinylab /rvos-lab

« GUI Lab

— ATEIHEAKXAH L%, 4 Guilite, &% A3 Linux Lab Disk, Bf &8 Linux
E4 &

— T &P src/examples /&, 1 HI#A Linux Lab A E %

— https://gitee.com/tinylab/gui-lab

e RISC-V Linux
— ATFH % RISC-V £446 Linux ABAZRBRZH K, &% %% Linux Lab Disk,
PP 4 8% Linux %% &
— T#H3 src/examples J& . T A##£ Linux Lab MR T 38
— https://gitee.com/tinylab /riscv-linux
1.3 R=AM
1.3.1 A&EFA

e Linux Lab 7%

Linux Lab &4

— A% Linux A#A XK

— Linux Lab Disk 1% B % =
— Linux Lab & A 2491 & 7L

— Rust For Linux &4~


https://tinylab.org/cloud-lab
https://tinylab.org/linux-lab-disk
https://tinylab.org/linux-0.11-lab
https://tinylab.org/linux-lab-disk
https://tinylab.org/cs630-qemu-lab
https://tinylab.org/linux-lab-disk
https://gitee.com/tinylab/rvos-lab
https://tinylab.org/linux-lab-disk
https://gitee.com/tinylab/gui-lab
https://tinylab.org/linux-lab-disk
https://gitee.com/tinylab/riscv-linux
https://www.cctalk.com/m/group/88948325

1.3.2 A% #RAE

e (360° ## Linux ELF)
— RETLEEANAEREHS, 238 Linux Lab %E
e (Rust EF Hik EF)

— ¥ THR Rust B3 . ¥ . HH. EpMABAEEH AKX Linux- GCC. GPU.
C/C++ BT x At EF, MAZHRAFAY Linux Lab %1k

o (M & ITAZAIK)

— TRRAEaIRGERE, FRARRFEGRXIER . ARl ®, BEEE
EH RARIZRME CRFEHN, A FHREFET Linux Lab %1

o (Linux ABHKATHARNZ L £ B

— %3] Linux A AT IAERE, SREEZW#F £ AArch64 24 Linux A
HBAT AT, TA £ 4B L Linux Lab %t

1.4 AR

A, Linux Lab &2 &% E A —/4%30 . L AMK Linux 895 RIFH. € LH U THEE .

e AR &

1 HFE R AT QEMU, % 7+ TAKRARY, 20+ HATEA LK ; LIF S RELEFLAMK
2 ik %45 Uboot, Linux, Buildroot. Qemu- %# Linux v0.11, v2.6.10 ~ v5.x

3 & 2844 R LR ARG FRA, FRFRKRSEFZ TR TRIEA

4 BRI AL ZAF initrd, harddisk. mmec #= nfs; ARM R##424 Debian # %4

5 Docker B4 gec-43 AN I T RO LR, ETREREF T RIPPL LT L4

6 2 &% 1) AFBIAMRME G, LIFeLSiTRBB @, X bash, ssh, vnc, web ssh, web v
7 w % N EMIEM S L, AT LFME (Raspi3 £ B—#]H)

8 J& X35 ® v . Curses (AT vasn/ssh 7 1) AEBAT X B 3

9 UREN FAF A nake test 4 B AR AT B AKX

10 AR *[i8 if nake debug @ 4T B AR AR #4797 1X

E S HMAER 77k E R T LN -

10


https://www.cctalk.com/m/group/88089283
https://cctalk.com/m/group/89507527
https://www.cctalk.com/m/group/89626746
https://www.cctalk.com/m/group/89715946

1.5 A H X
1.5.1 R B &R

KA +F7 &E elinux.org L4 T —4 tinylinux # % : Work on Tiny Linux Kernel -
GRERLWRM, AIKREZIANRE LT ILAA .

1.5.2 B %
ERAFRIRY. BETIUAMARR TRIE—LH L (4o ge-sections) & G AR
TINEZRGREERM LG ARSI -

K SR KAL) gemu-system-arcH 1F AL E /A REIE, AN E L4t Ftrace + Perf
BT T AKKE MR A EMR, FAZMERS T ABRELE (defconfig) - 4 £ %
(rootfs) ARE—RR XM A . FEIHGEHT, HAGIERZHEREBA-IEBEXT, #
B INER L e aste k.

1.5.3 RE#RE

FETHRRAEROEEEIRNETHE S5, A8 &KEBH T noVNC # Docker, %4 Tk 3
HEARFLT%—A Linux 0.11 Lab, &, A THF A - LR R eg A . AAzi E .
B R G M A RESH K, £ KXT Linux Lab AR 4% -

1.6 RALR
1.6.1 v0.1 @ 2019.06.28

MK 2016 F A A, 23HFOARE%EN, Linux Lab T 2019 F6 A 28 BT % 1 4
E XA v0.1.
e v0.1 rc3
— B prebuilt FEHRGSEBNEN, KA T T HREKE
e v0.1 rc2
— %8 7 L& s R % Bugs
e v0.1 rcl

— ML EEHGE 1 AMRER, EBEHEERE—F HMT raspid o risc-v L

11


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
https://tinylab.org/linux-lab-v0.1/
https://tinylab.org/linux-lab-v0.1-rc3/
https://tinylab.org/linux-lab-v0.1-rc2/
https://tinylab.org/linux-lab-v0.1-rc1/

1.6.2 v0.2 @ 2019.10.30

v0.2 #3% B A Windows £# . #¥EAS TR L4 MIPS 2HAEE $# . # $4AF 490
BRABFERELE . FHH L RT 4. %% host M % root X #%. A HREKLES LERL
REA .

e v0.2 rc3

— #H¥ R A Windows X4, X T Docker Toolbox: £ % i# 1 Virtualbox 2 Vmware
IR AR

e v0.2 rc2

— RRAEGHEAESKET R L
— & docker #:1% # # 3% gdb-multiarch #HX L%, BERAFNSNFERE—A gdb

e v0.2 rcl

— BFAEEHR T, ARIHEHG T XFHHES LB LH
— #Fm =, ABA#H®E Qemu- U-boot ## Buildroot % B 4514

1.6.3 v0.3 @ 2020.03.12

V0.3 %— T FA B A RBEE T EFEILI, #—FHAT KB OEY T RAL, @
MmO RBELEARALT AT HARBERFERAE, H % Kb Linux BHHHET
v2.6.10, v2.6.11, v2.6.12, v2.6.14, v2.6.21, v2.6.24 % $ A~ AN, #EH T HEH T X
R P T A .

e v0.3 rc3
— BRI P LA
e v0.3 rc2

— Rt git ©ETHRAR: FIACETRWHA git init+fetch, £ A4
— RIrAHN . FAHRIETREXA, —AFH TR 2. THT. RE. 4
#. B

e v0.3 rcl

— Fhe% Rt Linux B PR A L&

12


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

1.6.4 v0.4 @ 2020.06.01

V0.4 B RASETRAE . £ make Pt . REFRFKFR—F RERAKL, FK
HRA 64 42 ARM #4948 aarch64/virt #73% Uboot % 4% 7% arm/vexpress-a9 # Uboot
Bl EAlRATMA, A HRET —RFABRTEEZAEAN NFSD B3R FHG AL FRIFA .

e v0.4 rc3

— #3% aarch64/virt Uboot X4
— W EHRAANE LA E A NFSD #3548 Sync F & 124

e v0.4 rc2

— #FWE 16 T AR
— #¥ vnc B P Bk

e v0.4 rcl

— WA AL B B4 codeaurora
— Nhe R R B E ot Y O

1.6.5 v0.5 @ 2020.09.12

v0.5 AT % B #4012 Ubuntu 20.04, 2@ FAESAINLER IR, AR —F 2 & &4
om AR e

e v0.5rc3

— %% arm/vexpress-a0 B % ¥ & & E 9 A4 5] #2289 Uboot %% % K
— PR EXTALEA P ORANER, &R root FkEE S P

e v0.5 rc2

— #—FHE Qemu %#FHRE. £ Gitee #3 submodules 4814, T &A #27 &
— #3% Arch/Manjaro docker %% X A%
— %8 MacOS KB #0894+ 2 S0 1% 511 5 %

e v0.5rcl

— 2AREHFEFTFMARG L RLE R LI
— 2@ R EE] Ubuntu 20.04

13


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

1.6.6 v0.6 @ 2021.02.06

v0.6 T&F LG, #IE 6 RE ZRMA LA T

e v0.6 rc3
— #—F TE ALK LS
e v0.6 rc2

- %ﬁi‘g ﬁik—,é\- ;@Q’f‘*ﬂ”ﬁ*& arm/ebf-imx6ull ){3‘%

— #FWFLITA WA, ARERAEFTLSITHERTREE, RIMEAAE
e v0.6 rcl

— % R#EH T8 BSP &T&Adk

— B8 x86 R A b iE R A

— & aarch64/virt F & # Uboot 3| % -4

1.6.7 v0.7 @ 2021.06.03

v0.7 FEF LA EA Linux Lab %%, I BF8Les . BTk, ZRRBEFANE %
7%,

e v0.7 rc3

— ¥m v0.8 JF & X
— #3¥ Linux Lab Disk 1% A9
— MR B RIFERAED

e v0.7 rc2
— %% sd boot, ¥ 4bsk % dosfstools

— 4% A truncate B dd &l Z# L5144, RAQNERE

— A source, checkout, patch % B ## %73 make %% 32
e v0.7 rcl

— &% Linux Lab Disk 7%

— ¥ A F RIF R AR R LA

— #¥ £ @it s X2t Ubuntu 20.04 4 X4

— %% Windows # macOS %% E& webvnc £# 7%

— BRERRFIEENAIEA LI

14


https://tinylab.org/linux-lab-v0.6/
https://tinylab.org/linux-lab-v06-rc2/
https://tinylab.org/linux-lab-v06-rc1/
https://tinylab.org/linux-lab-v0.7/
https://tinylab.org/linux-lab-v07-rc1/

1.6.8 v0.8 @ 2021.10.13

v0.8 #73% LLVM/Clang, Rust #= openEuler %4 -

e v0.81rc3

— #3% Rust for Kernel /& £ #%

— #3% openEuler Kernel /% %

#3# LLVM/Clang %% %4, make kernel LLVM=1

— #3E rust LR MK

— Pocket Linux Disk #= Linux Lab Disk #a 4k £ # Fedora

e v0.8 rc2

— Pocket Linux Disk #= Linux Lab Disk #8% %4 Manjaro

— FRIB TR EHTRRE, RRATABZTRYIH TR
— %% MacOS L% i386/pc &%

— #—FFHE rootfs & X &R B X &

— #—¥F M make debug, #H& debug & T &8 K

— HETRLRE 1234 mukgt, %H T AR P & E TR

e v0.8 rcl

— &% T & % Pocket Linux Disk
— Pocket Linux Disk #= Linux Lab Disk 484 % 3 Deepin

1.6.9 v0.9 @ 2022.01.13

v0.9 £ & Linux Lab for Windows, R ZKIARNZEAE v5.13, KR AXZHE, Linux
Lab Disk Fl ¥ Z #E470 % X Aunde 2 4438 Kali- Mint 5 X470 4% -

e v0.9rc3

— #3¥ FAST FETCH #hft. 3£k T HR48E ABRA

— #3% ONESHOT A#Z%FEm, £RA AHFRIFGE LG KB A 5L L

— K#&ftA Linux Lab 98 shig EA X Z M, &7 10 2l 20 4%

— %% Linux Lab for Windows %4, Fl & 3 % Docker Toolbox #= Docker Desktop
with wsl2

— % 4% . O\ mipsel, arm ## powerpc 9 gee 4.3 X B A0 X R A A

e v0.9 rc2

— A v2.6.29 R ARAN AHF A make 3.81
— A Rust for Linux #3§ riscv64/virt #= aarch64/virt % #%

15


https://tinylab.org/linux-lab-v0.8/
https://tinylab.org/linux-lab-v08-rc3/
https://tinylab.org/manjaro2go/
https://tinylab.org/pocket-linux-disk-ubuntu/
https://tinylab.org/linux-lab-v0.9/
https://tinylab.org/linux-lab-v09-rc3/
https://tinylab.org/linux-lab-v09-rc2/

— #3% Ixterminal # qterminal X #%
— Linux Lab Disk #3§ Kali #= Mint %4, # &8 RLF L XM AL

e v0.9 rcl

— % llvimm T EB45%] 13
— AR AR AE vH.13
— # 3 cleanall. TR & #F¥ source #= build

1.6.10 v1.0 @ 2022.06.16

v1.0 & EF A E v5.17, B EAGFRIESDRE, KL make B2, T E I
examples, £# L4 -

e v1.0 rc3

— 2@ ¥ Assembly 5% %4

— M % &6 do target. & H i ® R E 69 A EHK

— AHERERIFNZB AR, B4 : nake kernel arch/riscv/kernel/sbi.o
— 18 make A# &4 it4, AFRE tab BAEREA LTRSS

— %% make patch ¥4

— ##H LA License 12 &
e v1.0rc2

— % RISC-V #4%F, gqemu #%%| v6.0.0, AHSALRE v5.17

— FF4% arm/vexpress-a9 #9 Bk K% E| v5.17

— 3% build i H #8842, R voaras/ T 9BAZ I —8, F1& T kK F B Az A
— & docker XM A LEATA S E X IF

— #3¥% Python %% 24

— %& Assembly #= Shell %% %41

e v1.0rcl

— 3% test DAL, A testcase FIMAT S o4

— %8 test THYRALALAER P, HFERE uboot Fo kernel

— AHRE¥ I app ©9F make A 47, %14 make root busybox-menuconfig
— B ERMERGRIFG A

16


https://tinylab.org/linux-lab-v09-rc1/
https://tinylab.org/linux-lab-v1.0/

2. Linux Lab %%

Linux Lab & 7T Docker: st T2 %% Docker #®ETEHAmEHEGLOA P X, X
Linux Lab EE %, BE =444, mE&EKRIARL@AL Docker 8 X LR R, %
XA RRTIE .

ATHELEER, BUAMERAEATREIR, BREFRENF, FE2ER7EGTS.

TREZEIBRKRER, ZHTERLIDAL, FHEEASENRALGRAZETH L.

e R ERE Linux HF XL ERLHg 342, AEREILLEM Linux Lab, 84 T4
M RBEAR D E W —A BB 349 Linux Lab Disk. ©4™ “&8% Linux 3% &”, TAA
AZFH APP A& “#B Linux” B X .

[Linux Lab Disk - &8 Linux % &) o2 L HF =TIk

. TikEE

i

— B £ 32G, 64G, 128G, 256G, 512G, 1T, 2T %, THEZHEEE T
. THA%R

— B &4 Topb ZATH, TiFZH L% Linux RATHR
— Ubuntu 18.04-22.04, Deepin 20.05+, Fedora 34+, Mint 20.2+, Kali, Manjaro

° i—g-ﬁ"fi

— MHEF . LFA 6412 X86 & Al £12AkA macBook L BpiEErE

t 8 3 : £ Windows, Linux # macOS # 4T A 34 MG #4178 5

ik . £ Windows, Linux ## macOS 24T B3040 . Xhundk R4

— MEEH . $IETREIRHX k@AW, TREER S ATRE Linux & 424K

— IR &% 83d#&% Windows, MacOS # Linux 9N R %€, RELALKREIEE
W JE i A R — B

— 8% % 3. £ Windows & Linux AL THiTETH, AxRB‘ELEHE L FHEY
A5 A £ 7 X

— #YMEE . TRAREEME, 128G T E ~256G A& 1%

— E#piE:. YRTAZE. RIAREFRE, TAESAS

— B RE . AEZALEAEEREBOELT, AHFREE A4

— B %, RRSEAAZTRINGE, TAE 1 94 AFE& Linux A#% . # A X Linux-
Uboot - iL% - C. Python. #%¥#&& . W% % 5%

o MKk
— RBRARAE . GHIA B AE—F F AR B A

. I‘L B ‘H:: 'T%
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— https://tinylab.org/linux-lab-disk
— WA BTHE. RS A% RET KEQE RN

Starting kerpe; ...

Booting Linux op Physical

CPU Bxo
#ezfﬂﬂfe fo [ .
{nyy. rux Lap

# uname .,

2.1 REH/HER

Linux Lab #— 2 2 &% X Linux AL, FENYEGRABYE HFEMETH, & 25
Gy R, AR RETE LT .

AR %X A

LU X86_64, > 1.5GHz €& E I &5 LikF 64 12 X86 L HEH
m & >= 50G A4 (25G), Docker %% (~5G), Linux Lab(20G)
M % >= 4G R NG THRASREN FMARRF LR

do RFE A LR S, s E ZRRSE 100G ~ 200G A L. AA/TARE 8G
AE, REEGERE 4 ANALE.

Lard @ LATA X4 Docker 8 X86 64 % %AF 2 1% 7T YA E % & 47 Linux Lab. &4
Windows, Linux ## MacOS, # @ EJUFF A 6 Linux KATHRAA A P 23X .
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71!

=

HEAE LR 2 RHEITE Linux Lab 8 A4 E R, e .

d/
<k

$ 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 di4dafb54

T W N =

2.2 #% Docker
i£47 Linux Lab & #%F Docker. AT¥A# %4682 %E Docker:

e Linux, Mac OSX, Windows 10
1# B Docker CE

o ¥ 746 Windows A (A& X2 £k A Windows 10)
1% B Docker Toolbox; 47T i Virtualbox & Vmware 2% Ubuntu % Linux £47
A& A% R

#3247 Linux Lab X1, #454F 6.1.4 THARLE suao RIRAELTLLEFKBTAT 44

1|$ docker run hello-world

A, EERAZEFEA Docker, 5 %obiE4FE A Docker %% ik IR % -

o FMTE = Docker #t#%1% A L A%

— EoPL P FREME, FRYEMKTFEEE L GEA
o USTC Docker #t1%1% H X A%

— EEmRM%
1 M Linux Lab 42+ 6% WL Docker A8 X F &, #FAF® LEAE T 6.1 ¥, 4% T &K

1R TR . THRHEBF AR F@MAET R .

HACR A, k454 B Docker L% .
Ubuntu AP ZXFM - doc/install/ubuntu-docker.md
Arch R P &ZEF#H - doc/install /arch-docker.md
Manjaro A P &% F# - doc/install/manjaro-docker.md
Windows A P i %= .

o # %% Docker B 7 XA # &AM Windows AR A& XL # Docker H R #EHF L FRE
Docker Desktop 5% Docker Toolbox

e Linux Lab %#alfx# Git Bash it 4 % &4 Git Bash 1A

— A% E R Git For Windows /&, T KAz&41% A “Git Bash Here”
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2.3 ZHFEIMEBR

T VAR £ A -/Dounloads 3 -/Documents I LiF— N TR, LT UM E -8 ~/Develop
Ak

$ mkdir ~/Develop
2|$ cd ~/Develop

2t F Windows #2 Mac OSX A p ., E% %% Linux: % %% 5.7.1 ¥ 75 Build Cache-

st F Windows B P, £ 2% 7 Git For Windows /&, TR X RArbt4dA T IT/EH %
Z 47 “Qit Bash Here” -

2.4 MBELAR P ®KY

—F&’RA'E%—FI"T’ ’i{]’%‘)‘lx“i]}é’]%‘k[ﬂ)ﬁ o LiHUX Lab %*%"ﬂﬂ root 'H,‘%’ {E%K%ﬁ%{im root rH"
5, LW eHZAARFE A .

é%éﬁﬁﬂﬂ)’ ID’ 0 /%QTT‘\ root > 3”5/?'*\‘%&7}7%3@[1{]?

$ id -u “whoami-
1000

N =

'ﬁﬂ%éﬁﬁf] root > g%ﬂﬁ']'g‘ﬁ}ﬂ)g > T:]‘*éjj% <USER> 75 Q &é’]ﬂ'{%g, ']:‘[5] :

1|# id -u “whoami~
210
3 |# sudo -su <USER>

'ﬁﬂ%ajﬁ'#fb%—]’-{ljﬂ‘ root 'H/‘P';T’ D]'Jbz‘jﬁ%ﬁ'}%"/l\%‘ﬁ[ﬂ)gr}%%’ {Fi’biftﬂixgﬁ laber :

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

$ whoami

T W N =

laber

2.5 THRERIFK

£ M £&@ R P T # Cloud Lab, &B &#%# linux-lab &% .

$ git clone https://gitee.com/tinylab/cloud-lab.git
$ cd cloud-lab/

N =

Yo RAGZREA T root "5 %k clone K&, THREFFLRBLARN P, Heh XA LA
RF .

1|$ sudo -su <USER>
2 |$ sudo chown -R <USER>:<USER> -R cloud-lab/{*,.git}
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2.6 #47#% % Linux Lab

& # Linux Lab #BR#E#Z4 & LATHG R P 24 BB LN .

[y

$ tools/docker/run linux-lab

@i Bash A#EE .

[y

$ tools/docker/bash

A Web & %% 5 B8 k£ ILHE .

[y

$ tools/docker/webvnc

HAE F T X

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

BHFEAHBEES X
1|$ tools/docker/login list # % kit & ., FHEE
2 |$ tools/docker/login vnc # H i #E— IR

BxrNCLE:

BRI R #E BRERP BEXAL

bash docker bash ubuntu A3 At

ssh % ssh ubuntu A3 A

vne Laxd ubuntu A3 EH +VNC client
webvne  web £ @ ubuntu =AM EHRZIEKM
webssh  web ssh ubuntu AR EHRZIKMN

WTE@EE vne BPRBELANT], AL ETZBLEA webvne, #ETAAEZANTF S4B 5
& .

%

4o R AR i\i@éﬁ vIe gf’ W K ARAMELEFE P, Linux Lab %4 M vinagre. &
W) % P omih it e T4 XiE 2

1|$ tools/docker/vnc vinagre

W R ERGATRET T, FRELEGASITPE RS VNC REEF L, BFERITA
B P 5

A& O TMEAEMGER, XA LEH X ssh 2 vine F I —2 & ITAF, 544 %1% A bash -
webvnc ## webssh =7 = .
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2.7 EHERIFEHEHET

[y

[y

K&, RERLH Linux Lab, 28 TREIGA LA XA RA M XA AR

$ cd /path/to/cloud-lab/labs/linux-lab/
$ git checkout master

$ git pull

4o R R ILA BATHIFE R A RINALRA FFR A%, BT A L4 Cloud Lab :

$ cd /path/to/cloud-1lab
$ git checkout master
$ git pull

4o R & Linux Lab $9&4733%, FHAXAFHAERE— T AR L, BakF L&A

B ARMWIIG R, LB EE (BFRE, FEUPITE—F).

[\l

[y

$ tools/docker/save linux-lab

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

2 J& #7247 Linux Lab BT, e RAFHGHLE, 2a3E M .

$ tools/docker/rerun linux-lab

2.8 RFLF: BFH—ANFERK

[y

© 00 N O Ut W N

#AERIRR, WA &

$ cd /labs/linux-1lab

BN T4, EBEE) vexpress-ao FAM LB H T E G ABARIHF AL

$ make boot

B root KT HEFT, FERMAEH (FBAZE), REFERMN root REMAEERT .

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

#

%)\ poweroff qu%]ﬂ*&%o

EBE. RO ALMOENIRLTE, THAT crrita x (RKRIET cme = 4> BER, BE

BET o) REBE Qemu. X, LTAFA—ANEHMNE, BE ki K prinn BE Qemu #42 .
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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

e RABEEEHETHRY, TUMEM arcn 45T W AME A rriten BB T AL

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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LA Linux Lab A P 4. B AZ4#43 . tinylab, A4&% . &ZBeAHL

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-IMFEK

3.1.2.1 REARK

M v0.6 BRIABE, AT F@#t—FFRIBERXRERHF £E . Linux Lab 4 L F A eyt
TR, HAFRX LT REREF FLARA Y X RARFEMEZED TR I

X EFFZHM T VA nake list-real 37|k .

$ 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/mmcblk0

N OOt R W N

WTARRAGAEEERMFRARERARK TAERZB XAREFITOFRIA, Hldo.

boards/arm/ebf-imx6ull/README.md

3.1.2.2 BERFRRK
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A G B AL R 6 BT A A F A vexpress-aos HATLTT XA TE B, I 4FF4% A 469 & 3
FF &M, BARIE poarp B, P4 T .

1|$ make BOARD=malta
$ make boot

W RELERLORT, LRABERBATRES, FMNARLLKINER -4 (FR— TR ZERA
£69), PTARBAMZT :

1|$ make BOARD=mipsel/malta

E]ﬁfTFﬂZé’J%‘ virt, pc '::Ff’ T’Tb{ﬁ?}?é%‘ﬁ]gé/}*&%

1|$ make list FILTER=virt
2| [ aarch64/virt ]:
3 ARCH = arm64
4 CPU ?= cortex-ab7
5 LINUX ?= vb.1
6 ROOTDEV_LIST := /dev/sda /dev/vda /dev/ramO /dev/nfs
7 ROOTDEV ?= /dev/vda
8| [ riscv3d2/virt J:
9 ARCH = riscv
10 CPU ?= any
11 LINUX ?= v5.0.13
12 ROOTDEV_LIST := /dev/vda /dev/ramO /dev/nfs
13 ROOTDEV ?= /dev/vda
14 | [ riscv64/virt J:
15 ARCH = riscv
16 CPU 7= any
17 LINUX ?= vb5.1
18 ROOTDEV_LIST := /dev/vda /dev/ram0 /dev/nfs
19 ROOTDEV 7= /dev/vda
20
21 | $ make list FILTER=/pc
22 [ [ i386/pc 1:
23 ARCH = x86
24 CPU 7= gemu32
25 LINUX 7= vb.1
26 ROOTDEV_LIST ?= /dev/hda /dev/ram0 /dev/nfs
27 ROOTDEV_LIST[LINUX_v2.6.34.9] ?= /dev/sda /dev/ram0 /dev/nfs
28 ROOTDEV ?= /dev/hda
29 | [ x86_64/pc 1:
30 ARCH = x86
31 CPU 7= qemu64
32 LINUX ?= v5.1
33 ROOTDEV_LIST := /dev/hda /dev/ramO /dev/nfs
34 ROOTDEV_LIST[LINUX_v3.2] := /dev/sda /dev/ramO /dev/nfs
35 ROOTDEV ?= /dev/ramO
WP T AL A
1|$ make BOARD=x86_64/pc

2 | $ make BOARD=riscv64/virt

do B AE ] 09 6 A TR B 8 poarar XA AT ERGEE RAWEA, R RLRY
B&RA T HRA P AETS A FAR AT ARLER.

1|$ make board=malta boot
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& R 1% A AvEE 5 AT RO 558 F R G & 7 X R E4T § A AR -
#EFERFEZORE

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

WA T AREEPOIMATER, BAIRART —HKEMA LM, 4o & LA)E A LA
TRLETFT— P FHNBRITHX

3.1.2.3 fTitH

AR ERTGF LM, CFAEEARMEEDALM (B Linux Lab BSP), &% —%E
B RRIRDTE BERFEY, BTG T A e dAZ 5 cinylap FIF S AAR L AR ARBEA .

BT NAZEABAZTFM APP A% “&8 Linux” B %, THEE N “Linux Lab
Disk” —#24& A, A Lt “Linux Lab Disk” E#t AR E Z 2 k28 Linux & IF3%E -

3.1.3 AFEHF X1EA
Linux Lab X 4% “3&#” 8, AHFAERLY git CEF R gP A RK. KARILY L
J e dp ST AR AR Linux Lab Z X #H ARk A 20T LR, AFORAAEBRITLETHRK -

ZHMA BT XFAT Linux Lab #3 — &5 L69B FAR X HF— L XAHOLEZEHRLAR
MEg R HHEFTRETESAIFRRIARNOLEERY, FTREEES MR H
6, (B LT A#EMHIE XY gemu 2 AEIE) .

X D7) & Ay AP 6 4 A

o R4k /C-Sky Linux

« #£:%/Loongson Linux

H ¥ . Loongson &4 4& v5.0 &7F# £4 -

3.1.4 REARMK
BRAEMAAFTHRE, 00 ERTAREFZATHRY, it A KD R
A XHAGRA. QEMU A, AR LI ERE, b, WEF.

BEHEFEAE, 2ERLHOREEE (voards/<BOARD>/Makefile) 5P BPTT, U T4 4l
vim 1}% & % ﬁiﬂ‘i*& él)$i’@@ﬁﬁx’ﬁ' (boards/<BDARD>/.labconfig) :

1|$ make edit

UL E—REBRKRGAE, BFREUGEHABBREA, IHTEEN L TH4S%3].
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T W N =

$ make list-linux
v4.12 v4.5.5 v5.0.10 [v5.1]
$ make config LINUX=v5.0.10
$ make list-linux
v4d.12 v4.5.5 [v5.0.10] v5.1

S %ﬁj@#ﬂ xR R # LKA /E}}i ’ 1%@1@ board-edit 77 board-config> LM, g’b(ﬂ,im
mn%cmg’Eﬁqﬂﬁﬁﬂﬁiﬁﬁﬁﬁﬁxﬁi&ﬁﬁﬁo

3.2 —#azn%mRiE

T W N

v0.3 A B Z G EMAKINIE T BARRHM X3, I, WwRBREFAM, B

$ make kernel-build

Fy

$ make build kernel

CHAHTRAAFEEGIA, SR, RATARAN —HF oL EAB AR

FR—FH, BILEANBAFDRELAT LR, Tt B iR R & BELT

BY ] o o R B RIATEAN D LB AR, 7T oA IR0 7 B S BB AT

D UL R W N

o p—

BT .

M =T AR

$ make cleanstamp kernel-build
$ make kernel-build

Fy

$ make force-kernel-build

D & 4y & R AR BT N AZ B AR 6 B TR

$ make cleanstamp kernel

%Y AL R A& A T root, uboot #= gemu -

3.3 #ayRoM

3.3.1 T#H

T W N =

T HRAFT A KRG . A - buildroot A% U-boot % 7RAS .

$ make source APP=bsp,kernel,root,uboot
R
$ make source APP=all

$ make source all

de REFREHRTHRZELIRS .
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make
make
make

®©H B N B

make

make
make

make

—_
= O © 0 O O W N

@ N H &P

make

bsp-source

kernel -

source

root-source

uboot-source

source

source

source

source

bsp
kernel
root

uboot

M v0.5 F4&
Lab B %, #HiEZZR 3 -

BT A BARAS T #.4 Linux Lab 8 srey B kT, B LIRAA A4 E Linux

EE. WRALT cacue_src X oneswor (REH 1), HTFHGBRAIGEHAEA buitd/sres B F
T, LRGN ELAETFHERGREN, TMNEEANELSE L.

3.3.2 &

# i (checkout) & & #4 kernel # buildroot R .

1 |$ make checkout APP=kernel,root

XAk AE AR X3

$ make

$ make

x

$ make

N O Ot W N

$ make

kernel -

checkout

root-checkout

checkout kermnel

checkout root

o R T A E K fm FHA L TRER, FRELAFBRTEARR AT HGINRE .

$ make

$ make

x

$ make

N O Ot R W N

$ make

kernel -

cleanup

root-cleanup

cleanup kernel

cleanup root

VA LR A& F T gemu #= uboot -

3.3.3 I#T

& gi*gl:h‘ T, AT @éﬁ Zt\/}? %ﬁﬁij}- boards/<BOARD>/bsp/patch/linux %" src/patch/linux/ %1%

T

29




1|$ make kernel-patch

2

3| &

4

5 |$ make patch kernel
3.3.4 &%

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

1|$ make defconfig APP=kernel,root

FRELE, #E LTI voards/<BoARD>/bsp/ T 89 defconfig :

$ make kernel-defconfig

$ make root-defconfig

%

$ make defconfig kernel

N O Ot R W N

$ make defconfig root

1% F 45 2 89 defconfig B & .

$ make B=raspi3
2 | $ make kernel-defconfig bcmrpi3_defconfig
3 |$ make root-defconfig raspberrypi3_64_defconfig

4o RALRAE defconfig 898 F» M & P14 B F 89 R F B 572 voards/<soard>» A J& & buildroot,
u-boot ## linux-stable 4814 B BB AR src/buildroot/configss src/u-boot/configs Fa src/linux-

stable/arch/<ARCH>/configs o

3.34.2 FHRE

$ make kernel-menuconfig

$ make root-menuconfig

%

$ make menuconfig kernel

N O Ot W N

$ make menuconfig root

3.343 Retyr A E

make kernel-olddefconfig
make root-olddefconfig

make root-olddefconfig

@h SN H &P

make uboot-olddefconfig

S U W NN
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7

8 |$ make olddefconfig kernel
9|$ make olddefconfig root
10 | $ make olddefconfig uboot

3.3.5 %#

—#2 %1% kernel #= buildroot :

1|$ make build APP=kernel,root

¥ 3% %% kernel #= buildroot:

$ make kernel-build # make kernel
$ make root-build # make root
%

$ make build kernel
$ make build root

N O O W N

A v0.5 FH4 . T A MELE R G 5E Linux Lab 8 vuiles B E T B LRAALAE output/ B
x> HELZBRREY -

3.3.6 ®&#&

AT A §9 B B A R tootfs/kernel /dthb 9 image 4 :

$ make saveconfig APP=kernel,root

2 |$ make save APP=kernel,root

¥ A B B An image LA B boards/<BOARD>/bsp/ :

make kernel-saveconfig
make root-saveconfig

make root-save

©hH P €N B

make kernel-save

make saveconfig kernel

© 00 N O Ut s W N

make saveconfig root
make save kermnel

—_
= O
@ B BH B

make save root

3.3.7T B#

BAEATRAERE RO E s XB#H, R ERETUER crita x, poweroff, reboot K
pkill gemu él}/?\ (‘ﬂ"ﬁ'—\f’?‘% 622 4']47_>

1|$ make boot
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T W N =

ARG XBH (e REEBEMLA crL+aLT+2 quit):

make b=pc boot G=1 LINUX=v5.1 BUILDROO0T=2019.11

make b=versatilepb boot G=1 LINUX=v5.1 BUILDROO0T=2016.05

make b=g3beige boot G=1 LINUX=v5.1 BUILDRO0T=2016.05

make b=malta boot G=1 LINUX=v2.6.36 BUILDRO0T=2016.05

make b=vexpress-a9 boot G=1 LINUX=v4.6.7 BUILDRO0T=2016.05 // LINUX=v3.18.39 works too

©hH B N H &P

o AREMAMMATXEHEE LCD AR IH, LEXFAKRTATE L Linux A
#% 5.1 RAE)IELT . raspis A7 malta BRI LR LF tty0 Lmfer LF4E LM .

o #HR ButLbrooT BCE LA B TR E T tty %im A # 0 (BR2_TARGET_GENERIC_GETTY_PORT="ttyAMAO") »
wHE B ABBERE, HEEARIHEL Jetc/inittad T 3289 gerey KRBT, Hl4, e
ttyAMAO B3R A console; W M E AT Qemu 8 “View” R £k s & o LsnBiL i -

vexpress-ad Fa virt R4 'T?:]"‘//‘(.’inia‘% LCD: {EXT%E%JFV)’T‘%[J gemau TAB LA B HT#E‘E G=1

SR ARBATHF “View” 3£ d$ osksn, 2 aMAEZATHRK LCD fF42&HR3 . &
f1°T VAR T xoprs #&7M 48 A SM 89 qemu 54K .

1
2

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

AT curses AH 5 X B3 (X 2#ES KM bash/ssh 88 F 7 X, 1271 % 2 BT A A RARAR

Ak, BB E Z4E A Esc+2 quit K ALT+2 quit)

1

T W N =

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

1% F T %% 69 M A%« dtb 4= Rootfs & %) .

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

1 R #68 A 4« dtb #= rootfs B # .

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

4o R Bz A A= Uboot T A&, EHhiE—NIGEHRR .

$ make boot BUILD=kernel,uboot

B H‘I%"%‘)ﬂ Uboot ( B ﬁﬁ{ilﬁ]'] ‘Lg\ﬂ’; ia‘% T versatilepb ﬁ" vexpress-a9 @%ﬁﬂ‘ﬁ*ﬁ) :

$ make boot U=0

& M AR & rootfs B & (R T AR L35, BFHEHRE /dev/)

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

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

$ make boot ROOTDEV=mmcblkO

$ make boot ROOTDEV=vda // virtio based block device
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N O Ot W N

[y

1 RAIG A SIT5E B (B . xker =

eXtra Kernel Command LIne):

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

7k X AF 6918

make
make
make
make
make
make

€hH B P H PH P P

make

list
list
list
list
list
list
list

ROOTDEV
BOOTDEV
CCORI
NETDEV
LINUX
UBOOT
QEMU

'@E[ﬂ list <xxx> °] VA ;T:f%i % <xxx>-list> 1?'] 4o .

$ 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 PANIC_TIMEOUT=5, X & M 4% panic K A 5 4

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

34



4.1.2 A ABER

W N

Yo BT A 6 A 3R A A AR R

make modules
make modules-install
make root-rebuild // not need for nfs boot

®@H P H B

make boot

7| & src/modules/ 47 boards/<BOARD>/bsp/modules/ BA2 T8 ﬁﬁ_;ﬁiii)%\‘ :

$ make modules-list

o R e b g ;4;‘#(’ % T 7 & src/modules/ Fa boards/<BOARD>/bsp/modules/ A2 T8 ﬁﬁ;ﬁ%‘:iﬁ?]\ » i

25 src/linux-stable/ © 8JPTH AZ 3 .

T W N =

© 00 N O Ut W N

_
=

—_

[y

[y

$ 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 c¢=MINIX_FS ; m=minix ; M=fs/minix

18 RE— SR AZAR IR

$ 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

itk — AR AR (B4 . minix.ko)

$ make modules M=fs/minix/
x

$ make modules m=minix

4R An T AL

$ make modules-install M=fs/minix/
$ make modules-clean M=fs/minix/

H A4 ik

$ make kernel-setconfig m=tun
$ make kernel tun.ko M=drivers/met

$ make kernel drivers/net/tun.ko

YRR A M AR R (AR IF R BRARIR) -

$ make modules m=hello
x
$ make kernel $PWD/src/modules/hello/hello.ko
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4.1.3 &R A4

4.1.3.1 #| L7 ¥4 feature

A A G A PEAR & F B AR src/teature/linux/s E P BAFETHEGREAT, TUAATERE
EENRBE IR FFE RSN

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

TEF R T 4t LA I e B4 F 6 AR AR, de B E A & R PR 69 95 A R 1% 7T VA
SEHIAE

4.1.3.2 EARZER L H
A TARR AR L H, ToAMAThe T #6934 .

// % E KB ¢ FEATURE % 8 # & & 3 & & X # F
$ make feature FEATURE=module
$ make kernel-olddefconfig

W N =

$ make kermel

4.1.3.3 B A rust feature
VA x86_64/pc TF Z AR A ]

1|$ make BOARD=x86_64/pc

W E v5.13 WA, BA BT R# rust patchset RAEITAE v5.13 A# L.

1|$ make config LINUX=v5.13
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%1% ﬁ\] 7]:2 ) ﬂ""fiﬁ] rust_print #iikﬁfflm 'Lg\‘ :

/] EHEETFTHE . TR H— AL H DR

$ make kernel-cleanall

[/ FFEMRK, REHNBRAHT FARE . A% feature REFT &K A, R I KRMRAA K

T W N =

$ make test f=rust m=rust_print

4.1.3.4 B2 A kft feature

AT & malta AR EBIERT 2.6.36 A wee S, T APAT T HAF

[y

$ make cleanall b=malta
2 |$ make test b=malta f=kft LINUX=v2.6.36

4.1.3.5 B A rt feature

Linux E# 4 R4 T RT Preemption 8 %25 2 445K, {22 &F AR % patchset # & £
Sh, XESTAMERA .

1|$ make feature-list f=rt
2 |$ make test b=i386/pc f=rt LINUX=v5.2

4.1.3.6 #H A5 FE feature &Z

#2 feature %€ (FF®.labconfig ¥ A& R T) !

$ make feature FEATURE=rust
$ make feature FEATURE=

[\l

.]'-Kii)b HE% make config Jr:ﬂ/i\"iio

4.1.4 HRFARFX

e RABHE—NADXERMIAL, BATASEZ T HFHE.

B A src/linux-stable 3K EC E 89 H b xerver_sre B R T E T EMRBIRAHTE—A git 2 L,
Ba%m L RAZE v5.1:

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

?’k\}éf\@i‘i kernel-clone A Linux Lab é{’ vH.1 i[‘%—-fb‘ﬁiﬁﬁ"*ﬂfl 3] 737{ :

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

G RIARBEE — AL -

Yo RAEBRATZ vl AP AT VI L AF G RAR P Pt — MAAE L8, WA i3s6/pc A H
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$ 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
.11 vb6.2

N =

Bldo, AT v2.6.38 AL, TAFEM v2.6.36 RL%, HAOREETEL, HFIATRE

9\
1|$ cd src/linux-stable
2|$ git checkout -b linux-v2.6.38-dev v2.6.38
3
4 |$ make kernel-clone LINUX=v2.6.36 LINUX_NEW=linux-v2.6.38-dev

FRERRF, FRE commit, A, HEEERN LTS BRFREIZTE .

kernel-checkout, # # £ AN EMA, THRELE S LA X
kernel-cleanup, F¥ git © /&, T LHFEF I A7 # %

o kernel-clean, F&m £ HFIEE

 kernel-cleanall, Fl & 22 %1% 4 R fe IR A 45 20

4.1.5 RRABELABCE

v0.8 74 # 3 T kerveL_rork X ¥, TUEBEER I E =7 Linux RAECE, Wi LER
openEuler = wsl2, MR X 4% xs6_6a/pc: A H & L4+ aarchea/virt

Bl de, 4o R BEHF wsl2 A¥, 4% xerner_rork BP 7T -

$ make BOARD=x86_64/pc
$ make config KERNEL_FORK=wsl2

3 |$ make kernel

[\l

wREBERE wsl2 A, HFE b TEREGKAT .

—_

$ make edit
2 | LINUX [KERNEL_FORK_ws12] := linux-msft-wsl-5.10.74.3

J& @8 RS AR S E T LR git tag.

4.2 Uboot 35| %&£ 4

N —Fjﬁi;}% U-boot éﬁ*ﬁ% : versatilepb Fa vexpress-a9 CF 1@3}1%""%( :

1 |$ make BOARD=vexpress-a9

T # Uboot:

1|$ make uboot-source

Bl — A 2K (JRAK B /A boards/<BOARD>/Makefile T UBOOT %) :
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$ make uboot-checkout

Jo B ol B A T 4520, “T vA45 & BootpEv #» mrootpEv M ANIER X E . 4o R4 M E A MEAE A

flash o

1

$ make uboot-patch

4o % Q— 2 E)% ;J“é‘ /'i’{é. 7’7 tftp, sdcard ék(‘ flash> D“J ol J0 /{i ﬁfﬁ N uboot-patch Ed ?]"T & 17 make uboot-

checkout :

1
2
3

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

sootoEv | T 1E & uboot 8 & K E & AE M Z X & 5] 5 roomoev A T & VF R AR E e £,

rootfs -

N =

[y

[\l

[y

fe & U-boot :

$ make uboot-defconfig

$ make uboot-menuconfig

4% U-boot :

$ make uboot

1% A Bootpev 47 rootpEV 7] F, £ E KA flash 7 X :

$ make boot U=1

j‘!’:i\ﬁi}ﬂ tftp, sdcard EX(‘ flash 73_5\4 :

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

FATLT AL B #H 5] S HE KX T roomoey &, 5] 4o .

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

MATHE, 4 ramdisk, dtb #» ulmage :

$ make uboot-images-clean
$ make uboot-clean

%% uboot el & .

$ make uboot-save

$ make uboot-saveconfig
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4.3 Qemu &M B

A E 8 gemu RHF A R#H 8 Linux AHERE T4, AKAA N TFFR B THIF qgemus
BAT %1% qemu 8 7 k& vexpress-a9 A= virt F AR L ZBIEB T .

Bk %F gemu-system-ARCH :

1|$ make B=vexpress-a9
2 | $ make gemu
3 |$ make gemu-save

gemu-ARCH-static # gemu-system-ARCH £ F it —#&2%#F4, A T #14F qemu-ARCH-
static, #HA&FFZME Makefile T & A% 48 qemu_vs=1 RE B EH %BF .
wRIFET QEMU f» QTOOL, A8 2 IR 2K 42 bsp FA3R F 8 QEMU #»

QTOOL: mFAACERRERMARLTOMA, 2R LERARARIFGRAEA, wRRAA %
Fid eyt

HEAFGABEALME, w2 R4EA 2.5 BmA QEMU. Linux 5.0 £ &47d4 ¥ &4t
¥ QEMU #4232 2120 B, FIMHE L. HEXAE AR RIRLFEZEM LGP .

Qemu BRAFFHRLBETFTOCEATRI, EEATHERAFTEM2MA . R TRE—XRFE
BB TBHEH, TABE 4 TH X ZE k5.

1|$ make gemu git_module_status=0

4.4 Toolchain 24

Linux A#EE 604 BEERE. NEOTAETREES LREAF. 4T A 4 Ley
JEJ s R H AR mohE TR . 24 ARMG64/virt, CCVER # CCPATH -

ZI i F e T LAt

1]|$ make gcc-list

TR MR GAE RSN T LA

1|$ make gcc

Mk BIFERRA, B FhT .

$ make gcc-switch CCORI=internal GCC=4.7

3 |$ make gcc-switch CCORI=1linaro

4o RARIE T INER T AL, WA R E 69 T A4k

e RAAAENEG T LG, MaLMag o TR . S %45 B2 L4 aarch64, arm,
riscv, mipsel, ppc, 1386, x86 64 % MMk £ R ih

GCC 89 R AT vA 9 2 7 K #8245 € 89 Makefile 4t 2 Linux, Uboot, Qemu # Root %
VIECR S
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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=arm/vexpress-a9 U=0 V=1 MEM=1024M ROOTDEV=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=aarch64/virt V=1 ROOTDEV=nfs 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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$ make feature FEATURE=debug
$ make kernel-olddefconfig

N =

3 |$ make kernel

YRAE R AE R — AN AR

1|$ make kernel JOBS=1

'ﬁ"%i ‘ vnc ak% webvnc JXFD“:Té/J '].35 T U’Fﬁ%'/v\ﬁ%iﬁ}g]ﬁ&

1|$ make debug

BT — A FH &R E 9, A .gdb/kernel.default BB, B FHEAT gdb

'faiE &U%E I bash -~ ssh ‘X(‘% webssh ]&Fﬁéﬁ 7]‘51}’ i\‘ﬁ‘)?&]xﬁ"/)\ Linux Lab: ‘ﬁ‘
RIBEAThe T A A Bp T .

1|$ make debug

FTRBERZ, BHERLIFLE 0, F2FHASAE 0, F—ELT, —LRAK.
4o 78 {’\%’U}ﬂﬂﬂﬁ’i\ A N —145 %] .gdb/kernel .user > zﬁéﬁtql’/{iééﬂ‘g&

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

A LGS FNTET T4

1|$ make debug linux

B #h WX PR T A B AT 4 T 454

1|$ make test-debug linux

B A AZ T 4 s i BT AR 8 RS AT

1 |$ make kernel-calltrace func+offset/length

o RIF AL PR 1234 &R, TiAE qgemu RFRAEF R Y, FHFERT.

$ sudo netstat -tlp | grep 1234

tcp 0 0 0.0.0.0:1234 0.0.0.0:% LISTEN 3943/qemu
-XXX

3|$ sudo kill -9 3943

N =

4.6.2 AiX Uboot

4o % R K Uboot (KA .gdb/uboot .default TR A) :

1|$ make debug uboot

wRABIEHEEEY Linux Lab, T2 asELE 0, HERTARPAT T AT
e AR
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1|$ make debug uboot

Bl A =T vA 8 s WX 1K

1|$ make test-debug uboot

Rl 3, o RS BOR AP A, T A N —14p 3] .gdb/uboot .user > AT ARG -

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

4.7 8 3HALWK

VA aarché4/virt /VF 75 /';‘fi ™ él] in /4\27“)5,( :

1|$ make BOARD=virt

7@ /m’]'kg\ﬂl&/&%) /TI:T‘- src/system/ B iT%ﬁiw%éﬁ i'ﬁ;/ﬂ%‘l’$ :

$ make rootdir

[\l

$ make root-rebuild

B3NS RFH (5% 622 F)

1|$ make test

MIXRTEE TR EZM

1|$ make test TEST_FINISH=echo

BAT— T B P ALEg X A A

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

EATE P ALE MR A ) (commanp_LIne_size LR B 4% K, 4w, 4096, £ & T L% cndline size
B

1|$ make test TEST_BEGIN=date TEST_END=date TEST_CASE='ls /;echo hello world'

HATER B MK

1|$ make test TEST_REBOOT=2

Z&: reboot TAR AT LA G R 1) &, 2) 4 4%; 3) 2 JGH K %, test_TIMECUT=30; 4) A
B 0k 5 AR 44 4% 48 A 9K TIMEOUT_CONTINUE=1

/fi”/l\#%/'i‘éﬁﬂ‘i*}i-tlwﬁ\’“/l\#%i LiHUX H&ZFQIJ%/I\#J% (cmdline_size 4%%#] '3_‘3‘%5}]0

commanp_L1NE_s1zE 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%

A Ay R A5 KA

M

s

Z

1

WX — A AR

$ make test m=hello

MIX % AN AZAR R .

$ make test m=exception,hello

AT EZH ROOTDEV MaXAk, skAEA nfs 51 7 X, (2E&H LA LRTRES LHF
%

$ make test m=hello,exception TEST_RD=ramO

F2 MR A A AR E 4T DX A ] (£ insmod #» rmmod 4 8] 3E 47X A 7)) -

$ 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

A2 MK A 3R P AZ A SR i 3B AT X R A5

$ make kernel-setconfig y=debug_fs
$ make test m=1kdtm TEST_BEGIN='mount -t debugfs debugfs /mnt' TEST_CASE='echo EXCEPTION
> /mnt/provoke-crash/DIRECT'

£ MK R BR R AR SR B AT KR B, AR N AR SR

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

MK B R AE R feature-init (& JELR T LAY 4 B H])

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

/D]'J 13?.7}3‘@&7{{ VA &7}%"}7){‘ é@ f&ﬁ’ﬁl (1’;{ H make kernel-menuconfig ﬁ’ﬁ'ﬁ iE'L‘) :

$ make test m=lkdtm y=runtime_testing_menu,debug_fs lkdtm_args='cpoint_name=DIRECT
cpoint_type=EXCEPTION' LINUX=v5.1 TEST_PREPARE=kernel-cleanup

MR R 4E A feature-init. boot-init: boot-finish YA & IR TEST_PREPARE :

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

MR, — A R Az AL 3 BLE M X AT AT £ 2 make B AR -

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

R —&eAMRPTA HE ONTRI XD, wRXNEHEAL, FH5F 6.2.2):

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

12— %44 MRXATA A (F uboot, 4R X #FeyE, Z4de . 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

EE LRAMRAXURFRAFZLEABRALTRAAN, wRAETE, HHRAAZG AN
K

4.8 XX F

A X F4e T 7 kA Qemu A MAn AU A A fir TAF

4.8.1 & rootfs P =¥ L4

% SC’fLLI‘?J’iE src/system/ 8 4a 2 42 F ‘?‘%tﬁ‘j ﬁ"—fﬁ gl /VF rootfs :

mkdir src/system/root/
touch src/system/root/new_file

make root-rebuild

oW N =
¥ H H P

make boot

.tlij;‘tai/f/?/f’i root Iﬂf" Bl i—F%ﬁ—i‘g new_file i'fél' °

4.8.2 XA NFS #¥#

1% ] RooTDEV=nfs LR B FH I KK

1|$ make boot ROOTDEV=nfs

EH#NFS B &4 -

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

N =
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4.8.3 & tftp HRXH

T W N =

=W N =

£ Qemu A RMR LEAT veep 45 F TAALE tftp RFE -

F A

$ ifconfig broO

inet addr:172.17.0.3 Bcast:172.17.255.255 Mask:255.255.0.0
$ cd tftpboot/

$ 1s tftpboot

kft.patch kft.log

Qemu F AR :

$ 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

2&E: HRUHA Qemu ALK AFE B TAME, LA I EQIE NG, X2

— 4 bug?!

4.8.4 #i 9p virtio £ F 4

A XAl A —AF e R A 9p virtio, 5 #E qemu 9p setup - %4F qemu B oL A%

F --enable-virtfs & s BB WAL M AT Il B 6% .

0 N O U W N

EHEREAGLT

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"%%’%@%m gemu 89 —virtfs M -device virtio-9p-pci B %%'fﬁﬁél//\_t PCI *H%éﬁﬁ;ﬁ’

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

-device virtio-9p-device TRV GABILA .

A TALREA LA, HMAAT 4

$ make feature FEATURE=9pnet
$ make kernel-olddefconfig
Docker At
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https://wiki.qemu.org/Documentation/9psetup

1|$ modprobe 9pnet_virtio

21% 1lsmod | grep 9p

3 | 9pnet_virtio 17519 0

4 | 9pnet 72068 1 9pnet_virtio
M

$ make BOARD=virt

$ make root-rebuild

touch hostshare/test # Create a file in host

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

© 00 N O Ut W N
R=c3

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

10
11 | $ make boot SHARE=1 SHARE_DIR=build/aarch64/linux-v5.1-virt/ # for internal modules
learning
12
13 | $ make boot SHARE=1 SHARE_DIR=src/examples # for c/assembly learning
Qemu &4 :
$ 1s /hostshare/ # Access the file in guest
2 | test

3 1% touch /hostshare/guest-test # Create a file in guest

1€ A Linux v5.1 B 89 Lk -

T E A XHFRE

aarch64/virt virtio-9p-device (virtio-9p-pci %2 nfsroot & LAF)
arm/vexpress-a9 X X ¥ virtio-9p-device

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

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

4.9 #3 L%

LiIIUX Lab /{5’- src/examples/assembly H %Tﬁ’#’l’ z 1[%’?&527 él] 45'] % :

$ cd src/examples/assembly

$ 1s

aarch64 arm mips64el mipsel powerpc powerpc64 riscv32 riscv64 x86 x86_64
$ make -s -C aarch64/

Hello, ARM64!

T W N =
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4.10 #3 C #%
4.10.1 AR iEFEAT

A hello 4 #] .

$ cd src/examples/c/hello
$ make
3 | gcc -fno-stack-protector -fomit-frame-pointer -fno-asynchronous-unwind-tables -fno-pie -

[\l

no-pie -m32 -Wall -Werror -g -o hello hello.c
4 | Hello, World!

4.10.2 X LpiFfELT

T @ E N8BT A Linux Lab TR L4RERHET C 25, A X32 (code for x86-64,
int /long/pointer to 32bits), ARM, MIPS, PPC #= RISCV %4 .

1|$ sudo apt-get update -y

2

3]1$ 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 ¥ ., s/l -static., & M & 170 & A K& &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!

L@ RBE gemu-user BG4 MIFBEBIT, WRRBAEBAFKRT LB, 524 481 FREHAE N
T8 A RABPT

i%%@%nmmmgmwM&h@ud@Q%&W%s@Z%Hbﬁ%mcqﬂﬁﬁ@va
search 7}/:?'%? iﬁ’—é\ﬂél} 5']/%& °

48



4.11 &EA7E &Y make Bz

Linux Lab 23 F A APP &% Makefile # & L6 Bz, 4o .

$ make kermel help

$ make kernel menuconfig

$ make root help
$ make root busybox-menuconfig

$ make uboot help

0~ O T W

$ make uboot menuconfig

10 | Or

12 | $ make kernel-help
13 | $ make kernel-menuconfig

15 | $ make root-help
16 | $ make root-busybox-menuconfig

18 | $ make uboot-help
19 | $ make uboot-menuconfig

EMNAEEHA X HED FHRTILAEZEETZE make B 47k 4115 kernel - rootfs #=

uboot .

4.12 £ A%

WP ETRIAFT LS Mk

o 1M Linux Lab #5454k

— Linux Lab: #EXduieEdd+ K2 d V1.0
— Linux Lab: #EXduiEg+ K2 d V2.0
o TXAFFM

— Linux Lab v1.0 ¥ UF#
— Linux Lab v0.9 ¥ U5 #
— Linux Lab v0.8 % U5 #
— Linux Lab £% %% F# V0.2

e Linux Lab AN R : SHENL . FRAEP S Z . £A2AM @4 . Linux Lab Disk
— CCTALK
— B 3

« & Linux Lab 1F 4 5 855 8 737 R 72
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https://tinylab.org/why-linux-lab
https://tinylab.org/why-linux-lab-v2
https://tinylab.org/pdfs/linux-lab-v1.0-manual-zh.pdf
https://tinylab.org/pdfs/linux-lab-v0.9-manual-zh.pdf
https://tinylab.org/pdfs/linux-lab-v0.8-manual-zh.pdf
https://tinylab.org/pdfs/linux-lab-loongson-manual-v0.2.pdf
https://www.cctalk.com/m/group/88948325
https://space.bilibili.com/687228362/channel/detail?cid=152574
https://www.zhihu.com/people/wuzhangjin

— (360° ##1 Linux ELF)

(Rust #& 7 Hik £F)

— (R TAEMR)

— (Linux A KA THERNB 5 £ &)

%A Linux Lab ## Linux Lab E£ Z #¢ B+ . R#E£%F
— &P ERT Linux Lab ¥R A B B . & LiERET] .
%A Linux Lab ## Linux Lab E#& X #% 8 E 844 &k

— ARM IMX6ULL. % % &5
— RISCV-64 D1, F %

Linux Lab A X iE & 7+ & 69 ] 34 58 4

— Linux Lab Disk. #%% . Bp468¢ A Linux Lab /& 3R3%

* % # Ubuntu 18.04-21.04, Deepin 20.2+, Fedora 34+, Mint 20.2+, Ezgo
14.04+, Kali, Manjaro

— Pocket Linux Disk: %% % . BP4&EBP Bl Linux ZATH

* % # Ubuntu 18.04-21.04, Deepin 20.2+, Fedora 34+, Mint 20.2+, Ezgo
14.04+, Kali, Manjaro

20


https://www.cctalk.com/m/group/88089283
https://cctalk.com/m/group/89507527
https://www.cctalk.com/m/group/89626746
https://www.cctalk.com/m/group/89715946
https://gitee.com/tinylab/linux-lab/issues/I49VV9
https://shop155917374.taobao.com/
https://shop155917374.taobao.com/
https://shop155917374.taobao.com/

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

o1



© 00 N O U W N

—_
= O

[y

]

W N

LiHUX Lab "ﬁ/fi%'f%ﬂ"% ﬁﬁiéﬁ @aﬁ > xxx—-clone éﬁ/?\%- B}]’T‘%’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‘a’#&$ﬂ‘hﬁﬁfﬂ 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 INE IR AR K H £ F 7 8 defconfig BT EH —H ARG RE .

52



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 .

RRAGNES (QE—ARGENAFGLHFALAEA build B %)

$ make build cache

EARGBHEAGEARSE (RCEBAMNSEFTRE):

$ make build status

A B 4% 5 A SR e iR

$ time make kernel

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

$ make build backup

93



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

o4

>

8 pull request -




6. ¥ R

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

A T H#A6 Docker 481489 THRE . #H45% 6.1.6 ¥ -

6.1.2 Docker Mm% 5 LAN #%R

8% docker M %4 10.66.0.0/16> &M, ZF XM TH X2t L#ITE K.

$ 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 2 F AME & A K .

1|$ sudo service docker restart

$ tools/docker/rerun linux-lab

4o R Linux Lab 69 MM ALEEE TAE, FZREA A7 —AFAMBHIA, FRABRLS
LAN 33k % .

6.1.3 R EMFEEEL Linux Lab

Linux Lab # %% # #&# T Cloud Lab F7%& 2 2 ¥ docker 35, Bk, 4177 £ XM
# Cloud Lab #A¥ AL L B4#3247 Linux Lab, SM AR LWL VRS RBIKFLAREL
o= 12 69 45K

Linux Lab &%+ & § £ @ Z A A docker & AL A bR EAF IR k@ £ A TF A
Gob RO KA, Mdmeid KA1 EF 698 E, Bt Linux Lab # £1H&] L4 E K3 £
TR, g RERIAFGTE R

6.1.4 3k root £*3iEFT tools ¢4

ﬁﬂ%%’%ﬁ?\ﬁiﬁ] sudo él]’]%l}i_l“’m/ﬁ‘ tools H j)é_]:éﬁél}/?\’ 1%5}%'{%’]%7'36/7%)? ’73(‘}.7‘15'] docker
W EH B B F AR A

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

E& A RE LA root M EAKIAAZ IR root A LAEAY, BIAE S LI LA A P
He X docker A P 4.



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

26


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/save 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/webvnc

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 :

57


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

%EWXT%V/L—F%&*&’ %%W#ZHELZF 5.1 (LINUX:VE)l)’ poweroff %" reboot 4’%’/?\71&/2)]:-'%4
EXY

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

 mipsel/lslb

o8


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

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

 arm/versatilepb

F2 BT poveroff B reboot I, AL S HEHA, ATRYE gemu- ¥ 1% A cTRL+a x AT shell

4& < pkill gemu -
AT AHNRZXEF LI, HAREZE teEsT_TIMEOUTs )49 : make test TEST_TIMEQUT=50 o

KBRS Z &N

6.2.3 #fT& i qemu

1% 4 | 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 &

X2 d T docker 8 image BH L# S8, MR 7T HEZE#N cloud-lab B FEHE4T lab:

[y

$ tools/docker/rerun linux-lab

6.3 kA X
6.3.1 NFS 5 tftpboot FI4

4k NFS sk tftpbOOt FAAER . HE EHGHEAT modprobe nfsd 38 i B AT /configs/tools/
restart-net-servers.sh ﬁ%ﬁ'}g #h M 95-}]& 7 TFJ E})ﬁ (G %@*Jﬂ tools/docker/trun o

6.3.2 £ vim PEEZWHEF 0

A% Z A vim FPARBET o, ATEBRFR, BA—AEo#HIF -G, HFHEA

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

29



6.3.3 k#& Backspace RI4F

k4B ArE Web @ raetf A, Hik, ki “Delete” & “Backspace” 4 FAER ., %

Ei)ﬂ alt+delete ék alt+backspace ?ﬂ/a\fi%,

AT RE S A FE428 N5 .

HLEA Vim Bash

fre /it ~/$  Ctrl + a/e

A/ ERE—NF ap Ctrl + Home/end
@ETW—AF @ Alt + Delete/backspace
MW T I —ANF At +d

T RRAHTA o Ctrl + u
HkirE A as Ctrl + k
RRTWOAE Ctrl + y

6.3.4 fe iR ik T XA

7@ T ‘kﬂi}f{%i/q’ i%ﬁ)\/‘f ’ ‘i%@i)ﬂ CTRL+s 'H’\"ﬁ%égr T CTRL+space > Vj\l&ﬁ’%z&i’@ g‘\ 2;;[;]\1]?9"2 °

6.3.5 & TAY Web R@E oK

A AART KTAEY Web Rl g vy R, —#HZABZ noVNC AM LK E Scaling
Mode: &M BHFRAETABEL ; Foh—FRAERHHIEL

REANBE—FF, LR RFAEL, BT ERTE B-EZRFHRE TR TN E%MA
R i

1|* ®& noVUNC Web M @ 2 M & (£MA AN DHF X))

2 | x B IF & 4

3|* &A#&K®XE . 'Settings -> Scaling Mode: -> Local Scaling -> Apply'

4|+ Z# &%

BTRNBE A Z ik, BERSH Lab B — D&Y 9 HE .

Linux Lab éﬁ};’f‘%K'f%dﬂ xrandr "J‘f‘ﬁ g;l\é/], ‘ﬁﬂ%ﬁtﬁ’f’ﬂﬂ ’ iﬁﬁé# E]’ﬁ‘iiftﬁ’ 'fﬂ'ﬁ":

IRECET 8 i 3R R
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
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10
11
12
13
14
15
16
17
18
19
20
21
22

1792x1344 60.00
1920x1200 59.88
1600x1200 60.00
1680x1050 59.95
1400x1050 59.98
1280x1024 60.02
1440x900 59.89
1280x960 60.00
1360x768 60.02
1280x800 59.81
1152x864 75.00
1280x768 59.87
1024x768 60.00
800x600 60.32
640x480 59.94
FHAFRT

$ cd /path/to/cloud-lab
$ tools/docker/resize 1280x1024 # H#EREE—-ART
$ tools/docker/resize # FHFSHEMNEEANELALRHEGREKXRT

WwRERUEI S/, Tk T IRENE.

1. e XA B EMI, B PAARE N 2 FEX
2. RJEIMAT . tools/docker/resizes & Lab Ef‘%k’]‘%’%/’i%] IMALEFEKR D

#AB R K B89 WebVNC @, &H&AD46 FullScreen #4287 T 2 X

6.3.6 dmfTRALRBEX

ITALELGMBAE, A& “Fullscreen” %42 -

6.3.7 e fT A

. A% RE W

T EMBA, # “Settings” #42, G E “File/Title/ Author/Category/Tags/Descrip-
tion”. #&J& & M “Record Screen” &7 -

. T R

#& T “Connect” %42 .

ARk R

# T “Disconnect” 42 .

. E R E AL

#T “Play” #+42 .

I 5 £ “cloud-lab/recordings” B % F . %4 showdesk.io 8 # By #4749 F .
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6.3.8 Web R & £k

Web #4#Thd TAEARLREMEALR, 2 Linux Lab AR TREZ AL, KL%
A, hRE Web 2l &6 “RIF" Hia kWA LIRS EHEE -

6.3.9 2% WEB R anH8K X4

4o R B WEB @Bt 3L “Disconnect timeout” 545 % A 216 4k 4 & & £ “Connect”
4, WRRAEFZRY, HHTRIEEE.

Bk linux-lab & 24 docker 2E#AGE% B # (Up: £%. Exit: AFREF) .

[y

$ docker ps -a

2 | CONTAINER ID IMAGE COMMAND CREATED STATUS PORTS NAMES

3 |119a61ba075b5 tinylab/linux-lab "/tools/lab/run" 4 days ago Up 4 days 22/tcp, 5900/tcp
linux-1lab-21575

4 |175dae89984c9 tinylab/cloud-ubuntu-web "/startup.sh" 8 days ago Up 8 days ....443/tcp
cloud-ubuntu-web

4o R A Exit, TREXMNEEZAHXNT, LITREZERHRK, WwREXSE A3 XH
T4 T4 B3 .

1|$ tools/docker/run linux-lab

‘,&U%{Rﬁ}‘iﬁli s 1?]7;'&7"‘){‘/7]\7})1‘Eﬁ}181\»:

[y

$ tools/docker/logs linux-lab

BRESER, BRALAREDKSPED TR TERAFRLT, EREZLTIRE
CER UL ST R

Z&: T# clean # rerun ¥4 4 F R — L E X8, 5 AITHETMAE &, FlBELE

kv

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

1 A RICEL ) BAL BT 53 Web BF AR, LMEEM, FFHFEIRFEH ETHEN

$ tools/docker/clean linux-lab

N =

$ tools/docker/rerun linux-lab

W RERGERARZR T, HE2RAMITTLEFS (RF4LLFEEA Cloud Lab #3%,
o T o B IR Y

$ tools/docker/clean-all

$ tools/docker/rerun linux-lab

N =
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6.3.10 Ubuntu Snap P&

fﬂ)’a‘&%?ﬁ% snap *Héﬁté@ =] AR T'F]tfi[ﬂ apt-get "E‘;‘D’i docker :

o RiE¥KELAM P FhE docker A P EMNF FELMA R root AP AERA docker -
e Snap H&%/ﬁ\%%}\{ /dev/loop 1&%’)\}\\%%‘5]{%/23};1&11% «% %o

6.3.11 wfTEE VNC ZFaeL AKX
HEH#NVNC BPmtehBnXE, TREPmREETF ZAALGRE S X TRAELNT,
EEAETHEA Bug, wREWEIM, LEAREG ST X, HEIEANRIE.

BAKAR, EFTEGFT X, Bk, 5 VNC ZPmik#Ex, kAL Linux Lab A
A3 VNC B % .

1]|$ sudo pkill xillvnc

w T Linux Lab £ 8# %k 8444 x1lvic IR%E, FTARE T2 H AT REH -

6.4 Linux Lab #a %

6.4.1 No working init found

& ERA rootfs.ext2 LA T A LMK, HM B E M, KB AR ZXMAT nake boot» 4w

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

make boot A7 VA B FA| L RAL, H R R P RATH .

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

ﬁﬁ:"*%ﬁ‘:'ﬁim él] gcce H&ZFZ:/ﬁ _ijﬁ"]— Linux ﬂqizﬁﬁi’ﬁf’ T’T@Jﬂ make gcc-switch éﬁ'/’\’\%ﬂjﬁﬁd
R\ gee A, VA i3se / pc R AH]

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

[\l

6.4.3 linux-lab/configs: Permission denied

ﬁ/l\ég‘i%/ﬁ\j}-#h?f make boot HT%&'EB > }«?\"’Tﬁé%‘bﬂ"il‘éﬁ@/@ﬁﬂﬂilﬂ T root #XFF(: ﬁ@/k
7 R A K cloud-1abs B FEIPTAH 3 .

1|$ cd /path/to/cloud-lab
2 |$ sudo chown <USER>:<USER> -R ./{*,.git}
3|$ tools/docker/rerun linux-lab
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2&: AMRIARL - BA Linux Lab REFBLERAPER, wREM root AP TH
B R, Tk LR BA P T AEE

6.4.4 scripts/Makefile.headersinst: Missing UAPI file

TARA MAC OSX S 8 I H A AT RS K5, #H4EH ndiutil 3R Disk Utility B CAlHE

*‘4\:

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

2 |$ hdiutil attach -mountpoint ~/Develop/labspace -nobrowse labspace.dmg.sparseimage
3|$ cd ~/Develop/labspace

#& . Linux Lab Disk "&£ ZFA, 2 AE®Y Linux Lab Disk -

6.4.5 unable to create file: net/netfilter/xt_ dscp.c

XARA Windows ZAFRIHFALYOKRIE 4. @1 Git Bash 72 € :

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

AT AR EE R AT cmd, KB AT

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

E#& . Linux Lab Disk "&£ Z MM, 2 A#E®RY Linux Lab Disk-

6.4.6 2e{Tt1 % root AP

KIAFLT, TALE HEZEWE root

1|$ sudo -s

E2& . FTFARMEA su b

6.4.7T REBEYMARIFREREA

o RA B TIZ 4

$ make boot ROOTDEV=vda
ERR: /dev/vda not in supported ROOTDEV list: /dev/sda /dev/ram0 /dev/nfs, update may help
'make bsp B=mips64el/1ls3a7a'. Stop.

4|$ make boot LINUX=v5.8
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.

7 |$ make boot QEMU=loongson-vi.1
8 | Makefile:606: ***x ERR: loongson-vl.1 not in supported QEMU list: loongson-v1.0, clone one

please: 'make gemu-clone QEMU_NEW=loongson-v1.1'.
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ATEMRENEEERLK Hldo .

o HATR B RRAIT R AT A LRI TEFR TN o

— A xxx-clone #ALIE L —NFRA, B A L4 : gemu-clone, uboot-clone, kernel-
clone, root-clone

— ABRRTEHATRERBIFRIE, BIET A REEAE

— RBAWIRIELAELE 5 KT

o HAIET MR EMAARZIIERERAT LI

— e B3 AR F B AT 89 roopev_List F R A sda, ram0 ## nfs
— vda TRERATLFRAFTEEHRE ARSI L#F
— BARARFAFABRARRE, §F &ALkt

6.4.8 is not a valid rootfs directory

4o R B AME R GG R TR U A%, HARFEIR P TRA LM creee PBT T EFR M4 AL
B % . Ramdisk & Hardisk stfheel g2, FEAHALTZE. A#%K BSP B XLtk
RREROGFELT, TABLTH4AKRE BSP €& AKAKE .

1|$ make bsp-cleanup

R BAER G ZR P A THEGIH R L, FHRRLERLES Linux 9858, ke %
WA B XM BE .
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7. Bk AR HA B &AM

BRAF X

KPP A KN Linux Lab 9 R P FA 2 AR idi64 .

o ff3 : tinylab
o 4R : contact /AT tinylab /dot/ org

XizH4%5
KW Linux Lab FTBAR Mst, #A2SE BN A LA L Star-

o MAXT: RBRAHK
o M3t . https://tinylab.org

— @z2H+HF, RE Linux —— BRHAR, LkwH
— £# X% Linux A# -~ AKX Linux 245 B ARG R 59 3%

. TE

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

A % &35 & AN

e MJE : https://shopl55917374.taobao.com

— RBRARANE, HEAR AFFRIAA B L F &, ATANEARR AL

— @ ERPpHERP 8 Linux Lab Disk . Pocket Linux Disk A & & feid 9 £ 5 Linux
TR F

— R, LTALEBAEZFH APP A& “&8 Linux” &2 &M

o E . https://t.zsxq.com/uB2vJyF

— RBEAE VIP fordid
— k& 3+ F, A7 1000+ 2 F . 20+ 4247k Linux % KR E 2L )F

o ®A2: https://m.cctalk.com/inst/sh8qtdag

— RBRER A BRI A
— AR BIFAR KM EKY Linux ZRF ZHEAMEE SN RR RS F
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HRARLR B

BTl ] RGN B

Figure 3: Linux Lab ® R & $ 4 A P A4 R B) ~ AR E!

#eh5 A
AT AR B R IAS R —REHE ORI X

e 2021
— Rt
* AR 5000 TARK T I A I KIAALF LB FRARK Linux AR
* HelloGCC fi t A> HelloLLVM # t A, PLCT #% 78 &% . kKMAED
TEAREFRALARZALAEBRNGES - KT XEXXT : HelloGCC
— FRZE 2021
* R E 2021 #8T 4 TR A Rust for Linux, openEuler Kernel for
aarch64 /virt and x86_ 64 /pc
Tk, 85 1 3%k D1 A &A&
2%, %8 3 %k D1 &K

e 2020
— R
FREASAINLES R ITEHER
RS A A B AR T mips64el /1s2k, mips64el/1s3a7a, mipsel/Islb, mipsel/
1232 FoA8 X LAS R AL RAL
— FRI A 2020
* R E 2020 %8 T Linux Lab #9414 % . J Ubuntu 14.04 % |
Ubuntu 20.04
— FFREF, 8 6 3%k IMX6ULL A &4
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