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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

CS630 Qemu Lab

— AT X86 Linux L% %
— T#H3 labs/cs630-qemu-lab J& . T A# A Linux Lab R1E A
— http://tinylab.org/cs630-qemu-lab

1.3 BFAR

1.3.1

1.3.2

E¥ = 313

A ARAL A

% 3 Uboot

23] L%

# Vexpress-a9 & # L351 %5 3 ARM Ubuntu 18.04
£ ARM64/Virt &4 L3512 3 Linux v5.1

31 % & # Riscv32/virt #= Riscv64/virt & #%

% B R AR

— KA A MK R R A A% A R

— &AM S SR BAL R
MK 5] F B FHITH AR
BLE M RPTA SR AR 8GR X 3D A

1.4 A

A, Linux Lab &2 & E A —/4%0 . AL AN Linux 89581, € LB R THEE.

e AN &

1 T AT QEMU. # 7+ LAKEZRM, 15+ RATHEK

2 ik %# Uboot, Linux, Buildroot. Qemu-. %# Linux v2.6.10 ~ v5.x
3 THE At Rt L F BB TR RFRA, iR RS EAEH TR T R4 A
4 RIA A% X3F initrd, harddisk. mme #= nfs; ARM ##3&4# Debian % %4

5 Docker RIXTECHARE, BT REREFTHRPHEI LT B4

6 R &5 ¥ XA ARMRM %5 9. X bash, ssh, vne, web ssh, web vne


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

mE AFHE 4 12

7 M % RNEMREMS L, BT RRA LFM% (Raspid &4 —F#]9H)
8 B #h F# % v . Curses (AT vasn/ssn 7% ) Fe AHALT X B 3

9 RE F A58 make test 443 B ARARZAT A B LMK

10 AR [ i make debug 44 *t B AR AR B AT IR X

E S HMAER 7 R ER TN -

1.5 A A X
1.5.1 i B AR

KAYHFA . KA elinux.org LA T —A tinylinux 4 £ : Work on Tiny Linux Kernel -
GRERLERN, ARKRAZANRE LT ILMAA -

1.5.2 B %

ERAFRLERF, RBETIUABAR TIIE— L3576 MM (2w . ge-sections) £ & AR
Tmﬁi%%kﬂé%wi%mﬁ%%

LR AAL ) gemu-system-arcH 1F AL E /AR ROBEIE, AEME L4t Ftrace + Perf
BATT ARG R HMEAAARMNRK, AR EEST AZERE X (defconfig) « & UH 4 4
(rootfs) AR —sMXMA. 2 S0Fe954T, HAGIFERAERERZEE—-NMBET, ¥
BANER LK e Ante k.

1.5.3 A #E

FETHEREAROELEEIRNETHSF, AR A —K&KEE T noVNC # Docker, # 4T
FHRARAFLXTH—/ Linux 0.11 Lab, b5, A T KAl A RGP ERH G K. Nk

X Hk
B BRI RGN AE SR, KT AT Linux Lab M4 4% .

1.6 ABRE
1.6.1 v0.1 @ 2019.06.28

A 2016 F & A, 2RHHFHALESENR, Linux Lab T 2019 F 6 A 28 B#(kTH 1 4
ERBA vO.1-


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
http://tinylab.org/linux-lab-v0.1/

e v0.1 rc3

— 4 F o prebuilt FEHRBCERNERN, KiEHAT T HAEE
e v0.1 rc2

— %82 T LA A ak k% Bugs
e v0.1 rcl

— HEERAEE 1 AREK, EHLARESR—F R T raspid # risc-v X

1.6.2 v0.2 @ 2019.10.30

V0.2 #4A A Windows %4 - 90 RB 4R L4 912 3 AT ERURER L4 4
S50t RT 445 41 host M % root £H%. FHREERLRELERM .

e v0.2 rc3

— #H¥ R A Windows ¥, 1% Docker: £ % %% Virtualbox &% Vmware
e v0.2 rc2

— ARG HIEASRET AR LS

— £ docker #t4%& F #73% gdb-multiarch X X%, @& AFNSFERE - gdb
e v0.2 rcl

— BFAKERET, ARIFEFGTIAHHAE L@ LS

— HFm =, £BA#HH¥ Qemu- U-boot #= Buildroot &4 B 414

1.6.3 v0.3 @ 2020.03.12

V0.3 %— T M A Ay A 2B E 0 & 5 Ritle. #—FHAT AR AEY T HER, @
HAmAHRMER AT SAPITHARBERFEZRAE, A5 Aot Linux BHHHET
v2.6.10, v2.6.11, v2.6.12, v2.6.14, v2.6.21, v2.6.24 % $ NG L HAAM, H#EA T E4+ L
R P F .

e v0.3 rc3
— BRI P LA
e v0.3 rc2

— &It git ©ETHRKE: PTACETRWHA git init+fetch, A ME
— R aH. FAHFRAHETRHEXA, —RAFH TR . 4T RE. %
R

e v0.3 rcl
— K% KEwL Linux BRHATRAAEZZH

10


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/
http://tinylab.org/linux-lab-v03-rc2/
http://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

1.6.4 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

11


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/
http://tinylab.org/linux-lab-v05-rc1/

2. Linux Lab %%

2.1 KEHER

Linux Lab  — 2 2 & A X Linux AL F %, FEHGREOFE G ER,. B R)E
B RRM, ARARGFREZNLT .

mapEA 2R A

LA S X86_ 64, > 1.5GHz @& E MU &5 LikdF 64 12 X86 4 H

L >= 50G A4 (25G), Docker #t#% (~5G), Linux Lab(20G)
M & >= 4G I N A TR FEEM FHARFFRIR

R FEAGILERER S, ZlesE T RR S 100G ~ 200G AL, AHTARAE G
Ll

B, ATBRATH, XERB|T R EIORFALIER, TRRELS .

BUERAA 7GR A Docker A& AAREA

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

Arch Linux 19.03.11 Linux 5.4.50, 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 19.03.11 Linux 5.8.3

HEAE LR % mHiEITE Linux Lab 94 %, F22RGF, Hlde .

$ tools/docker/env.sh

System: Ubuntu 16.04.6 LTS

Linux: 4.4.0-176-generic

Docker: Docker version 18.09.4, build di14afb54

W N =

2.2 %% Docker

47 Linux Lab & 2% F Docker: Frviik % %% % Docker :

12


https://gitee.com/tinylab/linux-lab/issues/I1FZBJ

o Linux, Mac OSX, Windows 10
£ M Docker CE

o ¥ 74 Windows MRA (4 X392k A Windows 10)

# 1 Virtualbox & Vmware %% Ubuntu /&E1& A

#3247 Linux Lab X 87, #%5% 6.1.4 ¥ KL F sudo MIRALT AEFETAT 44,

1|$ docker run hello-world

Ao EERREFER Dockers % #obfe B4 E A4 Docker 4% Anig i %

o T2 = Docker #t#41% H LA

— BobUfFEME, FRYEMKTFEEE L ML
o USTC Docker #%1%44% A 3 A%

e mRAS
1 M Linux Lab &4 6% WL Docker Aa X P&, #AFF LFEAE T 6.1 7., 44T K

B THRALN . TREBFRRAA F@BrT R

HAE A, F%5% BF Docker XA -
Ubuntu A P &ZEF# - doc/install /ubuntu-docker.md
Arch AP %&¥F# - doc/install /arch-docker.md
Manjaro A P ¥ F# - doc/install/manjaro-docker.md
Windows R P i % .

e %% Docker B 7 XA #&HA Windows A& %4 Docker
e Linux Lab %#/fx# Git Bash #&iEit. 14 % &4 Git Bash 1A

— AZ¥% % Git For Windows /&, T i iz &4&4# A “Git Bash Here”

2.3 BBFELHFB X

o R Z @ E Docker Toolbox %% . 54 Virtualbox E# X\ gefauit & 44 /mat/sdats &
N, AMETAEESER, AAHE /roor BFABRANG T .

1|$ cd /mnt/sdail

T Linux H‘]F » VA fﬁlﬁﬁi&/ﬁ— ~/Downloads EK(‘ ~/Documents —Flij%"/l\Lﬂ'lFEg’fé °

13


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
https://docs.docker.com
https://docs.docker.com
https://git-scm.com/downloads

1|$ cd ~/Documents

2 F Windows #= Mac OSX A P, E% %% Linux, wARERCZE- PR KI5
I RRAEA TAEZ A

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

3t F Windows A P, A% % Git For Windows &, T# & RAsA2 A% Y I/FE &
Z 47 “Qit Bash Here”

2.4 MBELAR P ®KY

—F&’RA'E%—FI"T’ ’i{]’%‘)‘lx“t]}@]%‘ﬁfﬂ)’ LIHUX Lab &* Pf] root 'H"? {aiz"ﬁ{ﬁ{im root rH‘
5, LW eH EFARFE A .

é%%ﬁHPID,mﬁﬁmm,#giﬁ%ﬁmﬁ:

$ id -u “whoami-
1000

@%%ﬁ%mM5%mﬁ%QMP’%ﬁﬁ«Mm%Q&%%%g:Tm:

# 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 =
©H P H B

laber

2.5 THRERIFK

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

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

N =

14


https://git-scm.com/downloads

Yo RAERMEA T root 5 K clone K&, THREFFLHILAM P, Hleh XA LA

RFP .

1

$ sudo -su <USER>

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

2.6 #&47# B % Linux Lab

[y

[y

[y

[y

N =

J# Linux Lab #R4E=H & LT e Al P &4 540 B &k £ IR -

$ tools/docker/run linux-lab

i# it Bash AR .

$ tools/docker/bash

it Web & % & A8 X ERIFRE

$ tools/docker/webvnc

A F T X

$ tools/docker/vnc
$ tools/docker/ssh
$ tools/docker/webssh

BHEEET X

$ tools/docker/login list # Sl B F®FE, FHRHE
$ tools/docker/login vnc # BB dE-—MFea

BxA % Wi HRERP BEXAL

bash docker bash ubuntu A3 EZ

ssh % i ssh ubuntu A3 EA

vne Laxd ubuntu A} EH +VNC client
webvne  web £ @ ubuntu = ZH W A& & BT

webssh  web ssh ubuntu  Z 3 W A& & BT

WTFERE vne ZP AN, FTAS AT Z XA webvne, KT AAEAZEATF S8 A H

B

4o R AR A A vne ’iif’ S HRRAT L EFE P 3%, Linux Lab ##%4 A vinagre. &£

oty B P shiER 4 T F XL




1 |$ tools/docker/vnc vinagre

o R ERGASTEEF TAF, HRELEFSITHE KRG VNC RFERE, ATRENA

2.7 EHNERIFH EHET

AT 24 Linux Lab 89k, &% M EMATA G RRG B W AMEE .

$ tools/docker/commit linux-lab

[\l

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

RIGHTAPATEH T

1|$ tools/docker/update linux-lab

WwREHEK, HEZRFEIANEITOE

b

1|$ tools/docker/rm-all

S0 A b B 691 AN

—

$ tools/docker/clean-all

Z B E#HE4T Linux Lab

[y

$ tools/docker/rerun linux-lab

2.8 RREF: BH—AFEK

BATBIE, Wk A R

1|$ cd /labs/linux-lab

B NG T4, LB E) vexpress-ao A AM LB H TR E G ABARIIHF AL .

1|$ make boot

4%#] root rl’i"’a‘:l"g}jj{’ 7{2:%%,%})\55525 (gﬁg?gE)’ R%‘?‘%ﬁ)\ root ﬁk}é‘éﬁ)\E$EPT’T

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

#

© 00 N O U W N

N poweroff quﬂé]ﬂ)ﬂi% ° %]3 ﬁ\%i*&éﬁ 95(7}&#] AE TS 7'%'1'_‘}3;" T’Tﬁﬂ CTRL+a x (1)&/}}("}5:‘_]: CTRL
Foons BB, BEREZET x) RBE Qemu. T4, LTAFA—MEHRE, B ki1 R prinn
## Qemu #A2

16



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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4 |$ make list-plugin # RE&EMH
5% make list-full # AR TAEELE

3.1.2 B —AFA LR

AAEEE R ERE T vexpress-a9> BATLTIAA TERE, HEF1d A Libg - Lk
B ARA% ] Boarp . HFH|4 T .

1|$ make BOARD=malta
$ make boot

W REERLGRT, LAKERBUARES, FMNALLRALR—4 CF—Z A4 24hA
B4, BRI AR R -

1|$ make BOARD=mipsel/malta

Bﬁ@gﬁﬁﬁnwc%’ﬁﬂﬁﬁE%@Z%ﬁ%:

1|$ make list FILTER=virt
2 | [ aarch64/virt ]:
3 ARCH = arm64
4 CPU 7= 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 7= any
11 LINUX ?= v5.0.13
12 ROOTDEV_LIST := /dev/vda /dev/ram0 /dev/nfs
13 ROOTDEV ?= /dev/vda
14 | [ riscv64/virt J:
15 ARCH = riscv
16 CPU ?= any
17 LINUX ?= vb5.1
18 ROOTDEV_LIST := /dev/vda /dev/ram0 /dev/nfs
19 ROOTDEV ?= /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/ram0 /dev/nfs
34 ROOTDEV_LIST([LINUX_v3.2] := /dev/sda /dev/ram0 /dev/nfs
35 ROOTDEV ?= /dev/ramO
A T L
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N =

$ make BOARD=x86_64/pc
$ make BOARD=riscv64/virt

Yo RAE A 8 A AR B8 poaras X AW ENF XM R EFRLRRAE, R|ZLNY
B&2A T 7R P FIET S AL mA T 28 E TR .

1|$ make board=malta boot

& R %S AV E 5 AR 558+ A G 6 7 NI E4T § AR -
B ERAFLOERE

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

3.1.3 A#&EHF XNt A
Linux Lab £ # “4#" 26k, AFERLY git ©EF AR FEKR. RKAKRLY S
JE AP ST AR AR Linux Lab £ X #F kT S0 AR, AFO9RAEETETHRK.

WA BT XFAT Linux Lab %5 — %4 Lol FAR L H— LR HOLEEHREAR
MEg R HHEFTRETESAIFRRIARNOLEERY, FTREEES MR H
8 (Bl X LT AR X qgemu 7 AEIE)

QR R SRS
o R4k /C-Sky Linux

e %% /Loongson Linux

£+, Loongson &4 v5.0 &5F# L4 .

3.1.4 REFEK
TR BB TG RE, YR EZTAREFRRATERE, A KD AR
A IHFEGRA. QEMU A, ABELIMERE, b o, MEHF.

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

1|$ make local-edit

RUTE—REBRARGEE, BFREWEHABBRE, IHETEEN L TH4LKE .

$ make list-linux

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

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

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

T W N =

R Bl X AH R EHFERDCE, HEA voard-edit F7 board-config> T, #E A
local-edit ﬁ" local-config> 357}%’ =T A 7‘7{2 [a’] ”L/r‘ .]Z-/ﬁ‘ él} P F T S }\1 ifﬂt-’faf /‘:F 9‘? °

20
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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

25



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 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 W Kk TAF
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

11
12

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 &%

4.10.1 R¥bpigfeiais

A hello 4% .

$ cd src/examples/c/hello

$ make

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

Hello, World!

4.10.2 X L RpFEREAT

@ £ A BT A Linux Lab TR L4%#FFHFE47 C 25, 24 ARM, MIPS # RISCV

A f&d :

T W N =

© 0 g o

11
12
13
14
15

16

$ sudo apt-get update

$ sudo apt-get install libc6-dev-armel-cross libc6-armel-cross

$ arm-linux-gnueabi-gcc -o hello hello.c

$ gemu-arm -E LD_LIBRARY_PATH=$$LD_LIBRARY_PATH:/usr/arm-linux-gnueabi/lib/ /usr/arm-
linux-gnueabi/1lib/1d-2.31.s0 ./hello

Hello, World!

$ sudo apt-get install libc6-dev-mipsel-cross libc6-mipsel-cross

$ mipsel-linux-gnu-gcc -o hello hello.c

$ gemu-mipsel -E LD_LIBRARY_PATH=$$LD_LIBRARY_PATH:/usr/mipsel-linux-gnu/lib/ /usr/mipsel
-linux-gnu/1ib/1d-2.30.s0 ./hello

Hello, World!

$ sudo apt-get install libc6-riscv64-cross libc6-dev-riscv64-cross

$ riscv64-linux-gnu-gcc -o hello hello.c

$ gemu-riscv64 -E LD_LIBRARY_PATH=$$LD_LIBRARY_PATH:/usr/riscv64-linux-gnu/lib/ /usr/
riscv64-linux-gnu/lib/1d-2.31.s0 ./hello

Hello, World!

toZ@aF gemu-user BAgAEiFEIT, WREAAGRKRTFLEES, 54 481 T EAE R

T8 A RGBT

4.11 #47E &S make Bix

0 O U W N

Linux Lab i’]l%k ﬁ’ 49 <xxx>-run 7 ‘K‘VJ‘ 7] Makefile CP /Kiélj B A7 j’}lﬂ :

$ make kernel-run help

$ make kernel-run menuconfig

$ make root-run help
$ make root-run busybox-menuconfig

$ make uboot-run help

$ make uboot-run menuconfig
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PATZEFA ron G EARAFRNEFTREAMMXGHE D FTRTALEEITZ L make B A7
%k #14E kernel - rootfs # uboot -

4.12 £$ A%

KPR TRIAZETE S Mk

Linux Lab: s xAdndeeg+ K2 d V1.0
o Linux Lab: sgA3tde e+ K2Zd V2.0
Linux Lab #£% %% F# V0.2

o Linux Lab A A4%

— CCTALK
— B &%
S 3
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https://space.bilibili.com/687228362/channel/detail?cid=152574
https://www.zhihu.com/people/wuzhangjin

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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© 00 N O U W N

—_
= O

[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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$ 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

N O Ot R W N

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

LINUX = v2.6.11.12
LINUX[LINUX_v2.6.11.12] = 8e63197f

N =

STAEL B Ao Linux FRA 2T R 8 mootrs :

[y

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

5.7 RE, REFEH

VA kernel 74 .

make kernel-defconfig
make kernel-menuconfig
make kernel

s oW N —
P hH H &P

make boot

Fl #6977 % M T rootfs, uboot, #£Z% gemu-

5.8 BRE £ RGP AFFo B2 B A

$ make root-save
$ make kernel-save
$ make uboot-save

$ make root-saveconfig
$ make kernel-saveconfig

N O Ot W N

$ make uboot-saveconfig

5.9 L&A T4

&G ¥ images - defconfigs . patchset 4% 2| A X445 €8 bsp FHERCE .
B, RIZH bsp ©E A, F k4T .

$ git remote show origin

* remote origin
Fetch URL: https://gitee.com/tinylab/qemu-aarch64-raspi3/
Push URL: https://gitee.com/tinylab/gemu-aarch64-raspi3/
HEAD branch: master

T W N =
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Nole BN BN

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 IMEE, EAKBGER, REKXEKY pull request -
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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
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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>\""

A& AL=MHFTXATRRANERE, F7#FES Docker A 7 Xig—# 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

6.1.7 XMKREL ThE WK, & E47 Linux Lab

WREREFZEFTCERENR MR ELRE, HFLARAFTES

1|$ tools/docker/commit linux-lab

EENEAEREN (BEPI) AAE. BF TR &K LB “Linux Lab” Bk L
EAT. RA MG ATRE — KRBT

1|$ tools/docker/run linux-lab

ﬁﬁg"bu;{:i’j‘r X docker start W\E’E?é, 1%]‘#‘7'{3'
WwRERFTXEEKE, HRIBEHAMAT 6.3.9 ¥ Fogta 5%,

Yo RANKRIR P 69 AL (RE ML) A%%EE, A2 Linux Lab & 83K R, TA Bk
R, B R ELEE 24 TPRESG A FHEEHF X . flde, BEA—AREEHEM .

1|$ tools/docker/vnc

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

4o R E 4T 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

oW N =

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

A [ HT’E /etc/docker/daemon. json Fa /etc/default/docker ‘:P RET registry-mirrors> TEJ‘ li%i;}é}é
@y f E 5 R Docker MR%BPT .

1|$ sudo service docker restart

6.2 Qemu 48 %
6.2.1 % KVM ieig

KVM % a5 3 4% qemu-system-i386 Fa gemu-system-x86_64 > FEHTER cpu Fe bios £, &M,
TR FRATHIRDE

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

#E cpu EM LIRS, WwREAME, WHEHYA cpu R LFE I

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

4 & cpu A%, KAMEF2HKRAE BIOS ¥ 2 AT ZmAf, AFEHB HHEMN, & “Delete”
A BIOS, ###% “Intel virtualization technology” 4 &8 A -
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6.2.2 Guest (MREREHE

Z—EWXT V/(—Fﬂ‘ﬂi*)ir %%J*]#ZH&$ 5.1 (LINUX:VE)l)! poweroff ﬁ" reboot éﬁ’/’\'\flﬁ/jﬁ'iﬁl
¥

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

 mipsel/1s232

« mips64el/ls2k

» mips64el /Is3a7a

« aarch64 /raspi3

 arm/versatilepb

/flj‘-kﬁ’ﬁ' poweroff K, reboot B s %gi/ﬁ\ﬁ;}i‘jiﬂ’ A TR gemau HAE A cTRL+a x X AMAT shell

4?/?\ pkill gemu °
AT BHNRZ L ZM . HAAFRIZE tesT_TmE0UT: 147 © make test TEST_TIMEOUT=50 -

RIPREGREL -

6.2.3 4T #H gemu

o\

(el R BT X

o s CTRL+a x
AT Curses 89 BM £%35%  Esc+2 quit K ALT+2 quit
AT X AW %% CTRL+ALT+2 quit

i 7 ik poweroff, reboot, kill, pkill

6.2.4 Boot B##& ) sdI2 &

& & W T docker 8 image & A T FH, MIEe 7 EEEHELT lab:

$ tools/docker/pull linux-lab

$ tools/docker/rerun linux-lab

x

D U R W N =

$ tools/docker/update linux-lab

1% A tools/docker/update ATH 8 docker images Fo iR A% &R 204k £ 47, X EMHF ML -
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6.3 A%
6.3.1 NFS & tftpboot R4

42 X NEFS 5(4 tﬂ}pbOOt Z:ﬁﬁ; R TF*T/{}— F U 3@4’? modprobe nfsd ﬂ’—‘ﬁ T B 4T /configs/tools/
restart-net-servers.sh ﬁ%ﬁfé M 2953 % ’ 'V}%Bﬁ] LN %{i A tools/docker/trun o

6.3.2 £ vim YEZWHE 0

A EA vim PARBET cmriees AT HEBRFTR, BA—AFo#hIF—4NEo, FHHA
CTRL+Left 2 CTRL+Right %2, Linux Lab &% ctri+right BE4t A cTri+w: & cTRL+Left BRAT A cTRL+p -
6.3.3 %# Backspace RL4

k4 B Al E Web Srdf RAe/ER . Bk, ki “Delete” 2 “Backspace” 47 Aa2EH . 4
i’ifﬂ alt+delete ﬁk alt+backspace gﬂé\’f;}i’ W\T?%i g %- 9‘(2’}1{3‘5}%66 ’J"‘J}iﬂi :

LA Vim Bash

TE/ATR ~/$  Ctrl + a/e

A /ER—NF w/b  Ctrl + Home/end
WMEHW—"F @ Alt + Delete/backspace
WA T —AF Alt +d

P ktmzm A o Ctrl + u

TR EHTA  as Ctrl + k
RRTWEARAE Ctrl + y

6.3.4 defTRE #eF RN

717 7 %ﬂjﬁ{%}(/‘-’f’ X§ﬁA/£ ’ 7%4%@ CTRL+s 'H&‘fié}%’ 5T CTRL+space > VAJ&%%'I@ZFH’J /2% gftdc}’% °

6.3.5 ®4THAY Web F@%F 28K
A AT XTART Web F@Eoeg R, —# 2@ noVNC 2 @& % E Scaling
Mode, Z#AFHFRTAOER; oS- EAERFHEHHET -

EENBE—F, AR FAEL, BN FERTE, BEREEZFARG TP TH SEMA
K

1|* A& noVNC Web R @ £ M & & (A4 A DHFK)
2 | x B JF & %
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3|* A& ®E . 'Settings -> Scaling Mode: -> Local Scaling -> Apply'
4| * &R

BT RANBH =M%k, BEREH Lab WIS E— 2B IE .

Linux Lab # B # Rt #& @ xranar R4, R TEEH, 7%]‘7}/:?&91" AfT1RE ., F)4e.

IRECTT A 69 3= R T1E -
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

£ HHHFRT
1]|$ cd /path/to/cloud-1lab
2|$ tools/docker/resize 1280x1024 # fHEHEE—-ART
3|$ tools/docker/resize # FTHESHEMNEEZA LALLM RKRT

WRERUEI &R/, Tk T IRENE.
1. e R A BE A, e fE bk B & R4 X

2. ?&)é‘jﬁ"fi' tools/docker/resize: ;J‘E Lab ﬁ%k‘]‘ig&i}@ i#fb «% éf(ﬂﬁ%k’l‘
3. #AER W EY WebVNC Fd. =d A48 FullScreen %4287 7T 2 K

6.3.6 fTRANERRX

HALADGMAE, E& “Fullscreen” %42 .

6.3.7 T XA

1. 4% A8 & |

20



T EMBA, & “Settings” #42, B & “File/Title/ Author/Category/Tags/Descrip-
tion”, #&JE e M “Record Screen” #&77 -
2. FHH& FH
#T “Connect” #&42 -
3. kx4
#T “Disconnect” %44
4. FRFH NI
#T “Play” #42.

5. 4 F A

WA 5 A& “cloud-lab/recordings” B & TF . %4 showdesk.io 8 # Bh# 479 F .

o

6.3.8 Web #@ AL

Web ##Thtd THX LR R EMmIEAR, F3 Linux Lab A TR EZAEZ, BKEZK
A, haE Web R B R Fiesa R Wit eiEe £4EE.

6.3.9 % WEB R @& X4

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

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

—_

$ docker ps -a

2 | 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

R Exit, TRAXMNEEZEHXAT, LITREZEEBHEAM wWREEZAFHXA
TT AR T4 B3

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

W RRALE R, HREFINEHBE:

1|$ tools/docker/logs linux-lab

wwRBEEF, BULAIANRGGRSFELTRETERAFTEAAT, FRAT L TIRE
A RATE IR Fo A

E&: T® clean #7 rerun ¥4 2 FE — L RZ X3, F AITHTEE &, Bl BALE

k]


http://showdesk.io/post

[y

$ tools/docker/commit linux-lab

AR ERE FEBE &S Web BRAB, RBRILFEA, FFEIRRH EHET -

1|$ tools/docker/clean linux-lab

2|$ tools/docker/rerun linux-lab

b R ERMARRERR . hERMITT RS S (44 L%EEA Cloud Lab Fk,
5 DT L BRI Y -

$ tools/docker/clean-all

$ tools/docker/rerun linux-lab

[\l

6.3.10 Ubuntu Snap F&

F F %&%T‘ﬁ% snap 7]‘5 * &9 =] 2R 1%3i}ﬂ apt-get "E‘;'f{ docker :

o TEN&EAM P HHE docker A P AT FEH LR EE root A P2 4EA docker -
e Snap H&%é\%& /dev/loop ‘Li%’)\]\ﬁ%‘ii%/fj‘}‘:ﬁi{%% éﬁ, °

6.3.11 W& K VNC Bt R#EX
HE#NVNC Bt RiEXE, FREPRRHFAETR AL LR E T XTRALLANTT,
LERALTHEA Bug, wREWE £, LEAAEEG ST X, HREAEANRIE.

BAEAR, REFTEGF X, Bk, 5 VNC Zraiktrx, AkAA Linux Lab A
%4 VNC B % .

1|$ sudo pkill xllvnc

@ T Linux Lab £ 8# %k 2444 x1lvic IR%E, FIARAE TS H AT REH .

6.4 Linux Lab #a %

6.4.1 No working init found

35%"*75‘ rootfs.ext2 7;44‘?’]‘%1 EJ&’?I i;f:’ 7%7%'1 F%‘Li Xﬁ;i 7’%5-@‘0’(%#\43}(‘4’? make boot > 'fﬂﬁﬂ :

—_

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

make boot A7 VA B F | E LB AL . H R R P RATH .
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6.4.2 linux/compiler-gcc7.h: No such file or directory

E%"*%fﬂﬁifﬂ D] gcce H&$X‘7{7 £t ﬁ]_ Linux J*J#Zﬁﬁia‘%‘, 4% R nake gcec-switch éﬁ’/’?\%ﬂjﬁid
|8y gee BRAS VA i3ge / pe FFRRAH]

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

6.4.3 linux-lab/configs: Permission denied

ﬁ/l\é%i%/ﬁ\ﬁﬁh’ﬁ' make boot HT;J‘B»& ) ﬁ?ﬁ‘é%é}ﬁ"f{,]‘éﬁ@@/ﬁﬂ‘ﬂilﬂ T root #XFR’ ﬁfff;;k
ﬁi\%{’%‘fi cloud-lab/ H ;]7{6/])5)?%‘;‘5"

$ cd /path/to/cloud-lab
$ sudo chown <USER>:<USER> -R ./{*,.git}
3|$ tools/docker/rerun linux-lab

N =

AMAIFRHE—H, B Linux Lab R XHBLE@R P ER, 0 REM roor AP T RHK
B, i bR G AR P TR

6.4.4 scripts/Makefile.headersinst: Missing UAPI file

ZARAN MAC OSX 8 89 I H A AT RS KI5, 512 H ndiutil 3R Disk vtility B TAIZE

"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

XARA Windows ZAERIFALHOKRIE 4. @ Git Bash 72 € :

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

N =

LT ABREERATH emds AR AT

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

6.4.6 #fT41%] root A P

KIANFUT, TALE HEZEWE root

1|$ sudo -s
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6.4.7T RFEB{EHBEAREZRETAL

o RA BT L

$ 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/1ls3a7a'. Stop.

4|$ make boot LINUX=v5.8
5 | Makefile:594: *x*x 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: *** ERR: loongson-vl.1 not in supported QEMU list: loongson-v1.0, clone one
please: 'make gemu-clone QEMU_NEW=loongson-v1.1'.

ATEWMREGTEMEL Fldo.

o LAEIRA AL R A RA LRI IEF T o

— FTAB R xxx-clone ¥4 LEH —ANFMA, B AT L : gemu-clone, uboot-clone, kernel-
clome, root-clone

— AEREERRATRE A RIFRE, BBk XA AEEFL A

— ZERNIRFELER 5 KT

o HAEEH R EMARERIERERAT LK

— et kAR F B AT 89 rootoev_List ¥ R A sda, ram0O #= nfs
— vda TRBRAFILF XA TR ENREAME L L H
— BANARFAABBRARRE, F RS F

6.4.8 is not a valid rootfs directory

de R LA R RTAE LB AL, AR IARP TR LM crree PHITEFRIMF AL
B % .- Ramdisk s Hardisk 42464l d4, SEIMHLAATTE, A7tk BSP B £ L4k
RRGHGHFELT, TRBILTH#4KE BSP ©EAKINELE .

1|$ make bsp-cleanup

o R LA ERN P ACTHEYG IS AL, HAKRIHALAS Linux 9L, #%ka X
AR FHBE

o4



7. KA AR BEMN

EAVEG K £ AfZ £ tinylab, ®K#@ ke X Linux Lab 898 P o XA R $#8 40 .
BRBEBBTE-—RGRA RN RRHES .

Figure 3: Linux Lab 2 & $ 89 P &% By ~ lmA&iE!
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