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1. Linux Lab # %

1.1 % B FA

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

Terminal

Demo

3 UTC 2619

1.2 RHER

o IW
— 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 #473R%E 2 T A
— 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

— http://tinylab.org/linux-0.11-lab
o (S630 Qemu Lab

— HT X86 Linux L% %3
— http://tinylab.org/cs630-gemu-lab

1.3 EAM
1.3.1 A AR

o AARAEH

o %7 Uboot

o FJIL%

o # Vexpress-a9 /& & L3155 3 ARM Ubuntu 18.04
o & ARMG64/Virt A &M L35 %8 % Linux vb.1

o 51 %R # Riscv32/virt #= Riscv64/virt &

1.3.2 JZEEARAE

o —EAEAMAXIET A B

o —AHAMIRK L NN
BE MR & B 2 ATH FRAM
o ILFRMRXPTA KM RX I e

1.4 R E F e

WA, Linux Lab &2 &K kA —/2%0 . AL AMNK Linux 95 A3, € LHATHE .

e AR 4 &

1 FFE R AT QEMU. 34 7+ ZARKERN, 16+ HATFLK

2 4 % # Uboot. Linux, Buildroot: Qemu- %# Linux v2.6.10 ~ vb.x
3 MEAMF RELARBAHFGTARRIFRA, FEARRS LG TR TR
4 RIA A% Z3F initrd, harddisk. mme #= nfs; ARM £# 424 Debian # %4

5 Docker XX LA ALK, BT REEREFTHRIF I BE4E

6 R &5 9] X FFAE ARH R M %5 1. % ¥ bash, ssh, web ssh, web vnc

7 M % A EMEM % A, TR X FR% (Raspi3 £#—HI5h)

8 B 3 #F % v . Curses (AT ssn 5 F) FoBHBALT KB 5


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

R S e L
9 /D'“J‘Lf\‘ )}Lj%ﬁl‘i make test éﬁ'/?\ﬁ' E] 7}]"7})523&’?‘]' E] ij]’f)(uﬁ"] ‘Lfe&
10 1}%15\4 —‘;J.Kﬁli make debug 4?’/?\;1' B 7}5’7}&1&’?‘?1}%1})&

E S HMAER 77k ER TN -

1.5 A H L
1.5.1 7 B &R

KAYHFA, KA elinux.org L4 T —A tinylinux # £ : Work on Tiny Linux Kernel -
GRERLE RN, AR AEIANRA ETHETILAA .

1.5.2 R B 4% &
ERAARLLRY, %HETIUMARTIIE— 2376 MFE (240 . ge-sections) & & H
TIANAEZRGAEERM LG RE I

BB AL gemu-system-arcy AL E [ L RGBIME, AR E L4 x4 Ftrace + Perf

B TERGBHMN XA MK, FAIAREST AR E XH (defconfig) « &L A 4

(rootfs) AR —SMXBA. A LG EHT, HAGIFRLTHERABE—-NMB LT, #
RAEMNEAR LR ECMNARALR .

1.5.3 A wEAE

T THEREAROELEIRNETHSFE, A8 A —K&KEE T noVNC # Docker, # 4T
REHFHRAALXT % — Linux 0.11 Lab, b5, A THLAI AR ORERHGH K. NixEL
B RIHF RGN ARE SR, KT AT Linux Lab 2442 4% .

1.6 AT &
1.6.1 v0.1 @ 2019.06.28

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

e v0.1 rc3

— #& & mA prebuilt FEHREBSEBERN, K@kt T T HRER


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/
http://tinylab.org/linux-lab-v0.1-rc3/

e v0.1 rc2
— % 5 T7 JL ka5 Bugs
e v0.1 rcl

— MEERFGE 1 AABRAK, Al LA ERE—F R T raspid o risc-v L%

1.6.2 v0.2 @ 2019.10.30

v0.2 #3% R £ Windows 35 MBEASEA LI RS ANFEIBEILRFS L. #
¥ gut RT &4 #73% host M % root £ #%FF. HaRMEALKLRELERA .

e v0.2 rc3

— #¥R A Windows £ 4. 1% Docker, £F %% Virtualbox 2% Vmware
e v0.2 rc2

— RS IEASKET AL

— # docker %% ¥ #73% gdb-multiarch AKX X4, #RAFENSFERE - gdb
e v0.2 rcl

— WHFAEER T, R LG T XHE LS 20 L

— #FH =, EBA#HN Qemu- U-boot ## Buildroot #% B 4%

1.6.3 v0.3 @ 2020.03.12

V0.3 %h— T Fi A AN RREE O R FEILI, #—FRAT KB OE Y TRKL, @
HAmAHEMER BT GARTHARBERFSHRAE, b %At Linux B HHHT
v2.6.10, v2.6.11, v2.6.12, v2.6.14, v2.6.21, v2.6.24 % $ NG LM AAM, H#EA T EH+ L
"R P T A

e v0.3 rc3
— BRI P LA
e v0.3 rc2

— R git GETHKR : A CETHDKRA git init+fetch, B4
_ R BN EABERFETRALLE, —HAHTR. AR 7T . RE. %
BB

e v0.3rcl

— Hm% Rt Linux BHHTRA Az %
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http://tinylab.org/linux-lab-v0.1-rc2/
http://tinylab.org/linux-lab-v0.1-rc1/
http://tinylab.org/linux-lab-v02/
https://w.url.cn/s/AMcKZ3a
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/

dx

2. Linux Lab %%

2.1 ®% Docker

47 Linux Lab & 2% T Docker, FfvAis %L k2% Docker :

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

o %748 Windows R4
1% K Docker Toolbox 2 Virtualbox/Vmware + Linux

#1247 Linux Lab X A7, #HHREF sudo AIRALTT VAL F BATUAT 44

1|$ docker run hello-world

A, EBRRAREFERA Docker, % LB EFEAS Docker %1% mik IR % -

o M2 = Docker 421%4% B A%
e USTC Docker %1%4¢ A L A%

{# A Linux Lab /2 %8 % I Docker A8 X R &, 45 2% LEM P 6.1 ¥, 412 T &
% THEABN . TRESFFHAA T LT E.

LR, 5454 &% Docker X4 -

Windows A P i #= .
o %5 # Docker B F XAMAEH A Windows BRA X4 Docker
e Linux Lab % a7z Git Bash 3 it, 4 %284 Git Bash & A

— %X 7 Git For Windows &, @i fiz&424 A “Git Bash Here”

2 FIFHEE

w R A MBI Docker Toolbox %%, & Virtualbox E# X defauit £ 489 /mt/sdats &
m %#m}é‘ﬁfrﬁ%i%é\%%; HARAEE /roor B RABEBRANFTH .

1|$ cd /mnt/sdal

11


https://store.docker.com/search?type=edition&offering=community
https://www.docker.com/docker-toolbox
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

XT’T‘ Linux H:]P s ?"]_V/leéjﬁi&/fi ~/Downloads ék(‘ ~/Documents 'Flij%*‘/l\l/fl};&&/fé °

1|$ cd ~/Documents

T Mac OSX B P, #E% %% Linux, # 8 RCIZE—NR S K56 UH A LAMEAH T

W .

1]$ hdiutil -type SPARSE create -size 60g -fs "Case-sensitive Journaled HFS+" -volname labspace
labspace.dmg
2|$ hdiutil attach -mountpoint ~/Documents/labspace -no-browse labspace.dmg

3|$ cd ~/Documents/labspace

st F Windows A P . A% % 7% Git For Windows &, Ti#xd Stz &2 A% T/EH %
#47 “QGit Bash Here” -

A& @ T4 % Docker %1% A& Linux #= Buildroot /A & A= Eikx K, H5LWY
50G AEegk A =R, BeERAIRLPEEERTL.
2.3 THREZBINE

A Ubuntu % 44 %
T# Cloud Lab, &5 &#%# linux-lab &%

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

2.4 E47# % % Linux Lab

Je# Linux Lab #R4E= 6 & LT e A P & 4= 5540 B & £ R IR -

[y

$ tools/docker/run linux-1lab

WL Web 2 L & BEERERINR .

—_

$ tools/docker/vnc linux-1lab

A F T X

12


https://git-scm.com/downloads

=W N =

tools/docker/webvnc linux-lab # The same as tools/docker/vnc
tools/docker/webssh linux-lab

tools/docker/ssh linux-1lab

tools/docker/bash linux-lab

©® B B B

BxrNLE:

BRT ik LR HRERP BEXAL

webvne/vne  web £ @ ubuntu  Z W A& &BF T

webssh web ssh ubuntu  ZBE M A LEPT
ssh 3@ ssh ubuntu = ARH E
bash docker bash ubuntu A3 E

2.5 EH FIHINRF EHEAT

AT £# Linux Lab 898K, &% LAMEMTA QARG L, R BAEE .

$ tools/docker/commit linux-lab

RIGHRTAPATEHT .

$ tools/docker/update linux-lab

kv

T R EHEM, HEZRAELAETYHE

$ tools/docker/rm-all

S T A ol B 015 H T ARG

$ tools/docker/clean-all

Z )& ## 14T Linux Lab:

$ tools/docker/rerun linux-lab

13
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%A%Tﬁé’Eﬁ%%m@m&w%iﬁigﬁﬁﬁﬁﬂﬁﬁﬁi#%%:

$ make boot

'fi)ﬂ root r}"l,‘%%’:&j&’ X’%’;%%})\E‘@ (5557{72>’ Rg’?%‘ﬁﬁ)\ root ?}2)‘%%?)\@$EP?J_

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

14
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3. Linux Lab A\l

3.1 &M A &

3.1.1 7k X #F e R AR

I A E L F G RR:

make list
aarch64/raspi3 1:

ARCH = arm64

CPU ?= cortex-ab3

LINUX ?= v5.1

ROOTDEV ?= /dev/mmcblkO
aarch64/virt ]:

ARCH = arm64

CPU ?= cortex-ab7

LINUX 7= vb5.1

ROOTDEV ?= /dev/vda
arm/versatilepb ]:

ARCH = arm

CPU 7= arm926t

LINUX ?= vb5.1

ROOTDEV 7= /dev/ramO
arm/vexpress-a9 ]:

ARCH = arm

CPU ?= cortex-a9

LINUX ?= v5.1

ROOTDEV ?= /dev/ramO
i386/pc 1:

ARCH = x86

CPU ?= 1686

LINUX 7= vb5.1

ROOTDEV ?= /dev/ramO
mipsel/malta ]:

ARCH = mips

CPU ?= mips32r2

LINUX ?= v5.1

ROOTDEV ?= /dev/ramO
ppc/g3beige 1:

ARCH = powerpc

CPU ?= generic

LINUX 7= vb5.1

ROOTDEV ?= /dev/ramO
riscv32/virt ]:

ARCH = riscv

CPU 7= any

LINUX ?= v5.0.13

ROOTDEV 7= /dev/vda
riscv64/virt ]:

ARCH = riscv

CPU ?= any

LINUX ?= v5.1

ROOTDEV 7= /dev/vda
x86_64/pc 1:

ARCH = x86

CPU ?= x86_64

LINUX 7= vb5.1

ROOTDEV 7= /dev/ramO

15




3.1.2 F—-IFAM

AL AT EME T A vexpress-aor HAVLTIL A TEE ., #4FFf{d A LA & 4,
EL{RA{% B poarp I, BB T .

1|$ make BOARD=malta
2 | $ make boot

fo AL 6 G SRR B8 poarar XA EE T XRGEE TSR RA, REZLAY
A& ZATZRER P FIEETSADFRRAT LR .

1|$ make board=malta boot

1R G A VR S AT R S5SR T R ARG 6 H AR E4T AR -
#EFERFEORE

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

3.1.3 AfE# 7 K& A
Linux Lab Z4F “##” gfe, AFAERLE git SEFT R EPFRR . RARLG S
B dr T AHfR Linux Lab £ 2 H AR A S OA ARG RN, B HFORBEBRTLTHFLAK.

GHMABT ZH AT Linux Lab 39 — 2P LB FUAR I H L XRAHOLERELE
MEGTFEM, REFTRETRENTFARIERHOLEEZEN, FTRAFE S AMHOKH
6 (B LT A RMI XY gemu 72 AEIE) -

B I & Ay AP 6 4G A

o F X#%/C-Sky Linux

« %% /Loongson Linux

3.1.4 REFAR

FRAEBRBMAFRGRE, FrRERTURE T ZRTHERY, Wil AF KD AR
AL LHAGBRA. QEMU A, AR EMIERE, hiod o . MGF.

16


https://gitee.com/tinylab/csky
https://gitee.com/loongsonlab/loongson

T W N~

T W N =

S U W NN -

BEHEFEAE, 2ERNHOREEE (voards/<BOARD>/Makefile) 5 ZLBP®, LT 44 4@l
vim A & £t ﬁ'l—‘ﬂ’ ﬂi*& él] Z]ii’@ @iﬁ I’ﬁ‘ (boards/<BOARD>/.1abconfig) :

$ make local-edit

RUFR—REBRKRGAE, BEAZUELXABBREA, ZHETEEA L THESLE .

$ make list-linux

v4.12 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

R Bl X AHR % EHFERDCE, HEA voard-edit F7 board-config> ENUE: S i L
local-edit %" local-config> 3&7}%’ ET YA 7‘5—1'2 [a’] ”"/r‘ .]Z-/ﬁ‘ él} fii}] TFU Z: }\i i’f{"]’aj‘ /"F 9‘? °

3.2 —AFHRiF

v0.3 ARG mABKINIE e T BAR R A5, PTA, wRABHRIFAE, Hik:

$ make kernel-build

E

$ make build kernel

CHBHTRAAERGIAE, SR, RATARAN —HF o EABAREAT.

F#H—F W, BLLENSBARTRE AT LA, TR BARERERET, MO TAT A
B o 4o RE B HRPATEAN D £ B A7, T AM 40 AR SO A2 4T

$ make cleanstamp kernel-build
$ make kernel-build

E

$ make force-kernel-build

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

$ make cleanstamp kernel

%I AR A E A T root, uboot = gemu -

17
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© 00 N O U W N

_
= O

N O Ut W N

=W N

3.3 Fm Y B

3.3.1 T#

T HAFT ARG . A% - buildroot A% U-boot % 7RAS .

$ make source APP="bsp kernel root uboot"
B

$ make source APP=all

B

$ make source all

Yo REFREHBTHRZILIRS .

make bsp-source
make kernel-source
make root-source

® H B B

make uboot-source

K

make source bsp
make source kernel
make source root

©® B B B

make source uboot

3.3.2 & i

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

$ make checkout APP="kernel root"

3o B AR X3

$ make kernel-checkout

$ make root-checkout

$ make checkout kernel

$ make checkout root

o Rl T AW E KM B TRAEA, HRE EEGFEIREARR — AT F 65

$ make kermnel-cleanup

$ make root-cleanup

18




5
6
7

T W N =

N O Ot W=

$ make cleanup kernel
$ make cleanup root

VA E#AFLER T gemu 4= uboot -

3.3.3 T4 T

I ZAARATA T, AT 89 %R & A 30UE boards/<BOARD>/bsp/patch/linux Fa patch/linux/ BART

$ make kermel-patch

%

$ make patch kernel

3.3.4 BE

3.3.4.1 AR E
1 A#E G E (defconfig) B E kernel ## buildroot :

$ make defconfig APP="kernel root"

BB E, #RHE T ILT A2 voards/<BoARD>/bsp/ T 89 defconfig :

$ make kernel-defconfig

$ make root-defconfig
%

$ make defconfig kernel
$ make defconfig root

1% M 4 2 89 defconfig B & -

$ make B=raspi3

©*

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

4o RALRAE defconfig 898 F» M & PTA B K89 RF H % boards/<Board> » A JE & buildroot,
u-boot #= linux-stable %48 éﬁf’fj’\‘%\ B 8 12 buildroot/configs:> u-boot/configs Fa linux-stable/arch

/<ARCH>/configs o

19
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© 00 N O U W N

—_
o

N O Ut R W N

—_

3.3.4.2 FHELE

$ make kernel-menuconfig

$ make root-menuconfig

x

$ make menuconfig kernel

$ make menuconfig root

3.3.4.3 R wdgs R E

make kernel-olddefconfig
make root-olddefconfig

make root-olddefconfig

©® B B B

make uboot-olddefconfig

K

$ make olddefconfig kernel
$ make olddefconfig root
$ make olddefconfig uboot

3.3.5 miF

—#2 %1% kernel # buildroot :

$ make build APP="kernel root"

¥ 3% %% kernel #= buildroot:

$ make kernel-build # make kernel

$ make root-build # make root

%

$ make build kernel
$ make build root

3.3.6 &k #&

A PTA §9 B B A R tootfs/kernel /dtb 9 image 4 :

$ make saveconfig APP="kernel root"

$ make save APP="kernel root"

20




© 00 N O U W N

_ =
= O

T W N =

5 B E o image I A %] boards/<BOARD> /bsp/ :

make
make
make

@ N H B

make

K

make
make
make

©® H B B

make

kernel-saveconfig
root-saveconfig
root-save

kernel -save

saveconfig kernel
saveconfig root
save kernel

save root

3.3.7

Jo

&j{}'é"]‘%‘,ﬁ'_,_[:%)ﬂ FERAB R B s XEFH, R ERETUER cTRL+a x, poweroff, reboot B
pkill gemu él}/?\ (-,E]\-ﬂié;‘%‘ 6.2.2 ﬁ)

$ make

boot

ARG XBH (e REEBEFMLA crrL+aLT+2 quit):

make
make
make
make

©® N B L &

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

L REAMAT X B E R LCD 48R 6 45, LR ALKRT AR £ L4 Linux

SF =
I

Ik]#fc 5.1 H&Zl'\é’] EBAT, raspi3 #7 nalta I&J%{ﬂ'g‘k*}ii’}% ttyO e R ial%ﬁ%ﬁgﬁ)\o

vexpress-a9 ﬁ" virt ﬂ’gi/”é‘ 'T?%‘%’FT\SU% LCD: 1'223‘?%%&6’7 gemau '@'—J_W\ﬁli/é’-g #h HT’}EE G=1
HHARERIEE “View” REWRB S 0258, BRI 2BEZRTHMRX LCD 42 83K 5 . &
17T VAR T xoprs #67M 48 A1 5h 89 qemu 54 .

$ make
$ 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

KT curses BH 7 X B 7 (X 2a#iES KA ssh 98 FH5 X, 2R ZHHTH F L WAA K
BB F BAE Esce2 quit B ALT+2 quit)

$ make

b=pc boot G=2 LINUX=v4.6.7
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1% R 4% e A% - dtb 4= Rootfs B % .

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

or

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

or

$ make boot kernel=0 dtb=0 root=0

1% A #6 A 4« dtb #= rootfs B # :

$ make boot PBK=0 PBD=0 PBR=0

or

$ make boot k=1 d=1 r=1

or

$ make boot kernel=1 dtb=1 root=1

4o R Bix A A Uboot X A&, EHRhiE—INIGEHRR .

make boot BUILD="kernel uboot"

1 A Uboot &3 (B AKX HF XF T versatilepb Fa vexpress-a9 R ER)

make boot U=0

1% A R F &) rootfs B & (R THAEKREG X, BHELRE /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
ﬁi)ﬂ #n 5’]‘ é(J V“] 7"5\ /"Lﬁ'/v\f'j'ﬁéifg B (1‘55\4 : XKCLI = eXtra Kernel Command LIne) :
$ make boot ROOTDEV=/dev/nfs XKCLI="init=/bin/bash"

Pk A58 187

¥ H B L B P B

make
make
make
make
make
make

make

list
list
list
list
list
list
list

ROOTDEV
BOOTDEV
CCORI
NETDEV
LINUX
UBOOT
QEMU
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’fi[ﬂ list xxx "’]‘Hiﬂliﬁ xxx-list> 'ﬁ’]‘ﬁ“:

$ make list features
$ make list modules
$ make list gcc
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4. Linux Lab # ¥

4.1 Linux A #%
4.1.1 EXEZHFXEBRE

Linux I}‘] *Z;J}f%ﬁ’t‘ T "/I\HiPZr\ scripts/config> =T A %ﬂkiiﬁf\ﬁiﬂxaiﬁﬁ 17&]*2 éIJ lﬁaﬁﬁjﬁ{ﬁ °
%?@EWZF’ J’?Ej’}f/_‘:i)%',i‘gf]ﬂ T AR kernel-getconfig %" kernel-setconfig: =T %1/%]%5} ﬂ‘]#ﬁ éljli
Mo ETFTRARENTAGEHEILEFL “enable/disable/setstr/setval /getstate” M4k &9
Bk

RI— AR ARG KE

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

=W N =

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

1 RE— AR

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

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

S UL W N =

Enable new kernel config: minix_fs ...

2% kernel-setconfig éﬁ’/?\éﬁjzﬁ']ﬁlﬁ y, n, ¢, 0, s, V:

wR L

y Yo i A P 8 B SR R A AR AR A ) A T
c ARG 7 RpiE AAAE SR, KL n 30
0 ARG RpiE AL SR, £l o 30

s RTC_SYSTOHC_DEVICE="rtc0"s X & rtc X &4 rtcl
v v=PANIC_TIMEOUT=5, X & M #% panic &8 %4 5 £

f—FawsPIER S %0

1|$ make kernel-setconfig m=tun,minix_fs y=ikconfig v=panic_timeout=5 s=DEFAULT_HOSTNAME=1linux-
lab n=debug_info

2 | $ make kernel-getconfig o=tun,minix,ikconfig,panic_timeout ,hostname
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4.1.2 %2R A LR

Yotk TR B 3R A AAR SR

make modules
make modules-install

make root-rebuild // not need for nfs boot

©® H B B

make boot

7 &K modules/ #7 boards/<BOARD>/bsp/modules/ B2 T8 F)T;ﬁ#;i\ik :

$ make module-list

'ﬁﬂ %75\7_}_ m 7/5‘2;{(’ F/!I‘\T 5'] & modules/ %" boards/<BOARD>/bsp/modules/ 554‘%']‘_6’7 ﬁﬁ/‘ﬁﬁﬁik‘f’]‘ ) ﬂ/ﬁ\
ﬂﬂlmmeWT%mﬁﬁ%:

$ make module-list m=hello
1 m=hello ; M=$PWD/modules/hello
$ make module-list m=tun,minix
1 ¢=TUN ; m=tun ; M=drivers/net
2 ¢=MINIX_FS ; m=minix ; M=fs/minix

1ERE— A ARk

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

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

$ make kernel-setconfig m=minix_fs

Setting kernel config: m=minix_fs

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

Enable new kernel config: minix_fs

iFE— AWK (B4 . minix.ko)

$ make module M=fs/minix/
R

$ make module m=minix
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ZRAF IR

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

Ao %

make kernel-setconfig m=tun

make kernel x=tun.ko M=drivers/net

make kernel x=drivers/met/tun.ko

©® H B B

make kernel-run drivers/net/tun.ko

Ytk sh AR MR R (RS IF R AR .

$ make module m=hello
B
$ make kernel x=$PWD/modules/hello/hello.ko

4.1.3 & H A TE

V‘] 7}2 él] AX ? #;f ’Ti%[s % ‘:P ﬁﬁ‘i/{i feature/linux/>
NN E R A A RE NG IF A RE .

AP OETHEGREANT, TARATEELS

$ make feature-list
[ feature/linux J:
+ 9pnet
+ core
- debug
- module
+ ftrace
- v2.6.36
* env.g3beige
malta
pc
versatilepb
- v2.6.37

* env.g3beige

* env.
* env.
*

env.

+ gcs
- v2.6.36
* env.g3beige
* env.malta
* env.pc

* env.versatilepb

+ kft
- v2.6.36
* env.malta
* env.pc
+ uksm
- v2.6.38
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XTI E T At R E 0 4E R 6 A AZ R AR, 4o R Al o F R BT 69 5 R AF M R 1A T VA
EHIAE

Blda, A TARRERAZARSR XA, T AKAT 4o T ] £ 69 3R AF

$ make feature f=module
$ make kernel-olddefconfig

$ make kernel

AT & malta &M EBRERT 2.6.36 BMA wee 450, T AWATLe T HAF

© 00 N O Ut W N

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

€ B B L L P B L B

make boot

4.2 Uboot 3| 425

I ﬁ"fi’j% U-boot D] BT versatilepb Fa vexpress-a9 ‘:P 3&5‘%"%&

$ make BOARD=vexpress-a9

T2 Uboot :

$ make uboot-source

Bl — AR (JRAF A boards/<BOARD>/Makefile P B iX UBOOT 45 %) :

$ make uboot-checkout

Jo B ol By A T 4520, *T A48 & BootpEv #» RrootpEV M ALK E . 4o R4 M B A (EAE A

flash o

$ make uboot-patch

S % ‘E‘ HH 5@ "}E /riﬂ’ﬁ 7@ tftp, sdcard ﬁk flash> )n'J o %ﬁ /{i ffﬁ A uboot-patch 7\ —Fﬁ lé ’f' make uboot-

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

soorpev /A F 1% & uboot 5 K& & AR M ZZ & 5] F, roomoev A T &R A AZ M E e

rootfs .

fic 2 U-boot :

$ make uboot-defconfig
$ make uboot-menuconfig

4% U-boot :

$ make uboot

% A BootpEV #7 ROOTDEV 7| . #E KA flash 7 X :

$ make boot U=1

j’:i\ﬁi[ﬂ tftp, sdcard EX(‘ flash 75_5\4 :

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

FAVET AL R 5] S NPT rootoEy R, ] 4o .

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

PATHE, 24 ramdisk, dtb = ulmage :

$ make uboot-images-clean

$ make uboot-clean

%4 uboot 4 A B B .

$ make uboot-save
$ make uboot-saveconfig
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4.3 Qemu EIE

A E 6 gemu AR EEF R 69 Linux AR E TE, A &AM TEF R A THF gemus
B4T% ¥ qemu 8% E A vexpress-a9 F virt ALK LEEREAL -

Bk, %F qemu-system-ARCH :

$ make B=vexpress-a9

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

make gemu

®B P H L B #H

make gemu-save

gemu-ARCH-static ## qemu-system-ARCH & F#t—#2%%6), A T #14F qemu-ARCH-
static. #HA&F LXK Makefile F & oA fE qemu_vs=1 KRG B EH HF .

b 45 % T QEMU # QTOOL. 4 £ B35 a 4k 44 A bsp FH%+ 8 QEMU o
QTOOL. & F & e B5EaARARLT GMA, 12K MM RLRBIFGMRA, 4o RELA %
#*ategE .

LAHOABFASME, wRMEA 2.5 mAY QEMU. Linux 5.0 A&7+ okt
¥ QEMU #4258 2.12.0 5, FAHE K. HEASEABARIRTEEH XA .

4.4 Toolchain T f 4%

Linux A E&NGFRFFRE, ABOTEETREZSELRFRAY, ATRIEP LY
JEF1 s IR ZAF AN Im NI T EAE . 240 ARM64 /virt, CCVER #= CCPATH -

7| X e TR F T Ak

$ make gcc-list

TR, MBEGAE AR T AR

$ make gcc

MBkBIFEERA, B TAT

$ make gcc-switch CCORI=internal GCC=4.7

$ make gcc-switch CCORI=linaro
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4o RARLE T I T R4k, M sk H AR R P E 69 T A4k

W RABAENEG T L4, WM IR T LA . B AT %45 4 23 aarch64, arm,
riscv, mipsel, ppc, 1386, x86_ 64 % MR A RH -

GCC 8 RART A9 5 £ - X 45 7 89 Makefile F 4t 2 Linux, Uboot, Qemu # Root %
B 48 T

GCC[LINUX_v2.6.11.12] = 4.4

XRAALERE ik, E%F v2.6.11.12 AR Linux A#KE 24& defconfig B & #hdndk X 1%
Mg gy GCC A -

HE%iEEN Chost) @3k Fe, L FEEZBMEEE (F 22 X148 E v-i386/pc) :

1|$ make gcc-list b=1i386/pc

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

4.5 Rootfs X2 4
M &6 rootfs Ry TREARAAE LGS AFAL, wREEFRIZBGLRAFL, F2EM
MR Linux £ & .

RFRA T 42t arm32v7 49 Ubuntu 18.04 894 X A 4L, % LA A 422 414 s Docker
Gk, AEAMABRREE S IFOIHIL .

i@ it Docker B34 A -

$ docker run -it tinylab/arm32v7-ubuntu

A U AR ECE kA Linux Lab #4& R .
ARM32/vexpress-a9 (H P &A= %83 % root):

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

/tinylab-arm32v7-ubuntu

ARMG64 /raspi3 (M 7 &4 %#3% root):

1|$ tools/root/docker/extract.sh tinylab/arm64v8-ubuntu arm

$ make boot B=raspi3 V=1 ROOTDEV=/dev/mmcblk0 ROOTFS=$PWD/prebuilt/fullroot/tmp/tinylab-
arm64v8-ubuntu
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H 4 Docker ¥ & % 89 IR 4

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

4.6 Linux & Uboot A
4.6.1 AKX Linux

A% R R R AR R YR iE A A

$ make feature f=debug

©*

make kernel-olddefconfig

$ make kernel

YRiE AR F — AN AR

$ make kernel JOBS=1

BT T o4 BRI X

$ make debug

’I%‘;}Tﬂ”‘/l\%ﬁélj Km E T, M .kernel_gdbinit ﬁﬂﬁﬂil’i\: 3| i?blé’fi‘ gdb °

b T AT T 4

$ make debug linux
3
$ make boot DEBUG=linux

8 #h MR PR T IAIE 474 T 44

$ make test-debug linux
5
$ make test DEBUG=linux

Fod AR B4 M BT 6 K 4T

$ make kernel-calltrace func+offset/length
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4.6.2 X Uboot

'ﬁ"%ﬁﬁﬁﬁ UbOOt (;‘Iﬂ .uboot_gdbinit ‘L)%J‘Lf&ﬂiPZ,»‘) :

$ make debug uboot
B3
3 | $ make debug DEBUG=uboot

Rl A% 7T vA B 3h MK R

$ make test-debug uboot
2| &
3 |$ make test DEBUG=uboot

4.7 A s X

VA aarch64/virt /VF 75 /';‘fi ™ él] 7 /4\27“)5,( :

1|$ make BOARD=virt

7(7197’113\‘1'&/{{%’ /fli system/ 3] %T%ﬁw'g‘éﬁX{%/HﬁZF

$ make rootdir
$ make root-install

3 |$ make root-rebuild

B3NS R#H (A% 622 F)

1|$ make test

MR TG REEZM

1|$ make test TEST_FINISH=echo

EAT— T & P A6 A )

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

BATE P ALEG MR A ) (commanp_LINE_s1zE LR R 4% K, e, 4096, &F T L% cndline size
HbE)

32



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

#AITELEH MK .

1|$ make test TEST_REBOOT=2

E&: reboot TAA AT LA &R 1) #de, 2) 4%, 3) A 54 4 5, TEST_TIMEOUT=30; 4) A2
B 40k 5 AR 44 4k 48 LA 9K TIMEOUT_CONTINUE=1

ﬁ*‘/l\ifjf'/’i'éﬁ%?ﬂ’i?]‘)i.t/ﬁ“]ﬁ&*‘/l\%fi LiHU.X ﬁ)ii‘ﬁ']%/l\%ﬁé (cmdline_size ‘ﬁf‘fi)ﬂ '3-"1‘%5}]0

commanp_rinE_s1zé A 4096) :

1|$ make test f=kft LINUX=v2.6.36 b=malta TEST_PREPARE=board-init,kernel-cleanup

/37—%.: : board-init ﬁ" kernel-cleanup Iﬂ {‘Efﬁ] 'f%/m'] 'Lgﬁ Q i/J 354' ’ ’f—ai% kernel-cleanup Z:%./i\’ 7%’&4%

JA AR A AR |

MR — AN AEAL K

1|$ make test m=hello

MIX % SNz .

1|$ make test m=exception,hello

AT %% ROOTDEV MiX#isk, &% @®A nfs 51 57 X, 122 &4 &4 R R TR L5
% .

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

A MR A AR EATMRAS] (& insmod A7 rmmod 44X A EATRX A H))

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 QAR AR SR g B AT X R A

1|$ make test m=lkdtm TEST_BEGIN='mount -t debugfs debugfs /mnt' TEST_CASE='echo EXCEPTION ">" /
mnt/provoke-crash/DIRECT'
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Fe WX A B R A AR SR AT BATR XA AEANAE S

$

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

MR R AEH feature-init (FIEsL /A T A 24 04 18], FI=rEATURE_INTT)

$
5
$

make test m=lkdtm lkdtm_args='cpoint_name=DIRECT cpoint_type=EXCEPTION' FI=0

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

/J”'J 13&7%':3}k VA &*ii#\ 613 ﬁzﬁﬁ ('fi}ﬂ make kernel-menuconfig ﬁ?fﬁé) :

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

MK B K48 R feature-init: boot-init. boot-finish YA & R4 TEST_PREPARE :

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

MR, — A R A% AL 3k 5F LA WX AT AT 2 2 make B AR -

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

R — & a4 MR A AR OLTRE X, wRXEREL, FHHEE 6.2.2):

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

1R — % a4 MRXA A (F uboot, 4R X #FeyE, Zde . vexpress-a9) :

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

cleanup

M5 FRRFALEL, AFHRIRBEEE, ALK R L.

make test TEST_TIMEQUT=30s

MR ZAZ P o RABH, BEMATE LMK, M FAELHELLE .

make test TEST_TIMEOUT=30s TIMEOUT_CONTINUE=1
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MK A ALK

$ make test DEBUG=1

4.8 LH£F

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

4.8.1 % rootfs ¥ &E M

% i’ﬁ‘ji'flﬂ:- system/ 8 4a 2 42 & &;”-j‘iﬁp é?}vﬁ’ gl /f/? rootfs :

cd system/

mkdir system/root/

touch system/root/new_file
make root-install

make root-rebuild

make boot G=1

©® B P L L &

_]:Ii&‘;?:'ﬁ?/fi root Iﬂ)j E %T‘?ﬁ new_file 5('14"0

4.8.2 X NFS #3H#

1€ Al ROOTDEV=/dev/nfs &R B 7 L IR

$ 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"

4.8.3 @i tftp 4 L4

£ Qemu A EMR LIBEAT ceep 405 B EALE tftp R F & -

EhLM .
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=W N =

0 N O Uk W N

—

$ 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

AR HRIAK Qemu KRR K E B T, LA A I ECI R -ANZ A, ZR

—/~ bug?!

4.8.4 #®ig 9p virtio #* F L4

A KAl A —AF 6 R B A 9p virtio, 5 F qemu 9p setup - %4F qemu B o5 A%
Fl --enable-virtfs &, BB P A% LM AT FF oL B9 IL T .

THEREAB 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)

ﬁﬂ%%’%ﬁiﬁ] gemu QZJ -virtfs 53(4 -device virtio-9p-pci B %’%’fiﬁé L PCI *H %éﬁﬁiﬁ’
T W K ik AR

9pnet_virtio: no channels available for device hostshare
mount: mounting hostshare on /hostshare failed: No such file or directory

-device virtio-9p-device r‘%» %‘#)’Q 9\ é(] V{] #31 ﬁlﬁ °

A TALREA L, HHANAT 4

$ make feature f=9pnet
$ make kernel-olddefconfig
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Docker L.

$ modprobe 9pnet_virtio

$ lsmod | grep 9p

9pnet_virtio 17519 O
9pnet 72068 1 9pnet_virtio
M

$ make BOARD=virt

$ make root-install # Install mount/umount scripts, ref: 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=modules # for external modules development

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

learning

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

Qemu F AR :

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

test
$ touch /hostshare/guest-test

# Create a file in guest

1 A Linux v5.1 e 6974 Lk -

R M

IHRE

aarch64 /virt
arm/vexpress-a9
arm/versatilepb
x86_ 64 /pc
i386/pc

riscv64 /virt

riscv32/virt

virtio-9p-device (virtio-9p-pci %2 nfsroot & IA4F)
12 X #F virtio-9p-device

12 X #% virtio-9p-pci

2 X 3% virtio-9p-pci

2 X 3% virtio-9p-pci

Fl i % 4 virtio-9p-pci ## virtio-9p-dev

Fl B £ 4 virtio-9p-pci #= virtio-9p-dev
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4.9 %3 IL%

Linux Lab /ﬁ: examples/assembly B j‘&—F%"LﬁF % /E—%/PVEEI é!:] {5'1 I

T W N =

$ cd examples/assembly

$ 1s

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

Hello, ARM64!

4.10 ZATIE &4 make H iz

Umthiﬁﬁﬁ%%nmmﬁﬁﬁﬁhhmme*ix%ﬂﬁ,%ﬁ:

O O Ut W N

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

PATZEFER o DERATRNAETH AR LG ER FET A A ETXE make A 47
%k #1145 kernel - rootfs # uboot -
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5. Linux Lab /%

AFAB AT Ik 464 Linux Lab &k —3 3769 7 £ AR -

5.1 &#F—4 qemu X#FF LK

Pl L AF AL VA arm RAA B

1]|$ gemu-system-arm -M ?

5.2 gl A LA B %

VA vexpress-a9 %]'{ﬂ :

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

5.3 M— N2 T FHF Lk T &4 —1%» Makefile

VA versatilepb A )

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

54 AKkALRETE

REBRBAGRERN, REEMTARE-ARIOGTIHRESL, REAFMLIERE .

-,E]‘-ﬁ‘ ?k % doc/qemu/qgemu-doc.html ék /f’i 2 LA

5.5 Fli /M % configs X #

A% &4 Linux, buildroot # £ uboot # % config T# -
Buildroot &% % buildroot A= A#z B E R T 7 % 4] F -

1 | buildroot: buildroot/configs/qemu_ARCH_BOARD_defconfig
2 | kernel: buildroot/board/qemu/ARCH-BOARD/1linux-VERSION.config
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Uboot &4t T 7 % sk 4 &) B H LA+

uboot: u-boot/configs/vexpress_ca9x4_defconfig

AMAH LRET A GRE .

kernel: linux-stable/arch/arm/configs/vexpress_defconfig

Linux Lab “&A#%'ﬁ%ilf’ 5 jﬂ‘i)/(élj ﬁﬂﬁ s> -clone 6%’/?\75 H)b'?ﬁ’] 5| f)t”.;;ﬁ é(:’ @ﬂﬁ :

$ make list kernel

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 BUILDROOT=2019.02.2 BUILDROOT_NEW=2019.11
$ make root-menuconfig

$ make root-saveconfig

%A ECE A4 Makefile B2 €A1 X &AM & £

$ make kernel-menuconfig

©*

make root-menuconfig
$ make board-edit

B B A oL M XA voards/<BoARD>/ B K T H EH A @ % L& Bl R R AIZ &, WA raspiz A
ﬁﬂ:

$ 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 89 A, vs.1 FREHRA, TANEEE R/ voards/<BOARD>/Makefile T
% B4 .

5.6 % 3% kernel: rootfs # uboot A&

# B AR AR B E AR R tag 44 4E brancn 4> ¥A kernel A4 .
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$ cd linux-stable
$ git tag

v5.0
v5.1
v6.1.1
v5.1.5

o REAE R4 2 v5.1 8 kernel: P A T VAL boards/<BOARD>/Makefile A8A? —4T : LINUX = v5.1

A INE G RA XA Z B H 8 defconfig XA+ B & — AR E .

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

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

do R B AL tag, TAELEMEA commit 5 R A CRIM—A tag &F, BEH ke
T

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

STUABL E A2 Linux ARA T & 89 rootrs

ROOTFS[LINUX_v2.6.12.6] 7= $(BSP_ROOT)/$(BUILDROOT)/rootfs32.cpio.gz

5.7 BB, RiFE D

VA kernel 741 .

make kernel-defconfig
make kernel-menuconfig

make kernel

® N B B

make boot

Bl #6977 % & A T rootfs. uboot. #Z% gemu-
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5.8 RA& A A 89 L% A Fo B B SUHF

$ make
$ make
$ make

$ make
$ make
$ make

root-save
kernel-save
uboot-save

root-saveconfig
kernel-saveconfig

uboot-saveconfig

5.9 bAEPTAH TAE

%5, ¥ images . defconfigs. patchset 4% 2|7 & AR 4F 2 69 bsp FHEREE -

B, RIZH bsp ©E A, F k4T .

$ git remote show origin

* remote origin

Fetch URL: https://gitee.com/tinylab/gemu-aarch64-raspi3/

Push
HEAD

URL: https://gitee.com/tinylab/qemu-aarch64-raspi3/

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 M, LB HE R,

42
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6.1 Docker #a %
6.1.1 docker T #i& EF 1%

7‘{7 T .4 Docker %ﬁfg él] T ﬁ 3% E ’ TF*J‘ 7/5‘%— tools/docker/install HiPZFé’J ﬂ‘] «'5: % #‘EF /etc/default/
docker P 89 pocker_opts VAR 6.1.6 ¥ -

6.1.2 Docker M% 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

HE#H B % docker k%A lab 2 H AME & AR A K .

$ sudo service docker restart
$ tools/docker/rerun linux-lab

4o % Linux Lab 8 M&48 AR & E& T/, HSREMA B — %0 MERIE, FRAELS
LAN 334 5 .

6.1.3 K# EH A EFT Linux Lab

Linux Lab # 7 %2 4 # T Cloud Lab F7 &2 & 7% docker 3, Ek, 4% % X5
# Cloud Lab &A% £4L L A4##1247 Linux Lab, TM A% 44k EH8 VR SRR EARKL
P31 6 45 % .

Linux Lab 8% tt# 2% § £ @3 A A docker #AAE A bR K AT 69 IR3% k@ £E T F &
GoFH R QK AR, Ame@ &A1 EF A, Ak Linux Lab # £ 7% 34 & K 40
RETAEA .

6.1.4 3k root L*xiE4T tools 44

e R EEEFTEA sudo éﬁ/rﬁtlﬁa—Fjﬂf’T tools B KT 894, HAARIGKRagk P Aie3 docker
M E R AR ME R A
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$ sudo usermod -aG docker $USER

$ newgrp docker

6.1.5 M %1
e R B % ping B, HRB/BT @I R T HE—HE.

o DNS &

4o R ping 8.8.8.8 J:/VF.\:F—’%—" 'L‘F]t#ﬁé /etc/resolv.conf #Bﬁ{%gﬁiﬁmﬁaﬁ*ﬂ B .

o [P FFJ&
4o R ping FAAER, H4H 6.1.2 F LA docker Z &8 ip ik H -

6.1.6 Client.Timeout exceeded while waiting headers

MRk ik R EFRE LT Docker B8k %55 & 65— A .

o ¥ = Docker 421548 A A%
e USTC Docker #1%4¢ A L A%

Ubuntu 24T, #4#R3ERERAELGEET RS E#4T Mirror 56 58 E .

/etc/default/docker:

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

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

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

address>

/etc/docker/daemon. json:

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

BEXEEERE docker IR A A4 2K .
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1|$ sudo service docker restart

T HE A Linux 2% Windows #2 MacOS 2%, EiUt A+ MEZ = Docker %41% A
A .

6.1.7 MR E L IHE Tk 8247 Linux Lab

WRERBEEREFT CRREORM AR WOELRE, HFLRETEE .

—_

$ tools/docker/commit linux-lab

B RPRF L B4 (REBIN) AAE, BETRELAH LS “Linux Lab” Bislk X
B4 FA R AT R —REITH

1|$ tools/docker/run linux-lab

ﬁﬁi}ﬂ])mi#"fﬁi docker start 'Waﬁ’&’?—é’%; i%%"i%'
ok LR AR ERE, HRBFILHAT 6.3.9 F Fog4a 7k .

Yo RANKRIRF 69 AL (RE ML) A%%EE, A2 Linux Lab & 83K R, TA BiE{E
R, BEGRELEE 2.4 TPRESG A FHEEHF X . blde, BEA—AREE TR .

1|$ tools/docker/vnc linux-lab

6.2 Qemu #a %X
6.2.1 #: KVM hmig

KVM % ar{z X% qemu-system-i386 Fa qemu-system-x86_64 > HHEF R cpu #e bios X%, T,
BTRAABATHIZRDSE

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

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

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

e R cpu XFF, BAEF 2R A BIOS F B AT %A, AFZHB AN, & “Delete”
A BIOS, ###% “Intel virtualization technology” 4 &8 A -
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6.2.2 Guest (WX E L EHEAE

gfﬁﬁ' 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)

aarch64/raspi3

 arm/versatilepb

T EAT poweroff H revoot I, AL HEHEAL, ATRE gemau 1% A cTRL+a x HAAT shell

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

REREEEEN -

6.2.3 #fTE& 5 gemu

128 R @ PR X
B ofzalé CTRL+a x

AT Curses 89BN #%33%  Esc+2 quit K ALT+2 quit
AT X BW % CTRL+ALT+2 quit

B 7k poweroff, reboot, kill, pkill

6.2.4 Boot B ## ) sdl2 &

& & W T docker 8 image A LHFH, MERY T XL EHEAT lab:

S U W NN -

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

E

$ tools/docker/update linux-lab

1% Al tools/docker/update > F)Tﬁ 8 docker images %"ﬁﬁg’gﬁ S igﬁT ’ Q%j&/f—?— 8k
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6.3 IFryuta %
6.3.1 NFS 5 tftpboot L

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

6.3.2 & vim Y R%W#H g0

BEHEF vim PARET criews ATEHEFR, BAN—AGFohI 741 %o, FH&A
CTRL+Left 2 CTRL+Right %2, Linux Lab &% ctri+right BE4t A cTri+w: & cTRL+Left BRAT A cTRL+p -
6.3.3 k# Backspace T LA

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 %- ﬂéé'ﬂ_é\é}iélj ’J"‘J}iﬂi :

LA Vim Bash

fra /iR ~/$  Ctrl + a/e

Wi/ ER—NF up Ctrl + Home/end
WMET—ANF @ Alt + Delete/backspace
AT —AF Alt +d

-

ThkAza A o Ctrl + u
W RARETA  as Ctrl + k
%fl’&@%ﬂéﬁﬁ]% P Ctrl +y

6.3.4 Lo AT Peig b1 ¥ 3% U\

)ﬁ T Jm:}ﬁ;’@i/‘? iﬁﬁ)\if ’ i%'fiﬁ] CTRL+s 'H’\'%’g}g! T CTRL+space > Vj\l&ﬁﬁ’%j“i’@ ’2% ?fii‘}’ﬁ"? °

6.3.5 4 fTiR ¥ Web @ % w6 K|

Linux Lab éﬁ}?f'%)i'j_i%‘b xrandr jﬁﬁiég, &U%Z:ﬁ'ﬁ;;ﬂ ’ i’%ﬁé‘ﬁ' E]’f‘iiﬁ’ 'ﬁ']'ﬁ“:
RECTT A 69 3= R 1A -

$ xrandr --current

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

Virtuall connected primary 1916x891+0+0 (normal left inverted right x axis y axis) Omm x Omm
1916x891 60.00%+
2560x1600 59.99
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1920x1440 60.00
1856x1392 60.00
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

PATT & rm BAFA F LT 5 BB S, PloBAES .

$ tools/docker/commit linux-lab

BFE—AHF L RATERE

$ cd /path/to/cloud-lab
$ tools/docker/rm-all
$ SCREEN_SIZE=800x600 tools/docker/run linux-lab

Yo RBAE R BINEE, HAMBRFFHRE

cd /path/to/cloud-lab
rm configs/linux-lab/docker/.screen_size
tools/docker/rm-all

tools/docker/run linux-lab

©® B B B

6.3.6 dofTot A2 AL X

AT AL MR, A& “Fullscreen” %42 .

6.3.7 hofT F R

1. 4% A8 & |

A EMBA, # “Settings” #42, B & “File/Title/ Author/Category/Tags/Descrip-
tion”, A&k M “Record Screen” #&77 -
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2. FH¥& FH
#T “Connect” #&42 .
3. 4%k k4
#% T “Disconnect” %42
4. FREH M
% “Play” 441
5. 2 F M

I E £ “cloud-lab/recordings” B & TF . %4 showdesk.io 89 # By #4790 F .

4o

6.3.8 Web 7t & #f

Web ## Tl TEERWREmER, FH Linux Lab AN TR EZX AL, ZKEZK
A, haE Web 2l K B RFrizsa R WA & & e 4 &4 .

6.3.9 &% WEB 5t it A2 if & 4045

4o R B WEB @bt 3L “Disconnect timeout”: 545 % A 216 4k 4 & & £ “Connect”
¥4, e RIRALFERT, HRTEIHBELE.

B4 linux-lab & £ docker 25 G EF 27 (Up: £%, Exit: A REF):

$ docker ps -a

CONTAINER ID IMAGE COMMAND CREATED STATUS PORTS NAMES

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

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

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

$ tools/docker/run linux-1lab

WwRRAELERH, HhREH>NEFHAE .

u—y

$ tools/docker/logs linux-lab
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wRBEEF, BHAIAREGORTFFELTRITERAFTEAKT, FEEALLTIHRE
A RATE IR Ao A

& T# clean #7 rerun 44 F R — LR X8, 5 AITHEEE &, Bl BEALE

o

$ tools/docker/commit linux-lab

R IR FAE & FE Web BRAM, MR, §FEIEHF EHE4T

1|$ tools/docker/clean linux-lab

—_

$ tools/docker/rerun linux-lab

R ERGARARRER . HERMATTR
1 5 LB b B RIEE)

3

& (A L¥EEEA Cloud Lab 3%,

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

6.3.10 Ubuntu Snap &

A }5 RET —i!f.% snap A8 X% G 19 A, 'L%fi}ﬂ apt-get %ffi docker :

o RIEWKELAA P HE docker A P AT F LM root B P4 docker -
e Snap ﬂ]i %%R /dev/loop 11%'}}\57—%'51(3@/25&&7&“‘ %

6.4 Linux Lab #a %

6.4.1 No working init found

357%;“*7? rootfs.ext2 Xﬁ".ﬂ_ ba;}ﬁ‘i;f:’ ‘l%l‘}v” % 173[1’4’— ﬁ'/)\z\—ii#(‘ﬂ' make boot ’fﬂ'ﬁ

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

make boot él}/?\—a]_ YA E] ibé']gizﬂk{%’ iﬁf\%q’ﬁ’fﬂiﬁ °
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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
$ make gcc-switch CCORI=internal GCC=4.4

6.4.3 linux-lab/configs: Permission denied

33/1\'%%1%%/&#1/?? make boot HT’J‘E»:ZB s ﬁ E'Tﬁ‘é%tbﬁ"ﬁ,l‘éﬁﬂﬁ/e}/fkﬂ‘f’fi)ﬂ T root ﬁlﬁjﬁﬁ ﬁ@/j%
7]‘5\‘7%{’%‘35( cloud-lab/ H iéﬁﬁﬁﬁ% :

$ cd /path/to/cloud-lab
$ sudo chown $USER:$USER -R ./
$ tools/docker/rerun linux-lab

AR —2, BA Linux Lab R X FAL-EF@M PAEA, o REM root AP T &K
B, ik FobAREA R P T ARE .
6.4.4 scripts/Makefile.headersinst: Missing UAPI file

ZARHEA MAC OSX e 4 89 X HZAATRR 2 K5, 1512 ndiutil 3R Disk Utility B TAIE

"‘/I\:

$ hdiutil create -type SPARSE -size 60g -fs "Case-sensitive Journaled HFS+" -volname labspace
labspace.dmg
$ hdiutil attach -mountpoint ~/Documents/labspace -no-browse labspace.dmg

$ cd ~/Documents/labspace

o1




7. BR A GF AR Bh &RAN

KAV I 72 443 & tinylab, KA Linux Lab 898 P fe FF XA B 464 .

BABAE AT E DI R RN RREAT B -

BTl ] RGN B

Figure 2: Linux Lab &2 & % &R F AR B ~ A &ATE!
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