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FOREWORD

| am honoured to be writing the forward for Ajarn Wiroon Sriborrirux’s new book. |
have admired Ajarn Wiroon for a long time as one of the leaders and mentors in the
embedded systems community in Thailand. He is well known and widely respected in
terms of his generousity in sharing his deep technical knowledge, as a teacher, a profes-
sional consultant, an advisor to startup companies and as a colleague. It is very fitting
for him to be writing this book as a way to continue to share his knowledge with our

community in order to keep advancing Thailand forward in the technology field.

The topic of this book, “Embedded Android Development”, is incredibly timely,
given the newest developments in terms of the Internet of Things (I0T), cyberphysical
trend and the move to a “post-PC era”, or what we can call the “embedded systems

era” or “device era”.

Stage 1 of the “embedded systems era” (2000-2015) was about connectivity. We
saw the rise of Ubiquitous Computing or Universal Communicator led by mobile phone
and smart phones. By putting a very powerful personal computing and communication
device into the hands of a major part of the world’s population, this stage built up an

important infrastructure for the 10T,

From 2010-2020, we are seeing Stage 2 of this era, with IOT being the keyword of
this decade. We will see a rising need to make things “smart”. The challenge is not just
in the technology, but rather in creating innovation or value creation that utilises infor-
mation or knowledge gathered from connected devices. CISCO predicted that the value
created by the use of IOT is expected to reach $14 trillion by 2020 which is only a few

years from now. This means tremendous opportunity for the development community.

Within this context, Embedded Android has become very popular in all types of
devices requiring user interface such as measurement instruments, kiosk, access control,
payment, health monitor, wearable devices, and cars. We are now currently only at the
beginning of 10T innovation race, and | believe that we’ll be seeing a lot of exciting in-

novations utilising Embedded Android in the next few years.



| am confident that this book should be very useful for key courses such as Unix
Systems Programming or Embedded Systems Development. This book should also serve
as a very good reference for students working on senior project related to advance em-
bedded systems and device development. These days, students learn a lot of theory
but have little practical skills, which makes it difficult for them to meet workforce re-
quirements. It is refreshing to see a book with a practical knowledge focus that en-

hances development skills. It fills a key gap in this field, and particularly in Thailand.

Assistant Professor Apinetr Unakul
President of Thai Embedded Systems Association (TESA)
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Tsunaumdnluns@oussuudfiRmedtun aunanefunviildsumudodlungdnifeu
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ffile CTSS (MIT's Compatible Time-Sharing System) 910 M.LT. %uf‘]mswﬁﬁamiﬁlé’gﬂ
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AuANIIaNINTuazAun e sEUUUTRMIATeI1 MULTICS (MULTiplexed  Information
and Computing Service)
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Jomtumansegns Taslamgegisdenne P/ Aldlumadeulsunsuiudegluseminenis
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thszuuUFoRms MULTICS umihnmswande Sslévinisdedldnlusunsulaglénvinea
UV (Assembly Language) ELUﬂ’]‘ﬁWGMuWSSUUUf]ff@ﬂﬁiﬁ?i%ﬁﬁUULﬂ%aﬂﬁﬁﬂamﬂ’JL@@%ju
POP-7  aunaneifiuszuuufiinmsfianansavinenilfiduesnad  uarluftanfldgndsdolmilng
yildlutinideveaiesjiinas Bell o Brian Kemighan 91 UNICS (Uniplexed Information
and Computing Service) iiasdunisdaideulasinis MULTICS wazdemnfildsunisiaeude
Hu UNIX Tudtgn

soanAldtiniduaudusluiewfifing  Bell Buaulafiazvethialasanisiiteinm
szuUUfAin1s UNIX 983 Ken Thompson sy wazauusndiléidngaufidio Dennis Ritchie
WiewaunszuuUFoRn1g UNIX eguuniesiidnenfinmesiu PDP-11 dsiifammanunsngsnin
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ﬂauﬁf;ma%ﬁmmﬁmaa%’umﬂ%’musﬂ%’ﬁmaﬂﬂunm

Wwenfulandouiu
’gﬂﬁl 1.1 Ken Thompson &g Dennis Ritchie

uenNiuFeUTAn1T Bell Ssldraunuiannawilusunsudalml Welilunsideu
sruuUftinaidesnneenfiunedudassuazilassaiamaanfausunnsaiu ilkdodding
Tumsiaundnenslusunsuweaeuuisnwoauns  saduvmuaddyfiasdonssadianiu
Wsunsuilvadidangudmivszuufuanislueunn  ngluszozusnueaniswauinim
TUsunsuifuma Ken Thompson idenldne® (B Language) afunwlusunsuiivauise
1191nA191 BCPL (Basic Conbined Programming Lanaguge) wisiuilay M.LT. fa3Tmuinig
AUITWATUAITUT9EN4

Fortran (1954)

/\\lul (1958)
LISP (1957) \

CPL (1963), U Cambridge
Scheme (1975) Combined Programming Language

‘ Simula (1967)

BCPL (1967), MIT

Basic Combined Programming Language

B (1969), Bell Labs
4
C (1970), Bell Labs
—
C++ (1983), Bell Labs ()bjccn'\-'c C

L’// on Iphone, MacOS

Java (1995), Sun

JUN 1.2 Famnsawilusunsy

Embedded Android Development graunadnnmun



15

MagalusunsuuansAn 5 Factorials lagiUSguligusuuuunslisulusunsumienisn BCPL
wagn 1w

lUsunsun 807197 BCPL:

: GET "LIBHDR"
§LET START() = VALOF $(C
: FOR I =1 TO 5 DO
WRITEF(C"%N! = %I4*N", I, FACT(I))
: RESULTIS @
8
©AND FACT(N) =N =0 -> 1, N * FACT(N - 1)

i/* The following function will print a non-negative number, n, to
the base b, where 2<=b<=10, This routine uses the fact that
in the ASCII character set, the digits @ to 9 have sequential
code values. */
printn(n,b) {

extrn putchar;

auto a;

(a=n/b) /* assignment, not test for equality */
printnCa, b); /* recursive */
putchar(n%b + '0');

widlosniinndiesiu iunelvsunssiiilasaiedoyauarsuuuuniseuaumeludsd
Jodnfinegnedauas  ylbanisimussuuuiang UNIX legldnwddiliresyssauay
diSashiinas dsdunie Dennis Ritchie Ssléamnazusuusnndlidanauiffiveng
aulunadoussuudfinianndstu  wadluftandldnanennfuntulusunsuslmidodn
A% (C Language) siaum1e Thompson Wag Ritchie lasauiuimunszuuufifinis UNIX
nawdlmisionun  vilinwdnatsanduniulvsunsuiildsuanudealunydnden
TWsunsuegrannifiesannduniwmewnysyasdiumang dunslddoulusunsuwuusneguay
yannvane sedadunwilsunsuiianusaviierudilaldieuaranusaiildalusun st
Tdnulszyndanulusunsuluadle deunlud am. 1974 Ritchie wag Thompson laRdixsing
umsITeuaziaunszuuUfiinig UNIX st auduwaliisaedldsumeta ACM Turing
Award WU f.f. 1984
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MNWaNUFINaTINIUTEN ATRT filludveniesUfiing Bell wazlugfodvavdszuuuiun
M3 UNIX Teeugsliuminendesineg Tdszuudfifinns UNIX Teedeaisssuillouiioadn
foy lewieliluiitonnnndety luvaiuessuuufoinszantueios POP-11 §fs
aulifivssansananeuazdildaueined  Jeihlininn1sideuwazimuiusulsessuulf i
13 UNIX fuegnenieens aunsgidlufiandldifadlmiduiitedn ssuuufoinis BSD UNIX
(Berkeley Software Distribution UNIX) %ﬂgﬂﬁwuﬂ% University of California (UC Berkeley)
aunanaidusnils  Aldsuanufeuwazdnslinuiuegrsunivansluanduns@nu  seun
‘vm"JEJ\‘i’mﬂ‘ﬁsm’Nﬂaﬂwmaaa%%ﬁﬂ (Defense Advanced Research Projects Agency - DARPA)
Aldlviuiuma UC Berkeley iiloannszuudfuanis UNIX delvinaneidu Version 4 BSD
[insesdunsdoansveaietne DARPA Mldanasglunisdeansiedn TCP/P soulud a.a.
1993 19 UC Berkley filsoansia BSD Ju 4.4 fisesfunsdeansuvulusinaoa X.25 uwiiduii
Funeiluiian UC Berkeley fildmganswannszuuufiinig UNIX Tunadesn

pdsniulduuiauinisveneissnoufiusesfduiiussdniamgadn  lusneiine
gfauasfzugnas Tuilanszuuufdinis UNIX iieeeglussduliiaeufiamosianunsatinn
Tuureufimosdiuyana (Personal Computer) fiBonin “XENIX” usflugAusnvosinios
XENIX Safliflsmniasiuansusifissinvdsdo (Text Mode) aunsevistnanataneissy 1980
Algsnnswamn X-Window Funmilinisldan UNIX fBuil GUI (Graphic User Interface) tin
u

U3 AT&T Sanandnfunisiaunszuuuiinng UNIX aunsevisiisgu System V Release
4 (SVR4) 13 ATRT lanenenusiudomvuawasiInsIgIudiag ¥ed BSD UNIX wag XENIX
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dlugheiy deismosanunsagmitlldnulduu svra Tdsewnnisaladsivinlingudniaun
LazuITviAndossuinninainaziinnisynuinlunisfinuana g uesszuuUioAns
UNIX 91nUsn ATRT iselsl viavedaldsiusaiudasosdns Open Software Foundation
(0SP) Tuifiosnidonazsmufmununsgiusevesszuy UNIX lunanses

1970 1980 1990 2000 2010 Time

FreeBSD

BSD family
v OpenBSD .
BSD (Berkeley Software Distribution) — MOblle OS
Bill Joy _ BillJoy ' NewisD _
| SunOS (Stanford University Network) i0S
- NextStep : MacOS X r -
- V: Android
GNU GNU / Linux -
Bell L AT&T ;
ol Labe (ATED) Richard Stallman Linus Torvalds
Ken Thompson
Dennis Ritchie (C language
created to implement a portable OS) )
IRIX (SGI)
SRV5 HEUX
. Sun Solaris
System V family

Ritchie, Thompson

U7 1.4 TimeLine ¥9933UUUFTR UNIX/LINUX

uenan UC Berkeley uwén Adsilusemmedugiiamuiaiosnonfiunessziugaieliludy
§379 W viTndululasdaudin (SunOS way Solaris) U3 DEC (e Ultrix auildeuteiiy
0sF/1) uitmlulaswend (pTas XENIX) USenleTidu (indes AIX) %adaﬂmﬂav%umivw
UjUfin13ves BSD w3allA System V. dmiuszuuufuRnTg UNIX 1y {]awuiﬂﬂmsmu
IeInunenIIAnaanzilsu (Registered Trademark) YoMIEUTITe The Open Group R
Fumheaufifvusuaziusewnnsgiuvesssuufoanis UNIX 13 2 wuude
+ szl TRnsTildinasgIu UNIX 39ldunmsgmuves The Open Group lunisiaundusn
\1 Digital UNIX, SCO UNIX, IBM's OpenEdition MVS
« spuuUfuAnIsAd1e UNIX (UNIX Compatible) ussuuufdinisifidnuaeadiessuu
UURNs UNIX uadaladlaannzidoususeadunienis wu Sun Solaris, IBM AIX, Linux
TA3aM3 GNU (GNU Project) léign3iEnanntinddsain MIT %8 Richard Stallman iflesann
sruuUfiAng UNIX Tadlé3Bndeluudn Tnetnnusvasdudnvadasanstifensnene s
a519 C compiler (gcc), make (GNU make), Emacs, C library (clibc), wag coreutils (Lstj'uﬁ’]ﬁbﬂ
s, cp L Uusw) F[,mjflgwmLﬁ@lﬁnﬂﬂummmﬁﬂﬂiﬂﬁw% uiegslsAnulasanishacinnasi
ununasddnydvIuszuuUfTRnsSeninaediua (Kemel) aunsensd am. 1991 thdnw
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aUTIMEINITAENTIADS 1AM dY Helsinki Uszinafluuaudde Linus Torvalds éiuuafn
flazassruufiinsuuudauazs’ Taeffuguedisszuuuiing UNX Seldlfiedeste
nlasans GNU viamua Taidnagidu C library, gcc, binutils, fileutils, make, emacs 1Juau
sasnmsRann Kemel Taewenenaiannlusunsuianunnuannsigiy POSIX wuieaiiu
szUuUfURns UNIX  auludigafianansoeeninladusaluleossuuufoinns Minix uaznis
Linus Torvalds Al¥dnwelénlusunsuvesss v fifnisiavmndansisae doliminiauidh

Y] ¢

langreiuliulsaunly aunsenseeniiasdu 1.0 (A.A. 1994) uag L3 2.2 (A.A. 1999) A

a9 ulaveseuuUfURaung (Linux) Tuvian

q

USLNNUD9 LICENSES

31NN5IATUYBILATINTG GNU ag Richard Stallman igesnistdiniauiuasyldau

'
Loy

aunsalldlensleeludanlddne  wifazdenhluldnelddeulunisdunsesnudednsing

e

WIUINUUALY AIFD8193VANTUNNEIUAIUANTI9UN9E19T

LICENSE Sauly

mndinsilasusunsulunisudly vie @eulusunsudiuan
Tmhfloenldilaidy aana vielausns TWsunsulmiiAniy
thuazdesdl GPL license Anluse Fednunizvosdnygrouqn
GPL fidnwaiz “ias” dall
GNU General Public | - @3amlunisldan ldnlddmsuadssasdle
License (GPL) - @anmlunisnennisyinauuedldsunsy kagwnlulan
- @snmlunissutnelusiasy
1ainmlunsuiudsuasaliyanarmllduagsianide
Tnefiitsioulvnnsiluldviodluimuwse  sududeddd
deyyounIndg Ity

mndinsilaalusunsuluvnisudly vie @eulusunsudiuan
TmlileGenliiled®u rana vielaus s Tusunsalvaliindu
GNU Lesser General | shlldidndugosin LGPL (Lesser GPL) gy usduveslan
Public License (LGPL) | Tusunsuymifnfdansdost! LGPL Anlude Tusunsudmiideu
Jusnosanusniluneldusagdosssyagistanuiild
TUsunsualaunlaluniswauiing
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LICENSE Gauly

Tvwanslutonansinlaldlanlusunsy  use  lausis du
Apache License | Apache License @aulusinsuywmunduuilniiesaiunsaigen
1% license wuulnunle

' Taalusunsunlavinisunlalddndufealamelanlusinsy &
BSD Licenses o w v o = 0 B o
TN HI R R NG TR TR TR QU Mzl OISR

Qﬂﬁﬂiﬂiﬂﬂﬁ%ﬁ%éﬁﬂaﬂwaﬂ’m 1n891J UNaIIUNIST 8

Creative Commons | JUAM #38M1500NKUY  IAENTaeHauainsaidentaiixg
Licenses Nuesiesazliil license Wunuulvy Wy wansfiun | wans
fnldldidionnsdn | uansfiulildidiensanlusaulas udu

4

USaey1 hazAINTNUgIUEBNTuUUfURNTAYNY

Tuefnnsl¥nussuuUitinsaynd  1uSesiivarsaudaindeududeulaseindents
yhanudila  nswenadedlianudilaluddnfnfussuunouinnefuagszuuiedetnene
aums  wunsmdlunsdimisseuuuiiineg nmsdeenisianuuuuesaauesnatlei vse
madeulusunsuuszgndiiielilunismuaudanisssuunisieansingg  viienisindedoans
doyasenineniaunnd wanil Sudeddmuiuasinvenansdulsenoutulvilviilinuluey
29d7n fethaty quinsuimesusitne UnileenuuugUnsalifszuuaseanaileiimadiu
syuvdeansuaginsaunay  vesfiRnsnmeluuvnineds  vienmieiduniadg/malenty
Jusiu

urogslsAmaluiagiunaneaudliannsaufiasliinssurufoing  UNIX/LINUX  5a
dranitunumludinusyifusnndu ldhasdussuududlussdng ssuulndnglussdng U
LLaWﬂm%’uﬁImﬁqmm (facebook, google, twitter) aauwAIwsInUBgNeldsrULUURNS
UNIX/LINUX feusiadu usnaintunielugunsaiededldlain gunsaidearsefianmn Agnd
msfesruLUiiRnssunsmdsednsszuulfiRmsaundeglomaslumevhmihiiniuaugua
mMyvhevesszuumelugunsal ivihiansedugldiu GUI (Graphic User Interface) uazvin
sthilunisioansiussuuinierisludgudnans Wudu deuliniauilinieseaulanieda
tnfnuiGeulumeinemaninenfinnes  weluladarsauna  danissulwih dmnssu
PoNfimes Amnssusruumuny saviats Ssdienudnduedsieiiegdessuiaudlandn
nsvieuresssuuUiRnIsdund  liteadunslisdeiugn mslfoulusunsaszend
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a ¢ A

A9 FauTNsRRnwlUsngy  nelassuudfuRnisaynd  iveiulenalnusiaeslu

q
]
U U v &

AUIAR TUANEDITWUNWAILIUSIATY UNWAIUISEUUANDINARIE TnWauIseuuFaaisuuulv

¥

UNITENANUNITIAINTIUNITUING FAINTTUFININ UNFIAIMeUUTITaTaUme 1Ingsha
nainuaunsalldmealulagtugs Wudu

a a

suAUeIginiawnnnanfe nsEuRuNsitnussuuluRnisiund ey

W lauSyrnuguvesssuuUfUanisdynduaiasiiaujis  menisaaedldmdmiagaindien

q
a 2

lugornuagyinognwioiles  naannisFoudiindumariazihlugiduneiisguasiuluge
yadeninning axnueduuasmuiSummaiiagilontaadisassidulqliAntulfegs
widede dudemngluuniifunsnununeragudduarauiiuguiiddylunslissuy
UFTRMsAyndgsazimnzdmiviniansuerisudainimunsefunats Uszneuluserinde
Fovigluil

L%Buﬁﬂizmumiﬁ’mu%ﬂlftiaﬁ (Shell) Lag Standard I/O Stream

fuusnneluszuy (Environment Variable)

AsFenlgumdineluwas wazneusnwas

- Adeitugudmsutiniimunsussuuateanatl
- AU IUIUNNTAIALALALATANISUSANTANUTLUULASBUNE

<9 Y

14

NITUIUNTINUVINYRE LazynAdnneIdas

1 ¥

%4
] = 1 L%

meluszuulfianisaundineunnamnegsiiegnislussuupalnansdu (Almost Every-

U

-

thing is File) oA

JEUnATLY (Resular files) wulndionans tndfadiiie Indlusunsy

laisnme3 (Directories) ldiussgmonisvaslidnngg

d@ondnydnwal (Symbolic links) Indfignsdalugalngdu

Inldgunsal (Devices and Peripherals) lnldfilousefugunsalensnmisvesszuy

Jyldviedsdeya (Pipe) Wnldildiduvieionsynindusunsy tiedsrnadns (output) vos
TUsunsunila Whduaniuda (input) vesdnlusunsunds

Jyldviedeniin (Socket) ndmluuvieiousensaeanstoyaseninelusva Mieglu
\3aaieniu vieruasasiussuuesetiels

ivaa (Shell)

shell 1Husnanslunissudds (Command Line) angldudrazyinisudaynds
(Command Line Interpreter - CLI) Aglddaudnan Tnsvviunisnelus shell azgoust
azidunsuduteuvessruulfiinaeld  laefidldazhiiimdmniteumdaluudineluay
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pesvviunsulstne fegray  d1gldaeanimauntleanuIimvaenienuiives
8ﬁﬂﬂaﬂwmaaaa s’ﬂmwmwmwmm free/df #7 shell ﬁ]v‘mmmLsdamal,t,avmlﬂﬁmmﬂu
‘vmfaEJm'ma]wmaaﬁmaﬂ%m’maaumLamwwuumﬂﬂmumwaaﬂalﬂwhim'uamazmaa
E Y Py ! | = o o a vy vy v & a 1 oA o 1 A« )
Nunlrlgauleonwinlug - Fevuiuniseantanaintienudunisinmedaasluseauananisenin
szaumesiua  dedelaindunnunansdrdglunismivaunisiaussuuimuanislunsed
ARLIWES Inagnaniessazidunvaaesiualuundngly

waNIINTY shell anunsasasiun1sWeuyamdnnnimilaidamsauiu wagaunsasy

o

ﬁqmmé’aéawﬁﬂﬁﬁﬂmummL‘éaulﬁwi'mqﬁiﬁﬁmumiﬂué’ﬂwmzaﬂ%ﬂﬁ (Script) Mgnifvadlulug
o yilifuanuaganuagivsednsamlunsldaussuuufiRnsaynd Immawwumﬁmm
yinuzegseaunildunsdeuanirivieniFontuiivadanius (Shell script) uu LAZUDNDIN
uuaﬂLaummmmmﬁ]vmnuaEJLW&Jﬂ@ﬂwuuaaﬂuwamaiuiﬂmﬂﬁm shell Huge Tutlagdu
shell mawﬁ‘waLLasmuwuwmmqmmmaﬂa Bourne shell ({]f\]f\guuﬂmmﬂu Bourne Again

shell) Lag C shell

#U19DTUANES

BIUANEY @ Zuanda
UsENIANAAIES

JUN 1.5 3uumsvinnuves Shell

M18E19N13959eaeUTLAVeY shell AMasldauegluseuunigmds echo ka¥ATIAABUIUVDA

shell A28 —version

: $ echo $SHELL
i /bin/bash

: $ bash --version

%GNU bash, version 4.1.5(1)-release (x86_ 64-pc-linux-gnu)

: Copyright (C) 2009 Free Software Foundation, Inc. :
! License GPLv3+: GNU GPL version 3 or later <http://gnu.org/licenses/gpl.html> :
: This is free software; you are free to change and redistribute it. :
gThere is NO WARRANTY, to the extent permitted by law.

Embedded Android Development graunadnnmun
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MINABINITNTIURITIENsYaAdgnidaagniglu shell Ingldrmdamatnaadnail

§$ bash -c help

: GNU bash, version 4.1.5(l)-release (x86_64-pc-linux-gnu)

! These shell commands are defined internally.
to find out more about the function

: Type " help name'

Type " help' to see this list.
“name'.

: Use “info bash' to find out more about the shell in general.

"man -k' or “info'

(*)

§ Use
. A star

job _spec [&]
(( expression ))
filename [arguments]

[ arg... ]

[[ expression ]]

alias [-p] [name[=value] ... ]
bg [job spec ...]

bind [-1pvsPVS] [-m keymap]
break [n]

builtin [shell-builtin [arg ...]]
caller [expr]

case WORD in [PATTERN [| PATTERN]...)>
cd [-L|-P] [dir]

command [-pVv] command [arg ...]
compgen [-abcdefgjksuv] [-o0 option] >
complete [-abcdefgjksuv] [-pr] [-DE] >
compopt [—o|+o option] [-DE] [name ..>
continue [n]

coproc [NAME] command [redirections]

[-f filen>

declare [-aAfFilrtux] [-p] [name[=val>
dirs [-clpv] [+N] [-N]

disown [-h] [-ar] [Jjobspec ...]

echo [-neE] [arg ...]

enable [-a] [-dnps] [-f filename] [na>

eval [arg ...]

exec [-cl] [-a name] [command [argume>

exit [n]

export [-fn] [name[=value] ...] or ex>
false

fc [-e ename] [-1lnr] [first] [last] o>
fg [job_spec]

for NAME [in WORDS ... ] ; do COMMAND>
for (( expl; exp2; exp3 )); do COMMAN>

function name { COMMANDS ; } or name >
getopts optstring name [arg]

to find out more about commands not in this list.
next to a name means that the command is disabled.

[-d offset] [n] or hist>
[ elif C>

history [-c]
if COMMANDS; then COMMANDS;

jobs [-lnprs] [Jjobspec ...] or jobs >
kill [-s sigspec | -n signum | -sigs>
let arg [arg ...]

local [option] name[=value]

logout [n]

mapfile [-n count] [-O0 origin]
popd [-n] [+N | -N]

printf [-v var] format [arguments]

[-s c>

pushd [-n] [+N | -N | dir]

pwd [-LP]

read [-ers] [-a array] [-d delim] [->
readarray [-n count] [-O origin] [-s>
readonly [-af] [name[=value] ...] or>

return [n]

select NAME [in WORDS ;] do coMM>
set [--abefhkmnptuvxBCHP] [-0 option>
shift [n]

shopt [-pgsu] [-0] [optname ...]
source filename [arguments]

suspend [-f]

test [expr]

time [-p] pipeline

times

trap [-1lp] [[arg] signal spec ...]
true

type [-afptP] name [name ...]

typeset [-aAfFilrtux] [-p] name[=val>

ulimit [-SHacdefilmnpgrstuvx] [limit>
umask [-p] [-S] [mode]

unalias [-a] name [name ...]

unset [-f] [-v] [name ...]

until COMMANDS; do COMMANDS; done
variables - Names and meanings of so>
wait [id]

hash [-1lr] [-p pathname] [-dt] [name > while COMMANDS; do COMMANDS; done
help [-dms] [pattern ...] { COMMANDS ; }
aUNTaNIIUNYadeavaiazAdinagateluy shell lagitud help <¥oA7a9> fograu
' $ help times
: times: times

Display process times.

Prints the accumulated user and system times for the shell and all of its

child processes.
Exit Status:
Always succeeds.

Embedded Android Development
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Echo
Echo Jurdwnldlunisuansdonnulagiseenisiignusinguuntisiiavesiita daieens
eEliRENS

§$ echo Welcome to Embedded System
: Welcome to Embedded System!

§$ echo Welcome to Embedded System

: Welcome to Embedded System!

:$ echo 'Welcome to Embedded System'
éWelcome to Embedded System!

Infegsaniiuindds echo arldaulavterinynasiivesing NIUAAINAILYNARTDY
avdeiiss 1 Yesiinane  usddesnsliiansnadnsaiuszusiefifesnisesdedls
A ouusznA (‘ -Apostrophe) %‘%améammaﬁmﬁ (“ - Quotation Mark) As8U
donruniu flesainlu Bash shell Suagld white space (lnsnisnatlal space bar) Tun1susn
Fornuoendu token W3aBn31 wsfiwestiiolilunsuansua uwidinislanIsamunsasou
foAr1au ‘Burapha University’ foamutiuaggniiulily token tiesiaufe)

msldaumds echo asfidudon (Option) Manewuy (s?iammia@iwazLﬁsmﬁﬂé’ﬂéﬂm
fu man echo) sndhogratu nsldFIden -n devierds echo azmuneEansluduusssin

Tual (New Line)

:$ echo -n "My name is Android"
: My name is Android$

€

%-
e
e
©
Lo
)]
i)
o
éQQ
=
c
)
2
E)e
—23
=
e
3
>
5
:De
2
o
ee
=)
o)
@
-
i}
—
i}
()
<
=
D
N—r
3
@e
Lo
o
ee
et
)
[2)))8
®©
)
o
>
e
N
=
Zt
D
(@)
o
(@)

. $ echo -e "My name is \nAndroid"
: My name is
: Android

Dy

wBNINSNUTE \n kendildnsElun1sAIUANNITLANINATRANNAITIEaZIDUA L1599

A1979 1.1 WAAINIS YU NUTE LAY

ESCAPE SEQUENCE sgazLdan

\a Alert (bell)

\b Backspace
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ESCAPE SEQUENCE LD EA

\c ngansuusIialul @vazdortumslinu n)
\f Form feed

\n New line

\r Carriage return

\t Horizontal tab

Tunsldem Bash shell tudeiisnusziamzannineildanunsathulduansduddonnuld
Lﬁmmﬂaﬂiﬁfi’ﬁluLﬂ'%laﬂﬁas[,umﬁmmiﬁuwmaﬂﬁwé’a wu [, & Y, S WeaReenIs
LLamaﬂszmmmu’lwﬂﬁﬂgaaiusuamwmvmaqmemaﬂwm \ dnenussiane  wiely
Lmammaamﬂiumﬂﬂiaummamm‘mmﬂmsumamaaﬂim

U

fegsnsdaneal \ tnisnuseinesnsuansludenin

:$ echo I love Linux & Android
: [1] 30136

: I love Linux

: Android: command not found

i [1]+ Done echo I love Linux
%[1]+ Done echo I love Linux
:$ echo I love Linux \& Android
iI love Linux & Android

:$ echo 'I love Linux & Android
: I love Linux & Android

Command Sequences
fdanansadeumdannnimisidslundeutulagldfiiiunsaiuau (Control Opera-
tors) lown “||°, ‘&&’, ‘&, 7, 5, T, ¢, ) WDueu %ﬂﬂﬁﬁ&lﬂﬂﬁﬁ@éwadﬂaﬁqﬂuﬂszﬁﬁﬁ
nnt 1 mdaduduly avldieSemune < sania (semicolon) shell azSuFdanazaiy
nsfavAdanuddu  lunsdifiasiimsnsiaaeunadndnainuvesusasidsidusaviedy
werthy  sruudfiRmsBundasdimsfusnduediurnduinanguiaganefedidainiu
nsdSe widnduiiarduesieimdniuinuduma é’ﬁwﬁﬂﬁmmﬁaﬁmumLé*umqmﬁ
Maumudeulaiiesnunlagldidifiunis AND ‘€& uag OR ||’ fregramu

©$ 1s
i android ccache Downloads kernel output.txt Templates workspace
i aosp Desktop error.log Music Pictures test.txt
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gbin Documents git one.txt Public Videos
:$ 1s test.txt && echo "OK... File exists"

! test.txt

§OK... File exists

:$ 1ls mail.txt && echo "OK... File exists"
i 1s: cannot access mail.txt: No such file or directory

Mndsinei id testixt Toglulasane3iahlisyuuufiRnsayndaudinduanidugud
Adsdaludsianusiold uwiluvazilnd mailixt lildeglulaisnmed uansfanisvieudivan
ylilifnsihimdsidall uimalishdiduns ‘| ddsdmnazgnynaulunsdiiddusn
nsAuANauInlaviiuaud deiiegeatnemna

:$ 1ls test.txt || echo "OK... File exists"

! test.txt

©$ 1s mail.txt || echo "No File exists"

§ ls: cannot access mail.txt: No such file or directory
: ON File exists

LN sdImIaLliuns && war || unUszyndldlunisnsivaeuieuluvilouyndds if
(Rouly) .(259). else ..(1979).. w30 if (Roulw) 7 .(859). : .(979). TunwlUsunsumily asdisy

Y

WUUNSEUA
:$ 1ls test.txt && echo "OK...File exists" || echo "Oh Bad... File not
: found"
! test.txt
OK...File exists
:$ 1s mail.txt && echo "OK...File exists" || echo "Oh Bad... File not
: found"
: 1s: cannot access mail.txt: No such file or directory
Oh Bad... File not found

Standard I/O

a o a wva = 4 ddglJ o u & aq
FYALLRYAYUVIUNTIININUYBY Shell 1u3$UUUQ‘UWﬂWiaHﬂ"U %mwugmm tUAM® 98N13

A
WRUFDTEMINNUTLASULAE ALNAasuYIRlUsuAsULIN18lwestda (Terminal) MSen3n I/
7

Dy

O Fegutheaeilidunisuaninsionsiavesgunsal 1/0 11RSIFIUIUILVEITEUY

3 ilog 3 vila
Lo
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Terminal

AguDsA %9

%98 o sl

5U#l 1.6 Standard /O

M99 1.2 S19adunfiug1uves Standard 1/0O

STREAM N1®13157U rREREGEL

dmsusumdngldiiodewiolilusunsy 81unis
stdin (Standard Input Stream) 0 e .
Suteyamdiannisnafduain

ANSULANINAANSNDNAIDNU1NNTUTNTY LNDES

U

stdout (Standard Output) 1|, o
VDAINUNAANTDDNHULTAIUUIDAIN

ANNSULARNINAAIURANAINLAAIINAITVINNIUYBDY
stderr (Standard Error) 2 e s 3
TUsUNTUASUAAINNUSEUNANE D9NANVTNDAN

Redlirections

isuuﬂﬁﬁﬁmiﬁuﬂﬁﬁﬂﬁm%mm%uﬁ'aﬁaﬁwLﬁum'ﬁﬁmmiamuqmaiﬂmﬂ‘maﬁuaq
YoyaandimmanislgBniimmmilmsoosusiegfensiasudumadoyainazlvesndh
standard stream #la Tngnsld@Riduns “<” unu stdin (Standard Input) kag “>” unu
stdout (Standard Output) sfadiiuns redirection ﬁuﬁagjé”mﬁ’u 5 LuuUmuIIwazdunluy
M1T9U9E

A15749 1.3 AIALHUNS redirection

AIALHUNS S18ALLD YA

< g Ualnladmsuauteyanielulug

<< token T lunsamdus &S e wadansunNnanIn1sTUAIIUNTLITLD8 token

> lnld Ualvlddmsudewiuteyalvl
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AIANHUNS sN8azlaan

>> Il Ualnadmsudsusiomeanteyaiay

n>&m \Wagwdun1aves File Descriptor (FD) Wi n lufilval m

gndagay NMsltaunisdsdunmaning /etc/passwd WifuAds erep wazn1sdsdunmann
n5UauTaANUMANUAIES sort AaLEnITN9a1g

:$ grep -i student < /etc/passwd
gstudent:x:1000:1000:EE—Burapha Student,,, :/home/student:/bin/bash
sort << END

55233424 Wiroon Sriborrirux
55237346 Nayot Kurukitkoson

: > 55236477 Panuwat Dankhang

: > END

;55233424 Wiroon Sriborrirux

i 55236477 Panuwat Dankhang

: 55237346 Nayot Kurukitkoson

: $ sort -k2 << END

: > 55233424 Wiroon Sriborrirux

: > 55237346 Nayot Kurukitkoson

: > 55236477 Panuwat Dankhang

: > END

: 55237346 Nayot Kurukitkoson

: 55236477 Panuwat Dankhang
§55233424 Wiroon Sriborrirux

VVV®

Watinslameaiunig “>” naandanAdsazgnasiuinulilulug /Atmp/results unuilazeen

U
PUND AIFIDE19UN1987

§$ grep -i student /etc/passwd > /tmp/results
:$ 1s /tmp/

%CRX_75DAF8CB7768 orbit-student ssh-pqdoFN1336 vmware-root-2
: hsperfdata student pulse-Xti8iSZ9STOh VMwareDnD vmware-student
: keyring-27UIsq results vmware-root

§$ cat /tmp/results
! student:x:1000:1000:EE-Burapha Student,,,:/home/student:/bin/bash

fog1ansliads cat ienandeyanislulld szlinnsuansdoninuranaia (Error message)
gonneninge sbrlauulidieglulasnnes

§$ cat one.txt two.txt 2>&1

éThis is the data inside
i cat: two.txt: No such file or directory
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annsansestannuianatniluinulilulngde error.log Mmedaniunig “2>”

. $ cat one.txt two.txt 2> error.log
: This is the data inside

: $ cat one.txt two.txt 2> /dev/null
: This is the data inside

: $§ cat one.txt two.txt three.txt 2>> error.log
: This is the data inside

i § cat error.log

! cat: two.txt: No such file or directory

! cat: two.txt: No such file or directory

gcat: three.txt: No such file or directory

AUUTENTNLINADUVDITSUU

fuUsan1nndey (Environment variables) 1uiuusniianudAguinlussuuUfun
nsaynd eswnilusudsnansil shell w3s TUsunsuussgndsnqasnsaBantdanuld 919
| Y A’ v A o A’ v = o w P .
W Fudsiuteyaves shell viseduUsiuteyavedlainnesusednfvesyld (Home Di-
rectory) wagdaddnusnnge) dnunuef shell lodinssamliluvauey shell Suvinau feeng
19U bash shell aziinsSenlwdiSusiuag 2 Indlawn Tne profile waglna bashrc

: $ cat .profile <—- Tunsal Ubuntu nasdu 13.04 Juld

! # .bash profile

! # Get the aliases and functions

g if [ -f ~/.bashrc ]; then

: . ~/.bashrc

P fi

: # User specific environment and startup programs

! export USE_CCACHE=0

i export CCACHE_DIR=~/ccache

: export JAVA HOME=/usr/lib/jvm/jdk

: export ANT HOME=~/android/ant

. export ANDROID SDK HOME=~/android/sdk

. export ANDROID NDK_HOME=~/android/ndk

! export AOSP_ HOME=~/aosp

. export :
i PATH=$HOME/bin:$JAVA HOME/bin:$ANT HOME/bin:$ANDROID SDK_HOME/tools:$ANDROID
. SDK_HOME/platform-tools:$ANDROID NDK_HOME : $PATH :
: $ cat .bashrc

g# .bashrc

: # User specific aliases and functions

: HISTSIZE=1000
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: HISTFILESIZE=2000

i # some more ls aliases
:alias 11='ls -alF'

i alias la='ls -A'

§ alias 1='ls -CF'
ialias rm="rm -i'

i alias cp='cp -i'
‘alias mv='mv -i'

. # Source global definitions
:if [ -f /etc/bashrc ]; then
: /etc/bashrc

defldidngszuu Login Tasnsliusinuniinvemesivadsiondondugi tty (Teletype-
writer) lentheawmeiiitagnadstu flvsunsudniuniadndssuufaggnidontuuiiouans
Fomallildnsendeffld (userame) wagssiasin (password) Weiingszuulddidafagsins
Sonlusunsu shell iilogudriuguiinslidmsuanimundenvesssuy (system environ-
ments) fatumaulusuineds

Terminal

M,

8319 tty Inailvinugly
B1un1TAIAISEULnanlY /etc/

‘ profile #3a /etc/bashrc

Tusunsu agetty uaaenun login vu tty ,‘

ﬁhumsﬁv’qd'ﬁzummsﬁﬂu
~/.bashrc
Tusunsw agetty 3anansa /bin/login ‘

‘ usneaA N login Ainnuasglu

Tusunsu login 3uneuuu shell

s /etc/motd

 Vou sTRgTe- Rty TaaiNe your wvp
\ inta 133 tepelens waae

Login éhell

o
[ Y

JUN 1.7 Fumpunisingseuudiansinumesiia

1
U 1

wonaNUUsTULAzdinmImiATLUIzuUiugy JudusudsdAyasnuwetselaun

Embedded Android Development graunmaiinwmun



30

M99 1.4 LanefiUsssuunugIu

USER BonTogldsmdidlunsdhgsyu

uID Bonsviadldauililunadigssuy

HOME \58n Home Directory

PWD 580 Directory ﬁﬁwé’ﬂ%’mu

SHELL Bunde shell Aitdsldfa
S Bun process id fifnddldanu

PPID 3un process id AlFun1sdUNenw
? The exit code of the last command

YNFIDE19NITWANET echo iaLanIA1N18luILUSITZUU

: $ echo $SHELL
g/bin/bash
:$ echo -e " My Home directory is $HOME\n My username is $USER\n My
: current directory is $PWD"
{ My Home directory is /home/student
My username is student
My current directory is /home/student

: $ echo $PPID
: 1927

:$ ps -aux | grep 1927
! student 1927 0.0 0.5 192052 11236 ? S1 08:15 0:33 gnome-terminal

env klas export

Ads export Wumdangldanuanunsaadadulsssuuiniulaies lnenisssudnluly

b4

na bashrc B3afiunAFIN1sAIAlalaensdlu terminal AIAI9819919819

§$ export my project_codes=/home/student/embedded/sourcecode/
: $§ echo $my project_codes
! /home/student/embedded/sourcecode/

:$ env

! ORBIT_SOCKETDIR=/tmp/orbit-student
! SSH_AGENT_PID=1383

! TERM=xterm
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! SHELL=/bin/bash

§ USER=student

: PATH=/home/student/bin:/usr/lib/jvm/jdk/bin:/home/student/android/ant/bin:/home/stud
! ent/android/sdk/tools:/home/student/android/sdk/platform-tools:/home/student/android
: /ndk:/home/student/bin:/home/student/bin:/usr/local/sbin:/usr/local/bin:/usr/sbin:/u
: sr/bin:/sbin:/bin:/usr/games

: ANDROID_SDK HOME=/home/student/android/sdk

: PWD=/home/student

: JAVA_HOME=/usr/lib/jvm/jdk

GDM_KEYBOARD LAYOUT=us

: LANG=en_US.utfs8

{ GDM_LANG=en US.utf8

: MANDATORY PATH=/usr/share/gconf/gnome.mandatory.path

§ GDMSESSION=gnome

! SHLVL=1

{ HOME=/home/student

! GNOME_DESKTOP_SESSION ID=this-is-deprecated

! LOGNAME=student

: DISPLAY=:0.0

: AOSP_HOME=/home/student/aosp

: LESSCLOSE=/usr/bin/lesspipe %s %s

: COLORTERM=gnome-terminal

! XAUTHORITY=/var/run/gdm/auth-for-student-9wtySF/database

é _=/usr/bin/env

: $ export -p

i declare -x ANDROID NDK HOME="/home/student/android/ndk"
! declare -x ANDROID SDK_HOME="/home/student/android/sdk"
! declare -x ANT HOME="/home/student/android/ant"

! declare -x USER="student"

! declare -x USERNAME="student"

: declare -x USE_CCACHE="0"

! declare -x WINDOWID="14722574"

! declare -x XAUTHORITY="/var/run/gdm/auth-for-student-9wtySF/database"

: declare -x XDG_CONFIG_DIRS="/etc/xdg/xdg-gnome:/etc/xdg"

: declare -x XDG_DATA DIRS="/usr/share/gnome:/usr/local/share/:/usr/share/"

Exec

exec \HumdildlumsBenlusunsuautusumuit shell Lﬁuﬁiﬁfj’muag FafeEadq
fredrafunslinudids exec Tagagiinisada bash shell Tumdndadiolviduluswagn
(PTD 30779) Mauniely bash shell wdnduluswaws (PTD 19907) 91ntusinisEen
T a1ufds exec sh FadunisBenda sh shell Juanunud bash shell axdunmldanuuneias
Wawaluneaufeniu (PID 19907) dwnngldnusainisesnain shell Plevinisadng
Fusnvzdedlimds exit iieduaunsvinauvesiusea (PID 30779) Aldvinmsadistuan

:$ ps

: PID TTY TIME CMD

19907 pts/1 00:00:00 bash < yeavlUTIva
: 30777 pts/1 00:00:00 ps

: $ bash
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: S ps
:  PID TTY TIME CMD
: 19907 pts/1 00:00:00 bash

: 30779 pts/1 00:00:00 bash < ngkavlUsiwagn
: 30796 pts/1 00:00:00 ps
: $ exec sh

;3 ps

PID TTY TIME CMD
$19907 pts/1 00:00:00 bash
: 30779 pts/1 00:00:00 sh

: 30800 pts/1 00:00:00 ps

: S exit

N

: PID TTY TIME CMD
£19907 pts/1 00:00:00 bash
: 30802 pts/1 00:00:00 ps

= v o 13 ¢
nsiRenlynuaidngluwas wazngusnyag

mdsugiungly shell tesdudsenaulumemdmanauislafduiigy dwsueds
::1' ~ ¢ ¢ Y a o
auqmlulusunsudszgndvselusunsuessausyleviazgnasdanainyadidenieusn  shell
(External Command) 3du lnemdswinagnieuen shell asdulwdlusunsuigniiveglussuu
W& (oot filesystem) wu /usr/bin udu  dsunisdhfslnalusunsumariidndusiass
dudalasnvesiiulialsunsumatued Wedldfuneds TUsunsy shell asdnlugu
lasnnasngnasabilususaninwindonrasssuy (Envionment Variables) #0791 $PATH
lnglumsidndeidniu shell agvhnisnTvaeumddaslaisnnesusnaudslasnnesgaime
(edl 0 AusenIelasnmnes) aelududs PATH deunsaigldanudesnismsuinmdeinly
tugninveglulasnnesle Aaunsonsiaaeuldmedida which dail

: $ which 1s cat date ifconfig uname whoami ps find grep echo set
: /bin/1s
g/bin/cat

i /bin/date

! /sbin/ifconfig
: /bin/uname
g/usr/bin/whoami
! /bin/ps

{ /usr/bin/find

! /bin/grep

: /bin/echo

ddeIN1InIUIEazdeniddyutesns wu Wumdegnielu shell v3e urmdsiinain

1571 alias (NsviunuaslrfuAEIsnen wsedudeu Inanaldusdenisisnladedu se

Embedded Android Development graunadnnmun



33

D

3onlAdU WU alias 1s="1s -al --color=auto™) NAWNIAIIAET type ionTIdeula

: $ type 1ls cat date ifconfig uname whoami ps find grep echo set
i 1ls is aliased to ~1ls -al --color=auto'
gcat is hashed (/bin/cat)

: date is /bin/date

: ifconfig is /sbin/ifconfig

: uname is /bin/uname

gwhoami is /usr/bin/whoami

! ps is hashed (/bin/ps)

: find is /usr/bin/find

i grep is aliased to “grep --color=auto'
gecho is a shell builtin

i set is a shell builtin

dunailasnnesalvgiegluy PATH 9zasingsmie bin Mmewmnnan1539laseasavaessuy
IldneluszuulfiRnsaynd Tiaulwdlusunsulilulasnnes /bin waz /usr/bin

1 %4
(%4 o (%4 (%4 -4

ANFINUFIUEMTUUANRIUIUUSTUUENDINaReA?

ANHINTIAFBUNININTTZUY
msldauszuulUansaundmeldssuvanesnaisifidniwensdite  ludasdu
ArudiveaieUssanananal TuInTeIvaeANs vieruaiiuiidafiudeya wnam
Fuduadesdnuifiuisnsinnunslininensvesssuuneluanosnailsin  wazanansn
Uspifiufiondnidssanuiianainfienvasiiatulunsdiininensgalduniuluderinlissuy
aunsaihnulaegadivssaninmuasiiauatesningan

top

Juidusnifauaviednimussuvsndudeniauidn  mnzduddedilduans
ANULNITINUNSNGINTVOITHUY i’JiJ‘ﬁﬂLLﬁmﬁﬂﬁlmﬁiﬂﬁLﬁUﬁﬁlQﬂL%EJﬂI“ZIJﬂ’]uaEqu 1AYISEIRINAT
AsOUATOMSNEINS Fadeuleaiu virtual filesystern (VFS) Wd /proc/loadave fasaenadig

AN
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D © ® student@EE-Burapha: ~

File Edit View Terminal Help

top - 00:50:20 up 16:43, 4 users, load average: 0.10, 0.11, 0.04 4
Tasks: 126 total, 1 running, 125 sleeping, © stopped, 0 zombie
Cpu(s): 0.0%us, 0.0%sy, 0.0%ni,100.0%id, 0.0%wa, 0.0%hi, 0.0%si, 0.0%st
Mem: 2049916k total, 1688808k used, 361108k free, 197760k buffers
Swap: 16775160k total, 95788k used, 16679372k free, 1172088k cached
PR NI VIRT RES SHR S %CPU %MEV COMMAND
1208 root 20 0 191m 23m 5740 S 0 1.2 0:39.79 Xorg
1927 student 20 © 188m 13m 6144 S 0 0.7 0:37.51 gnome-terminal
1 root 20 0 23696 1372 836 S 0 0.1 0:01.10 init
2 root 20 © 0 0 0S 0 0.0 0:00.01 kthreadd
3 root RT © 0 0 0S 0 0.0 0:01.97 migration/0
4 root 20 © 0 0 0S 0 0.0 0:08.06 ksoftirqd/0
5 root RT © 0 0 0S 0 0.0 0:00.00 watchdog/0
6 root RT © 0 0 0S 0 0.0 0:01.90 migration/1
7 root 20 © 0 0 0S 0 0.0 0:07.72 ksoftirqd/1
8 root RT © 0 0 0S 0 0.0 0:00.00 watchdog/1
9 root 20 0 0 0 0S 0 0.0 0:01.42 events/0
10 root 20 0 0 0 0S 0 0.0 0:01.00 events/1
11 root 20 © 0 0 0S 0 0.0 0:00.00 cpuset
12 root 20 0 0 0 0S 0 0.0 0:00.00 khelper
13 root 20 0 0 0 0S 0 0.0 0:00.01 netns
14 root 20 0 0 0 0S 0 0.0 0:00.00 async/mgr
15 root 20 © 0 0 0S 0 0.0 0:00.00 pm
17 root 20 0O 0 0 0S 0 0.0 0:00.06 sync supers
18 root 20 0 0 0 0S 0 0.0 0:00.10 bdi-default
19 root 20 0 0 0 0S 0 0.0 0:00.00 kintegrityd/@
20 root 20 0 0 0 0S 0 0.0 0:00.00 kintegrityd/1
21 root 20 © 0 0 0S 0 0.0 0:01.48 kblockd/0
22 root 20 0 0 0 0S 0 0.0 0:01.25 kblockd/1
23 root 20 0 0 0 0S 0 0.0 0:00.00 kacpid
24 root 20 © 0 0 0S 0 0.0 0:00.00 kacpi notify
25 root 20 0 0 0 0S 0 0.0 0:00.00 kacpi hotplug
26 root 20 0 0 0 0S 0 0.0 0:10.02 ata/0
27 root 20 © 0 0 0S 0 0.0 0:00.44 ata/l

SUT 1.8 uansadwsmds top
MngUtuY AsiidunvasiBund1Asy lown

Uptime
top - 00:50:20 up 16:43, 4 users,

vnghe anlatu sveznamiunszuugnile wavduudldauneglusyuy

load average
load average: 0.10, 0.11, 0.04

yaneis deyaiuansnsiIeuiiisunslinumhsyssinananats (CPU) Aldswey fumnu
annsolunssessunsldau Tnsuansosnun 3 A1 F9kaun A1 0.10 o ¥ranan 1 wifineunii,
A1 0.11 U 29381 5 WIABURLI Wag A1 0.04 &l 929181 15 Wfineunin
uanantugnsalddds uptime Lﬁ@ﬁbﬁﬂﬂﬁ@ﬁwﬁﬁaaqaéwﬁfﬁmsnawwz (uptime uag load
average) Mapdstnsansil

: $ uptime

i 01:24:59 up 17:18, 4 users, load average: 0.08, 0.08, 0.02

:$ watch -n 1 uptime <-—- 3UA749 uptime 1N 1 U9

: Every 1.0s: uptime Tue Aug 20 01:26:37 2013

© 01:26:37 up 17:19, 4 users, load average: 0.01, 0.05, 0.01
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v a v U o

gnslsfimunnsiniuel load average tuRdadldnaunsunulitesiilddlanumneiiug
W39weeAd WemnAilaldldsiuuesdud vnendsindaeafiiu 1.0 suiuielfidiunm
TnWannasswihnisdunuinisauinasesdifintisUssanananarsuunesiien  (single-core
CPU) wWasuldRuaumAusamafien (one-way lane) vuaswiudmwiin warauudliszuy
UiTRmsaundiduiimaseesdanismaiusavuasinuisd - Ssluunadisnanveudas
Futiinasnifeduasnueazainniieslivihiutuegfutiananssiou (ush hour) iy
15299571939 JurzAodlin1sUszdliuanImni59519sTuguLuLe9sEUURLEY (numbering sys-
tem) 12U

«0.00 yneis lidn1s9s195UUaUY

«0.50 #1809 N1FATIVIAEDIA?

« 1.00 Mnefan15asasiunulunsadauiale

01 200 81NN SOLANAADANUUULATHIY LLa3ﬁf\i’mfauim7'iﬂ%mmvhﬁ’uiaagJJ'é’Tu

GEALAY

81 3.00 enemneds sefunasnouuULETIIY wasiishuiusaiivSina 2 Wi eRRELY!

denu Wunu

v

SUT981 AU HNTA VLI UUMUREIVUASNIY LAz SaNIABIToRgNAuaENIY

DD DD EDEDEDEDEDED oad v 1.00

«p @ @ «» @) load i 0.50
W) @ CDEPTPTP TP TP TP @ 'oadwiru 1.50

JUT 1.9 wanensiUSeuiguanInasasiu Load

Wisuidleusofifdauadeuitmasniu  AReluswadiazidunldnarvesnieyssinana
nasliiauli Gslice of CPU time) mionmssedilelivthoyszanananans lneszuuufia
M3aung azlinsdnaianuenvesdd (run-queue length) dwnannuasaNvesiiuulusiwa
vansheduutedluswaiidssed Ssiniilugauadiipanie 1.00 Famnefsagniuasnsa
SuUTasaldiiui wardsnandousaldd wWisuldty Sruluswasesgfnfmed wagnie
Ussanmusanansisannsaviendildodnseiiies maunaiaagFendriii a1 “Utilization”
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AatunsUszliuanInAsylneedy (load average) vosnulgUsTUIaNanawly lagnan

n1573LU (Rule of Thumb) ud? AIslULAY 0.70 FINWMUIILARIIUATIvERUNSE neLRae Ty
nsafAY 0.70 MAnmetewndnsyezils wsizenvaziinlam v aunila

U
%4

ANEINSIEIUNS WUU8AIUINTEUU

free, pmap

wieAuI1 (Memory) Uunsnennsanmelussuvanesnailes FaiunsnsaaEouid
nsidnumheanuunniesiigdaiddiaudfygs  luszuuduiAn1s Embedded Linux
fumsasadeuuazuanmansiinumhennuslaiinssulildmd free Fadoulosiu
virtual filesystem (VFS) & /proc/meminfo @1msun1suansnaanunsaiaann1suaninalng
mslasaudendilulddsiegnaneluil Tnefl & wandlusuuuuilalud , -m uandlusuuuumn
Lud, -g wamanatuguuuuinilud

:$ free -m -t

: total used free shared buffers cached
: Mem: 2001 1649 351 0 193 1145
i -/+ buffers/cache: 311 1690
. Swap: 16381 93 16288
! Total: 18383 1743 16640

WANINTUUNIATILaTdEAveINsN T uIRmIgANNdazn1seBeiulaussaneuels
wa  Aduddudmsudniauiedesiinlsunsunlanaundnsvihanuluegslsdiegn
IanTugniienud1 AIUAIAT pmap 39gninangiedasieilan aesinegierdadnsansll

§$ cat hello.c

g#include <stdio.h>
i int main()

B

printf("Hello World!\n");
while (1)

{

}

return 0;

: $ gcc -o hello hello.c
:$ ./hello &
:[1] 11958
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EHello World!

$ pmap 11958
£ 11958: ./hello

£ 0000000000400000 4K r-x-- /home/student/hello
§00000000006000OO 4K r---- /home/student/hello
: 0000000000601000 4K rw--- /home/student/hello
: 00007£34087cal00 1512K r-x-- /lib/libc-2.11.1.s0
: 00007£3408944000 2044K —-——-—- /1lib/libc-2.11.1.s0
§00007f3408b43000 16K r-——- /lib/libc-2.11.1.so0
: 00007£3408b47000 4K rw--- /1lib/libec-2.11.1.so
:00007£3408b48000 20K rw--—- [ anon ]
£ 00007£3408b4d000 128K r-x-- /lib/1d-2.11.1.so
§00007f3408d52000 12K rw—-—- [ anon ]
: 00007£3408d69000 12K rw—-- [ anon ]
:00007£3408d6c000 4K r—--- /1lib/1d-2.11l.1l.so
: 00007£3408d6d000 4K rw--- /1lib/1d-2.11l.1l.so
§00007f3408d6e000 4K rw---— [ anon ]
: 00007£££77ad1000 84K rw--—- [ stack ]
: 00007£f££77b££000 4K r-x—-- [ anon ]
: fEEEEEEE££600000 4K r-x-- [ anon ]
. total 3864K

o &

Ardansavdaunsinundmsuiudoya

df, du
[ 1% (% ¢ Y & (% < 1% 1 (% o

nsiiudeyalussuvauesnailedd  gunsalignldiduduiudeyadzunndieiuinies
poufmesll lesnlifisnsedan  udegldaunsalifiudeyavdaurlasuny  wu  NAND
Flash, USB Storage %38 MMC/SD Card 1fusiu @sflvuinaaugiessnnidleiisuiuansafan
vl AslunisdhaseaeuiuiivesduiudeyaszfadinnudAgunnduiivey Adsninisld
uiuegunsnaglussuulfuinsaund  Nanunsauanawalansdiuauiuninisldauly
L lusEuy wasiiundneianunsaldanu laundds df (disk free) Asnagnasaluil

:$ df -h

! Filesystem Size Used Avail Use% Mounted on

: /dev/sdal 99G  62G  37G 63% /

! none 997M 276K 997M % /dev

gnone 1001M 92K 1001M 1% /dev/shm

! none 1001M 88K 1001M % /var/run

: none 1001M 0 1001M 0% /var/lock

! none 1001M 0 1001M 0% /lib/init/rw

A du (disk usage) nunefaidsitldlunisasrvaevvuinnisldaulasnnesnvey (mount

U

point) sudelasnnesdosqatluanduislagiu wasnisldnumds du ssidnysnadne
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AUNISITUAIES df TuARAIEs du aunsanaziiudiden -h WAlueadaietdunisiuas
Toyalviegludnuaiuaramilvannsaeulaiesitegewialuil

............................................................................................................................................................................

$ du -h busybox-1.21.0/

44K busybox-1.21.0/1ibpwdgrp

. 108K busybox-1.21.0/findutils

: 536K busybox-1.21.0/miscutils

i 24K busybox-1.21.0/coreutils/libcoreutils

: 684K busybox-1.21.0/coreutils

i 116K busybox-1.21.0/archival/libarchive/unxz
;484K busybox-1.21.0/archival/libarchive

i 824K busybox-1.21.0/archival

i 16M busybox-1.21.0/

UBNAINAUTDN -h a2 aansalddniiaonae -s GeazuanmasmnlananlalsnyneIaige Wi
agluusTTIARED AeFIag19Y19aNs

. $ du -sh busybox-1.21.0/
i 16M busybox-1.21.0/

U
%4

ANF9E81SUNITUSNSANNS LUS I

Tunmsuimsiamsluawaiifniulussnitaeiesiinuey andunhiindnvesssuuufon
msiund feedesindifunisfesmennuiasluswaiiodlivinensvosssuu deiulsgayn
fhazdesivineiarlsziwesines  deazgnimusnlianszuuufiiinisies Bend1 PID
(process id) uspgslsfnugldvSotiniamniaunsomuguuazuimsiansiuluswaiiiinen
mMaenmeylties lnganusausmsdaniswendungulaun

- M3famugaauzvastuswalasTnsedds jobs
- Fonguannzlusiwaiifiosns wazArsnsdidaanis
« NM3AsEQId (signals) Luusnalugslusiua

jobs, ps

ﬁwé"q‘ﬁ'Lﬁ'mﬁumﬁﬂmm@Jamuzﬁuaﬂﬂswaimmwﬁ?u vaniley 2 M&fe jobs uar ps
(process snapshot) lngA&s jobs ifu%mewmEJLawaqmuﬁgﬂL%ﬂﬂﬁuMmeuéwﬁU wawdl
mngavlUsiea (PID) agsne uonaniuidstasuonanuzresluswarianuaindusgidlaths
WU MAWNU (running) @nYEAN1SYINaY (stopped) QﬂgﬂiﬁéjUEjﬂmiﬁﬂmu (killed) 1Jusu
Fasognardstneana
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' $ jobs -1

i [1] 11958 Running ./hello &

: [2]- 12458 Stopped emulator & (wd: ~/aosp)
: [3]+ 12794 Killed gcalctool

AnsuAde ps duihnlunisuanssigazidenlusivd feg1adu 015UT9ns PID 119nANEY
jobs #iszysalden -p (N1381AU process group leader) NazuanIsIvasidunvaannaLaulys
ALRANTU AIFI0E19U19879

:$ jobs -p

© 11958

: 12458

: 12818

:$ ps $(jobs -p)

: PID TTY STAT TIME COMMAND

: 11958 pts/0 R 63:41 ./hello

12458 pts/0 sl 2:25 /home/student/android/sdk/tools/emulator64-x86
: 12818 pts/0 S 0:00 gcalctool

Tunsalfifguassuussanismauivaausluswanmuaninnueglussuy gouaszuudlusies
finsiiududen -ef Aavingdds ps Liteuanwwaluswanavuaivinauegluseuuluvaeiu s

U 1 L4 1
PIVY NV NAN
:$ ps -ef
UID PID PPID C STIME TTY TIME CMD
i root 1 0 0 Augl9 ? 00:00:01 /sbin/init
i root 2 0 0 Augl9 ? 00:00:00 [kthreadd]
: root 3 2 0 Augl9 ? 00:00:01 [migration/0]
: root 4 2 0 Augl9 ? 00:00:08 [ksoftirqgd/0]
i root 5 2 0 Augl9 ? 00:00:00 [watchdog/0]
: root 6 2 0 Augl9 ? 00:00:01 [migration/1]
i root 7 2 0 Augl9 ? 00:00:08 [ksoftirqgd/1]
i root 8 2 0 Augl9 ? 00:00:00 [watchdog/1]
! root 10 2 0 Augl9 ? 00:00:01 [events/1]
! root 11 2 0 Augl9 ? 00:00:00 [cpuset]
! root 12 2 0 Augl9 ? 00:00:00 [khelper]
i root 13 2 0 Augl9 ? 00:00:00 [netns]
i root 14 2 0 Augl9 ? 00:00:00 [async/mgr]
: root 18 2 0 Augl9 ? 00:00:00 [bdi-default]
i root 19 2 0 Augl9 ? 00:00:00 [kintegrityd/0]
i root 20 2 0 Augl9 ? 00:00:00 [kintegrityd/1]
i root 21 2 0 Augl9 ? 00:00:01 [kblockd/0]
i root 306 2 0 Augl9 ? 00:00:05 [jbd2/sdal-8]
i root 1268 1 0 Augl9 tty3 00:00:00 /sbin/getty -8 38400 tty3
§ root 1272 1 0 Augl9 ttyé 00:00:00 /sbin/getty -8 38400 tty6
i root 1275 1 0 Augl9 ? 00:00:07 /usr/sbin/irgbalance
: student 11825 11824 0 05:21 ? 00:00:00 gnome-pty-helper
! student 11826 11824 0 05:21 pts/0 00:00:00 bash
! student 11958 11826 99 05:22 pts/0 01:24:29 ./hello
: student 12458 11826 5 05:42 pts/0 00:03:43 /home/student/android/sdk/tools/
: student 12515 1 0 05:43 pts/0 00:00:00 adb fork-server server
! student 12818 11826 0 06:26 pts/0 00:00:00 gcalctool
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! root 12856 2 0 06:32 2 00:00:00 [flush-8:0]
! student 12929 11826 0 06:47 pts/0 00:00:00 ps -ef

PnEaansle  azanusansvlandluswalvuiisiinannissenvesldaula  (UID) &
mneavluswaezls (PID) waziinduannnisisenveddswala (PPID) Wudu s1eazidanss
asu1elunnseselull

M58 1.5 570azL0unuaIAdd ps

ADANY ANNVINNE

UID WEMY user L2049 TUsITH
PID waAIBNNELa LUsisa (Process ID)
PPID wansvnnzaa TUsananiilasun1sdunaann (Parent Process ID)
C wanens gy CPU
STIME WEAILIANT TSRS NGY
TTY mesﬁ’amaﬁuaa'*?iT‘iJiszimiNﬁuagj
TIME nan Taasniignly 19w CPU
CMD Faendafi 18 lunsadre swadunn

diespensguanzluswaniiniuainnisisentdlu bash shell anunsalddudon wu -f (full),
(jobs), -1 (long), —forest, —sort AIFIBE19N1TIFIIULIEN

$ ps
: PID TTY TIME CMD
: 11826 pts/0 00:00:00 bash
£ 11958 pts/0 01:19:16 hello
§12458 pts/0 00:03:31 emulator64-x86
: 12515 pts/0 00:00:00 adb
: 12818 pts/0 00:00:00 gcalctool
: 12905 pts/0 00:00:00 ps
. $ ps -f
§UID PID PPID C STIME TTY TIME CMD
! student 11826 11824 0 05:21 pts/0 00:00:00 bash
! student 11958 11826 99 05:22 pts/0 01:19:17 ./hello
éstudent 12458 11826 5 05:42 pts/0 00:03:31 /home/student/android/sdk/
! tools/
! student 12515 1 0 05:43 pts/0 00:00:00 adb fork-server server
: student 12818 11826 0 06:26 pts/0 00:00:00 gcalctool
gstudent 12906 11826 0 06:42 pts/0 00:00:00 ps -f

:$ ps -j --forest
:  PID PGID SID TTY TIME CMD
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: 11826 11826 11826 pts/0 00:00:00 bash

; 11958 11958 11826 pts/0 01:19:31 \_ hello

: 12458 12458 11826 pts/0 00:03:31 \_ emulator64-x86
: 12818 12818 11826 pts/0 00:00:00 \_ gcalctool
: 12908 12908 11826 pts/0 00:00:00 \_ ps

: 12515 12514 11826 pts/0 00:00:00 adb

:$ ps -aj --sort sid,comm

:  PID PGID SID TTY TIME CMD

: 12515 12514 11826 pts/0 00:00:00 adb

: 12458 12458 11826 pts/0 00:04:26 emulator64-x86
: 12818 12818 11826 pts/0 00:00:00 gcalctool

g 11958 11958 11826 pts/0 01:42:27 hello

: 13020 13020 11826 pts/0 00:00:00 ps

a 6

NsrgAn1sinauveslusea (Process Killing) TuszuuujiRnisdundiuagldvannisdetaning

9
U

9952 UUTUTZAUAN (low-level system message) M3uNAWI deyayau (Signal) laednyayiaay

v v

gnaslutndemizlusiwa  evaniuluswanuingUssasavedyaamiy  dalussuudjians

[ e}

fundazvinvednyavegniduy 64 via a1unsagseazidenliannsiuiads kill -l deina

1

AU

S kill -1

1) SIGHUP 2) SIGINT 3) SIGQUIT 4) SIGILL 5) SIGTRAP

6) SIGABRT 7) SIGBUS 8) SIGFPE 9) SIGKILL 10) SIGUSRI1
11) SIGSEGV 12) SIGUSR2 13) SIGPIPE 14) SIGALRM 15) SIGTERM
16) SIGSTKFLT 17) SIGCHLD 18) SIGCONT 19) SIGSTOP 20) SIGTSTP
21) SIGTTIN 22) SIGTTOU 23) SIGCONT 24) SIGXCPU 25) SIGXFSZ
26) SIGVTALRM 27) SIGPROF 28) SIGWINCH 29) SIGIO 30) SIGPWR

31) SIGSYS 34) SIGRTMIN 35) SIGRTMIN+1  36) SIGRTMIN+2  37) SIGRTMIN+3

38) SIGRTMIN+4 39) SIGRTMIN+5 40) SIGRTMIN+6 41) SIGRTMIN+7 42) SIGRTMIN+8
43) SIGRTMIN+9 44) SIGRTMIN+10 45) SIGRTMIN+11 46) SIGRTMIN+12 47) SIGRTMIN+13
48) SIGRTMIN+14 49) SIGRTMIN+15 50) SIGRTMAX-14 51) SIGRTMAX-13 52) SIGRTMAX-12
53) SIGRTMAX-11 54) SIGRTMAX-10 55) SIGRTMAX-9 56) SIGRTMAX-8 57) SIGRTMAX-7
58) SIGRTMAX-6 59) SIGRTMAX-5 60) SIGRTMAX-4 61) SIGRTMAX-3 62) SIGRTMAX-2

63) SIGRTMAX-1 64) SIGRTMAX

Aogdyganddgtazltuloy degratu
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Ayaananeay 1 (SIGHUP) @e Hang Up Signal Judnyaamignadseanivluvmei
terminal gnUaasivevililuswangnisennield terminal Qﬂ%aammﬁw

g

Y

- deyQIanNneaY 3 (SIGQUIT) e Quit Signal 1Uudayeyiaud
nsdaly Tuswatudngas

nesoan Tuvaegldanulad

. dyeyraiianelay 6 (SIGABRT) Ao Abort Signal L’f;lu”@mmﬁgﬂdaaaﬂmmﬂIUﬁLeziaﬁ
ADIN1TUARILOIAY
- Fyeynasianelay 9 (SIGKILL) A Kill Signal dnweazwes signal Uszinnilazadreiunisia
anglnsenaniesesreuiinges nanfedunisdiiluswalasmasiufiliiasinuesls
agfinu
Syanaminaiay 18 (SIGCONT) Ao Continue Signal \Judanaiidsliiuswatunduan
yrauunAwuiy Wuietunsdsiluswanduayheudemh (foreground)
- dyananeay 20 (SIGTSTP) fAe A1sas Stop Signal A3y Keyboard (Ctrl+2) 1Ju
”ﬁgﬁymﬁﬁﬂﬂﬁsL%aﬁugﬂﬁﬁiﬁlﬂﬁﬂmuﬁawé’ﬂ (background)  WuwiAgIRUNITNAYY
Ctrl+Z vumguosn
AI0U 1IN TAIF YUK IUAD UDIA
Fhasnsvilwesmsdsdauanaldiulses lnadlefnamdsuuiduasasil
Ctrl-C
dedryey1ad INT (SIGINT) 11Jé'quU‘ﬁLﬁziaﬁv‘f'muagjqamiﬁwmuﬁuﬁ
Ctrl-Z
dediyaas TSTP (SIGTSTP) lussluswaivinauetflingndansn
Ctrl-\
dadtyeynas ABRT (SIGABRT) lﬂaﬂﬂﬁtﬁzﬁawmmuasf[,mmmﬁmmusuaﬂﬂilfaauwuw

v

wislow Ctrl-C LLG]LﬂUﬂWﬁQVI@ﬂ’J’]ﬂ@ﬂWNWiOLLf'y])l“UvLﬂ

:$ jobs -1

i [1] 11958 Running ./hello &

[2]- 12458 Running emulator & (wd: ~/aosp)
i [3]+ 12818 Running gcalctool &

©$ kill -s SIGTSTP 12818

' $ jobs -1

i [1] 11958 Running ./hello &

i [2]- 12458 Running emulator & (wd: ~/aosp)
: [3]+ 12818 Stopped gcalctool

'S kill -s SIGCONT 12818

:'$ jobs -1
:[1] 11958 Running ./hello &
: [2]- 12458 Running emulator & (wd: ~/aosp)

Embedded Android Development ﬂlﬁ’ NNUNWRIUN



[3]+ 12818 Running gcalctool &

' $ kill -s SIGKILL 12818
:$ jobs -1

[1] 11958 Running ./hello &

i [2]- 12458 Running emulator & (wd: ~/aosp)
: [3]+ 12818 Killed gcalctool

'$ kill -s SIGTERM 11958

:$ jobs -1

i [1] 11958 Terminated ./hello

: [2]- 12458 Running emulator & (wd: ~/aosp)

N15BIUFNULVDINSNYINTTZUUINLALSNNDS /PROC

lasnme3 /proc Wisuaiiouniinswesdundaasiua (Kemel Windows) dadulasnnes

awduszuulndiaiion (virtual filesystem) fianunsadinfivaaiugnisvinuvesgunsadly

TEAUEIALISVRUATEY UavanusdoyaineuassruulnuA i unvzgniivegluniisnudn

WolgAds 1s

/proc  agnunguuadlidiuiuin suvslasnnesiidusiay ¥

1@Lim/la%malﬂﬁﬁaﬂﬂﬁuﬁLﬁU%@Hﬁ“U’eNiZUUﬁﬁﬂﬁdﬁ’]ﬂﬂua‘@UJ'LLa%gﬂfﬂzéjﬂﬂﬁdfﬂﬂﬂ%N’mLaGUI‘LJSL“U

atlues uonantuudlulasnyes /proc Sadllwaniawiinugiiasanegluseuu laun

o U

M58 1.6 fegelnadnylulasnanes /proc

o

/proc/modules dynamically loaded modules

/proc/devices registered character and block major numbers
/proc/iomem on-system physical RAM and bus device addresses
/proc/ioports on-system I/O port addresses (especially for x86 systems)
/proc/interrupts registered interrupt request numbers

[proc/softirqs registered soft IRQs

/proc/kallsyms running kernel symbols, including from loaded modules
[proc/partitions currently connected block devices and their partitions
[proc/filesystems currently active filesystem drivers

/proc/swaps currently active swaps

Iproc/cpuinfo information about the CPU(s) on the system
/proc/meminfo information about the memory on the system, viz., RAM, swap
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fegenseuAta@a Uz vessruvnindnelulasnnes /proc/

. $ cat /proc/partitions
i major minor #blocks name

8 0 104857600 sda
8 1 104855552 sdal
8 16 16777216 sdb
: 8 17 16775168 sdbl
: $ cat /proc/interrupts
: CPUO CpPU1
0: 286 0 IO-APIC-edge timer
1: 14606 732 IO-APIC-edge i8042
3: 1 0 IO-APIC-edge
4: 32225 881 IO-APIC-edge
6: 3 0 IO-APIC-edge floppy
éTRM: 0 0 Thermal event interrupts
! THR: 0 0 Threshold APIC interrupts
: MCE: 0 0 Machine check exceptions
: MCP: 259 259 Machine check polls
: $ cat /proc/cpuinfo
i processor : 0
gvendor_id : GenuinelIntel
i cpu family : 6
! model : 58
: model name : Intel(R) Core(TM) i7-3615QM CPU @ 2.30GHz
§stepping : 9
: cpu MHz : 2293.993
i cache size : 6144 KB
! fpu : yes
%fpu_exception : yes
! cpuid level : 13
i wp : yes
gprocessor : 1
: vendor_id : GenuineIntel
! cpu family : 6
: model : 58
: model name : Intel(R) Core(TM) i7-3615QM CPU @ 2.30GHz
! stepping : 9
! cpu MHz : 2293.993
! cache size : 6144 KB
Efpu : yes
: fpu_exception : yes
! cpuid level : 13
P wp : yes
i flags : fpu vme de pse tsc msr pae mce cx8 apic sep mtrr pge mca

gcmov pat pse36 clflush dts mmx fxsr sse sse2 ss syscall nx rdtscp 1lm con-

! stant _tsc arch perfmon pebs bts rep good xtopology tsc reliable nonstop tsc :
: aperfmperf pni pclmulgdg vmx ssse3 cx16 ssed4 1 ssed 2 x2apic popcnt aes xsave :
: avx hypervisor lahf 1m ida arat tpr shadow vnmi ept vpid :

. bogomips : 4587.98
i clflush size : 64
: cache_alignment : 64
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% address sizes ¢ 40 bits physical, 48 bits virtual
: power management:

Adangafiunsitagudeyanielula

Cat, less, od, ias split

Fds cat Aomdsilliuansdoyaiioglulndoonuuanindufismdontusiomn Tuursasd
THunssulwdvagliddrdosunnidulndifen udegslsfnuinlndnfosnisdnsudeyad
AMUENNN FregauliaTiiv log vasszuy STlEREs cat Wioilald log devlidifunaiiiu
feuoanszazuansioyaoonuogerndufuniagiulanruniuld fudd less Fadu
MdswenioudnidmilsfifguaszusSotniamnazdonianld 1lesnfuartelinisuans
Foyavedlwdidvuslvglvanunsadountiveduaddviowinseiadumeilddnvmzadiody
9l text editor lunsideuntanuesdds less duannolinuldignastuamianslivu
PageUp PageDown lun1smiuny dmsulunmsfumiuazdumlglaemsiurieiomnng /
uEnufetemnuiifesnisfum Ml less axvihmihfuanadfidguaszuudeanisiumenn
1 dnlunsdiidesnsfumendaly d1ds less dpenuuuliiinisnautufiant n ileldouly
fardnly

uanNEds less  aedimuanusalumsfumudidunuanovesids less &
aansauansteyaiifinsudsuulasiiussingaingld Tnensnetu F wunsdvesiild log fia
fdoyarunaaenna less annsauansdoyawatuldiuilagliduiufondalndlv ullng

'
U o U

log azgniudalu .gz Adsaunsadalamends less laviuil degrenisldmdaiananidiseng

. ¢ cat Departments.txt <""A@@bWﬁﬁbgu§z

: 1 Electrical

: 2 Computer

§3 Telecommunication

' $ cat >Universities.txt < iUnlwalval wagdoudoyaaalnarg

gBurapha University
: Prince of Songkhla University
: Thammasat University

: NA Ctrl+D < nAYL Ctrl+D ioduganislavoya
§$ cat Departments.txt Universities.txt > All.txt

S cat All.txt

: 1 Electrical

%2 Computer

: 3 Telecommunication

! Burapha University
: Prince of Songkhla University
: Thammasat University
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2 © ® student@EE-Burapha: ~

File Edit View Terminal Help

Aug 20 07:35:13 EE-Burapha anacron[13140]: Job “cron.daily' terminated
Aug 20 07:35:13 EE-Burapha anacron[13140]: Normal exit (1 job run)

Aug 20 07:48:00 EE-Burapha dhclient: DHCPREQUEST of 172.16.56.134 on eth@ to 172.16.
56.254 port 67

Aug 20 07:48:00 EE-Burapha dhclient: DHCPACK of 172.16.56.134 from 172.16.56.254

Aug 20 07:48:00 EE-Burapha dhclient: bound to 172.16.56.134 -- renewal in 818 second

Si
Aug 20 08:02:02 EE-Burapha dhclient: DHCPREQUEST of 172.16.56.134 on eth® to 172.16.
56.254 port 67

Aug 20 08:02:07 EE-Burapha dhclient: DHCPACK of 172.16.56.134 from 172.16.56.254
Aug 20 08:02:07 EE-Burapha dhclient: bound to 172.16.56.134 -- renewal in 874 second
Sy
Aug 20 08:02:09 EE-Burapha kernel: [77890.561096] e1000: eth® NIC Link is Down

Aug 20 08:02:14 EE-Burapha kernel: [77895.836532] e1000: eth® NIC Link is Up 1000 Mb
ps Full Duplex, Flow Control: None

Aug 20 08:02:15 EE-Burapha kernel: [77896.635564] e1000: eth® NIC Link is Down

Aug 20 08:02:20 EE-Burapha kernel: [77901.921659] e1000: eth® NIC Link is Up 1000 Mb
ps Full Duplex, Flow Control: None

Aug 20 08:17:01 EE-Burapha CRON[13525]: (root) CMD ( cd / && run-parts --report /e
tc/cron.hourly)

Aug 20 08:20:21 EE-Burapha dhclient: DHCPREQUEST of 172.16.56.134 on eth® to 172.16.
56.254 port 67

Aug 20 08:20:21 EE-Burapha dhclient: DHCPACK of 172.16.56.134 from 172.16.56.254

Aug 20 08:20:21 EE-Burapha dhclient: bound to 172.16.56.134 -- renewal in 725 second

g‘dﬁ 1.10 wanwadnsn s dalng Avar/log/syslog faerds less

G.IIQJ 2/ v

MneFITeuzitun Tdalnaviinteniny (text file) vlU uaqnanaidudanuuni

aa o

wituunnsavniaussuvaneinaiifensuestannunelulidludnuasdu Wy wlas
Duavgruude §1udu wie giudunn mdsfideuldiuialufie od (Octal Dump) Fsifaiden
A AFEwSUsEYINTIFeanTs (Radix) way -t dmsuszysuuuunisuansinaziuegiusig
W LAY IURUA LATFIUAY LAUFINEUN Y50 STAedN MY A1 o, d, X, C MUEIFU FaRIBENS
TNCRR

. $ od Departments.txt

: 0000000 020061 066105 061545 071164 061551 066141 031012 041440

§0000020 066557 072560 062564 005162 020063 062524 062554 067543

: 0000040 066555 067165 061551 072141 067551 005156

£ 0000054

: $ od -t x Departments.txt

: 0000000 6c452031 72746365 6c616369 4320320a

: 0000020 75706d6f 0a726574 65542033 6£63656¢C

: 0000040 6e756d6d 74616369 0abe6f69

: 0000054

©$ od -A d -t c Departments.txt

: 0000000 1 E 1 e c t r i c a 1 \n 2 C
: 0000016 o m P u t e r \n 3 T e 1 e c o
§OOOOO32 m m u n i c a t i o n \n

£ 0000044
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Tdnldiudiulngervvzivundnuaielanilndvualug dnvauisudunazdesinnisuen
. Y c‘éy < a 1 Y 1 a v G| 4 1
gan  (split) wlndulwdvuiangazmnsessuvaussnaisdalunisasluiagnon  wsouiiueg
Ao sdauBldluIIIA NI NDMINEABINIAANYURNTRIRYa  AatuAd AN sanentg
& & P o @ . = = ] s & ¢ a
ponludiulafie Ad split Fsenunsaazdentenilulwadudngmuuuinluyl (Byte) 3o
Ussia (line) fuandalndduatu Wedesnstilidgesfignuuseenyt naumnsdulid
wilousiuatuauan ABAlEAET cat LiIINITIINNINNA AIFI9819AIEITN9819T
:'$ split -1 1 Departments.txt < UUI09ATAYUTIN

§$ ls x*

! xaa xab xac

cat xaa xab xac < Uanvlayalulyaeaunieuni

Electrical
Computer
Telecommunication

w N =AW

: $ cat xaa xab xac > Departments_copies.txt < sulwaaununTulnaiie
§$ cat Departments_copies.txt

1 Electrical

2

3

Computer
Telecommunication

an3190lYA1ds mdssum ﬁ’mﬁm’sﬁlaaﬂv\IéﬁqaaaiwﬁmmﬂLLazﬁﬂ’aaﬂamﬂumﬁauﬁuﬁa

Tal

: ¢ md5sum Departments.txt

! c4eef8b561262£39d7ae748566100fe5 Departments.txt

: $ md5sum Departments_copies.txt

! c4eef8b561262£39d7ae748566100fe5 Departments copies.txt

Wc, head, and tail

Mds we (Word Count) azmsnziumsnsindeuneasidenvostoyanielulidindivue
Tugiwinlns Slussiimnemesiuaurilng suusvomaiilvg wenandy 2 fdsiivane
aulunsgiidnfvunalngidudendu usasiugiisauddumlndsemds head wazdwing
Indenerds tail Fsannsaldfuden option -n <ysssin> LleszysIUUTITIRTIFBINTUARS
Fasognardtnaana

§$ wc -1 /var/log/dmesg
: 1386 /var/log/dmesg

$ head -n 5 /var/log/dmesg

| 0.000000] Initializing cgroup subsys cpuset

| 0.000000] Initializing cgroup subsys cpu

| 0.000000] Linux version 2.6.32-42-server (buildd@batsu) (gcc version 4.4.3
(Ubuntu 4.4.3-4ubuntu5.1) ) #96-Ubuntu SMP Wed Aug 15 19:52:20 UTC 2012 (Ubuntu
2.6.32-42.96-server 2.6.32.59+drm33.24)
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% [ 0.000000] Command line: BOOT IMAGE=/boot/vmlinuz-2.6.32-42-server
: root=UUID=4fb97098-124c-489b-a0d1-3eb8846d2f67 ro quiet
Dl 0.000000] KERNEL supported cpus:

' $ tail -n 5 /var/log/dmesg

| 18.896413] acpiphp glue: Slot 262 already registered by another hotplug driver
[ 18.896434] acpiphp glue: Slot 263 already registered by another hotplug driver

| 19.031705] ENS1371 0000:02:02.0: PCI INT A -> GSI 16 (level, low) -> IRQ 16

| 19.602812] vmmemctl: started kernel thread pid=907

: [ 19.602826] VMware memory control driver initialized

14

lunsaligguaszuu vietiniawansnailais desnisiihanisuasunlaedidindveyawn

Y
a o

uwselal Aanunsaldfaden f dusudds tail diedhaunnisainiswisundadlaviui dagy

U

2 © ® student@EE-Burapha: ~

File Edit View Terminal Help
student@EE-Burapha:~$ echo '4 Electronics' >> Departments.txt
student@EE-Burapha:~$ |]

File Edit View Terminal Help

student@EE-Burapha:~$ 1s
All.txt Departments copies.txt error.log Music

android Departments.txt git one. txt
aosp Desktop D output.
bin Documents hello.c Picturg
ccache Downloads kernel Public

student@EE-Burapha:~$ tail -f Departments.txt
1 Electrical

2 Computer

3 Telecommunication

4 Electronics

JUN 1.11 wansradnsnisinmunsidsuwdastoyalulvlamednds tail

U
%4

o v 174 (34
ﬂ’]ﬁs‘lﬂuw}‘uaﬂ’l’mLLﬂﬂWﬂﬂ’JEJ‘Qﬂ REGULAR EXPRESSIONS

find, grep
msfumnldluszuuuiinsayndanansailévatsds wildumddildsummieufon
& find wsizdieudangugdumsfuminduiazaiindmssuansnsifines (parameter)
iieliszyiialidndosnisdum
A1379 1.7 dyanwalvenvialng

fyanseol aiie lWe

f il

d lasnnes
b block

C character
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fyanseol yialna

P pipe
l Symbolic link
S Socket

Tunsalfivesmsszylifumiamzlndnly () w3e lasnned (d) aansalddiden -type Lito
JeYUTTLANLARIAIRE N9

©$ 1s -1

: total 28

! —rW-r——T—-—
| —rwXr-xr-x
D —rW-r--r--
! drwxr-xr-x
! —rw-r--r--

student student 53 2013-08-21 05:16 error.log
student student 8497 2013-08-21 06:05 hello
student student 92 2013-08-21 06:05 hello.c
student student 4096 2013-09-17 18:03 out
student student 57 2013-08-21 05:16 result.txt

=N R e

:$ find . -type f
i ./error.log
./result.txt
./.my hidden file
./hello
./hello.c

§$ find . -type d

é./.my_hidden_directory
! ./out

:$ find . -type f -name ".*"
i ./.my _hidden_ file

= ¢ ¥ a wa P ¢ I . v a ¢ &
Wasnsvuulnanelassuuuianisaundasidunuy  case sensitive (aulasniuvivan-
fuilng) dadulumsaumlnanindifsswimualaeliaulansal case sensitive aunsaseylay
514 -iname WhluAsiag1atnea

:$ find -iname "MyProgram.c"
! ./myprogram.c
g./unix/myprogram.c

: ./programming/MyProgram.c

! ./MyProgram.c
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NN538UTEAUANENYRItulasNnasluM AU a1unsavinlalaenisly -mindepth [level] wae
-maxdepth [level] A8 ADINITAUMIFILALALIANDS root (level 1) wazdnasludn 2 Fu

1 4
v v A

(level 2 - level 3) @anunsalsAnaenail

§$ find / -maxdepth 3 -name shadow
é/etc/bash_completion.d/shadow
: /etc/shadow

AIN155z U AU I NANBERNIESLAUAINNANT 2 D9 4 (level 2 - level 4)

9 Y

:$ find / -mindepth 2 -maxdepth 4 -name shadow
: /etc/bash_completion.d/shadow

NISAUMITIEANET find WAaLAST aU150RIYAAITLAYIAIRIGEDN -exec Tunsdifinealndny
PApINsAum fregrauliinnisdiaAl checksum Inafiwasafda md5sum

:$ find -iname "MyProgram.c" -exec md5sum {} \;

: ed832d42670ee3af4041e4a50£851755 ./myprogram.c
éed832d42670ee3af404le4a50f851755 ./unix/myprogram.c

: 7562d93e8b9%9a19dc80959d4eb7e2c7ca ./programming/MyProgram.c
! ae96bf65a87976abba3fdc57f47a55a2 ./MyProgram.c

§$ find . -perm -g=r -type f -exec 1ls -1 {} \;

: -rw-r--r-- 1 student student 53 2013-08-21 05:16 ./error.log
FR R 1 student student 57 2013-08-21 05:16 ./result.txt

{ —rw-r-—-r-- student student 0 2013-09-17 18:04 ./.my hidden file
%—rwxr—xr—x student student 8497 2013-08-21 06:05 ./hello

! —rw-r--r—- student student 92 2013-08-21 06:05 ./hello.c

e

$ find . -perm g=r -type f -exec ls -1 {} \;
%————r ————— 1 student student 57 2013-08-21 05:16 ./result.txt

:$ find . -perm 040 -type f -exec 1ls -1 {} \;
P————r————- 1 student student 57 2013-08-21 05:16 ./result.txt

Nuiuszuvansanalsiwinvediiddeyardeuiiadulssinuidediimiuauls Wesainiiug
Nudayaiiswindidn Aeiunsimds find wdssgndldiiesumlndanuvunlngisenisis
HaudAy Uiy fadieg1eneluil
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d{' 4 v e‘dld 1 YY)
WedesnsAuminandaunalng 5 SuaUlLsn

:$ find . -type f -exec 1s -s {} \; | sort -n -r | head -5
: 80 ./testing/ktest/ktest.pl

: 64 ./perf/util/trace-event-parse.c

: 64 ./perf/util/symbol.c

§6O ./lguest/lguest.c

: 56 ./perf/util/header.c

:$ find . -not -empty -type f -exec 1ls -s {} \; | sort -n | head -5
i 4 ./firewire/list.h

./firewire/Makefile

./firewire/nosy-dump.h

./include/tools/be byteshift.h

./include/tools/le byteshift.h

i'$ find . -size +200M < [yavivwinginni) 200 nelug
''$ find . -size -200M < Lavdviaiogni) 200 wnzlus
. $ find . -size 200M < LWaiivuie 200 wnzlug

N

U 14 o

AWEIUNIANNNTOAS1ANFUANIZAY alias BANNALAINTUNITAUM INAVUNIATNHDINTS iBaU

€

1 AIAIDY1NTNANY

alias rm50m="find / -type f -name *.tar -size +50M -exec rm -i {} \;"
alias rmlg="find / -type f -name *.tar -size +1G -exec rm -i {} \;"
alias rm3g="find / -type f -name *.tar -size +3G -exec rm -i {} \;"
alias rm5g="find / -type f -name *.tar -size +5G -exec rm -i {} \;"

wnnn <)

wenaNtufeInIsAumbrlalaeganavedlildiignidnda  (Access time) gnildsuwias
Joyaniely (Modification time) v3e InsiUdsuudadlolnun/aniug (Change time) a5
SEUMILARNAITIUaLLDEA tUAT1909E S

A1579 1.8 fdennisndeindvesdnds find

ALADN ANBsUNg

- Access Time ——-

amin 77 a1 7 WinHIueN AlWagnudnde
atime d a1 7*24 7 Taafidun Alwdgndnds
-~ Modltfication Time ---
. P P o P ¥
mmuin 772 a1 7z wiineua flwagnildsuudasdayanis lu
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AILADN ABsuUNg

mtime o 181 724 72 Tuafiduan filagnilasuulasdaya
ey
- Change Time -—
. PP P o = = 1
cmin 772 a1 7z wnineua flwagnilfsuganuzriaala Tnue
ctime o a1 7 24 f Taefidun Aldgnannuzniaeila Tvua

§$ cd unix/

. $ vim hello.c < unlvdoyanelulva hello.c
' $ chmod 755 result.txt < ([Uaguansvedlila result.txt

:'$ find ~/unix/ -mmin -10
é/home/student/unix/
: /home/student/unix/hello.c

:$ find ~/unix/ -cmin -10

! /home/student/unix/

! /home/student/unix/result.txt
! /home/student/unix/hello.c

Tunsainlidesnistiuanswalanongeu (hidden file) Tunaawsvasn1saum aunsaldy -regex

Y
P ANRN GRS
:'$ find ~/unix/ -amin -10 \( ! -regex ".*/\..*" \)
é/home/student/unix/
: /home/student/unix/hello.c

TunisAunlWdnaanisuleansa 5’7;31%§1’aamﬁ¢'fqﬁaulmwmﬁu 2 d1UAD MIIVFBUEANT way
n3IdauILIAbNG aunsalisulveglusuwuudidiegatiems

:$ find / \( -perm -4000 -fprintf ~/unix/suid.txt '$#m %u %p\n' \) , \(
. -size +100M -fprintf ~/unix/big.txt '%-10s %p\n' \)

§$ cat big.txt
: 510743705 /home/student/aosp/out/host/linux-x86/bin/clang
: 357304855 /home/student/aosp/out/host/linux-x86/bin/llvm-rs-cc
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: 138665118 :
%/home/student/aosp/out/host/linux—x86/obj/STATIC_LIBRARIES/libclangSema_inter§
 mediates/libclangSema.a :
: 138104274 :
i /home/student/aosp/out/host/linux-x86/0obj/STATIC LIBRARIES/libclangStaticAnal
§yzerCheckers_intermediates/libclangstaticAnalyzerCheckers.a :
: 160314665 /home/student/aosp/out/host/linux-x86/obj/lib/libbcc.so

S cat suid.txt

: 04755 root /bin/pingé

§04755 root /bin/su

: 04755 root /bin/fusermount

: 04755 root /bin/umount

: 04755 root /bin/mount

§04755 root /bin/ping

: 04755 root /usr/bin/chfn

: 06755 daemon /usr/bin/at

: 04755 root /usr/bin/lppasswd
§04755 root /usr/bin/sudoedit
: 04755 root /usr/bin/arping

: 04755 root /usr/bin/gpasswd

grep
Ads grep (Generalized Regular Expression Parser) \Judniinsltauusenanaie

I s 1

a o’eg.'l/ [22 = s v Ao a wa v a
EH Uﬂ@lWVM@@iGNI@SQLAUOQUaﬁﬂﬁmaﬂﬂamﬂm3%u381HIUQU@ﬂﬁiaHﬂ%8§ﬂﬂHiuIﬂUMUW%ﬂ@Q

mdsiipemsAumdenuiegnelulnandesnismuteuluingly degragu

:$ grep ".*passwd" suid.txt

i 04755 root /usr/bin/lppasswd

: 04755 root /usr/bin/gpasswd

: 04755 root /usr/bin/passwd

§ 04755 student :
: /home/student/Downloads/poky-dylan-9.0.0/build/tmp/work/i586-poky-linux/shado
iw/4.1.4.3-r13/package/usr/bin/passwd.shadow :

A137°9 1.9 feunITEmTUA&S grep

AIANUUNT ANDBUNY

? 199987191108 1 AI9NUTY

* 1WOBYNNLOY 0 Y38 UINNINVANYAIDNUTY
+ 1R9E19UDY 1 Y138 UINAIMAUAIDNUTE
VAN

AUNNRANIETUAUUT TN
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AIANLHUNT Aasu1s

$ AUNNANIETNBUTTVIA
[] Aumdisusyladadnuseniafioglu [ ]
g I3 o 5
{n} ot ndusuu n A
%al <@ o 3 1 5 | ]
{n,} o Jus1uIuss 1 ASe BIoNINNI
Y & o o | H = k)
{n,m} LADYUUUINUIUAIL 1 ASIFUAN 1 A
\char AUNNAIDNUTE Char

-E ‘patterni .* pattern2’ | qum pattern! wag pattern?

-E ‘patterni | pattern2’ | fuwn pattern1 %3e pattern2

AIDENNITIIANES grep INDAUMIAINNAGNSVDIAIET 1s —al

:$ 1s -al

! total 61

: drwxr-xr-x 4 student student 4096 2013-09-20 05:09

: drwxr-xr-x 37 student student 4096 2013-09-11 20:53 ..

§—rw—r——r—— 1 student student 5160 2013-09-18 00:04 big.txt
%—rw—r——r—— 1 student student 53 2013-08-21 05:16 error.log

! -rwxr-xr-x 1 student student 8497 2013-08-21 06:05 hello

! -rw-r--r-- 1 student student 93 2013-09-17 19:16 hello.c

{ drwxr-xr-x 2 student student 4096 2013-09-17 18:04 .my hidden directory
%—rw—r——r—— 1 student student 0 2013-09-17 18:04 .my_hidden file
! -rw-r--r-- 1 student student 0 2013-09-20 05:09 mytest.txt

! -rw-r--r-- 1 student student 72 2013-09-20 05:09 number

! -rw-r--r-- 1 student student 0 2013-09-20 04:48 testl.txt
g—rw—r——r—— 1 student student 0 2013-09-20 04:48 test.txt

:$ 1s -al | grep test?.txt

{ -rw-r--r-- 1 student student 0 2013-09-20 04:48 testl.txt

Tupsalagldianiunis <+ dndudesddlusunsugulmiveslusunsy grep AolUsunsu egrep
(Extended Grep) f950819919879

:$ 1s -al | egrep test+.txt
: -rw-r--r-- 1 student student 0 2013-09-20 05:09 mytest.txt
i -rw-r--r-- 1 student student 0 2013-09-20 04:48 test.txt

TUNSAUNABINITAUMIAIAAVMINTIUNANTIRBINTT A1NTalIRmIATNNT [] wa {n} A
TPLIYNURERR
: $ cat numbers
: ID 3710166
: Telephone No. 0891234122

Embedded Android Development graunmaiinwmun



i city Code 20131
: Phone No. 038191772

§$ grep "[0-9]1\{5\}$" numbers
: City Code 20131

:$ grep "[0-9]1\{7,\}$" numbers
: ID 3710166

! Telephone No. 0891234122

: Phone No. 038191772

nsAundeyanglulng log dniaunanansavinsiiasiziilewulanigdidiung -E o
ternt | pattern2’ MRIBE1NVDIVBUA log Y94l

: $ cat data.log
i1 Station0l Temp Sensor 35.4
{2 Station02 Flow Sensor 12.4
{3 Station03 Light Sensor 55
{4 Station04 Motion Sensor ON
5 Station05 Current Sensor 1.42

§(ﬂUUﬁ1)$ grep -i 'stationOl\|station03' data.log

§ 1 Station0l Temp Sensor 35.4
: 3 Station03 Light Sensor 55

(WUU7 2) $ grep -i -E 'stationOl|station03' data.log
g 1 Station0l Temp Sensor 35.4
: 3 Station03 Light Sensor 55

§(MUUﬁ3)$ grep -i -e station0l -e station03 data.log
g 1 Station0l Temp Sensor 35.4

i 3 Station03 Light_Sensor 55

i(uUUﬁ4)$ egrep -i 'stationOl|station03' data.log

g 1 Station0l Temp Sensor 35.4
: 3 Station03 Light Sensor 55

[lafpensAuIANag i anuUTTTia Agld “A” dmthAfdeinsaun viserneg

B
i)
=~
=.
Zs

U ¥ 1 ¥ o dl ¥ ¥ U U 1 b4 1

Uanaussia agld “$” sovngmNfnInIsAuM Aewieg19919819
:$ grep ""Sep 11" messages.l
i Sep 11 21:16:58 EE-Burapha rsyslogd: [origin software="rsyslogd" swVersion="4.2.0"
P x-pid="691" x-info="http://www.rsyslog.com"] rsyslogd was HUPed, type 'lightweight'.
i Sep 11 21:44:29 EE-Burapha kernel: [ 3077.192891] el000: eth0 NIC Link is Down
i Sep 11 21:45:17 EE-Burapha kernel: [ 3125.462088] el000: eth0 NIC Link is Up 1000
! Mbps Full Duplex, Flow Control: None
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: Sep 11 21:46:58 EE-Burapha kernel: [ 3222.009399] el000: eth0 NIC Link is Down

! Sep 11 21:47:04 EE-Burapha kernel: [ 3227.275574] e1000: ethO NIC Link is Up 1000
§ Mbps Full Duplex, Flow Control: None

: $ grep "Link is Down$" messages.l

§ Sep 11 21:44:29 EE-Burapha kernel: [ 3077.192891] e€1000: ethO0 NIC Link is Down

§ Sep 11 21:46:58 EE-Burapha kernel: [ 3222.009399] e€1000: eth0 NIC Link is Down

: Sep 11 21:47:07 EE-Burapha kernel: [ 3230.682704] e1000: eth0 NIC Link is Down

i Sep 11 21:53:34 EE-Burapha kernel: [ 3310.165309] e€1000: eth0 NIC Link is Down

g Sep 11 21:54:02 EE-Burapha kernel: [ 3338.102673] e€1000: eth0 NIC Link is Down

NSAUMATIHENTERLAYREMEiU AxApldmmiiung \ dmthienuseiiewaie A

f198199719819

:'$ grep "255\.255\.255\.255" syslog.l
dhclient:

! Sep 18 11:36:12
! interval 3

! Sep 18 11:36:13
: 255.255.255.255
i Sep 18 19:54:11
! interval 3

i Sep 18 19:54:12
i 255.255.255.255
: Sep 20 04:50:05

EE-Burapha

EE-Burapha
port 67
EE-Burapha

EE-Burapha
port 67
EE-Burapha

dhclient:

dhclient:

dhclient:

dhclient:

DHCPDISCOVER on eth0 to 255.255.

DHCPREQUEST of 172.16.56.134 on

DHCPDISCOVER on eth0 to 255.255.

DHCPREQUEST of 172.16.56.134 on

DHCPDISCOVER on eth0 to 255.255.

255.255 port 67
eth0 to
255.255 port 67
eth0 to

255.255 port 67

: interval 5
: Sep 20 04:50:06 EE-Burapha
: 255.255.255.255 port 67

dhclient: DHCPREQUEST of 172.16.56.134 on eth0 to

A1379 1.10 fettunisiiupuduiuads grep

OPERATOR DESCRIPTION

[:digit:] RWIZALALAILG O 9 9
[:alnum:] WIIBNWT A 519 Z W30 a 519 2 LAZAILAYAILE 0 84 9
[:alpha:] ABNHS A D14 Z 113D a 04 Z

[:blank:] WWI22D9719 (Space) wazuwiit) (TAB) inii

ne1919998U 1 HunmsszysisnvselusdasUssinmiielinisaumiussansamunndu ¢
Magensldeunal

: $ grep "anacron\[[[:digit:]]\+\]" /var/log/syslog 1
i Sep 18 08:50:17 EE-Burapha anacron[27155]: Job “cron.daily' terminated
: Sep 18 08:50:17 EE-Burapha anacron[27155]: Job “cron.weekly' started

ESep 18 08:50:17 EE-Burapha anacron[27530]: Updated timestamp for job
i "cron.weekly' to 2013-09-18
i Sep 18 08:50:18 EE-Burapha anacron[27155]:

Job “cron.weekly' terminated
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o’dd

nsTINAEddeiiu feday éhwmmsam'n Pipe (|)IﬂﬁJL?J’WIWGW?Nﬂ’]ﬁQLLiﬂQ”L‘Uuauwm

o

o QJ v

maq@ﬂaaamlﬂ QUﬂiuWQﬂﬂﬂﬂﬂﬂﬁﬂmﬂﬂ uamqwaaWﬁawmnaa ﬂﬂﬁ?@ﬂ?ﬁﬂ?i%ﬁﬂﬂu

i$ 1s -al | grep ""d"

§drwxr—xr—x 4 student student 4096 2013-09-21 02:21

édrwxr—xr—x 37 student student 4096 2013-09-11 20:53 ..

i drwxr-xr-x 2 student student 4096 2013-09-17 18:04 .hidden directory
! drwxr-xr-x 2 student student 4096 2013-09-17 18:03 out

awk

Awk gornanssnususnaesiniausauauldnn Aho, Weinberger, tag Kernighan
foindunuilvsunsuviavisdallidmivmadndedeyaisidnuazidulassains (structured
data) waranunsaaiveenuiieglusuuuusgauls auaudfdAyves awk Usznaulume

« awk aznpsliddeyaludnuaizadiogiudoyadiil 1sredn (record) wag Was (field)

* awk 9zAILUT (variables) Wmaqmwaaumauiﬁu (conditional statement) wagyAA"

Fo

% (loop statemnent) wiflounwilusunsuiialy
* awk WIBUAIAUTUNITNIIAIULEUANSR (arithmetic) LazdaaIu (string)
* awk ansaasesnuleglusunuunenula

sUsuuAdINslgnu

i awk '/search patternl/ {Actions}
' /search pattern2/ {Actions}' file

U

a8l search pattern fieyn regular expression @ Actions Areyardudslusungy
Fashognansldmdstneana

$ cat data.log
1 Station0l Temp Sensor 35.4
2 Station02 Flow_Sensor 12.4
3 Station03 Light Sensor 55
: 4 Station04 Motion Sensor ON
§ 5 Station05 Current Sensor 1.42
i $ awk '/StationO01/
> /Station02/' data.log
1 Station0l Temp Sensor 35.4
2 Station02 Flow Sensor 12.4
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awk aﬁu1§auaﬂWﬂﬂaimiuumaWU3swmwmumaaaﬂm3°%a¢rmaaﬂmwuquamaaaﬂuavarnﬂUTg
Tudauus Sn IW‘EJ‘W n ﬂ@‘ﬂWU’J‘HLaGUWﬁ@ IﬂEJLilIV’]‘U‘W S0 9% LL‘VI‘L!GYJEJGUE]ﬂ’J’liJVNﬁNWU@\‘IUﬁiWWUUG]
a1 51 U Sn ‘LI‘UR]SLﬂU"UEJﬂ’J’HWIQﬂLLEJﬂG]’]EJ“UEN'J’NLLG]agﬂE)aﬂJu AaF8819919819

:$ awk '{print $2,$4;}' data.log
! Station01 35.4

! Station02 12.4

: Station03 55

: Station04 ON

! Station05 1.42

:$ awk '{print $2,$NF;}' data.log
! Station01 35.4

! Station02 12.4

: Station03 55

: Station04 ON

! Station05 1.42

'
o U

M awk Agdisuwuuddgdndrunilanldlunisnsyyiidmeusuduy (Initialization) newiay
Suaniiumseseiudasussinnelulild wazaznseyiidwmeuduan (Final) naanussmin
gavneaiunisasaseuiosuds lnen1sly BEGIN waz END fsguwuunssenidaidasiail

EBEGIN { Actions }

E{Action} # Action for every lines in a file
t END { Actions }

i # is for comments in Awk

' $ awk 'BEGIN {print "Station Name\tSensor Type\t\t\tValue";}
:> {print $2,"\t",$3,"\t\t\t",$NF;}

: > END{print "Report Generated\n-----————————- "
:> }' data.log

§ Station Name Sensor Type Value

! Station01 Temp Sensor 35.4

: Station02 Flow Sensor 12.4

: Station03 Light Sensor 55

: Station04 Motion_ Sensor ON

! Station05 Voltage Sensor 1.42

§ Report Generated
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oA Nazmndedu dnwauiatusaifuadaslulndansunle wu hvaslulng
datalog.script fag19nslUAIEIsY

: $ cat datalog.script
: BEGIN {
: print "Station Name\tSensor Type\t\t\tValue";

P}

i {

: print $2,"\t",$3,"\t\t\t", $NF;

)

! END {

g print "Report Generated\n-----—————————- "
L)

§$ awk -f datalog.script data.log

! Station Name Sensor Type Value
! StationO1 Temp Sensor 35.4
i station02 Flow_ Sensor 12.4
! station03 Light Sensor 55

§ Station04 Motion_ Sensor ON

i Station05 Voltage Sensor 1.42

! Report Generated

’Lumﬂ%ﬂﬁﬂuizwaumﬂaﬂaﬁqﬁ?umi@mamuwmqﬁuua%maumﬂaﬁiﬁﬁamﬁ]%ﬁ
TUsunsudaosinediduinig Web Server Wieliglaninsniiungantugsinulusunsud
Yusnmwasimluld é’Qﬁ?uﬁfﬂﬁwu'}a’]maaé’ﬂgﬂLLUUﬂ'ﬁLLamma%’auuaImJLﬁmvﬁﬂ HTML
(HTML Tag) fefds awk ldagnsdrene fafegnadneens

: $ cat datalog html.script

: BEGIN({

i title="Sensor Station";

! print "<html>\n<title>"title"</title><body bgcolor=\"#ffffff\">\n<table bor-
: der=1><th colspan=2 align=centre>Station Details</th>";

P}

A

: station name=$2;

: sensor=$3;

gvalue=$NF;

i print "<tr><td>"station name"</td><td>"sensor"</td><td>"value"</td></tr>";
3

: END {

gprint "</table></body>\n</html>";

nssenld script Ma519Uu (datalog_htmlscript) wagiunaansilaagluguwuuwin
HTML aslulwalmitie sensor.html fadapgneAdeUngans
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' $ cat sensor.html

§<html>

§<title>Sensor Station</title><body bgcolor="#ffffff">

i <table border=1><th colspan=2 align=centre>Station Details</th>
! <tr><td>Station01l</td><td>Temp Sensor</td><td>35.4</td></tr>

i <tr><td>Station02</td><td>Flow_Sensor</td><td>12.4</td></tr>

} <tr><td>Station03</td><td>Light Sensor</td><td>55</td></tr>

! <tr><td>Station04</td><td>Motion_Sensor</td><td>ON</td></tr>

! <tr><td>Station05</td><td>Voltage Sensor</td><td>1.42</td></tr>
i </table></body>

i </html>

1 14
fal a <=

naaauUalNE sensor.html H1ulUTUNTUUT IR SNBQHATNETLANUL

H | 7] Sensor Station , -

&' | © file;///home/student/unix/sensor.ntml

|  Station Details |

|Station01/Temp _Sensor 35.4
|Station02||Flow Sensor [12.4|
|Station03||Light_Sensor |55 |
|Station04Motion Sensor [ON |
|Station05|Votage Sensor1.42|

JUN 1.12 wansnisdniauedayaluguwuu HTML

U
4

ANHIIANITATUSEUULASTDUNY

iptables

iptables Lﬁum%qﬁaﬁ’]ﬁ’igﬁﬂﬁmﬁaﬁgﬂﬁmﬂﬂumﬁmmiﬁzwmmﬂaamﬁdusswLﬂ‘%@
Pefidoni Ww0ad (frewal) Tnefiugiulunisimunnisauaunisdioonvestoyatiu
AuaTEUUNIBLIkATNTRIUIMINUTEUUALRINalaiIm s lalATIET 1A nANNTYINAUYD4
iptables 10uoend

nelu iptables Tuidefunanenisng (tables) TnsusazasearUszneulusenans

$18m15738n37 chain @ iptables wiswrliudwmdedliimuntues) wazngluusias chain
wszneulumedefmuanismugunsdiesnvesdeyaiionin rule fdlassaiauanslugy
U19819
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Table 1 Table 2
(" Chain 1 h (" Chain 1 h
|::> Rule 1 |:> Rule 1
[Z)> Rule2 [Z)> Rule2
[Z)> Rule3 [Z)> Rule3
Chain 2 Chain 2
) Rule 1 ) Rule 1
[Z)> Rule2 |:> Rule 2
|:> Rule 3 |:> Rule 3
\_ / \_ /

U7 1.13 madildlunisfmunngues iptables

iptables 9QNiNTEUAITIMALAY 4 11579 (4 built-in tables) taun
1. Filter Table
2. NAT Table
3. Mangle Table
4. Raw Table

duUTZNOUVN iptables azlidiuusznoundn 3 d@ulaun
* INPUT Aodhuvestoyaiidnunginiosnoniiunes
* OUTPUT fodunesdoyaiieanaziniosnoniiimes
* FORWARD Aedhuiidssiadayannszuuinietnenieluginiotioniousn dsnisuden
wefnfaglidniidundn

Incoming Outgoing

Routing

Decision Forward

Input Output

Local Process 4

JUN 1.14 Wladvisauaninisniuaunisinavestaya
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ADENNNSHLENITI9aZL8AT0IR519N8TU iptables

' $ sudo iptables --list

: Chain INPUT (policy ACCEPT)

i target prot opt source destination

: ACCEPT tcp -- anywhere anywhere tcp dpt:ssh
: DROP all -- anywhere anywhere

. Chain FORWARD (policy ACCEPT)

i target prot opt source destination

: Chain OUTPUT (policy ACCEPT)

i target prot opt source destination

[l

« ACCEPT falnsioanazeadliuiniis (packet) iuludslargmala
- DROP fialsreadasawniniaviui wivsliudsfdaneiiutonnunddlidsa
= 6 6 qy <@ < v VA Yo % 1 Y=
- REJECT fialvi$ioadasiawiniiaviui uazddsazlasutaninuniu ICMP aaundulia
YDANUNAS
13id159
A 6 '3 I 1 (=3 [~ [y I d'q 1 Y] %
- QUEUE Aal$ioadavdsdaniine Wdsdiussuuuuifnsenugld (userspace)

Aot uanIN1TUANeTAMBANES iptables Taaudnni1sdAayA

« RETURN Al§10aa9zvgansviinunielu chain udainduluds Chain wuiisennaumii

4
=

U

>

A ﬂasﬂmwaimmqwmmﬂauuaaaq

Aeaidandanesaildiasnesnanduiinimulasnsdy ‘ﬁam

IPTABLES
IPTABLES
IPTABLES
IPTABLES
IPTABLES
IPTABLES
IPTABLES
IPTABLES
IPTABLES
IPTABLES
IPTABLES
IPTABLES
IPTABLES
IPTABLES
IPTABLES
IPTABLES
IPTABLES
IPTABLES
IPTABLES

FORWARD
FORWARD
FORWARD
FORWARD
FORWARD
FORWARD
FORWARD
FORWARD
FORWARD
FORWARD
FORWARD
FORWARD
FORWARD
FORWARD
FORWARD
FORWARD
FORWARD
FORWARD
FORWARD

DROP

-m
%
-b
-p
-p
-b
%
%
-b
-p
-p
-b
%
%
-b
-p
-p
-b
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tcp
udp
udp
udp
udp
udp
udp
tcp
tcp
tcp
tcp
tcp
udp
tcp
udp
tcp
tcp

o

#CLOSE PORT ALL
state --state RELATED,ESTABLISHED -j ACCEPT

—-dport
——-dport
—-dport
—-dport
—--dport
—--dport
—-dport
——-dport
—-dport
—-dport
—--dport
—--dport
—-dport
——-dport
—-dport
—-dport
—--dport

53 -j ACCEPT #DNS
53 -j ACCEPT #DNS

67 -Jj ACCEPT #DHCP

69 -j ACCEPT #TFTP
111 -j ACCEPT  #NFS
2049 -j ACCEPT #NFS
32700 -j ACCEPT #NFS
80 -j ACCEPT #HTTP
8080 -j ACCEPT #HTTP

443 -j ACCEPT  #HTTPS
8443 -j ACCEPT #HTTPS
20 -j ACCEPT #FTP

20 -j ACCEPT #FTP

21 -j ACCEPT #FTP

21 -j ACCEPT #FTP

22 -j ACCEPT #SSH

23 -j ACCEPT #TELNET
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woiniugunazgnilalidwiuveiaauenaileii weldlunisinfs bootload-
er,fundrasiuauay SN root filesystem lauuazlioneiuageos 4 83 5 wosa laun
M15709 1.11 578715 services NgniUalslussuvauenailedi

DHCP bootps
TFTP tfep 69 UDP
sunrpc 111 UDP
NFS nfs 2049 UDP
mountd 32700 %38 32772 UDP

lunsaindesnistanisvinauvedisiead ieingnuauisesnwssuvannsaldmdeeialuil

MIME NFS

HTTP | Kerb | Xwin | SMTP | Telnet | FTP DNSH' TEIRS RRE NCS | SNMP

Trace
- ¥
e

Ethernet, Token-Right, FDDI, X.25, Wireless,ATM,SNA...

U 1.15 waziBeavedlusinnealuusazduyes TCP/IP

TFTP

Msvieuwes Trivial File Transfer Protocol (TFTP) iunsviaudiidunisasindsswing
STUU Imawﬂﬂrﬂmviaﬂ FTP smLﬂuiﬂﬁimﬂaawmmﬂmmamﬂmwmwwaumﬂw’ﬂm
aﬂmiﬁmaﬁmuimaamamulﬂaLLaufmmamnﬂwammaaw‘lwamlﬂaﬂlm g sy TFTP v
Fupeunsieuaztioonin FTP nanmelidosiitunounissusessnnu (authentication) wag
Junsdsdayanuluslanea UDP wisgdlsfiniu TFTP Adsgniinmsldauegieninewinddunis
d3lnd configuration A9eUUTEUULATEUILADNNIADS

Funounishndalusunsy TFTP adludos host iglflunaiulug image dusuiadogn
Frefiduvesnaunsnaile

Tunsainly Ubuntu tiastu 12.04 Fuld aglgmdansil
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e

uaalunsmNlYy Ubuntu 1astu 11.10 a1 azldmdansil

i $ sudo apt-get install xinetd tftp tftpd
: $ sudo mkdir /tftpboot

nasanfnsslusunsuuazaselasnnes thitpboot Buusesudy azfesinisasaluliag
/etc/xinetd.conf uazkNlusuniilasnnes TFTP_DIRECTORY fignseusglulng /etc/
default/tftpd-hpa (lunsafly Ubuntu Lasdu 12.04 Juld)

: $ sudo vim /etc/xinetd.conf
! service tftp

A
: socket type = dgram
protocol = udp

wait = yes

user = root

server = /usr/sbin/in.tftpd
server args = -s /tftpboot
disable = no

' $ sudo vim /etc/default/tftpd-hpa QUﬂﬁﬂﬁﬁgUbUDUJna§%u1204§hﬂﬂ)

. TFTP_USERNAME="tftp"

: TFTP_ADDRESS="0.0.0.0:69"

. TFTP_OPTIONS="--secure"

: TFTP DIRECTORY="/home/training/tftpboot"

L $ tftp <Host IP> <-—--—- JLUMLNELAY IP ¥BaA3a9 TFTP server
i tftp> get myfile

! Received 16 bytes in 0.1 seconds

i tftp> quit
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DHCP

vasnauanailsinlunaneulszenianasiesseswenuieay 1P Address TunudiduLes
vﬁaluiwdwmiﬁmmua%mamaﬂaEﬂqsﬁhwgﬂLﬁ?famaagﬂuazwm%ﬁwaﬁmﬁuﬁuLfﬁlm Host
Fefunelussuueietersiiniowdteivimiiisevineay 1P Address wluslanea
DHCP Tifugninevidoussnaussnailsia (target board) Tunsaliduiees Host tniannay
Fasinsfnde DHCP server Liinifiues fadunausisil

wAlolWg /etc/dhep/dhepd.conf witevinisssaliia3os Host «Ju DHCP Server lmeidiy
UTTTinasol Uil

: $ sudo vim /etc/dhcp/dhcpd.conf

i subnet 192.168.0.0 netmask 255.255.255.0 {

: host targetboard {
fixed-address 192.168.0.2;
server-name "192.168.0.1";
option router "192.168.0.1";
hardware ethernet 12:34:56:78:9%9a:bc;
option root-path "/rootfs";
filename ulmage;

nieg1nglulng dhepd.conf 9198U 1ATBS DHCP server 2wany P Address lwiduuase
aneanailefafidl MAC address 1w 12:34:56:78:9a:bc Aatiuglfazfosusua MAC address uu
vainauanaiasm Tinsan1um1 MAC Address MA384 DHCP Server S3nlvinsariu

NFS

nfs 1Huluslnmeaiiléunisesnuuunitensidoulominenssrinfaranniedosdun
oguuAsoTBReNiumesogviseenlulidualioussuulndvesgunsalies  dwiutingfmun
seuvauamnaisiudInsldnu  nfs  InavibilusgninanmsuSunssssuudusinig - v3ems
faunlusunsuifioliluszuuaneanailsfadosiuarasanundstusar lifidosdavosun

b2
U 1

Tunsiiuteya tnen1stlng root file system (RFS) lundlilulasnmesignasailidulaise
nosngnuwsiulusnaea NFS
Wosnnlaeidluudndetniaunlausuussszuulifinisass  wasiaunlusunsuily
v = Yy o a - a s o
MU root file system Feusaenazgninlulsuaslusiuiudeyaiiegnigluvesnaueanailasi
Wy Flash Memory \Uufu
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uash 1304
Target Host
i:‘uméuvhﬂu? T

1A389 Host uasm Target

DHK

y
P2 N .
NF
&) S Cient
(W i ¢

NFs Mouny

'lmﬁnwainqn h
;

NFS rootFS
< N
v \

JUT 1.16 Wanadumaun1s mount fuiluwAIas Host meluslamea NFS

IuivuUﬂﬁﬁamﬁﬁuﬂeﬁuuﬁvwammﬂaEﬂ«%’h N1s@aumasEUULiniu Network File System  tiu
Imumaumﬁmmuﬁ)maﬂwmvLmEJ’;ﬂummamamaﬁvwﬂgumm'ﬁauﬂeﬂ,@EJmiiJ

Funoun1singe nfs-kemelserver wazserlulng /etc/exports il

: $ sudo apt-get install rpcbind nfs-kernel-server

: $ sudo mkdir /rootfs

¢ sudo vim /etc/exports

: /rootfs 192.168.0.2(rw,sync,no _subtree check,no root squash)
g/rootfs localhost(rw,sync,no subtree check,no root squash)

............................................................................................................................................................................

S sudo service xinetd restart
$ sudo service tftpd-hpa restart
: $§ sudo service isc-dhcp-server restart
§$ sudo service rpcbind-boot stop
: $ sudo service nfs-kernel-server stop
$ sudo service rpcbind-boot start
S sudo service nfs-kernel-server start

W& /etc/exports {ulwdnlagnassiuanindosivne ieszyiezlilasnmeslaly

9

\ATeddeNEliATRRNUYIEEaINNT0YIINTT mount laLsnnasle medt1Eng

«{19819 shell script @usutielun1inAs titp & nfs VULATDILLUNY
http://goo.gl/XuBlEZ
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J < s o

2 NUFIUAYNDABIUAFIATLUNNMNUN

=b.

un

wosiua (Kernel) @aunsaugneaninla 3 Usgian laun
« Monolithic kernel wu Linux Kernel, MS-DOS, Microsoft Windows 9x Series
« Micro kernel @iy AlX, AmigaOSs, Android OS, Haiku, L4 microkernel family Dudu
« Hybrid kernel iy BeOS kernel, NetWare kernel, ReactOS kernel, NT kernel Windows
NT kernel (Windows 2000/Windows XP/Windows 2003/Windows Vista), 8. XNU kernel
(llu Mac 0S X) \Uudu
wasnuiinsuiuiidundrefiualasdndvaduandusin  monolithic kemel Favmneds
sthiindnladnilavesss U fiRnisazgnidoniiu Kemel siavun dauanslugudnaang

User

Application
mode

System

Operating sytem

Hardware

JUM 2.1 4anen13918a2188AN159119U4389 Monolithic Kernel

LANANAIN Micro Kemel fiunsduasszuuUfiinisdsasilu Kemel wu msdeanssening
Wswa  (inter-process communication) NM3IRAGULYBIRUNITAIBUNA/aviNe  (basic
input/output scheduling) N33AN1SMREANLET (Memory management) d@uwniidugae
Mn18usn Kernel Aagnaiu drivers, network stack, file systems
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User

mode T

y
User

Device mode

Driver

Kernel

mode IPC, Virtual Memory, Scheduling

Hardware

JUT 2.2 Uanan13918az88nn159119u84 Micro Kernel

Linux Kernel

I 6

dundaesiuadaduiinansddguesszuuUiinmsaundlunisiaseseninsefauiuay
goniuad  Tapendaurfiunmneigunsairnanslusazgunsniseudrnadesnouiumnes
ALY MNEUTEANANa1Y  YIEANNTY MTakanNe  81sefan  gunIaldunauay
Wi nd Aduesa Wudu dusurerinituuszneuludelusunsuvesssuuliiRniuay
TUsunsuussyndeinag lnenielu Kernel agusznaulume 2 diudAgyfe Kemnel Module wag
Device Driver yiapsagvimihiflumsguadanisnmsdoseiiifnduaineninuisiuarsensiuag
wdwhnstsznanadoyaludosiuiodwielissuuufoiniely  Welviuimedanisnsld

NuUNsSnensnmualaegetisyuu

Tusunsa A

C Library

1580 Kernel module UTIHRENS Uz
TNgazBandayacieg

Linux Kernel
é’mmim%ﬂmi’l

JUN 2.3 uansnisdeanssevinalusunsulussuudiinisuazaunsal

UATINAANE

Hardware
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i Bnenilifedundaefiuaaunsnsesfuaniilnenssuiifogdudluofinauisiiag i
Feanansagedeldanlasnme’ /arch Tavanusausnifunguaaninenssuld 2 uuufeuuy
32 U WU arm, avr32, blackfin, m68k, microblaze, mips, score, sparc, um, x86, powerpc
waznauanUnenssuiuy 64 Un WU alpha, armé64, iabd, sparcéd, tile, x86_64, powerpc

seazdonvotusarantinenssumandiniaunanunsadilusudumdsldanlasnes
arch/<arch>/Kconfig, arch/<arch>/README %95 slulaisnvnes
Documentation/<arch>/ usnantudundneiuadsgnuivusldnnmely Toviauld
ogailszdvisnm  uazlimudandugaiuanndnenssuiivannnansetsreilosiazsesiuns
dhuldfuinengusiamnssulmiquassadddunsmuauandidoinyiquasesaldnain
yhlanielililasueudeuldeilsifiasrasdnieainsnruilivasafelifussuulae

dmiuiniaunssuvauesnailsiiamnsaiasidenlifleituuieiludundaesiualiiolss
sngaufusruusiawifideg uuuedaansinasanisannanidenlusunsuUssgnauedadi
poamshivinuegluvesaauenaileiala

LINUX VERSIONING

Tngundvn 2-3 T agiiniseaniuatios (stable) vesdyndasdiuaiiduiavg wu 1.0x, 2.0,
22X, 24X 26X, 3.0x Lﬁaﬁmaﬂ’wmﬂ%’uﬂqaﬁqﬁ%ﬂm6]Lﬁi’hvl,ﬂLLazﬁﬂWiLﬂﬁauLLanIﬁmﬁm
Tngy ﬁ%%aaﬂLasUi;uIﬂﬂi%LﬁULaﬁuﬁ WU 2.1%, 2.3, 2.5x LLG]IE?’M%JUM%U%JUUEQL‘LJ?iIEJuLLiJﬁQIu
seUdnan (Minor release) axliuasulaviundnitany wu 2.5.12, 2.6.39

Stable

240 241 242 243 244 245 246 247 248

250 251 252 253 260 261

Development Stable

JUN 2.4 uanINseeniavnesiuves Linux Kemel

AIUAU A.e. 2003 B9 A.A. 2011 U 2.6.x Wuguidszaznslidnuenuusnnduiiviy 919ideq
wnyrnudugavesnmsiiulawasivisusuasespeuiinmessiuisgunsalansawasaiely
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ApwargUnInirornasauinsedsuuswarSulunnAnturesnneuiamesuliannm i
Laptop, Netbook, Mobile Internet Device, Smart Phone, Tablet

Tuiigedundaefiuasu 3.0 AGuUszmadumanislufion nsngieu Uae. 2011 s
Fumswdsuvduiiavan 26 lug 3.0 Aenumuuindulildifumsudliluszduldnannu
agula vwaneludundeesiua 3.x AslivuinlagsiwegUszunas 434 MB mediuiulnana
39,400 WA (Wnn31 14,800,000 USSR Gof\‘lﬁ?uﬁﬂﬁaﬂﬂﬂiﬁ]zﬁﬂﬂ’ﬁﬁUﬁﬂIﬁﬁ%U’mLﬁﬂ‘ﬁiqm
msaziluwana xz (enadlulduszuna 85.7%)

nsdimsitaunsvuuatesnatitiuasolifundnesiuadnfiandevuiadios 1.3 VB
delimngauiutedrinveminensnmeluvedadlodisuiueiesneufiumeiily

laseadnelaEnnes wazvuianunvasaungaasiua 3.2

linux

e
— (=

[ e e g g g

—
— =

™ S
3 CD €3 €@ D ©
chapened e

JUN 2.5 uandlpssaislasnnesvesdyndimesiua
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other
%
kernel/
% e

o,
inc}u/%le/
4%
net/
4%

sound/
5%

fs/
7%

3.3
14 998 651
33 2m2 14,998 651
2627 | 2009 11,966 482
2627
26138 2006 7752846
_________ 118686 482
24 2003 5520913
ZA 2001 3377902
7,752,848
5929913
3377 902
2001 2003 2006 2009 2012

JUN 2.7 uanamsiiiuvwinnisldiunvesiundinesivanuaiesdy 2.2 6 neidu 3.3
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M1579 2.1 uaneseazdenlassasialanvesuedssuuufuinisaynd Kernel code

Tasnnas SN8azLD YA

arch/<architecture>

arch/<architecture>/include/asm

arch/<architecture>/mach-
<machine>

block
COPYING
CREDITS
crypto/
Documentation/
drivers/

fs/

include/
include/linux
init/

ipc/

Kbuild

Kernel/

lib/
MAINTAINERS
Makefile

mm/

net/

README
REPORTING-BUGS
samples/

scripts/

security/

sound/

usr/

Embedded Android Development

Architecture specific code
Architecture and machine dependent headers

Machine/board specific code

Block layer code

Linux copyright conditions (GNU GPL)
Linux main contributors

Cryptographic libraries

Kernel Documentation. Don’t miss!

All device drivers expect sound ones (usb, pci..)
Filesystems (fs/ext3/, etc.)

Kernel headers

Linux kernel core headers

Linux initialization (including main.c)
Code used for process communication
Part of the kernel build system

Linux kernel core (very small!)

Misc library routines

Maintain of each kernel part. Very Useful!
Top Linux Makefile (Set arch and version)
Memory Management code

Network support codes (not drivers)
Overview and Build Instructions

Bug report instruction

Sample codes (markers, kprobes, kobjects)
Scripts for internal or external uses
Security Model Implementation (SELinux...)
Sound support codes and drivers

Code to generate an initramfs cpio archive.

72



73

£4

WUFUNTUSULAIULAzE519 Custom Kernel

Tumsusuussdyndrasiuarsedmanilusulmiielimnzauiuasesildaulatu dn
WawmsnsaauTasdenaanenssukaziuvesdyundaesiuanidauegnelumniesiou
logldeds  uname AeFIRENIT9ENS

: $ uname -a :
i Linux EE-Burapha 2.6.32-42-server #96-Ubuntu SMP Wed Aug 15 19:52:20 :
: UTC 2012 x86 64 GNU/Linux :

SeaviBunraNadnSaINmEded:

«suuUfUAnsfiliegae Linux 19 Ubuntu Linux distro

- JUAUNGPRTIUARD 2.6.32

- d01UnenIN x86_64 (64 Un)

dwiiinde Aasduafeiiuazinail kemel gnasulndnudidy
Lﬁaﬁmsamé]gﬁzuuﬂﬁﬁamsﬁunsﬂahwzL?;Ju?jﬁa Ubuntu, Fedora %5® FreeBSD glflaidniu

k4 1
a (4 A aaqa 6

whosdandlUsunsuvsoUsusisdundresiuaeslniuiy  uwilunsalnddyndaasiuaguluia

]

4 -] I

dusesihnissnannielissuufuRnisgulningnuusiiliswnse  dszuudfiRnisesil
nsudaseulvigldegmeludnluifoguan duandlugudieeis

2 @ ® Uupdate Manager

. Software updates are available for this computer

M} If you don't want to install them now, choose "Update Manager" from the
Administration menu later.

New Ubuntu release '12.04.2 LTS' is available ﬁ

Important security updates

apport
‘automatically generate crash reports for debugaing (Size: 53 KB)

bind9-host
Version of 'host' bundled with BIND 9.X (Size: 67 KB)

@

chromium-browser
Chromium browser (Size: 32.0 MB)

w

chromium-browser-110n
chromium-browser language packages (Size: 3.0 MB)

@

chromium-codecs-ffmpeg
Free ffmpeg codecs for the Chromium Browser (Size: 627 KB)

@

cups
Common UNIX Printing System(tm) - server (Size: 1.0 MB)

v
Download size: 143.7 MB T— -
108 selected.

+ Description of update

@

5U#t 2.8 nthwindlusinsu Update Manager
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d &

Tunsdlfglivdetinianndossuiuussdundnofiuaidniuazfeddvesadundnosiua
dieandaeeine deuazshmseoslndlvsiiommndemanadsd
« foamnagoumNaNIITaUNesa dvhiflegludyundnasiuadiusiusn vieiflenaaey
A3¥9LTes Linux Module AldWamTuinLaY
« fiosnaiiial device driver dnugunsalendamisnlmi fidalislegludundresiuaiin
* ABINTFHUITNENNTIINNU viT0 AUANTINNUYBGUNdRTIUARE 1NaLLEn

5 Tunauinugiun1saaulng LINUX KERNEL

Aeuniniaunazanusauuwimseimulusunsuluseavangluiundaosiualaiug]
Weuazweesuie 5 Tussunuguluniswisunisreulndvesalandundresivanluiiugiuias

d'o U

WoulgwaluFaunangluvemilsdeud  suvivasvilvggudnlalasadeaidfgyvasssuy
UfiRnsaundnasilugsruudfiansaunddmsussuvanesnailsinalula

TuROUT 1 - Anilvaniyndrasiuaulanesiiaian (Latest Stable Linux Kernel)

1%
YA = ‘/LQJ

ﬂ?ﬂ?iﬂ@ﬁ?ﬂﬂ@Uiu%aﬂ Keﬂﬁelua”ﬂﬁﬂwﬁﬂmﬂiﬂTWNﬂ%ﬂﬂUWMLWNMi@ﬂﬂUﬁUIhQTW@%u f

U W

U ldnan http://www.kernel.org IWEJmWEJa“LE)EJ@mmmu

: $ sudo su

i # cd /usr/src/

g# wget https://www.kernel.org/pub/linux/kernel/v3.x/linux-3.9.3.tar.xz
: # tar -xvJf linux-3.9.3.tar.xz

TuUnaUN 2 - N3RANaUNdmasiua (Kernel Configuration)

maiuﬁiéﬂez?ﬂaﬂuaﬁﬁwazLﬁaﬂiﬁﬁqﬁﬁié’mm’jw 3,000 mamuﬁaamn%a%ﬁié’mﬁyﬂsﬁ
pofiuatuarusslsunsudquInineiesesiugldluusazsedulildnisiianuarsostu
gunsledaunsinegidluefnuartagtulildinniianduiu  veninduiinwamiesiannsn
sauTéalusunsalvdqvasmudndlludyndrediualdiuty feufiaginisdluresaldn
dundaosiuafliTududesiadalavsifugudsldun lausn3 libncurses way
libncurses-devel aslussuuufuansayndinulioglizouieaidoneusneds sudo
apt-get install libncurses libncurses-devel ﬁéjﬂmﬂﬁ?uﬁa’mﬁm‘ajﬂaj
ﬂ'ﬁé’?ﬁﬁh@hqG]r;hwﬁwhﬂué’ﬂwmmw wiaFstudindn configure sneqasdlulnddadn “ config”
dielilunsaeslndsiely
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aa g.JI 1 al 1 1 ¥ o Q.II
'Jﬁmimmmaqvimwwmmi%mm make config, make menuconfig, make xconfig Lag

make oldconfig FausazAdallinguszadiassvaziduniiuanssiuludaiioganisldause

Wi

. A o O X A Y ¢ v 1 &1 a 2
-make config ﬂamaﬁ‘wug’m Wﬁ@QSUEULﬂaﬁLuavLﬂmﬂLL@ﬁHﬂ%ﬁquLLﬁﬂﬂ Vliﬁlm’ﬁlvaaﬂﬂqﬁ

faA1 option #1139 InggliazRemaumnusgaziBeansRaaAsludnwe (y/n)
root@EE-Burapha: /usr/src/linux-3.9.3# make config

HOSTLD scripts/kconfig/conf
scripts/kconfig/conf --oldaskconfig Kconfig
#

# using defaults
#

/boot/config-2.6
/boot/config-2.6
/boot/config-2.6
/boot/config-2.6
/boot/config-2.6.32-42-server
/boot/config-2.6.
/boot/config-2.6.32-42-server
/boot/config-2.6
/boot/config-2.6
/boot/config-2.6
/boot/config-2.6
*

.32-42-server:
.32-42-server:
.32-42-server:
.32-42-server:

32-42-server:

.32-42-server:
.32-42-server:
.32-42-server:
.32-42-server:

found in /boot/config-2.6.32-42-server

532:warning: symbol value 'm' invalid for PCCARD NONSTATIC

2854:warning:
2855:warning:
2856:warning:
:2857:warning:
2862:warning:
:3314:warning:
3938:warning:
4173:warning:
4174:warning:
4175:warning:

* Linux/x86 3.9.3 Kernel Configuration

*

64-bit kernel (64BIT) [Y/n/?]
*

* General setup
*

Cross-compiler tool prefix (CROSS COMPILE) [] (NEW)

symbol
symbol
symbol
symbol
symbol
symbol
symbol
symbol
symbol
symbol

value
value
value
value
value
value
value
value
value
value

g8 3’33 33 3:3

m

invalid
invalid
invalid
invalid
invalid
invalid
invalid
invalid
invalid
invalid

for
for
for
for
for
for
for
for
for
for

MFD_WM8400
MFD_WM831X

MFD_WM8350
MFD_WM8350 I2C

AB3100 CORE

FB VESA

MMC_RICOH MMC
COMEDI_PCI DRIVERS
COMEDI_PCMCIA DRIVERS
COMEDI_USB DRIVERS

-make menuconfig AAlBLTIITRMARYNTARSUATY 1.3 wazu 2.0 Wusduly 39

Dudenfioy Wesnldanuie dnsuanmardientiaslugliuy Text mode uwaxdl

nsIanguAIsisAteandulszane

.config - Linux/x86 3.9.3 Kernel Configuration

Arrow keys navigate the menu.

hotkeys.

<Esc><Esc> to exit, <?> for Help, </> for Search.

Linux/x86 3.9.3 Kernel Configuration

<M> module < > module capable

<Enter> selects submenus --->.
Pressing <Y> includes, <N> excludes, <M> modularizes features.
Legend: [*] built-in

Highlighted letters are

Press
[ 1 excluded

[

*

File systems

[§] 64-bit kernel
General setup
Enable loadable module support
- Enable the block layer
Processor type and features
Power management and ACPI options
Bus options (PCI etc.)
Executable file formats / Emulations
-*- Networking support
Device Drivers
Firmware Drivers

e

A
=

S
riemte

< Exit >

-

Soos

i

< Help

>

s

e

S

< Save >

< Load >
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-make xconfig AAsSuTIAlRwAUNdAasuaTY 1.3 uazgu 2.0 WusuluwuReaiu

Ads make menuconfig @xnsaldauladaiiesainiinsuanaramylusuiuy Graphic

mode UU x-window WAdzABsYinNsRnaslausizved gt iimdnlulussuuidenay

2 © ® Linux/x86 3.9.3 Kernel Configuration

File Edit Option Help

.General setup

-1RQ subsystem

-Timers subsystem

--CPU/Task time and stats accounting
-RCU Subsystem

M Group CPU scheduler
-Namespaces support
--[]Configure standard kemnel features (expert u
--Kernel Performance Events And Counters

--GCOV-based kemnel profiling

-@Enable loadable module support

=-Enable the block layer

i~ Partition Types

.10 Schedulers

=-Processor type and features

. -@Paravirtualized guest support

%-Power management and ACPI options

i @ACPI (Advanced Configuration and Power Int

E--SFI (Simple Firmware Interface) Support

iCPU Frequency scaling

“-Memory power savings

=-Bus options (PCl etc.)
i~EPCCard (PCMCIA/CardBus) support
5--Suppor‘c for PCI Hotplug

-Executable file formats / Emulations

o o gd | IE
Option : Option
~E@64-bit kemel @

- 0Example debug cgroup subsystem
@ Freezer cgroup subsystem
@ Device controller for cgroups
- Cpuset support
i-@Include legacy /proc/<pid=>/cpuset file
~ESimple CPU accounting cgroup subsystem
--@Resource counters
i~CMemory Resource Controller for Control Groups (NEW)
5-"ElHugeTLB Resource Controller for Control Groups (NEW)
~Enable perf_event per-cpu per-container group (cgroup) monitoring (NEW)
--[Block 10 controller (NEW)

Control Group support (CGROUPS)
CONFIG_CGROUPS:

This option adds support for grouping sets of processes together, for
use with process control subsystems such as Cpusets, CFS, memory
controls or device isolation.

See

- Documentation/scheduler/sched-design-CFS.txt (CFS)

- Documentation/cgroups/ (features for grouping, isolation

and resource control)

Say N if unsure.

¥ Symbol: CGROUPS [=y]

Tvpe : boolean

-make oldconfig AAINALE19BIMNING config Nlaguan nsethunanlwandunnng

AAn default ¥8sa1UnENIINNABINITWIU @0 1Unenssy ARM 7idliaen System-on-

Chip (SoQ) MnvangqeefgnussLitulasnnes <linux>/arch/x86/configs/

fegaty feanisldivanilnenssy x86 Ju 1386 woeU3EW Intel Aagldnds make

i386_defconfig

anusadumlng  defconfig Maundlawssnlilnfelddulvg confie  dunuudmuusiay

an1Unenssy MYAIEIUNIanil

:# find ./arch -name "*_defconfig" -type £

: ./arch/x86/configs/x86 64 defconfig
./arch/x86/configs/i386 defconfig
./arch/x86/configs/goldfish defconfig
./arch/xtensa/configs/iss_defconfig
./arch/xtensa/configs/s6105 defconfig
./arch/xtensa/configs/common defconfig
./arch/cris/configs/etrax-1001x defconfig

' # cd linux-3.9.3
: # make menuconfig

dialansAeneSeusosuaazlalngte “.config” panundieussysvastdenvosdyndaasiuadn

agiinslovselaldfendulatng e lidnduanidnenssuiueg
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root@EE-Burapha:/usr/src/linux-3.9.3# make 1386 defconfig .
#

# configuration written to .config

#

root@EE-Burapha:/usr/src/linux-3.9.3# cat .config
#

# Automatically generated file; DO NOT EDIT.

# Linux/x86 3.9.3 Kernel Configuration

#

# CONFIG 64BIT is not set

CONFIG X86 32=y

CONFIG X86=y

CONFIG INSTRUCTION DECODER=y

CONFIG OUTPUT FORMAT="elf32-i386"

CONFIG_ARCH DEFCONFIG="arch/x86/configs/i386 defconfig"
CONFIG LOCKDEP_ SUPPORT=y

CONFIG STACKTRACE SUPPORT=y

CONFIG HAVE LATENCYTOP SUPPORT=y

CONFIG MMU=y

CONFIG NEED SG DMA LENGTH=y

CONFIG GENERIC ISA DMA=y

CONFIG GENERIC BUG=y

CONFIG GENERIC HWEIGHT=y
CONFIG_ARCH MAY HAVE PC FDC=y

CONFIG RWSEM XCHGADD ALGORITHM=y

CONFIG GENERIC CALIBRATE DELAY=y

CONFIG ARCH HAS CPU RELAX=y

CONFIG ARCH HAS DEFAULT IDLE=y -
Compiled as a module (separate file) #
CONFIG_I1509660_FS=m # CD-ROM/DVD Filesystems
: ; ; #
Driver options +91SO 9660 CDROM file system support CONFIG IS09660 FS=m
CONFIG_JOLIET=y —3 | _aMicrosoft Joliet CDROM extensions CDNFIG_JOLIET=3;
CONFIG_ZISOFS=y —»» ‘ @Transparent decompression extension CONFIG_ZISOFS=y
“aUDF file system support CDNFIG_UDF FS=y
Compiled statically into the kernel P
CONFIG UDF Fooy’ CONEIC_UDENLEry

b2
U

JURDUN 3 - N15AaulNg Linux Kernel

TuthgtuiiedeseufinmesdlngarlimheUssanananans (CPU) wuumansuny ides
Fonifudn Multi-core CPU datiuiteliinsmeslnddundmesiuaidululfosnsdiussaninmuay
THnaflmunzaumunsneginsvesasinauiomes rzﬁ%mmamﬁmﬁmﬁaﬂ - ANAIWIIUIULAY
AnIADY (cores x 2) 1U make -38 laofifian 8 vnefsdnuunuvemthoyszinananans
fogludosiiu (4-core) gruans 393l 3 dunsudesdsil

Junnsadne Kemel Image onbidmsunisyadissuudianisdeaslalngundu bzimage

(d93U x86) W30 zimage (Fm5U ARM) Taazifivaglulasnnes arch/<issanianssu>/
boot/*Image
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o U

& v v . . !
ADN13A3 1 Kernel modules Nsioan15azlnan device drivers 614 LL@%IM@aa’]mUGUENSWU

o

#1199 Favzdlumanalndidu ko

Jurnddlunishings Kernel modules ignasslndaanun (ko) wisluinulilulasnmnes
/lib/modules/3.9.3/

¥ b2
U a U 6 U

TURaUN 4 - MIAnAIaYNdAasiuam vl

9 o o v & & Y & al A A v a wa = 5l val
memdsiantinsilunisainldnasldlunsynedosiiedigssuulfiinisayndnled

undresiuasulniiilaunanmseeulndneuntil Falvdmartazgniiulilulasnnes /boot
GNORGIGRENTRRGRE

©

A s 1 a P a
3'18‘?1@1‘1/\]@6]’1\‘16]‘Vlﬂﬂﬁ NGZJUﬂ’IEJsLu‘lﬂLﬁﬂVl’éJi
o Y arch/arm/kernel/head.o
/bOOt ﬁﬁ\iﬁ ?rtl:h/arm/kernel/init-atask.o
init
usr/built-in.o
e vmlinuz-3.9.3 (actual kernel) arch/arm/kernel
e System.map-3.9.3 (symbols exported arch/arm/mn
by the kernel) arch/arm/common
e initrd.img-3.9.3 (initrd image is arch/arm/mach-ixp4xx
temporary RFS used during boot arch/arm/nwfpe
process) kernel
e config-3.9.3 (kernel configuration
file) mm
e vmlinuz-3.9.3 (actual kernel) vmlinux
fs
ipc
security
1lib/lib.a
arch/arm/1lib
1ib
drivers
net

JUN 2.9 Uuanssgazideanislulng vmlinux
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A1579 2.2 nanaseazdenvadlndluusaielulugd vmlinux

COMPONENT DESCRIPTION

arch/arm/kernel/head.o

init_task.o

init/built-in.o
usr/built-in.o
arch/arm/kernel/built-in.o

arch/arm/mm/built-in.o
arch/arm/common/built-in.o
arch/arm/mach-ixp4xx/built-

in.o

arch/arm/nwfpe/built-in.o

kernel/built-in.o

mm/built-in.o

ipc/built-in.o

security/built-in.o
lib/1ib.a

arch/arm/1lib/1ib.a

lib/built-in.o
drivers/built-in.o
sound/built-in.o
net/built-in.o

.tmp_kallsyms2.o

Embedded Android Development

Kernel architecture-specific startup code.

Initial thread and task structs required by
kernel.

Main kernel-initialization code.
Built-in initramfs image.
Architecture-specific kernel code.

Architecture-specific memory-management
code.

Architecture-specific generic code. Varies by
architecture.

Machine-specific code, usually initialization.

Architecture-specific floating point-
emulation code.

Common components of the kernel itself.

Common components of memory-
management code.

Interprocess communications, such as SysV
IPC.

Linux security components.
Archive of miscellaneous helper functions.

Architecture-specific common facilities. Var-
ies by architecture.

Common kernel helper functions.

All the built-in drivers not loadable modules.
Sound drivers.

Linux networking.

Symbol table.
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b2
U

TJupauil 5 - nsynszuuluRnIsaunddailval

b2
4 [ U

delinsindadyndeesiuadilriainielulasnnes /boot sauvianisusagdn lululng

q
24 4
1% 1% (Y =

grub.cfg 1uiiSaudouna TunouliiiissyniasesnouiamesindingssuulfuRnisdyndsn
ATAENISTUNAEsaL]

NUBLR:
Tunsalfideansaulidsnegfignasrdluseninsiifdsmenlnddyndnosiuafanansaldmdss

Frsesiileaudauitlifesnisenn

. make clean AonsaulaiilfiAnainnisisdn (/configure) uazgn

Aoulng (make) WuluuSiAauiavue

- make mrproper fian1saulwdnlagnasulndduluwisvianun s
Naulna .config

. make distclean Aan1saulnanlalinainn1smsan (/configure)
¢ < o
wazgnaaulng (make) WuluwnIsvun
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= ¢ ¢ o Iy} o) v
maulwadyndaasiua 3.x §miu Usuntu nlvag

v

TunsdifigldldRasa Linux distro ag1atu Ubuntu Tasunfiudasa Ubuntu saussu 10.x
Jularlidundrediuaiu 2,632 Wuilugrundndaiuddosnissmnsadyndaefiuadusul
laidnazdugu 3.9.3, 3.8, 3.7, 3.4.6, 3.3, 3.2, 3.1 30 3.0.x LLuaﬁW’LﬁL‘%'uéfuﬁi;u 3.0 Wielwdnla
Funounmsuiuusis Kernel agsiindnnmsfiiwemsizdninanufianaialunisiednenaazsils
liaunsndngsrunfoanslddn  WedniaunBudinudesnyaniulussiuiudficos
yhms patch Whiusugstunuiideansls

fegeteasasLannIsennsnayndresiualdusy  3.0.0 BudumenIsAfslauss  way
wsasliefiieadaslunismeulng Kemel Ingldrdsismaluil (unsdindu ubuntu 12.04)

§$ sudo apt-get install git-core libncurses5 libncurses5-dev libelf-dev
: asciidoc binutils-dev linux-source gt3-dev-tools libgt3-mt-dev

. libncurses5 libncurses5-dev fakeroot build-essential crash kexec-tools
: makedumpfile kernel-wedge kernel-package

: $ sudo su

:# cd /usr/src/

. # wget https://www.kernel.org/pub/linux/kernel/v3.0/linux-3.0.tar.xz
i # tar -xvJf linux-3.0.0.tar.xz

Wosnndundmesiuatiulilanfisessunarnvatsanilnenssuuazisivasdenvenisneeneg
woauAIs  metiuieliewaziiuldfuandnenssuuazseuuaniawnsiiegnglunies n
Wnanansadalila .config wunegluiasenlilaviug

;# cp -vi /boot/config--uname -r° .config

Tunsafilng  .config  ANguAITIlAgNATAMNaT TR UTT LU IAKISTIUE LD 1ATR AR
MINABINISITBI5U Linux Kernel Modules winfiaglusuiiagtueie anunsalddediail

. # make oldconfig T¥nn Enter lUSogiileldian defaults 183 Kernel Julval
. # make localmodconfig

124
U U

TunaudnlUdunsiaafdosnisiiaiinees Kernel sulvl (3.0.0) Ingldrndana

=De


http://www.kernel.org
http://www.kernel.org
https://www.kernel.org/pub/linux/kernel/v3.0/linux-3.0.tar.xz
https://www.kernel.org/pub/linux/kernel/v3.0/linux-3.0.tar.xz

iielviiimesiuamindilanunsagnuenuezeantnaindmvaniidlussuudy - @1wnsasey  local
version #igvingNLavIBITURU A1 “-burapha” Teefvuaiiuiisluiy General Setup
wdnlUly “Local version” ieldvefinesn1s Tngiden “Automatically append version

info”

.config - Linux/x86 64 3.0.0 Kernel Configuration

General setup
Arrow keys navigate the menu. <Enter> selects submenus --->. Highlighted letters
are hotkeys. Pressing <Y> includes, <N> excludes, <M> modularizes features. Press
<Esc><Esc> to exit, <?> for Help, </> for Search. Legend: [*] built-in [ ]
excluded <M> module < > module capable

[*] Prompt for development and/or incomplete code/drivers

() Cross-compiler tool prefix

ﬂ--urapha) Local version - append to kernel release

[*] Automatically append version information to the version string

Kernel compression mode (Gzip) --->
((none)) Default hostname
[*] Support for paging of anonymous memory (swap)
[*] System V IPC
[*] POSIX Message Queues
[*] BSD Process Accounting
[*] BSD Process Accounting version 3 file format

< Exit > < Help >

waglidenld file system 1u extd lnaideniuy “File systems”

.config - Linux/i386 3.0.0 Kernel Configuration

Linux/i386 3.6.6 Kernel Configuration
Arrow keys navigate the menu. <Enter> selects submenus --->.
Highlighted letters are hotkeys. Pressing <Y> includes, <N> excludes,
<M> modularizes features. Press <Esc><Esc> to exit, <?> for Help, </>
for Search. Legend: [*] built-in [ ] excluded <M> module < >

Power management and ACPI options --->

Bus options (PCI etc.) --->

Executable file formats / Emulations --->
-*- Networking support --->

Device Drivers --->

Firmware Drivers --->

|l File systems ---

Kernel hacking --->

Z Exit> < helps
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%# make modules_install <mmmee Anse modules aslulasnnes /lib/modules/
. # update-initramfs -u -k 3.0.0-burapha
. # make install < Anrsbidndnadlulasnnes /boot/

HAANSAINAIANEIT AU Az lalnananasil
evmlinuz-3.0.0-burapha
e System.map-3.0.0-burapha
einitrd.img-3.0.0-burapha
econfig-3.0.0-burapha

TupaUnauNIrTYMngsruume Kernel Julvil azdasinnisdmanlid grub.cfg Feagngla
lasnne3 /boot/grub/ feAds

. # update-grub

! Generating grub.cfg ...

: Found linux image: /boot/vmlinuz-3.0.0-burapha

: Found initrd image: /boot/initrd.img-3.0.0-burapha
gFound linux image: /boot/vmlinuz-3.0.0-burapha.old

: Found initrd image: /boot/initrd.img-3.0.0-burapha

! Found linux image: /boot/vmlinuz-2.6.32-42-server

! Found initrd image: /boot/initrd.img-2.6.32-42-server
gFound memtest86+ image: /boot/memtest86+.bin

: done
iandszuuuuRnisialauay gldanunsansiaaeuiuvesiundaosiuailadninsamemas
ANGRNY!

: $ uname -r
: 3.0.0-burapha

. $ uname -a :
! Linux EE-Burapha 3.0.0-burapha #2 SMP Sun Aug 4 03:32:15 PDT 2013 x86 64 GNU/
! Linux :
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AWK Linux Kernel Module

Aundeosiuavuiaiesreufiamestulnedilvgandusia monolithic kernel nsviney
aelu  Kemel wessvuuUftinsayndaziinmsGonlilugasisgiidentuin Linux  kernel
modules (LKMs) dsaggniidn-ssnanmizsarudiegussaiamumslinuate Taslassadg
L& LKM (695U kemnel 2.6) Aauanslugudngans

#include <linux/module.h>
#include <linux/kernel.h>

MODULE_LICENSE("GPL"); ]
MODULE_AUTHOR(C"EE - Burapha University"); Module
MODULE_DESCRIPTION("hello world test driver"); macros
static int __init module_start(void) —
{

printk(KERN_INFO "Hello world ! module is loaded\n");

return 0; Module
1 Constructor/

Destructor

static void __exit module_unload(void)
{

printk(KERN_INFO "Goodbye world ! module is removed\n");
1
module_init(module_start); ] Exit
module_exit(module_unload); macros

U 2.10 dandszneuneluld Linux Kernel Module

LKM 1 Budauvszneviiddnyesdundmesiuadwhminilunisguanisieseditiaduain
griaurfuazeonduad  wdwhnisussinanatudeyaludesiuiedetelfszuuuftans
anunsoieandeauaiuluuimsianismslinuniwensiamaldednadisruy Tadiasdu
funsTaNsieaus) (Memory Management) ns@nsiedeanssewindlusiva (nter-
processing Communication - IPC) kagn15dnanauluswa (Scheduling) lnsdyndaasiuais
inslvansa LKM %umiummsﬁﬁzwﬂﬁﬁ’@miﬁwé’qﬁfmuagé”mﬁﬁq insmod 58 mod-
probe

Embedded Android Development graunadnnmun



insmod

rmmod

85

s

Module

a4 module_init()

~

s

Linux Kernel

> 2 register_capability()

capabilities[]

Function call

B2 module_exit()

\

J

Kernel !
functions

unregister_capability()

\

Data pointer
H

J

JUN 2.11 MeasiBuansiinunelu Kernel wedinsiienldluga

nuTuuluruaunsmsiinuees LKM aeludundresivanestu 2.6x lnefiu

moussll Wallnslnan LKM anseaudinvesld (user-space) #efds insmod (insert

module) #aAtu module init) Aazvinisamzdeu (register) fusayndmosiuanuileidy

%991 register capability() WaINA1589AEIT (pointer) 1aTlUssLUsoNsEUe “capabili-

ties” WANINUUIEULURURNISARzIIMsimunULuunaslilUsunsussendtuu annsoin

fevayanigluvesiauys capabilities weenldauilesiduniely Kemel s uiunig system

calls losioluaunseviaiielin1sSenAds rmmod (remove module) NTERUAILYRIL LY

(user-space) #andu module exit() AIATAUAANTVINNILLEINBUAY LKM Uuaanandynd

isiua NFUTsEIndunIsuanInIssasutuveilsidusingg Negnneludiuvedly (user-

space) wazneludiuveanesiua (kermel-space)

insmod

init_module

User-space

Kernel-space

sys_init_module

rmmod

delete_module

sys_delete_module

Utilities

System Calls

Kernel
Functions

JUN 2.12 saAusnauvesilanduiiieItasiu Linux Kemel Module
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flusunsailadines (driver) envazgnaeslndnuegluliidinosiua TnaileFuynidigssu
UftRnsmndufaggnivaniudundnesiualussnirtuneuresnsynitufl (Boot Processes)
sazdenlasiedmariui Static Module Tuvagiiladinedunsiargnasulndlsivinuuuy
LKM ifleflagninanuiegnineenaindyndresiuailelafilsd dazdenlasinesvanid py-

namic Module

Application
file_open = write("/dev/foo", buffer, count);
User-space
Kernel-space major:251] i
minor:5 > File
descriptor
syscall ; > —
[ Table | minor:5 Y
dev_write {
fops copy_data_buffer_from_app();
major:251 ¥
} pu—
Character device driver

chrdevs

JUN 2.13 wanstumaunisinnuvedusunsulasioes

MngUTULEAUINNSNuTedUsnsulasesiudvensWisutoya (write op-
eration) TneulolusunsuBoniledidu write() Aazdinnsdsriuddumesing (NT instruction) 7
mqamaqﬂuammﬁuaumaga (write operation) wagmﬂummq system call (syscall[ ] table)
Tuvagiduds fieldes avussevaneiavgunIningn (major device number) Litefiagli
ity wite meludyndrofivaanunsndrdamelulassaimosssuulindiuld udmindua
ynimeiiuanazdnasnteyaiiogluduys buffer andmvesseiUdly (user-space) 1dsdan
YossEAULADSIUA (kernel-space) ilainoatuiinaslusifiutoyaseld

TumsuFoRlasiluudnmsiannivsunsulasnosasfudnuaziuy  Dynamic  Kernel
module agfinnuBanguaauazaslinnenudlfesnsiiussavinmaslng LKM faunazgn
Auegneldlaisnyes /1ib/modules/s (uname -r) fwhagndlndnely Muansegau

A
:$ 1s /lib/modules/$ (uname -r)
i build modules.dep modules.pcimap
: kernel modules.dep.bin modules.seriomap
! modules.alias modules.ieeel394map modules.symbols
modules.alias.bin modules.inputmap modules.symbols.bin

Embedded Android Development graunmaiinwmun



émodules.builtin modules.isapnpmap modules.usbmap
: modules.builtin.bin modules.ofmap source
: modules.ccwmap modules.order

dwlidlasnesnmuniazgniivliegmeldlasnyes /1ib/modules/s$ (uname -r)/
kernel/drivers/ adlUdndu dssnegslnanely Nuansegiiuang

' $ 1s /lib/modules/$ (uname -r)/kernel/drivers/

i acpi edac infiniband mmc rtc video

: ata firewire input mtd scsi virtio

P atm firmware isdn net serial wl

! auxdisplay gpio leds parport spi watchdog
: block gpu md pci ssb xen
%bluetooth hid media pcmcia staging

i char hwmon memstick platform telephony

! crypto i2c message power uio

i dca idle mfd pps usb

édma ieeel394 misc regulator uwb

i $ sudo su
. # modinfo lp.ko

i filename: 1p.ko

: license: GPL

‘ alias: char-major-6-*

i srcversion: 84EA21D13BD2C67171AC994

%depends: parport

! vermagic: 3.0.0-burapha SMP mod unload modversions
! parm: parport:array of charp

! parm: reset:bool

UINAINTUTIDNNAN8AFINUEULD F987199U ANEY lsmod A IUNSLARIS18A1S LKM 9
mMasgnivanldaruey o vaueil

§$ lsmod

: Module Size Used by

! binfmt_misc 7568 1

: acpiphp 17958 0

: snd_ens1371 22663 2

i gameport 9869 1 snd ensl371
ésnd_ac97_codec 125146 1 snd ensl1371

: btusb 13027 0

: ac97 bus 1450 1 snd_ac97 codec
: snd_pcm oss 39673 0

gsnd_mixer_oss 15604 1 snd pcm oss

! snd_pcm 87151 3 snd_ensl371,snd _ac97_codec,snd pcm oss
! snd_seq dummy 1750 0

: snd_seq device 6594 5

ésnd_seq_dummy,snd_seq_oss,snd_seq_midi,snd_rawmidi,snd_seq
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: bluetooth 94536 1 btusb

: snd 70476 14 :
: snd_ensl371,snd ac97 codec,snd pcm oss,snd mixer oss,snd pcm,snd seq oss,snd
: rawmidi,snd seq,snd timer,snd seq device :

. intel_agp 11978 1

! ppdev 6504 0

P lp 9893 0
§parport_pc 29880 1
gserio_raw 4720 O

i intel gtt 16812 1 intel agp
P i2c piix4 8879 0
§soundcore 7860 1 snd
gsnd_page_alloc 8500 1 snd pcm

! joydev 10705 O

: shpchp 28186 0

: parport 37333 3 ppdev, lp,parport pc
. usbhid 39022 0

i hid 87524 1 usbhid

: floppy 63772 0

: 1000 103861 0

. vmw_pvscsi 15397 0

. mptspi 16441 2

! mptscsih 34985 1 mptspi

: mptbase 93915 2 mptspi,mptscsih
. vmxnet3 39295 0

A1ds modprobe (1138 insmod) 7lglunisivan LKM 1WdseuudfjiRnis uag modprobe -r
(1138 rmmod) Nlglun1sasu LKM 80n31nszuudfunnis aueaisu

L s modprobe ppdev 730 insmod ppdev.ko
§$ modprobe -r ppdev %39  rmmod ppdev.ko

Q

WUFIUNI5RYY LINUX MODULE

mswmwlusunstlusedudundaesiuaiiBond Linux Module Hutiwannagdosien
ﬁsUULﬁmamuaﬂmﬁaf\nﬂéff;ﬁugmﬁammﬁ’um'%laa Aag19usl Ubuntu 9sdmm3eulusinsy
szuu Wsunsuvszgnd  wageevlndiaesdmiunisdeulusunsuugunidy  uwagllldan
wies il msumsimulussduaundnosivadaiuinfaunasdesihnsindwesalAnvesd
yndrefiuauarindslndienaos (inux header) Wududnlurou ieldannsndenld AP
(Application Programming Interface) ﬁLfJulanﬁ'ﬁug’mlé’f Tngvimuedsdneansdl
Aummesaldniinsaiusuves Ubuntu A4

: $ apt-cache search linux-source*

glinux—source - Linux kernel source with Ubuntu patches

: linux-source-2.6.32 - Linux kernel source for version 2.6.32 with Ubuntu
! patches

§$ apt-cache search linux-headers-$(uname -r)
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linux-headers-2.6.32-42-server - Linux kernel headers for version 2.6.32 on
: x86_64

1 4
v v A

LAVIINSAARINIBANA AL

§$ sudo apt-get install linux-headers-$(uname -r) linux-source-2.6.37
' $ ed /usr/src/

:$ 1s

§linux—headers—Z.6.32—42—server.tar.b22 linux-source-2.6.32.tar.bz2

¢ tar -xjvf linux-headers-2.6.32-42-server.tar.bz2 linux-

. source-2.6.32.tar.bz2

A9819n1585191UsnsU Kernel Module “Hello world”

SuAUNITHRILIUILATY kernel module 8813978 Tpenisastalwadda hello-driver.c Lan
wnuastulasnnes ~/kernel_module/

© $ mkdir ~/kernel_module
: $ vim hello-driver.c

e
: * hello-driver.c - The simplest kernel module.

i X/

§ #include <linux/module.h> /* Needed by all modules */

i #include <linux/kernel.h> /* Needed for KERN_INFOQ */

: static int __init module_start(void)

'

: printk(KERN_INFO "Hello world ! module is loaded\n");
/*

§ * A non @ return means init_module failed; module can't be loaded.
: */

: return 0;

1

§ static void __exit module_unload(void)
1
: printk(KERN_INFO "Goodbye world ! module is removed\n");
3

: module_init(module_start);

: module_exit(module_unload);

: MODULE_LICENSE("GPL");

§ MODULE_AUTHOR(C"EE - Burapha University"); /* Who wrote this module? */

: MODULE_DESCRIPTION("hello world test driver"); /* What does this module do */
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IMn15as19lna Makefile dusuldmuuaainiseaulndlinulusunsy hello-driver.c

: $ vim Makefile
§ obj-m = hello-driver.o

gall:
: make -C /lib/modules/$(shell uname -r)/build M=$(PWD) modules

§clean:
: make -C /lib/modules/$(shell uname -r)/build M=$(PWD) clean

! make -C /lib/modules/2.6.32-42-server/build M=/home/student/kernel module
gmodules
i make[1l]: Entering directory ~/usr/src/linux-headers-2.6.32-42-server'
i CC [M] /home/student/kernel module/hello-driver.o
Building modules, stage 2.
MODPOST 1 modules
ccC /home/student/kernel module/hello-driver.mod.o
: LD [M] /home/student/kernel module/hello-driver.ko
i make[1l]: Leaving directory ~/usr/src/linux-headers-2.6.32-42-server'

E# 1s
: hello-driver.c hello-driver.mod.c hello-driver.o modules.order
: hello-driver.ko hello-driver.mod.o Makefile Module.symvers

naaaulvanfilunanieAde insmod WaLANHNTANTIVEDUNAANTNITYINNUMIEAE dmesg
(debug kernel message) AIAIDLINUINAN

. # insmod hello-driver.ko
! # dmesg | tail -nl
: [68587.257467] Hello world ! module is loaded

: # rmmod hello-driver.ko
. # dmesg | tail -nl
%[68621.602044] Goodbye world ! module is removed

Embedded Android Development graunmaiinwmun



g1

1A39831901W59UUB4 Linux kernel module
ngUlassadalviddnsansuialaitu 5 diu tnvdrnnduldnlusunsuvanazegluilandu
init wa exit wazazihuisdewlialinisinanvionau LKM meludundinasiua

#include <linux/module.h> c
#include <linux/kernel.h> _|Headers
MODULE_LICENSEC"GPL"); ]
MODULE_AUTHOR("EE - Burapha University"); Module
MODULE_DESCRIPTION("hello world test driver"); macros
void my_procedure(void) _
{
. " . . Procedure

printk(KERN_INFO "Here 1is procedure...\n"); module
} _
static int __init module_start(void) N
{

printk(KERN_INFO "Hello world ! module is loaded\n");

myEpr'ocgc.jur'e(); Module

return 9; Constructor/
} Destructor
static void __exit module_unload(void)
{

printk(KERN_INFO "Goodbye world ! module is removed\n");
} —
module_init(module_start); N Exit
module_exit(module_unload); macros

JUT 2.14 Tp59a5719uuuiAnves Linux Kernel Module

Mnlassastudnuugapediusenttlausns (C Headers) lagavansdilausiandngogia
UpededfIMe  linux/module.h Wwag linux/kernel.h d7udauiAslusunsugas
(Procedure Program) @aidudileddudesiiazgniSonainlusunsuvdn uazdiugavinefediu
swazidonveduga (modules description) #lesuteeaziBenvedlugaiioonuuudaazgn
uansoeniiiledinisBenldifds modinfo Muioestnaans

: MODULE_LICENSE("GPL");
: MODULE_AUTHOR("EE - Burapha University"); /* Who wrote this module? */
: MODULE_DESCRIPTION("hello world test driver"); /* What does this module do */

: $ modinfo hello-driver.ko

! filename: hello-driver.ko

: description: hello world test driver

%author: EE - Burapha University

: license: GPL

! srcversion: E36F5E4D3F232F0AL1C18AEF

: depends:

gvermagic: 2.6.32-42-server SMP mod unload modversions
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Wugun1seUlUswnsulas1a581%3U CHARACTER DEVICE

a wua a 6 [

fuglunsdeulusunsulasnesasiieiulndnelussuulfiRnisaundnunadnuoe

a &

lunsdsdayavesansauisiug deszuulfuRnisaunduusinduiinnlugunsal (device) aon

Ju 2 Uszuan laun

1. Character device daiflunsdedoyanuuanda (stream) annsadhisléfiaziiios 1 1Us
waailoulusunsulasnesunimly

2. Block device \Junsdsdeyaiiuuiiou (block) nsaimieyssuiananalifonis
indeudredeyavualugjseninsmheanudwiesninguiudoya wu ensada 1udy

Device file

Application AN /o /ity USBO

User-space

Kernel-space

Device Driver

Hardware

U 2.15 UananN15871984961 major kag minor

MngUisuudusenaimsiauvedlusunsuitdesnsdddlug /dev/ttyUsBo fignidessiont
fuwesn USB Aiinmsdedoyalusuuuueynsy dusdaunnindlusunsuadeainssnida
yanelay (major Wag minor) WieszyUsziamendnmindnuazieosadlufilusunsudosnisas
Ansedeansteyade

Mog1alUsunsy chardev.c AeuanITINATITIENISEMTBYAININE device ¥ /dev/

chardev MQna319UUN"

* chardev.c: Creates a read-only char device that says how many times
* you've read from the dev file
*/

§ #include <linux/kernel.h>

: #include <linux/module.h>

! #include <linux/fs.h>

. #include <asm/uaccess.h> /* for put_user */
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*  Prototypes - this would normally go in a .h file

Lox/

:int init_module(void);

: void cleanup_module(void);

: static int device_open(struct inode *, struct file *);

§ static int device_release(struct inode *, struct file *);

: static ssize_t device_read(struct file *, char *, size_t, loff_t *);

§ static ssize_t device_write(struct file *, const char *, size_t, loff_t *);

: #define SUCCESS @
§ #define DEVICE_NAME "chardev" /* Dev name as it appears in /proc/devices  */
§ #define BUF_LEN 80 /* Max length of the message from the device */

L/
i * Global variables are declared as static, so are global within the file.
*/

§ static int Major; /* Major number assigned to our device driver */
: static int Device_Open = @; /* Is device open?

i * Used to prevent multiple access to device */
: static char msg[BUF_LEN]; /* The msg the device will give when asked */
i static char *msg_Ptr;

§ static char msg_data[BUF_LEN] ="NONE \n" ; /*initial msg for write mode */

§ static struct file_operations fops = {
.read = device_read,

.write = device_write,

.open = device_open,

.release = device_release

é};

e

i * This function is called when the module is loaded
V4

i int init_module(void)

{
: Major = register_chrdev(@, DEVICE_NAME, &fops);

if (Major < @) {
printk(KERN_ALERT "Registering char device failed with %d\n", Major);
return Major;

}

printk(KERN_INFO "I was assigned major number %d. To talk to\n", Major);
printk(KERN_INFO "the driver, create a dev file with\n");
printk(KERN_INFO "'mknod /dev/%s c %d @'.\n", DEVICE_NAME, Major);
printk(KERN_INFO "Try various minor numbers. Try to cat and echo to\n");
printk(KERN_INFO "the device file.\n");

printk(KERN_INFO "Remove the device file and module when done.\n");

return SUCCESS;
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-/
. * This function is called when the module is unloaded
Lox/
§ void cleanup_module(void)
:q
: /%
* Unregister the device
*/
unregister_chrdev(Major, DEVICE_NAME);
§ printk(KERN_ALERT "Error in unregister_chrdev:\n");
1
v
: * Methods
*/
e

* Called when a process tries to open the device file, like
* "cat /dev/mycharfile”
Lox/
§ static int device_open(struct inode *inode, struct file *file)
1

static int counter = 0;

if (Device_Open)
return -EBUSY;

Device_Open++;
: sprintf(msg, "I already told you %d times . Data in device is %s \n", coun-
: ter++,msg_data);
: msg_Ptr = msg;
try_module_get(THIS_MODULE);
return SUCCESS;

/

. * Called when a process closes the device file.

Lox/

§ static int device_release(struct inode *inode, struct file *file)
1

Device_Open--; /* We're now ready for our next caller */

/*
* Decrement the usage count, or else once you opened the file, you'll
* never get get rid of the module.
*/

module_put(THIS_MODULE);

return 0;
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: * (Called when a process, which already opened the dev file, attempts to
* read from it.
Lox/
§ static ssize_t device_read(struct file *filp, /* see include/linux/fs.h  */
: char *buffer, /* buffer to fill with data */
size_t length, /* length of the buffer */
loff_t * offset)

/*
* Number of bytes actually written to the buffer
*/
int bytes_read = 0;
/*
* If we're at the end of the message,
* return @ signifying end of file
*/
if (*msg_Ptr == 0)
return 0;
/*
* Actually put the data into the buffer
*/
while (length && *msg_Ptr) {
/*
* The buffer is in the user data segment, not the kernel
* segment so "*" assignment won't work. We have to use
* put_user which copies data from the kernel data segment to
* the user data segment.
*/
put_user(*(msg_Ptr++), buffer++);

length--;
bytes_read++;
ks
/*
* Most read functions return the number of bytes put into the buffer
*/
: return bytes_read;
&
/x
: * Called when a process writes to dev file: echo "hi" > /dev/hello
Lox/
§ static ssize_t device_write(struct file *filp, const char *buff, size_t length,
§ loff_t * off){

int bytes_write ;
for (bytes_write = 0; bytes_write < length && bytes_write < BUF_LEN;

§ bytes_write++){
: get_user(msg_data[bytes_write], buff + bytes_write);
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. # cat Makefile
: obj-m = chardev.o

L all:
: make -C /lib/modules/$(shell uname -r)/build M=$(PWD) modules

gclean:
make -C /lib/modules/$(shell uname -r)/build M=$(PWD) clean

. # make
: make -C /lib/modules/2.6.32-42-server/build M=/home/student/kernel module
émodules
i make[1l]: Entering directory °~/usr/src/linux-headers-2.6.32-42-server'
CC [M] /home/student/kernel module/chardev.o
Building modules, stage 2.
MODPOST 1 modules
ccC /home/student/kernel module/chardev.mod.o
: LD [M] /home/student/kernel module/chardev.ko
i make[1l]: Leaving directory ~/usr/src/linux-headers-2.6.32-42-server'

L # 1s

: chardev.c chardev.mod.o hello-driver.ko hello-driver.o
%modules.order

: chardev.ko chardev.o hello-driver.mod.c Makefile

gModule.symvers
: chardev.mod.c hello-driver.c hello-driver.mod.o Makefile hello

e _
)}

o
)
R
o)
©
g—_/lo\
=°
3
o_JE
(asd
Do
=
P2
5
3
(@)
o
o)
ee
o)
oN
o)
)
M}
©
c
>
g))

(3

=
%0\
o_)f
(s
O
=
P2

gavneviinsnageulanlugalin
dmesg fat19a191

: # insmod chardev.ko

. # dmesg| tail -n6

: [70707.121856] I was assigned major number 250. To talk to

: [70707.121858] the driver, create a dev file with

: [70707.121860] 'mknod /dev/chardev c 250 0'.

§[70707.121861] Try various minor numbers. Try to cat and echo to
:[70707.121862] the device file.

: [70707.121863] Remove the device file and module when done.
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Fmsegeudaselasnestisnads lnesuduliaislndunmilvdifn (/dev/chardev)
desnlusunsuladines chardev ko IfadauazavoonluiFouiesudn seunsaidlndgunsal
#lmide /dev/my chardev usdandlildnuneias major wag minor wisl (major:250 wae
minor:0) fefdsteana

g# mknod /dev/my_chardev c 250 O
:# 1s -al /dev/my_chardev

v 6 % < 1w Y 1 . % 5 1% [ v -3
Pnuadnszdunaiudiliiveyasgly device e Avliulmamaaeudsdaaiuludalng /
dev/my chardev AEA1d3 echo AIAIDEIUINE

: # echo "Hi...My device" > /dev/my_chardev
i # cat /dev/my_chardev

ALY LINUX MODULE Tuiadiinlu84 LINUX SOURCE TREE

dewnimunldwaulusunsulasnesuie LM @Sadeudesuds  widesnissiulda
TWsunsuvesnudlueglulassaframdnifsadvaundaesiuaitelvgldviotniauaudug
asnEensRaraIndds make menuconfig titerdenldlusunsulasnesveasildazaan
T

#lelnonisilusunsy LKM flswaunduniluivineldlasnme’ drivers/misc veq
yosadundnesiualuiidvosnsiodnslud hello-driver.c

éconfig HELLO_WORLD_MODULE
: tristate "hello world module"

depends on X86 < ausasyuAnIUngnssuiilugadiiyinaulai W ARM

default m if X86 < anunsnsyylidu m vi3e y I¢ uaziivaninonsuld
help



WAluE drivers/misc/Makefile Tngnsifinussyingraansil welrdnisaeulng LKM Winfy
obj-$(CONFIG_HELLO WORLD MODULE)+= hello-driver.o

waglivinisisuauniseedlndieasvdundaesiuadmlmilagn1swnguynsnerme A
make menuconfig kakt1luluiy Device Drivers Ldonlugafifnoin13aafiieg19n15AeAIng
anail

.config - Linux Kernel v2.6.32.61+drm33.26 Configuration

Device Drivers
Arrow keys navigate the menu. <Enter> selects submenus --->. Highlighted
letters are hotkeys. Pressing <Y> includes, <N> excludes, <M> modularizes
features. Press <Esc><Esc> to exit, <?> for Help, </> for Search. Legend:
[*] built-in [ ] excluded <M> module < > module capable

<M> Parallel port support --->
-*- Plug and Play support --->
[*] Block devices --->
< > ATA/ATAPI/MFM/RLL support --->
SCSI device support --->
<*> Serial ATA (prod) and Parallel ATA (experimental) drivers
[*¥] Multiple devices driver support (RAID and LVM) --->
[*¥] Fusion MPT device support --->
IEEE 1394 (FireWire) support --->
<M> 120 device support --->

< Exit > < Help >
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.config - Linux Kernel v2.6.32.61+drm33.26 Configuration

Misc devices
Arrow keys navigate the menu. <Enter> selects submenus --->. Highlighted
letters are hotkeys. Pressing <Y> includes, <N> excludes, <M> modularizes
features. Press <Esc><Esc> to exit, <?> for Help, </> for Search. Legend:
[*] built-in [ ] excluded <M> module < > module capable

--- Misc devices
Device driver for IBM RSA service processor
Sensable PHANToM (PCI)
SGI I0C4 Base IO support
TI Flash Media interface support (EXPERIMENTAL)
TI Flash Media PCI74xx/PCI76xx host adapter support (EXPERIMENT
Integrated Circuits ICS932S401
Enclosure Services
Channel interface driver for HP ilL0/ilL02 processor
Dell Laptop Extras (EXPERIMENTAL)

< Exit > < Help >

§$ make modules
: $ make modules_install INSTALL_MOD_PATH=$SROOTFS
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unfi 3 EMBEDDED LINUX DEVELOPMENT

AN uN2895E UV aNINaHNA?

gAGuFLrasRDNwesRwAT Ad 1930 uduronfwosvunslnauaratinsnyiing
Uszananalaiiesiazay  (single  task) wirduusislenarilumsiwauwasdTmuinisves
welulafganntu ilvavwargunsaiBiinvselindngludnasesiwioiios sunssidlull aa.
1940 I¢Zuinshszuvanesnailsfunmuauiuunsids (Missile) dwmiunesinmms
sildluszuvausanaileiaiiviuatiofiglugatuffoinias "Apollo Guidance Computer' gnass
Fulme Charles Stark Draper as uU MIT Instrumentation Lwﬂﬂiﬁmﬁ’sﬁé’agﬂmaafiwﬁmm
Foslunsldnuiiesandeninmsiiweiivunlngunningelidnasutuiminasfeauas
dielvianmnsailutlsinelundnfauriddonisld  wiufigamanuiuusnanudd MIT fign
fanuiuussdusnldauddalnessdod Autonetics D-17 guidance computer wagldgniily
Tlunismmsvedlasaniste Minute missile

Fausidaed a.e. 1961 Uil A, 1966 TaTinsuusImseanuuUTenITINANALE:
niudawesvnamguasliansafansuenlunisiivdeya wulunisihdndssianawuulng
dranlfnuunuiidnsudanediduauhlildsestivnadnauasivssdniamguniy
annsavenundundnfusissuvanssnailingulmild Tnelidein Minuteman |

weluladsuszuuaneanaileilignitaunsdisdeideaiielivuinuasnafianasudds
AsszAnEnngstu waunseidud aa 1971 AldEudngyalilasTussamesyausnogiad
fmen1nladivesiigUszuiana Intel 4004 ﬁgﬂaaﬂLLUUGﬁumﬁm%’ULﬁummwﬁzmamaﬂ
asluiniesfniay  wifdsaddendnfameuenlunsifumhenimdwinsey sunddd A,
1980  AldTimsuuanmisarudiiuiduussinanatifetulddisatedeldindugaEudui
ddnworemslulasaealnsaeisudduiudun  lneslalaseeulnsiaesiusnvedanie
Intel 8048 uazsionlud a.a. 1980 AdugaBsuversnslulasroalnseesdnafmis e
intel 18Uas Intel 8051 fiumdeutunsosiiotelunisiamnlusunsy (software develop-
ments tools) f\miéf%’umima‘u%‘umst;ﬁ%ashﬂﬂ’?wmwLLazLﬁuﬁﬁwﬁdﬂmzﬁuwﬁwmﬁa
UTENWAIUINNATUTE UUANDINARIFY

windaidednalunisiaunlusunsumsizasnsadeulusunsuasivlulalasaeulnsiaes
IWisandafion (PROMs)  windsanduldunuilafinswmuniivind nduitevlfaunsoau
Tusunsumeluudriudinldlnilagldinelulad EPROM Mdunmisausnouasyd (UV) uazsean
mendsiliinsairaedosaulsunsuviinndesainauas UV fiawnsaavdoyalu EPROM ag
Tnaiuszana 510 wiflaunseind . 1993 finswaunain EPROM anidu EEPROM
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ansnaunseudlilusunsulilaeilifonetsenanaeuiamesinieu EPROM wregrdlsin
EEPROM  azdfosaudayariunnoufiagladoyalndidlunnads  desdidosfnagiisuiundy
nsauvsewily semmasd a.e. 1992 11t 12 UEninslugmeiuneufinmesilesiuidnge
AELNAN PC/104 Consortium Lilafvuauumslunstmeluladiniesneufiamosinluin
Usulimangaununisussendldlussuvatesnailedn  InglasanuuuiiuuaiaiazySurunves
naeslidivunmdnnssiadadiolfaunsnnedeutudutulddovuaninenudios 4 1 uasd
pramuRes 1 T fenisiiausvesnguainey PC/104 vilildTunimeuiuanaiaiguas
mAntuegunalifs faungusaiamadiunsmmsuagnisunnsiadunguianiildn
wAnuazmaluladausanaladiluussendlduats

a A o

sunsziianaluladanesnailsEuldsumudenssininmwing  uasUssansnmyes
UizmawamﬂmmﬁLﬁmﬁuaSWQiamL%ﬁdL’%@Jﬁﬂlﬂzjmiﬁwuﬂuqmammm?’iaﬁaaﬁLﬁﬂimaﬁu
fuannnisldasneg PC/104-based Kiosk Juandusiausn audstuillfiuidnainnd 100 uvied
Whsamnguainey PC/104 Embedded Consortium  ie3auAmumsAsI§ LY InEn o)
fegaU Fthernet card, FireWire, hard drives, RAM drives, video cards, audio cards,
general I/O, flash cards, modems, GPS, cellular telephone, wireless Internet Lagdn
wnng  uenaniufdaidntefevilsfinssdunduinianwssialamaluladauonatlaifieo
N1599NINYEITNIAUTEUUENDINAREG 6'§<1L‘%'maaﬂf;jmamﬁﬂﬂ’mmm%’jaLwi'ﬂ a.f. 1988 Tude
11 “Embedded Systems Programming” waviisudsudadiu “Embedded Systems De-

} 4
=

sign” Lilal A.A. 2005 aunseshslagiuil

gﬂﬁ 3.1 4neans Embedded System Design

U

Aatiuanunsaasuiisnnvesssuvanenailialedn  Wussuuiignesnwuudmsuldanuly
Togusvasranzauildmiloudunsufinnesnldaunill  msgssuvauenaieinaggn
AMUANITYINIUAIUANADINITRETARU LIS B UTPE LA T IR N UL UBITEU AN DS

o A

naleiidAeyloaun

a

1 JUNN999NLUULDYINIUDE19LARE 91T TasasvinuaulUsLAsuRaeld

<

- 1un1suszanaNauuuAsIazaIu (Single Task)
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_ anunsadenldlananeflsidundlafias fafduaudnamiiu
- 599N

- Tgudny

- fpidousetes Taude

- flsidunshauiifisamenaz a5

- TwE U

- 5995UMSENIUIINABUEN

- @I UIULALLUG AL LEAINALUY real-time

Faluaitlddudeunninsruvanssnailadegldifisalulaslusimawesifsauaglusunsy
mueuftazgiivegniglumisanuseiingulfesnafeviodonduin ROM  (Read-only
Memory) wslunsdifigiaaiinisussinanaiidudounansdiundontunelusissuvauesnaiia
TudusiosdiszuuufiRnis (Operating System) EilﬂazuimaﬁluLﬁaﬂaai’l’mmﬁmuuawmaﬂ’;mﬁw
pgiszuuuaziiUszdnsam  Msruuujuinsayndiadusudeniuraulafigalunguiin
W ussuuanesnailein  semanaiidussuudjoanisifaudavgunayd
UszanSnmgs anansasesiuanndnenssuldlitesnin 30 andnenssunasduiiiiufiindund
ﬂ’eJ%Luaﬁj?uﬁ’mI%QjQﬂL‘?‘U’éluﬁ’lEJﬂ’]‘EH%LLaSLL?JﬁL%@JUgUNﬁ’Ju Jilninerenisusuumsiazinly
THluanilvenssuldvarnvans venanduluguuesnadulauazanulfiuisuresnisudeduly
panflivisssuaneRudd A 2005 Swuiniauidyndrefiuafifiutunnifuiou
a'mwhs%’fﬂmmﬂﬂ'?u%ﬁiﬁmimﬂﬁmimmaﬁa 10,000 UM LLaznﬂﬁ]ﬁﬁ"ﬂmazﬁUszmm 5.45
patch files figndwlvandngiiulasiaundnesiua (67950 Linux Foundation Analysis) SauvtaEkEn
qﬂﬂﬁfﬁiwﬂmyhLLaz;}fﬁmmmawLL’;%ﬁ?‘ilé'f%’Umssaq%’ummwgm (ISV: Independent Software
Vendors) S1unusnnAdsiusnatiuayusyuulfoRnisaundiusgisaieds uasidfy GNU GPL
(General Public License) 8sliiavsunglidaszlunslilusunsunisuilunighilusunsuuazdn
aonuanaelifausdsliifisuudrindnse

szuuUfuamsayndinmaivlnlussiugaielegeiieauazEudundunumddyly
panavIdLeRamnssumAlLlasr uaLesnalaRudd A 2002 Wuduan Taglugisusn
Faustd a.A. 2001 §9 A.A. 2002 Namiﬁﬁa%swﬂgjﬂ’amiﬁgﬂiﬁi’ﬂu smart gadgets 3nianfe
szUUURURNTAYNG (15.5%) Fao1wuzszuuufiinig WinCE/WInCE.Net (6%) uag XPe (5%)
N8 Microsoft waz VxWorks (10.3%) nene Wind River luthaandesndausd a.a. 2003
9 AM2005 wamsdsImnU Ul uuUiRnsaundmeluuismitoaiwan St
peereLlesyiUsEann 49-52% uarudaannd am. 2006 WudundeldinduiaEuduves
N159818FYR9sTUVaANINala Nz T un sut It ure Il nUszaananals (CPU) wu ARM,
x86, PowerPC, MIPS, Coldfire, DSP tdusiu nsuistusnuszuuufifniswu OpenZaurus,
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Angstrc’jm distribution, Familiar Linux, webQOS from Palm, Inc., Maemo based on Debian
Hudu venmniufdifissuuufoinsiiduniuilusmstinfauine fledlugnsaiadods
gunsalyiannnilidnasilu PDA, Pocket PC, Smart Phone, Netbook #1349 faag 1 AirOS
(Ubiquiti Network), CatOS/Cisco 10S/I0S-XR (Cisco Systems), DD-WRT (NewMedia-NET),
JunOS (Juniper Networks), OpenWRT (LinkSys), Palm OS (Palm Inc.), Symbian OS (Nokia),
Windows CE/Mobile (Microsoft), iPhone (Apple), OpenZaurus (Sharp), Maemo (Nokia),
Qtopia/Qt Embedded (TrollTech), Openmoko (based on Angstrém), Mobilinux (Monta-
vista), Android (Google), Moblin (Intel), Ubuntu Mobile waz Meego (Maemo+Moblin)
Fudu Teegdadminefiiiunessuud foRnsaynddmivssuvanosnailsfaldud  Monta-
Vista, Koan, Sysgo, Denx, Metrowerks, FSMLabs, LynuxWorks, Wind River, a8z TimeSys
Hudu  Fevibimalulaganesnadsinatedussdusznovdrdglunaianisniugunsal
didnnselinduaziinisldszuvuiRnsdyndilussuudfuiRnisvanawiediu Ingaunsawua
naunaAndn e ldsd

- NRURAAMNTINEWEUA  (Automotive) lawA  szuuAIuAuAelug uNIvug  (ECU-
Electronic Control Unit) szuuanudasasieniglu

csedldluiisudsguninl  Set-top-Box  guUnsaldmiunsdeansuarlderusiiuszuy
Bumasiile

- SHUUAIUANENEIMNTTY (Industrial Automation) A iswmuammumimamﬁ%wm
sruuAIUANvuBUAluaenIsHan  saludsssuumuaulniniidags  (HVAC  System)
Dudiu

- isesilounnd loun szuudhdnameinsitiednluli svuutiinensthe seuunsie
A0UKALIATIZING SEUUTIETUNMINER LagszuunsITinszimedesasnin iWusy

 Insdniadoud wazAouN RO ITTANAN
« 1AT03ONIMIMTIAZDINTA lokA SruvisasasAIuANNITTY STUVFDaTHIUA LY

- gUnsaldineu laun wIsseneenans wind wsesiun wsaskany Wsduy VolP 1a3es
drsosdayavuning Wusuy

- syuvdeasuuuaesarliane loun gunsalinIavigfassenu LAN, MAN wag WAN

NNsveneitegigeamaluladanenailaiiludwainilananuidiedu  iinandady

o U

danulawn

o

U

- MIANTIVIUVBITNAAUINIIA U S ALITUATONIITTEULANDINAR ATl WU L UUg U
lngamgtiniaungonus
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- M3venemvesgUnsalavemnailsiniegfnussinaaesiudumnaziiuuiltuazsiiulans
anauauduinglud a.e. 2013

« s3UUUURNsAUndlasunmsnausulazativayulusgsfianusendndlugmeg feg
U Sony, Motorola, Philips, Panasonic, Google, Samsung &g Siemens WHuduy

N v YV [ = [ 1 ¢ . .
- MwAdansgnlBiduntvmdnlunsWeulusunsuniewuasawis (Device Programming)
AINUIP8N1YT Assembly, C++ Lay embedded C++

57050#?%%1751/7@71’}: http://www.ecti-thailand.or¢/emagazine/views/66

dodaenssy Glusgu‘u dupInNarNn?

U 3.2 LanIFot 1 Nan U9 UaLINAEIR7
v Photo from: http.//free-electrons.com

anUnenssululasiuswawasuazaunsalaniaulsdAyuassuuauanailan,

szuuUftRnnsaundlagnitamnyuisedsdeideadielianunsnsesiunisaniinensay
AevemiUszanananawiiosninlupanliliunniiandsseazideamsiumnadanely
lAnvasdyndmesiuadmiusdazanidnenssuszgnussqegnieldlasnves /arch  wesdund
aosiua  laglutlagdussuuujiAnisdundannsasesivanndnenssusnaldlisinit 30
aotUnenssy wu ao1Unenssu ARM, AVR32, Intel x86, Intel x86 64, MIPS, Motorola 68000
(M68K) , PowerPC, wag Super-H 1Junu ImsJLwiazami'jmEJﬂiﬁmzﬁi’mqﬂﬁzmﬂ“lumiﬁwiﬂﬁ
LANANNAUAIBE Y
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«@nTnenssa x86 and x86-64 dmiuiAIsRsLRe ALY

canndnenssy ARM aggrihluldlumannvansnulszendliinesdugunsaiiededilai
gunsallnsény (Mobile Internet Device) gunsaldmsuauilaniliae (Set-top-Box, DVD
Player) w30 gUnsalniuaulugnamnssunisuds Judu

-andnenssu PowerPC azgnihluldunneglugunsaimesulnsauuiay  seuuAIevie
TnglomzAidesiauiuUNanse (realtime)

-andnenssu MIPS Saasilldagvarnranglugunsainisinussuuinietng

-aolmenssy Superd gnimunlaeuie¥m Hitachi (1990s) Tuasfureussnuwiuvesly
gUnsnivaduaffiAe Wy gunsal Set-top-box aunszisludagtiudinieuisn Renesus
Affapsthunldluseuutivng gunsaimefueSedns wSosfinn uazndesdnegy
-@andnenssy Blackfin gnitauiuazynaialneuism Analog Devices Faazgnitiululusy
pruszanadyauAInea (Signal Processing) 7iuyinlvi Blackfin CPU LoafisiAgn
-an1Unenssy Motorola 68000 aglasuanudeslugiel 1980s - 1990s lugunsnd
AaNTLMBsEINYAAS Wi Apple Macintosh, Commodore Amiga, Atari ST %W%L%U@:LLGUQ
ol

U W

UAUUTEN Intel

U

M1319 3.1 N35995ULINTIFIUNT WU BvRtLsazan1UnenT Ty

Parallel Port support X

IEEE 1394 support X X X X
IrDA support X X X X

USB support X X X X

Bluetooth support X X X

WIEANNTILAZA N UTDYA

dnsusruufoRnsaundiuguiifionadnfigaazannsayanldneldmhenus
yuLfies 8 MB usteeslsfnuiasdediannsalfiuussondldflusedunieilidunnifu
luimsazdeaivunamieanudilvegfivszana 32 MB druvunavesinfuteya (Storage)
fuaunsoliouadnanegiivun 4 MB Tunsdififesnafuniedsosdeyafiadu fenvas
Wdiudeyauseinnumas (Flash storage) 19y NAND/NOR Flash %3 fiiudeyaussiay
UdeR (Block storage) W SD/MMC card wag eMMC (Judu
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nsAnsedeaNsivaunIalsaudd

duveanediualuszuuufiAnsaundannsosesiuszuunisdomsluinnsgiusie L
lm'iiwzlf]uﬁzwﬁaﬁugwﬂums?ﬁ'amﬁmsfl,uqﬂﬂﬁﬂiisquﬁ’mmLﬁtiu 12C, SPI, CAN, 1-wire,
SDIO, UART uag USB 5zuumﬁ?1'amiﬁzé’uquﬁu Ethernet, Wifi, Bluetooth, way CAN 59189
Wslapeaunsguluszaussuuasetie (TCP/P) Afllusunsulasnesniauegnieludiszuy
UfuRn1sayndias

1 [ 4 Y
nauauﬂuuaiﬂammﬂaﬁ\‘im

Tuiligtuiiuesnauesnatlyhiioonsvannvaneiunansdve  selumadidhimuwiedld
ﬁalﬂawuqaaww%aié’lﬂdqamﬁu BeagleBoard, PandaBoard, BeagleBone, ODROID, Raspberry
Pi, Freescale i.MX53, AM335x Sitara, Friendly ARM tJusu Tngldmiieuszanananaia (CPU)
MNAWARRNY WU Texas Instrument, Samsung, Qualcomm, Nvidia @sahulmajudiagld
anUnenssu ARM agnnglu

JUN 3.3 uanaegnuesaiaunsyuuatainailei

= 1 [ s v v & 1A 1Y a 1 o <
Fannznarguluveinavesnailsiladuliiieuwddoaminsiiaguiineysenaudy
vosaiainluldlunudssynduddnimuinisagdeadilafiesndunisiausaganuaunse

NAYNUDIAFUDINAUULI DY

U

aanidasanssn ARM ARM Core System-on-Chip UBSATNDINAENA2

4 e
uaInlszanAnin1ssIn SoC
o - .
uazwasaaE s UIBaNADgUNTl

%@ Instruction set, mMseanwuuMsrinaunly
. a P

Anuansinaany MMU, 8u wihglszanaialwieniy
BTSN aanilasnssuinmuald

mMsvangUnsal/ananeienly e

wilansiannalu ARM Core guiiue)

agusn

anspanan lugluuvzasingui

1HBRNA ] neanin lugluuuupsAaNDY
v3ENInImLIe (SoC Brand)

nailssansagy

WiumsivuaAManEE aglusUuuuans netlist 3o Tan
Al . P . . vvd a o £
(specification) Verilog Lwaama‘lwcﬂaamawﬁ

U7 3.4 uansdausisusiaandnenssuaunniduvesaauena
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sladdvesdutiazEusuaind System-on-Chip (SoC) &fig@sll ARM Core agmelu
ﬁgﬂﬁaﬂmﬁw%wﬁmmm (Chipset) Tivluasaauasnastuansasesiumsaeansidnain
a1egULUU Meg1aiu Ethemet, AUX, USB, SATA, LCD, HDMI 3Mn5ULNANKMARIYUIUNTT
Fusianinenssy ARM aunansundy Systern-on-Chip fiu3emuazwainwaunansaiun
sonuvuiiuvednauesnadeiuiiothlUldlunuuszendsinegdluiian

aaniasnssy ARM ARM Core System-on-Chip uasnaNaInaieaa

D D R OS2

s R s B s B e

R v B oy B e
Exynos 5

- @ -

JTAG ARM Voltage |
Scan Processor Regulator |

System Controller
ﬁm
AT

PLL <<
Osc
T I N ( RC 0sc
Peripheral

Reset Ctrl. F
Erownout Detect Bndg:
Power On Reset
Prog. Int. Timer » >
‘Watchdog Timer
< Real Time Timer
| Debug Unit |
PID Ctrl.

Memory Controller

APB

v

Ethernet MAC

v

USARTO-1

[y

CAN
> USB Device
PWM Ctrl
#| Synchro Serial Ctrl
»| Timep'Counter 0-2

JUN 3.5 uanadeene SoC nllenegludagtu uwavdetgvesdusznaunielu SoC

SPI

>
>

> Two Wire Interface |«
>

v

¥ v Vv v Y
IR EENEYE

v

ADCO-7 <

Y a v

v3en ARM  luildviduesdugudalulasiuswawes wivslugfieenwuuiasimunnis
yhamuaegluanilinenssy Wuadds Instruction Set, meiloudafiufidanismiagninud,
(MMU) nsonseuandgyaadunassnene (nterrupts) uduy Wedesnsvedudns (Li-
cense fee) MsldantinenssuuAuTsmiamessia (Business Partner) flagsaueenuuuiunig

U3HM ARM 2uuidu ARM Core usiazgu uazazvinn1sesnuwuunis@ensany Chipset anely
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3 auiuﬁqmﬂmsmﬂu System-on-Chip #1881y TI OMAP, TI AM335x, Samsung Exy-
nos, Rockchip, FreeScale i.Mx53 IﬂSU‘%@’wi?uﬁqiﬁﬁ]ﬁjﬁ]zéf@ﬂﬁi’mm Royalty fee lufiuusum
ARM  ilelafifinsihluasaduvesaanssnailsiidmsuaufmeinudidnnsednduas dud
weluladineg Wy Insdwislefio (Smart Phone), uitidn (Tablet), gunsalin3osldlniivie
szuudidnysetindmelusunmug 1Wudy Feansuisuandinamagiavesisn ARM
uazszeznattumseenuuuideianauniazudundnsusilunansluiign

suuuugsNaees ARM

2-3 ‘.ﬂ 3-4 :ﬂ 20+ ?J

d319upsnaNpINaieAIEmILNYszaNAR19Y

2ANUUUNMUI ARM Core i 5unvuauunluwmunilu SoC ER
wazAniugsne

i

e Lﬁuamu xf‘hﬂﬂ'qiuaum‘lqm ‘\hilf’]l']a?laﬂ%r &r ﬁ l_;.l
(Up (Royalty Fee)

front License Fee)

JU 3.6 UBUUNSALTILAT5TIAIVEI ARM
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BHAUFNMIWAIN DUz UUU RN s BYnduuuilaan

szuvUftRnsayndngniladilegluvesaaueinaazgniFenin seuuUftRnisaynduuy
H967 (Embedding Linux) 6’?@Lﬁuﬁzuuﬁgﬂﬂ%’uLwiqma%maLLazI‘LJﬁLLﬂﬁmzwiﬁmmmﬁmuiﬁ
vuanYnsnssuveviheUssnananaetueatug - dedoniinstduiudmsiniundingy
M3 “Porting” uenantdluilgiuffvisndwaunniinendefasinitssuuljiRnsaund
wuuilsegaelu wasRdidnvanenguuitnivingshaffunislruinmsuuosdsumeiy
mMswaLNszUvUuRnsaunduuuilen lihanfudundasfiuafignuiuudsiivay 1n3osilenns
AoulnadmsuanUnunssunige (Cross-development tools) wag lausisn1emIunIsvingu
LUURANTTe (Real time extensions) Wusu Foldinszuudfifinisaundtudussuuufoing
fmngdmdunmsihaumasnussuuateanaiiiannitgn esnilsunsalausidenag dyn
inseaiiolumsianniasuiuiissmedmiusyuuanosnailah

29AUSENBUNISLASYUENTNWUINADNEINSU EMBEDDED LINUX

asRUsEnauninimuvIegaulamumaluladssuvanesnailesinnisyianudilanauans
Tupnet19ana

14

M1319 3.2 paRUsenaudAgiiugiulunswssud nsuuainauainatles

23AUsENOU 18a%LDYn

ngluusseia bootloader wag Kernel Nsassunaziiniulanuiu
BSP (Board Support Package) . ) oA oy
Ysg13alasnltluuesnaussnailsdiniaenld

%

Cross Toolchains insesdlonmuannsanUassiaie v utuunanesuls
laus3aneq waglusunsuitawanntniauiniguen Jeenaaedl

Third-party components R, . . L
auansnslEeIu Wy GPLV3, Apache, MIT 1Jusu
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9AUISENaUY S18a2L880

d‘ I d‘ a sala 3 a wa a 6
- LATBY Host A Lﬂi@ﬂﬂ’t’]&l‘W'JL@@i%ﬁﬂ@ﬂi%UUﬂﬁ‘U@ﬂ?iﬁHﬂ“ﬁ

dmsulsuudadyndresiuatavaaulndlusunsusinsqdmsuvesn

target

- LA39Y Target Av UBSAENBINARNF WU Beagleboard, Versatile

Hardware LLa¥ Accessories

Express, Pandaboard, ODROID, FriendlyARM WHudu

- @8 Cable #1199 121 LAN Cable, Serial Cable, USB-to-Serial

Wy

- MMC/SD Card

ANUSUTURBUE A VRINTIAIUISEULANBINAESM It dnunsauusesnlmduy 4 diundnde

A5 uruYeIUesaauanaileda:  Hesain
vasaauasnailsisndudesd bootloader 7ifnTs
FaAAgITUsLMLes Kernel Image, root file
system wazamisiiwesnsndu  eliuase
a1u150y g sevuuURnsaundwuuiledale
auysalluy Fedueindensiongiu Ethemet LAN
AFNN5ONETEUURTY telnet %38 ssh WUl usi
ag9lsAnulusEnInenIsimuAsly serial con-
sole  ielddrsesnisidounelunsdliauisade

LAN 1a1

M3RIATHAZEZS Root File System: n8lu root
file system qwuss9lusunIUVRITTUULALIUTUNTY
Fns U 19T arunsavsufuines luauay
annenssutiugld §1usiman root file system
udvziinmanisaiuanstonnudal  “Kernel
panic”  wagngavinanlufign  esumisnisng
root file system Hufiogognetion 2 uuuFaiiuly

lu Flash Storage Wi MMC, SDCard wagsiulily
SYUULATDUY NFS

AN5AIAILAZESIY Linux kernel: 11199310

vasnaussnad s agulvg dsudazd
UszdnSaingaundldaiuisaldnonlng

Kernel lamedadnnavaamsneinsanglu wu
PUYAINDT WAKIUNINNG AUUIIULARNY

VVUALYINBYULLATEY Host Naudy Porting
WnuasnauaInatles

nsaaulnduazAvniusunsy: esanuese
auasnafemlldanansameulng Kemel fen
ala %af\i’%ﬂuéfaw‘i’la%iuul,ﬂ%a Host laiinay
Hunisreulndlusunsudloindeeiolunis
AoulnaNSenfuIn Cross Toolchain 15an13

a v d‘ o o o 6
AunlUsLATUNANEiuULUes Aauaanaile
feae edb (usu

lassassanlnenssuvesssuuluinisdynduuuilesn asliunnssanntlomeuiussuy

U RN saundly dandlugudnaans
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Tusunsu #1 Tusunsu #2 Tusunsu #3 cce Tusunsu #N

¢ ¢ ¢ i User-space
System call interface

szuulnanngg n1sERaNSIZUY

danslusigd 9an1sHie auaNalnsal
AN 1A30218
_ ; Kernel-space
aiaszuulna
CPU CPU/MMU Character Block Network
support code  support code device drivers device drivers device drivers

T
g/‘ ‘g_.,' Lg! Hardware

JUN 3.7 andnenssunelusyuudfuRnisdund

NlATIESIT usinstullseazidennail
1. Hardware Layer - gunsalansawisnieluvese eghaiu mheuszuianaruin 32 O

U miedansnueaudn (MMU - Memory Management Unit) B18AMU810U0
1An (RAM) theanustuueulaegiaden (ROM) ﬁaﬁuﬁn%’ayaﬂwmmﬂa% Gy

MMC/SD Card 1Judu
2. Linux Kernel Layer (Kerel-space) - inmthfiruaudnnisgunsalensawiivianan
InN1TNTInANlUTER1SY dawnseuiendudfny (System Calls) Tdulusinsa
Uszgnd [Wusu Jeagilosduszneunelufiiniiiddny leun
«Low-level interfaces:
- %JﬂLm%sstqﬂ APIs (Application Programming Interface) d1msunisinsianiugnsaiag

wuuliuegiuiuvesaninug
- Huduguaazdnnisaniawisingqitu nsvhauvewithiessuiananals N3
YUVDIMUIEANTY Ansafiuneindeas wag /O Devices Wusiu

« High-level abstractions:
- zdnmseuilandulilusunsuyseyndanunsadeansseninaiule wagyinaukuy

multi-tasking 16 9 IPC, Threading, Socket, Signalling Dusu
- lanlusunsudnvgianunsainluldselmieunnanidnenssy

o Filesystems:
- a11505995UsEUU filesystems sinaqdleglutlagtulalidvesnidi 40 vila
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_ 9l Virtual Filesystem layer fivilnnsiSenld filesystems fiwansnamantiudne
uavazantulaefilidesdeuldnlm
« Networking protocols
- sesfuldslameainnsgusnsgilifueglutiagiuldlitesnit 50 via
_ fiflefitu Socket APIs AlFlumsdansuazimunnsdonselulsiayLUUYDITTUY
\Saveiug
3. Libraries (User-space) - vLamﬁﬁasﬂuszﬁwaa User space fiAUVENEANELINATTT
aglunasiua lidnnzlulausiimeiunmsiun nsuansansmin nsUszaanataya
Fdnoa nMsdeansteyariusyuuiaiotts maisia/nensia way nsfndefugUnsal
gsaurifiindesdetuuedn sy Fafuilusunsudssanddesnsasfadetuiosiuaae
Boniulausn3dedn clibc @wsznaulushesgesie uClibc uaz eelibc)

= 2 1 1 A -4
N1FLATYUISUULLASNTTILYBUADISUINNATIDY HOST ey UdIm TARGET

¥
v v

N13WsENsTUUAImMSUN SR lUSKN SuMS 0 se U URNsdms UssUUaNoanai sfati
Jedoain1swSusruuasaus Teuseneulufesndauag 2 daundnqléun
1. in3snaufiamesdmsuiauviosoninaieos  “Host”  @sidunsosmoufiumaday
yanahly)
2. UasSAaNeInalsfinselsunituesa “Target”
sULuUNsdeusefuseieios Host waruasa Target tuflogstios 3 wuude
.@BBYNTY RS-232 (RS-232 Serial Cable) Wielsfinsimunanunsageazideansynvos
vasn luvaefiGunsinasualusedu low level nslyansa Kemel wagnistuanda root
file system Senvthesuanuaiiin “Console”
.a18 LAN (Ethernet LAN Cable) wialitinfimuianunsains Kemel Image waz Root file
system Muuedesneluszuuaiotie ilustanea bootp, thp 3o NFS g lu
nsdifiymidgsyuuUfTRnsAynduuUilen (Embedded Linux) meluvesalsudy sl
AeIN1sANIUMENge  Console Aamnsadngszuuuuuszezlna (Remote Login) W1
1Usun3u telnet 139 ssh lalgunu
a8 JTAG JTAG Cable) Wlunsdifidnimuidosnisathnmsiauvediusunsy addawnes
wazs1wazduanielumiiennuinvesuesnausina [Wunu
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1A5849 Host

x86, x86_64
(Desktp 0S)

ARM, PowerPC, MIPS
(Linux OS)

uasaanaenaileaa (Target)

JUN 3.8 uananssedmsunsiiaiunseninaunIes Host uazuesn Target

MngUuLLLARINSTousesEinaATes Host wazuasn Target Tnpneluiaios Host aedl
S2UUUfURN9AYNY (WU Ubuntu, Red Hat, Fedora, SUSE %5® Debian 1usiu) Lazin3esile
yIlUs  whsuemaUselewy (wu Serial Console Software, Cross Toolchain, Network shar-
ing Software) dmumswannsvuuaNssnailsognelulasgnidendeniuameeynsy (RS-
232 Cable) Foufosud ddluilagiuniesnouinnoivielindrdiulvgazlsiinefnoynsals
5nuda usariimawieawesn USB wnldunuy sfudniamnazdesdamany USB-to-Serial 1
duduiteliaunsadodifuvesa  Target sassasdoudeuraszuuaiarisneludniu
guUnsnllAIev I8 Ethernet Hub %138 Switch Hub

AouFuynuenaueinailidnuazifunsanssaiiegimi1 Serial Console UuLA3RS
Host T@tausinwamnaedeailusunsy Serial Console fhaghaulusunsy Minicom, Picocom,
Gtkterm, Putty, Cutecom ﬁamwaﬁm&iaﬁuwai‘mawmm (Serial Port) i5an@5m USB lagseuu
UfuRnsaundozsuewiulu /dev/ttySx 138 /dev/ttyUSBx 8ndiagan1stdlusunsy mini-
com uaz Gtkterm fadnsanstl

$ minicom -b 115200 /dev/ttySO 739
$ minicom -b 115200 /dev/ttyUSBO



File Edit View Terminal Help

OPTIONS: Il8n
Compiled on Jan 25 2010, 06:49:09.
Port /dev/ttyUSB@

Press CTRL-A Z for help on special keys

Texas Instruments X-Loader 1.4.2 (Apr 23 2009 - 18:44:10)
Reading boot sector
Loading u-boot.bin from mmc

U-Boot 2010.06-rc2 (Jun 14 2010 - 20:56:52)

OMAP3530-GP ES3.1, CPU-OPP2 L3-165MHz
OMAP3 Beagle board + LPDDR/NAND

ready

256 MiB

256 MiB

serial

serial

serial
Board revision Ax/Bx
Die ID #4d5e00040000000004036abcf9019012
OMAP3 beagleboard.org #
CTRL-A Z for help |115200 8N1 | NOR | Minicom 2.4 | vT102 | 0ffline

~ v  x Configuration
Serial port

Port : Speed : Parity :
EEEEE | v | [115200 none
Bits : Stopbits : Flow control :
none

ASCII file transfer

End of line delay (milliseconds) :

[ Wait for this special character before passing to next line :

Cancel

L/‘dev.’ttySO:9600,8,N,l DTR RTS CTS CD DSR




A v | x |GtkTerm

File Configuration Control signals View

Die ID #437a00011ff0000001573%eb0c01701a
Hit any key to stop autoboot: 0

reading boot.scr

** Unable to read "boot.scr" from mmc 0:1 **
reading ulmage

2908412 bytes read

Booting from mmc

## Booting kernel from Legacy Image at 82000000

Image Name: Angstrom/2.6.36/omap3-multi
ARM Linux Kernel Image (uncompressed)
2908348 Bytes = 2.8 MiB [N
80008000
80008000
OK

rting kernel

Uncompressing Linux... done, booting the kernel.

Creating Dropbear SSH server RSA host key.

Nill output 1024 bit rsa secret key to '/etc/dropbear/dropbear rsa host key'
Generating key, this may take a while...

Public key portion is:

ssh-rsa ARARAB3NzaClyc2EAARARDAQABARAAqWwCU4eMrbadJlKadJw3ATHdZiorfbgjGuULUASLenROOPS]
MNPx root@beagleboard

Fingerprint: mdS 7b:61:2e:45:a29:55:dd:d3:8d:8a:90:25:74:1f:b2:71

Starting Dropbear SSH server: dropbear.

Starting syslogd/klogd: done

The Angstrom Distribution beagleboard ttyS2

ngstrom 2010.7-test-20100820 beagleboard ttyS2

beagleboard login: I
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LA389H8 Cross Toolchains

sruuUfiRnisaundlédnwismaiesiionugiudmiumeimuliidosiuegudidaFondy
“Native Toolchain” @1 native toolchain azifiuinesiiovdnlunisairesialusunsuiili
ansavneld vuuwasesuvenaIomeniunesiug (Wu x86 Platform) uslunsdinis
faulusunsudmsussuuanenailasaty Tiawnsald native toolchain finfuszuuufoa
nsle lesanszuvanssnailsiifedinlubesvesnamissnudmaznsidudoya g
yhaudniafesneuiamesdruyanauaiddnliaunsnasinduedosdionauimualiiey
UuszuUanaanaleiala

Friudeddiedoiionannfiannsouasiaieanusoliduunane fulddssgnidon
71 “Cross-compiling  Toolchain” #38 “Cross Toolchains”  fsgudnsatauandliiiituii
cross-compiling toolchain azaeylwdlusunsuiideutuanlrannsavanulduuaniinenssy
g (u anridnenssy ARM) mm’?igﬂ&gﬂﬁﬂl’ﬁdauﬁmﬁﬂmiﬂamlwé AIRAIDEINUINEANY
. $ export ARCH=ARM
: $ export CROSS COMPILE=arm-linux-gnueabi-

§$ make

Taaldsunsy

v | Y

Cross-compiling

ekttt toolchain

\A3D9 Host (x86)

Y
S — ARM binary

1389 Host (x86) uasa Target (ARM)

JUN 3.9 uanamseeulnalanlusunsudmuwnanvlosuns 2 wuy
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Usennuae CROSS TOOLCHAINS

Tutaquiliinesiie cross toochains NelunsimuIUMUALDINARFIBE AR
Tngorauusoanteniu 2 ngulugj Teun

1. Toolchains ﬁ'll,%ﬁ]’gﬂ

« CodeSourcery (http//www.codesourcery.com/)

CodeSourcery Wusfieanuuuiiiolianunsaldfu Sourcery G++ uaz Eclipse IDE i
MeuTINAUAU GNU Toolchain (gcc, gdb Wusu) Nsessuaninenssy ARM, Coldfire, MIPS,
SuperH wag PowerPC

e Linaro (http://linaro.org/)

Linaro tJuseansilunalravinils fadunissiusiiuveaanisinsiden esiuiuass

Y] 1 A = 1 Y . oYY
wazU3uLme open source waglAsesdlaned Tidvaartnenssu ARM 719 Linaro 1oenlaansau
M CodeSourcery el lunIaadlonmunziuvaninenssu ARM Tinniign

« DENX ELDK (http://www.denx.de/)

DENX Embedded Linux Development Kit (ELDK) %L?Juﬁquﬂ?faﬂﬁaﬁmeﬁinU
ANDINARNFTITILLUUNANATY (realtime) UuaanTnenssy ARM, PowerPC uaz MIPS n
wSesdlofianunseldldnSaudouls GPL uay Free Software Licenses Usznauluse Cross
Development Tools (Compiler, Assembler, Linker L“‘fJuﬁu), Native Tools (Shell, commands
way lbraries), U-Boot, Linux kernel Milanlusunsy lausisdwsuuesaaussna, Xenomai
(RTOS Emulation framework) taig SELF (Simple Embedded Linux Framework)

« Scratchbox (http://www.scratchbox.org/)

Scratchbox Wuia3osiiofnldluniswaun Maemo (Nokia 770, N800, N810 Interet Tab-
lets uag Nokia N900) FartiuaiuayuaniUnanssu ARM wag x86

2. Toolchain N1fa48519194

« Buildroot (http://buildroot.uclibc.org/)

Buildroot  tJuiasesdleiauysaifideudimisdmsunsimunlussuvansanaledn  uag
sossuaatnenssurainiany TnWmuIaN150a519 RFS image (Root File System Image) 7
wiouazansalsuasiay (flash) 1aviuil  wonantudauisausulssoiaAy  open


http://www.codesourcery.com
http://www.codesourcery.com
http://linaro.org
http://linaro.org
http://www.denx.de
http://www.denx.de
http://www.scratchbox.org
http://www.scratchbox.org
http://en.wikipedia.org/wiki/Nokia_770_Internet_Tablet
http://en.wikipedia.org/wiki/Nokia_770_Internet_Tablet
http://en.wikipedia.org/wiki/N800
http://en.wikipedia.org/wiki/N800
http://en.wikipedia.org/wiki/N810
http://en.wikipedia.org/wiki/N810
http://en.wikipedia.org/wiki/Nokia_N900
http://en.wikipedia.org/wiki/Nokia_N900
http://buildroot.uclibc.org
http://buildroot.uclibc.org
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source dunlUlu RFS Image 19 laads buildroot Hasatuayulausisiiies uClibe usilyl
atfuayulausn3 slibc

e Crosstool-NG (http://crosstool-ne.org/)

Crosstool-NG  Lluesesdiaimunilasuanufieulduisn buildroot lnefisuuuulunis
USunmaAasiuan1y make menuconfig WuLRgIiuAl buildroot @1unsasessulans uClibc
wag clibc waznmsaunuaIaslialun1savnlusunsu wi gdb, strace, dmalloc

« Bitbake

Bitbake Aoipsosiinageireildlunisassyaunniin esgninuiltdlulasinis OpenEm-
bedded wWu vasa Angstrom (Husu

9NdIUI997: http//www.wikipedia.com

a9AUsEnaUNANN1ETY CROSS TOOLCHAINS

srwandoanieluedesiie cross toolchains  Aiazdosiunldlunisierinisremlngs
YosavasnyndAasiug TWsunsufisududmsussuvauninailed (Wu BusyBox, Openssh, Di-
rectFB Wusu) wazlaus3iiendoswneg Ussnouluse

«Binutils - Juyansasdiomenlildlunisaiuazdanisluuiaelulusunsudiielivung
Auanmundenvuannenssutiug@ngnsmdslann as (Assembler), ld (Linker), ar,
ranlib @ wSuas1elausiswuu static), objdump, readelf, size, nm, strings, strip Wudu

.GCC Compiler - 4 GNU C Compiler #afugpiwanidwmiuldlunsneulndniw
TUSUNTUANSY WU C, C++, Ada, Fortran, Java, Objective-C, Objective-C++ tJusu iels
annsovaulduuantnenssufivainuatou ARM, AVR, Blackfin, CRIS, FRV, M32,
MIPS, MN10300, PowerPC, SH, v850, i386, x86 64, IA64, Xtensa Hudu

«C/Ct+ Libraries - Jugalaus3ndanuddgseszuuljifnisaundilueegnunnGiy
wihildudinandlunis@eusassninglusunsuwasdundaesiuadiniunisimunlussuy
anadnailad C Libraries fiagnanauuuiu glibc, uClibe, eglibe, dietlibe, newlib WDudu

. GDB Debusger - GDB Suwawilasuesundn anoauuy e w.e. 2529 wielmiudiunia
Y9955UU GNU %39 nfiwiiamn GNU Emacs aufinnuadesluseduiiuinels e
AuAnves GDB thilfianein Dbx 6’?{1LﬁuiﬂﬁLLﬂﬁuﬁ%ﬂLﬂ@%ﬁmﬁ’mzwﬂﬁﬁ’ﬁmﬁ Unix
BSD wazluilaqtiu GDB Aldgnaualas GDB Steering Committee Gaidunmznssunisdign
filneyatsrenduasia (FsP) Tas GDB avhamluuuunisiusidnd (command line)


http://crosstool-ng.org
http://crosstool-ng.org

N1UTTN98 Console waauindasn1savnrulusunsuludnwuznswin (GUD Aauisald

TUsunsuaadn DDD unuls Falusunsuiazyinnissenlymdeuny GDB dnsanil
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sUtsanadudegnenisiiyaniesiie  Buildroot wnldlunisadtwazusenevdundinesiua

laussuazlusunsuseynd e luilsdnluluveseaneinaniianidnenssy ARM sialula

Input

. specific
DirectFB .
Library
source
source

Pre-compiled Toolchain
Openssh BusyBox
source source =
Kernel binutils
source

Libc

Buildroot

uasm Target (ARM)

1A309 Host (x86)

Target File System

Openssh BusyBox

Specific .
Library DirectFB

Output

Application

Kernel Image

Toolchain

Openssh DirectFB
headers & lib | headers & lib

Specific Library headers & lib

utilities 12iu
pkg-config..

sUn
U
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http://th.wikipedia.org/w/index.php?title=DDD&action=edit&redlink=1
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v
x4

JUADUNITLATINTZUUFIRIUNNUIUKR Embedded Linux

]
% =

TunswsouszuvtuaziinrUsenavdfunaausssu il dusuinnasluluiaag Host

v

waruase Target neld Embedded Linux dsUsznaulusie

1A3BIARNNILARS (Host) uasaanpInaneaa (Target)

Tdsunsy Tusunsy

Tools
lausns lausns

Compiler

szuulna

Debugger
Kernel
IDE
Bootloader

JUT 3.11 saAusznaudidgnieluiaies Host wazuasa Target

1) MawieLasRafeyaiaiasile Cross-compiling toolchains ielidmsufindalaus 3
At éim%’umiﬂamiwaﬁﬁmmqﬁazgﬂiﬁuuua%maumﬂaﬂaﬁa

2) MawiEuazAnga Bootloader dnluluveinavasnatlaaiielignFenlinuluadausn
FaurBudeldadiuesn taesh bootloader axlnaneniiugusnegfisoaduduansy
myhanliiuenianineluvedauddsasnaniae fluaioSuthgsyuuufiRnisaynd
wuuile Wuadusely

3) Aundirefiuadalune fuafignasduasyfuusdlimngauuazanunsnvhaudaiuld

U

Avantasnssuneluvesaaneinaladlaglaussysindnnisiuswa frdnnisviienudn

U v dl

FTANINISWRNABTEULASEUY device drivers wazusnsiadmsulusunsuyseynd
Anen1ssenlty
4) Filesystem %398131%A191 Root file system Fanelulvdiiazussqlusunsussuy

U 1

Wsunsuuszgnanddgmauaslusunsuiigniiauidunies wenaniuidudilavsisuas

v

mdsarsUnwseulidmsunisitenldanuanlusunsudssyndniglussuudfuinisaund
LUUReIuLUasAaNaIng

v

Embedded Android Development graunmaiinwmun



121

NSEASYUANINBINADUIWNULASDY HOST

seuuUURNMsauNGusi Ubuntu Meglua3as Host Tuilassudiauiidn Ubuntu aeiing
Jawsenanmwainaoudmsunslinusngidluwasszdveginanaiianui udmsusuiam,
vuszuvansanalaitiuidsaadiivsunsusaslavs3dwiunmsiauinivlusunsulivieuld

vuan1UnenITuaug ez dediinsesllofiawinAufeinfadly o819y auto-

conf automake 1libtool 1libncurses5-dev ncurses-dev bison flex
patch curl cvs texinfo build-essential subversion python-dev

texi2html nfs-kernel-server tftp minicom gtkcom Lﬂuﬁufvﬁﬁhnnaguu
1309 Host tuupSainiauenaaglisniuasdodddns super user (1158 root) lunisseen
(Configuration) n3aeilwg (Make) usluunnsdifisidudedliandlugiug root wWu nisads
device node dmsuldlu root file systems (F1ds mknode) n3AnAalUsLNTUMEelaUTT 3L
Fufeyndnds APT msseenu3nisssuuie$ens (/ete/init.d/nfs-kernel-server,
Jetc/init.d/networking)ysenisanislauii/iesesileanlusidaniouen (make in-
stall)

usiagndlsfiniudnd root HuRBuimusudutosandesy WoswnGudyslusunsudide
é’mwmmazmﬂimWﬁWmﬁzwamamaEiqéf’;quﬁﬁﬁwﬁagﬂiﬁ%’mﬂ%u Fe819eY  Buil-

droot, CodeSourcery (Sourcery G++ Lite), Linaro, crossTool NG Wy

fegetanlnanstunaunIsAnAYAlUsLN ISl owasYAlU TN SUANTATUN UG LAY

Ty Ubuntu

§$ sudo apt-get install autoconf automake libtool libncurses5-dev

: ncurses-dev bison flex patch curl cvs texinfo build-essential subver-
Esion python-dev g++ gcc texi2html nfs-kernel-server tftp minicom

i gtkterm

$ wget http://buildroot.uclibc.org/downloads/buildroot-2013.05.tar.gz
: $ tar -xzvf buildroot-2013.05.tar.gz
©'$ cd buildroot-2013.05/
: $ make menuconfig
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/home/student/buildroot-2013.05/.config - Buildroot 2013.05 Configuration

Buildroot 2013.05 Configuration
Arrow keys navigate the menu. <Enter> selects submenus --->. Highlighted letters are hotkeys.
Pressing <Y> selectes a feature, while <N> will exclude a feature. Press <Esc><Esc> to exit,
<?> for Help, </> for Search. Legend: [*] feature is selected [ ] feature is excluded

||| Target Architecture (ARM (little endian)) ---
Target Architecture Variant (arm926t) --->
Build options --->
Toolchain --->
System configuration --->
Package Selection for the target --->
Host utilities --->
Filesystem images --->
Bootloaders --->
Kernel --->
Legacy config options --->

< Exit > < Help> < Save> < Load >

MaE1aNANANATENBTDIN Sourcery G++ Lite Aagudnaans
: $ wget
. http://www.codesourcery.com/sgpp/lite/arm/portal/package6490/public/ar
. m-none-linux-gnueabi/arm-2010q1-202-arm-none-linux-gnueabi.bin
:$ chmod 755 arm-2010gl-202-arm-none-linux-gnueabi.bin
' $ ./arm-2010ql-202-arm-none-linux-gnueabi.bin

student@EE-Burapha:~/Downloads$ ./arm-2010ql-202-arm-none-1linux-gnueabi.bin 4
Checking for required programs: awk grep sed bzip2 gunzip

Preparing to install...

Extracting the JRE from the installer archive...

Unpacking the JRE...

Extracting the installation resources from the installer archive...

Configuring the installer for this system's environment...

Launching installer... © © Sourcery G++ Lite for ARM GNU/Linux
Important Sourcery G+ + Lite for ARM GNU/Linux Information

@ welcome! Please Read Before Continuing:
& Important Information Sourcery G++

_hoose Install Set
! Sourcery G++ contains the complete GNU Toolchain,
including all of the following cormnponents:

o CodeSourcery Debug Sprite for ARM

# GNU Binary Utilities (Binutils)

# GNU C Compiler (GCC)

# GNU C Library (GLIBC)

# GNU C++ Compiler (G++)

# GNU C++ Runtime Library (Libstdc++)
o GNU Debug Server (GDBServer)

® GINU Deb er (GDE
CODESOURCERY UEEet(0E)
Visit: httg: ! 1M,godesourge:x.cgm t0 access the
Sourcery G++ support website.

Installanywhere by Macrovision

gan-cel l Previous ] \ MNext J

Megnsinduaalletiglunsiimunszuuauaanailaiigie Croostool-NG 6agudnea1

: $ mkdir -p ctool-ng
: $ cd ctool-ng/
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$ wget http://crosstool-ng.org/download/crosstool-ng/crosstool-ng-1.18.0.tar.bz2
$ tar -xjvf crosstool-ng-1.18.0.tar.bz2
$ cd crosstool-ng-1.18.0/
: $ ./configure
: $ make
© $ sudo make install
$ ct-ng list-samples
$ ct-ng arm-unknown-linux-gnueabi
$ ct-ng menuconfig

.config - crosstool-NG 1.18.0 Configuration

Target options
Arrow keys navigate the menu. <Enter> selects submenus --->. Highlighted letters
are hotkeys. Pressing <Y> includes, <N> excludes, <M> modularizes features. Press
<Esc><Esc> to exit, <?> for Help, </> for Search. Legend: [*] built-in [ ] excluded
<M> module < > module capable

| @ Target Architecture (arm) ---

() Suffix to the arch-part
*** Generic target options ***
[ ] Build a multilib toolchain (READ HELP!!!)
[¥] Use the MMU
Endianness: (Little endian) --->
Bitness: (32-bit) --->
***% Target optimisations ***
Architecture level
Emit assembly for CPU
Tune for CPU
Use specific FPU
Floating point: (software (no FPU)) --->

< Exit > < Help >

TOOLCHAIN OPTIONS N51AgY

Tusewianmsldaelusunsa toolchain Hutiianiotavedesdinsfnunaddnyamisd
(59771 ABI (Application Binary Interface) e?faLﬁumwmigwuwﬁqﬁgﬂﬁ@uuﬂmw’%ﬁ’w ARM 71U
Utitusiins Tnedl ABI duanifunsseyidnisdeudeunsGenliluseduanssenialusunsa
wazsruulURnisuseseninalusunsusieiuesinegiaduy suiuuteyalild n1skiueensin
iug/msdeinduseninaileidy  msdasesinelulassadauadndeys  matenldsiames
Jusiu

Fefusnfuegadsiinedosszyvin ABI flaslinelunofiuauaslUsunsuivinonuagels
sruuUftAmsaynduuuilsiaudontu ddudlagtuaniinonssy ARM agiould ABI Mionin
EABI (Embedded Application Binary Interface) Wusndnlunisifesseuazdunldlussiuans

wonandulniauinszvnaudilalunissedl  Floating Point  tilesainuia
a0UnuNIINIBISUNIAUIULUY floating point laluseauansamisuauanUnenssueans
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http://crosstool-ng.org/download/crosstool-ng/crosstool-ng-1.18.0.tar.bz2
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lailesessu (ludfl Floating Point Unit - FPU) LLGi%Qﬂ%ﬂﬁiﬂﬁiﬁi’fﬂﬁﬁwaaqmsﬁm’;m floating
point Tusgdugensiasiunu iy annilnenssu ARMVA way andnenssu ARMVS dadngniaen
TW50e5UNMsAuInILUY floating point 6 toolchain 1aeax¥in15a31a hard float code e
Fonldyadds floating point Tlaenssfeniines -mfloat-abi=hard lunsaiiilsid
FPU flaggnierniu -mfloat-abi=softfp wiuuazanverfioliliAndymilusyduaed
whowlalvigniesiuiuanidnenssiniug  Tasanusossymninednuanidnonssuuassu
ARM Core Li/q\jm@ﬂ%m‘ﬁ&gamﬁﬁﬁ -march=armv7 -mcpu=cortex-a8

Bootloaders
bootloader  \Judruddnydndrunilivasszuvansinailesifidndfiluniswieunisli
ﬁzwm%mm‘ﬁugm (Hardware Initialization) W1 miigUszaiananang (CPU) 1igaiuan
(DRAM) uag MMC Controller Tndouftagyianild Tudunouseinfazshmslvan Kemel
image (bzlmage, zimage) WigniusauaziAveglugunsnidafiudeya (Wu MMC/SD card,
NAND Flash, USB Storage siernuszuuspzatieselusianea tip NFS Wudiv) ndaanniud
agvhmsuanivsunsuluudfignussqegnielu Kemel image fignTiudatiuey itethluluaniy
gmhearmdinely RAM) ilefnsefugunsalduq Wy wedn Ethernet w30 medn USB
Hudu Tuseminen1sviiumes Bootloader tuanunsniasdnguiisnsaoulaa (console) Ll
Fonldyamdsiindonlill Wunsalinasdeyariuszuuinietiensonngunsaldnifuioya
NNAIUATIVFBUANULYDINUILAINT ATIRFBVANUENTYIIUTIgsawIsnely (Dudu
delvinimunldifiunmanniulseasutuneunmmhauues bootloader faudiduymid
szuuvetuainaasnaiialdfl (Tuandusui 3.12 way 3.13)
1 mheUsznananatsazBusuiiumisemihoaudy ROM fildgndmunly wae
fufunsihmugamdaneluldndignifveganely
2 GufuwTeusvuueiansiugiuddy Wy vhetssnananans  dauauaumiag
A4 (SDRAM Controller) d@umiunuiituiinteaya (MMC Controller) d@iuaiunu
dunn/ie1vinm (/0 Controllers) wag @iumiuAuNIskanIxa (Graphics Controllers)
Dusiu
3 Budusdoussuumiaeausn  SDRAM  Tasnisdnassiuinelumieaudlity
Haituiiarlieuaueninuaiveiusazdiu  uasdnassiuiilituiunefiuaiignifuey
aglugunsalduninteya
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4. owwesiualagninanTumiiganudl SDRAM udd 9vn1shndouwasnTIRdaouanIue
N13Y1UYBIESALISAIUTLNA o IruALi LR S suIN1sInan s uUUURN s Tudun
WiReNSENT root file system eussyansun lausns waglusunsusneeenly

dl Yo & a wa @ = &J

5400 root file system gnlvanladisa seuuUfuinisnasBenlusunsussuuiiugIu
nmuaineiunsinn1szuulng  (file system) Tusupsudanisiusesa  (process)
TUsnsudnn1saaunsineuvedluswa (process scheduling) WagtaIENIZUUAINTU
dltieanunsalilusunsuussyndnglussuuluinisaseanailas

15t Boot: (ROM boot)
- BUNNTRIANTFULAUFIUAN) L2

““"If‘lm;“m AN MU BUTZIARANAN, FILAUINUIBAINN-
as

6199 Wudu
- 8ugayanvidaaNan Flash lugs SDRAM
- 3enYayaan SDRAM

ROM q
niagUszaNanany 2" Boot: (Boot loader)
- FINSAIAINISVINUSZUUNU MR 12U
ANuSIMNUsENaRanay, ANNSILE, 2uadd Dy
- AUMNLlEAYAT LasnATaUNNTINUZBIgUNTaiTauINa
- suaasUvinisym (boot script) uazsumaulya

ginsnlsauzng

o
[

SUN 3.12 FumeunsynIEUY

6 3

JUADUNTINNUSUAUTDIAUNTADI L UA (Kernel Initialisation)

q

Bootloader init process

BUNISNNIUDD
Kernel

Buaunrinewluszey

Busunsrineuzeslls
wassuy waslusialy
3¥AU user-space

a9 (815auas) wan
° &
vinnslvan Kernel 2u
AUBAINTN

o
[

JUT 3.13 TuRBUNISISUAUVBY Linux Kernel

f7987197UNDUNTTINIURTIVDY bootloader VUUDSAALBINANIFITLY OMAP3 SoC UaIUsem

Tl fasanslugudneeng
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ROM Code:

< & o o o [y
AUNTITAIANTZULNUTUNEIATY BazAUYN
ROM Code . S e & . p
coufung Ty ROM (satu CPU) bootstrap image anaanugayaneq e
- 5 Traanly lumiigaiuan SDRAM Tasaunalan
. azliiu 64 KB

N X-Loader: W&3a MLO
o - 03 et 81UNAIAINKUIBAINIT SDRAM uavinnis
antnuag lu NAND %58 MMC wazan lvian v 4 . L .
- T 4w - Tviam bootloader a1 lu SDRAM wivayinnsaaan
wLwasuan SDRAM & .
FEUUNUF UGN

U-boot: lWd%a u-boot.bin
U-Boot v'i'ln’lw'i”'whqﬂﬂsdﬁi’mn wiu USB, Ethernet (fluau
S AN e | asannsiuaz Tvam Kernel image andagiinsalifiudayanie
i$ifaiuann SDRAM MneRLTayaEUsEILIATEZNE Funiaaa N1 SDRAM
waaing shell 283 bootloader

Linux Kernel Linux Kernel: 1#d%a zImage
gninuag lu NAND, MMC %38 szuuia3e gnsuNigANGT Wangszuulfunnisayngd
718 wazgn maadiasuain SDRAM gelisniludesld bootloader anmalyl

gﬂﬁ 3.14 kanatunBUNI599UYBY bootloader Ul OMAP3 SoC

sreaz5enn18Tu KerNEL IMaGe Al luvadnauasnailesn

Inldddryrineg fignasrsvdsannnisnexlnddyndinesiualdun Kemel image 9y
bzlmage, zImage) wag root file system (RFS) Falld Kernel image %Qﬂﬁﬁm‘tﬁiﬁ;aﬂagﬂu
vodnaupenafiovmti finutuneuiildesuglunounting uieuiiaznatsululng Kermnel
image léthuargnusznounanindluuienag Agnifveglulasnve <1inux versions/
arch/arm/boot /compressed/ fifograwaninnisaeulndseindesile buildroot
dw¥uanilnenssu ARM 714 SoC Ju Versatile

§$ 1ls ~/buildroot/output/build/linux-3.9.4/arch/arm/boot/compressed

gashldi3.o head-shark.S misc.c piggy.xzkern.S
i ashldi3.s head-sharpsl.S misc.o sdhi-sh7372.c
gatags_to_fdt.c head-shmobile.S mmcif-sh7372.c sdhi-shmobile.c
gbig—endian.s head-xscale.S ofw-shark.c sdhi-shmobile.h
;decompress.c liblfuncs.o piggy.gzip string.c
%decompress.o liblfuncs.S piggy.gzip.o string.o

. head.o 1ibfdt env.h piggy.gzip.S vmlinux

éhead.s 11 char wr.S piggy.lzma.S vmlinux.lds
;head—salIOO.S Makefile piggy.lzo.S vmlinux.lds.in

Embedded Android Development graunmaiinwmun



127

MngUtaanssgazdavensusenaulndluusniivdinuanseiuly Tneihadsveays
\wsesdle Binutils uliusznauluwmaztuneuauliudulng Kemel image Migndudnluein
zlmage Iuﬁfc’jﬂ

objcopy gzip as Id objcopy

piggy.gzip.S

piggy.gzip.o

vmlinux
piggy.gz
head.o vmlinux

Raw kernel Strlpp_e d Compressed
kernel binary kernel binary
executable (binary object)
ELF object
e el
ernel image
] for bootloader
composite (binary object)
asm wrapper kernel image
bp (ELF object)

+ bootstrap code

¥
[

U7l 3.15 Fumounisaiislug Kemel Image

Linux File Systems

VIRTUAL FILESYSTEMS

szuulwdiaiiounieundndoin Virtual Filesystem Switch (VFS) Idn3osmanisidousie
viseilandudmiunisinfmsnensseuy (System Call Interface) sewinalusunsuluguyly
(user-space) wazszuulildiiuansnsiuvesgunsalifiudeya ielifediniamndomeis
yanudlalussandeamediumeiaifdnnislussuulndvosgunsaiiiuioyasiatug
(szuulid Ext3 Tusndfiar wse szuulild 150 9660 TuBisen Wudu) Fsaandnenssuvosszuy
g neluszuudfoinnsdundduiieldindumedefiunaulaegwdsfianansadanisaudy
FoulumsthfsszuulianivansvarnlutagiulinaroidusesislunmsBenlieu  (abstrac-
tion layer) Fsazdniaien uniform interface dmsuszuulndvesgunsalifutoyaviinfieg wu
ext3 NTFS (a13adiar) COFS (¥fises) NFS/CIFS (Network Interface Card) wag USBFS (USB
Storage) A Aananslugudnaans
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6l

Abstraction layer
NFS/
NTFS CDFS CIFS USBFS
Block layer / Device drivers

s g

U7l 3.16 uanslasaadreesdu Virtual Filesystem

flafuiiugu (system call functions) fiszuuufiRnsaundliedenlilvsoeady
WU read() ﬁaﬁmiaémﬁﬁagaaaﬂmL“ﬂuluﬁmﬂMéﬁgﬂLﬁuagﬂuqﬂﬂmﬁwﬁaa&a‘lmw
fosaulatngunaalifuteyaduldssuulndudola  uwianduniriivesdundaodiuadoglu
Wswnsusedu  kemelspace taafiazdndeszuulidinnzdoddimainlunisew/ideueedls
mugUuvuagilsinroavesmeluladiiug fuanduzuineds

read
:

User-space syscall|(SYS_read)

l

Linux Kernel

Kernel-space

Virtual File System (VFS)

Filesystem drivers

Block device drivers

gﬂﬁ 3.17 Mg 1ansBenlgflenduy (system call) o9 Virtual Filesystem

W1SATU (partition) Aediuvesiiun e1avzgnuunlusmuiindeyaaiiou (logical disk)
1 d’lj PN LY < v . . 1 § a = § a
aguuiiufivesgunsaliniudeya (physical disk) Wi s13aRavsegunsalviia flash memory

1 ¥ 1
A =

Faunvosmnsntuasidudruiuteyavasssuulidnseniuii file system fauandlugudngans

R
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Partition

File System

Tasease
Flash Memory Partition

U7 3.18 lassasunglumnsntuvewtiennudunay

WINFBIN1INTIUTIBazdansnelues esinfinsuusiuiiduinnidusasduainla
21115014 A fdisk FerndeanunsansivdeuTilanvemns AU aglullagtulalidasnidi 90

&

YA AIFIDYNNITIYINUYI9EN

: $ sudo fdisk -1

: Disk /dev/sda: 107.4 GB, 107374182400 bytes

: 255 heads, 63 sectors/track, 13054 cylinders

éUnits = cylinders of 16065 * 512 = 8225280 bytes

: Sector size (logical/physical): 512 bytes / 512 bytes
: I/0 size (minimum/optimal): 512 bytes / 512 bytes

i Disk identifier: 0x00000c74

: Device Boot Start End Blocks Id System
! /dev/sdal * 1 13055 104855552 83 Linux

i Disk /dev/sdb: 17.2 GB, 17179869184 bytes

: 255 heads, 63 sectors/track, 2088 cylinders

! Units = cylinders of 16065 * 512 = 8225280 bytes

: Sector size (logical/physical): 512 bytes / 512 bytes
§I/O size (minimum/optimal): 512 bytes / 512 bytes

: Disk identifier: 0x0001e836

: Device Boot Start End Blocks Id System
: /dev/sdbl 1 2089 16775168 82 Linux swap / Solaris

Mnuadwsinedu Asuau heads 9 255 Usiladuaunesau platters vide disks Feazgnisie
Yoausay disk Wy D1, D2, .. D255 Tnsusavuauayd track ludnwaiznanauuazazisutiuain
'NuaﬂLsﬁﬂqjhﬂuqm%aﬁﬁmauﬁy’agu 13,054 tracks/disk lagaziadousias track dudu T1, T2,
...113054

Jousiay track wosuslardures disk awgnutseandudiun@enit cylinder oglu
PR 8nfeEay tracks 7 T2 V0UEY Haus D1, D2, d4 D255 g5y
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cylinder C2 MNUARNNGAES fdisk U196 usag track 2zd logical sectors tllauriuAalan
WU 63 sectors Favzgnaatallu S1, S2, ... S63 auaiulnsusas sector TUUINAIINY
WA 512 bytes

Sector Cluster
«/ \{ Platter 1

Cylinder 0

Cylinder 1

Cylinder 2

Platter 2

YuIanunaIsafanaiuisalgauld (Byte) = (311U heads %38 disks) * (31U tracks #@

disk) * (F7U2U sectors #19 track) * (I1UIU bytes @9 sector %30 sector size)

4
=

§19819N15ALIINAT LEanANEe fdisk Tad SaE
wuniufisniadafianunsaldanuld = 255 * 13054 * 63 * 512 = 107,372,805,120 bytes

VI IEIIR):

AIAIUIDINGA TN UZUANA 1N INYUIATUTIAIINFVENEITARAI39  (107,374,182,400
bytes) idesangaslulaauledivauludluaiuiegaves  cylinder wionuliauysalvesaiu

cylinder

a o

AroeglusnTy partition info.c Mlglun1i1usvazidenueInI sy

! #include <stdio.h>

§ #include <sys/types.h>
i #include <sys/stat.h>
§ #include <fcntl.h>

: #include <unistd.h>
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: #define SECTOR_SIZE 512

g #define MBR_SIZE SECTOR_SIZE

: #define MBR_DISK_SIGNATURE_OFFSET 440

§ #define MBR_DISK_SIGNATURE_SIZE 4

g #define PARTITION_TABLE_OFFSET 446

: #define PARTITION_ENTRY_SIZE 16 // sizeof(PartEntry)
g #define PARTITION_TABLE_SIZE 64 // sizeof(PartTable)
: #define MBR_SIGNATURE_OFFSET 510

§ #define MBR_SIGNATURE_SIZE 2

: #define MBR_SIGNATURE @xAA55

! #define BR_SIZE SECTOR_SIZE

§ #define BR_SIGNATURE_OFFSET 510

: #idefine BR_SIGNATURE_SIZE 2

g #define BR_SIGNATURE @xAA55

: typedef struct {
: unsigned char boot_type; // 0x00 - Inactive; 0x80 - Active (Bootable)
unsigned char start_head;
unsigned char start_sec:6;
unsigned char start_cyl_hi:2;
unsigned char start_cyl;
unsigned char part_type;
unsigned char end_head;
unsigned char end_sec:6;
unsigned char end_cyl_hi:2;
unsigned char end_cyl;
unsigned long abs_start_sec;
: unsigned long sec_in_part;
: } PartEntry;

: typedef struct {
: unsigned char boot_code[MBR_DISK_SIGNATURE_OFFSET];
unsigned long disk_signature;
unsigned short pad;
unsigned char pt[PARTITION_TABLE_SIZET;
: unsigned short signature;
| } MBR;

§ void print_computed(unsigned long sector) {
: unsigned long heads, cyls, tracks, sectors;

sectors = sector % 63 + 1 /* As indexed from 1 */;
tracks = sector / 63;

cyls = tracks / 255 + 1 /* As indexed from 1 */;
heads = tracks % 255;

printf("(%3d/%5d/%1d)", heads, cyls, sectors);

§ int main(int argc, char *argv[]) {
: char *dev_file = "/dev/sda";
int fd, i, rd_val;
MBR m;
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PartEntry *p = (PartEntry *)(m.pt);
if (Cargc == 2) {
dev_file = argv[1];
3
if ((fd = open(dev_file, O_RDONLY)) == -1) {

fprintf(stderr, "Failed opening %s: ", dev_file);
perror("");
return 1;

ks

if ((rd_val = read(fd, &m, sizeof(m))) != sizeof(m)) {
fprintf(stderr, "Failed reading %s: ", dev_file);
perror("");

close(fd);
return 2;
}
close(fd);

printf("\nDOS type Partition Table of %s:\n", dev_file);
printf(" B Start (H/C/S) End (H/C/S) Type StartSec TotSec\n");
for (1 =0; 1 < 4; i++) {
printf("%d:%d (%3d/%4d/%2d) (%3d/%4d/%2d) %02X %10d %9d\n",
i+ 1, !'!'(p[i].boot_type & 0x80),
p[i].start_head,
1 + ((p[i].start_cyl_hi << 8) | p[i].start_cyl),
p[i].start_sec,
p[i].end_head,
1 + ((p[il.end_cyl_hi << 8) | p[i].end_cyl),
p[i].end_sec,
p[i].part_type,
p[i].abs_start_sec, p[i].sec_in_part);
ks
printf("\nRe-computed Partition Table of %s:\n", dev_file);
printf(" B Start (H/C/S) End (H/C/S) Type StartSec TotSec\n");
for (1 =0; 1 < 4; i++) {
printf("%d:%d ", 1 + 1, '!(p[i].boot_type & 0x80));
print_computed(p[i].abs_start_sec);
printf(" ");
print_computed(p[i].abs_start_sec + p[i].sec_in_part - 1);
printf(" %02X %10d %9d\n", p[i].part_type,
p[i].abs_start_sec, p[i].sec_in_part);
3
printf("\n");
return 0;

weNANUUAAS fdisk NlEaTeaziBenveImniAitulss Senunsaldidduqu Ads parted
AATOLUITUS UL ATRINNS TITULaza1uTan TIdussuUInd T dusilala  fesoens
A5 1991419874

§$ parted -1
gModel: VMware, VMware Virtual S (scsi)
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iDisk /dev/sda: 107GB
! Sector size (logical/physical): 512B/512B
: Partition Table: msdos

gNumber Start End Size Type File system Flags
1 1049kB 107GB 107GB primary ext4 boot
: Model: VMware, VMware Virtual S (scsi)

: Disk /dev/sdb: 17.2GB

§Sector size (logical/physical): 512B/512B

! Partition Table: msdos

%Number Start End Size Type File system Flags
1 1049kB 17.2GB 17.2GB primary linux-swap(vl)

§$ cat /etc/fstab

i # /etc/fstab: static file system information.

P #

! # Use 'blkid -o value -s UUID' to print the universally unique identifier
! # for a device; this may be used with UUID= as a more robust way to name

! # devices that works even if disks are added and removed. See fstab(5).

D #

! # <file system> <mount point> <type> <options> <dump> <pass>
i proc /proc proc nodev, noexec,nosuid 0 0
: /dev/sdal / ext4 errors=remount-ro 0 1
i /dev/sdbl none swap sw 0 0
! /dev/£d0 /media/floppy0 auto rw,user,noauto,exec,utf8 0 0

dmsuszuvanesnaladtuldiiissusinesiuaaz dudiudifgydiunisvesszuud juRnig
dundudn dalidndrunianiludddglidosniniufa Root file system (RFS) @aussyyn
TUsunsuiugulausiwaslusunsudssynddegnaginlivesaaussnaiefiiauisarinaula

A d' ° aY v ° o & v = & Y

agliszuukazauRaulunsiaunlagnimuall ae RFS duazgnduiiniiulilugunsaldna
< v = A 6 1 a Y] g Y% -dl 1 <
Nudeya FailsuasnausinagniteliuaziSuynditesliudi bootloader fiagnieluy ROM Age
Suhanusaslvanltng Kemel image Wugniignnudl (RAM) ndaaniu Kernel agviing
Wan RFS  #igniivsguuniiiduvesiigunsaliuiinteyanianelunisnduieguunias
AouwesneluszuuASetly  WieBuduneudngssuuufuinisdundedrnfuguiuy @96
gunsaltuiindeyadzlisunuussuulidagndng 2 wuume wuu Block kag wuu Flash

WU Block avaunsasunaz@euisiinaslulalagladndudoswinnisauneunagyinnis
= 5w i ca & [ s a I a ¢ ! .
Weugn ogvesgunsaliiduiuy Block tawd e1safa weuRaniuugeu (floppy disk) uwae
Ranvienudn (RAM disk) sy wiegnslsinuidaligunsaiduiindeyauuy Flash Ml435
nstuiindeyauuy Block #38e1ay Compact Flash, Smart Media, Memory Stick,
Multimedia Card , Flash Drive, MMC/SD card usidwsugunsalduiintoyauiuy Flash wu
NOR flash %38 NAND flash afasinisaudeyaiiunaunasiteudeyadilvaiiiuily nes
NOR flash Uuagnusianisavkaslautoyalauszunas 10,000 A51 Japnusalunisenudaya

Embedded Android Development graunadnnmun



134

wid uieulunsdounavaudeyaazdeuinein duiudamnedasnanfunmmineeni
97 ROM ﬁlﬂé’f@qw‘ﬁaw‘%aauﬁayjaﬁam WU BIOS (Basic Input/Output System) Uad4A3es
ARUNLADS, LAUWSIWS (irmware) vuuasalulasaaalnsiass waviu bootloader nnelu
sruvaNoInaiema [usu

o U

dmugunsal NAND flash ulsgnasnslagussnladun Tud a.a. 1989 Feanunsoauway

Jeudeyaldsingindt Indvwadnnd anugainduazdsiaieindids NOR flash uenain
o

dungadianumumuningdusi windwihnuladindtlunsdinisdhfiadeyausasludluguwuy

b

LdSeewmudiu (random  access) waranilleniainaurananluszauinginingunsal
NOR Flash 8ngg

n1stasiudayanielussuulua

szuulidusiazriinaeiiBnistestunisgyovesteyaiuaninaiu  Jsszuulildasionou
(Traditional BLock Filesysterns) lunséifiinnisinnaiavessyuuniednistafssuuiuy
nIgviuiy sruvagliansafivaniugnsinnu (State) vanaulassuuld Suduagsaadinig
n3aeuLardoNLITmuadnafilodanieuiadngruulml ety ext2 (Linux
filesystem), vfat (Windows filesystemn) #1149 sxdosfimdsfianunsarnsdeunsalunsdi
szuulidiAnauRananaldLnds fsck ext2 We fsckvat LHudu

wilutagtuszuulndAlddnstauiiaandy  Tnefdidugiuvesszuulndidusdn
Journaled  Filesystems e?ialé’gﬂaaml,wmiﬁmmﬁaLﬁuamusﬂ'ﬁﬁwmuﬁagﬂuﬁﬂLmﬂaﬁgﬂ
FesnauizAnvnnsaiianaiavieiinstadssuuiuunsyiuiu  Tegldsmstuiinaanuz
Faunasly Journal fuanstumaulugudnagng

Tusunsu
User-space

{»I

Kernel-space

ar o

ufindaya entry aslu journal

@audoyanslna

awdaya entry analy journal

I‘>|<>

o
U

U7 3.20 Tumeunisduiinteyaad jounal
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d{' (% o] a gj 3 dy [o] . n:l' 6 1
ilaszuunaduninudnasseuulnauuy Journal dagyiinisnsiaaeu journal Neglulwedneu
75z vulavhauneuntiiindvisly ddifasvinnisgssuulnaidemevantundufuunsig
Tupauds  uandlugudneens

EGIRRLL
LAY

Journal
F19n5ala?

Az
Jou.rnal entrLes Yes
nluanysal

Senly journal

Y

N Filesystem
- OK

U7 3.21 Tumaun1seudenadan journal Tuvaizyniasas

Fesvuulfuanmsayndluiiagulfiasunliszuulnduuy ext3 uag extd daduuuy journal
Famuaudy Geiandesoniinain ext2 Tnsifiuauannsnvesssuuliduuu journal uag
Uuugdlisesiurmamiuqdoyatigiiuvesgunsnidmfivtoya  ledldfesnisnmeaeuuas
ouumuszuUldfofesiannsolimds e2fsck funogsthaans

. $ sudo e2fsck /dev/sdal
i e2fsck 1.41.11 (14-Mar-2010)
/dev/sdal is mounted.

EWARNING!!! The filesystem is mounted. If you continue you ***WILL*** cause
! ***SEVERE*** filesystem damage.

Do you really want to continue (y/n)?

p¥rndafsruulind ext3 woy extd vessruLUfURnsAunddusy A 2008 we
Theodore Ts'o aifutinfmuvanvesszuulngd ext2 ext3 uay extd lanuiuirluswan
sulnadonaaviiszuulndslmidumaunudodn Btrfs (B-tree filesystem) ﬁgﬂﬁmuﬂﬂw?@’w
Oracle iflosanils ext3 uar extd Antuamnitugrumalulafidndsersaglsvangfunis
Wavuwasweamaluladnsdniudeyalusunaniidesnmsmnuatiosnim  (reliability) A2
a1u130lun15veIeea (scalability) wazdirgdan1sguadinnis
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fognan1sasiassuulnanie ext2, ext3, extd AeNITIANEY mkfs.ext<yuIgiay> Woas1
empty filesystem

§$ mkfs.ext2 /dev/hda3
. $ mkfs.ext3 /dev/sda2
:$ mkfs.ext4 /dev/sda3

e

lunsaindesnsivuavuinssuulndlugusuulng image anunsavimnudstneng

i # dd if=/dev/zero of=rootfs.image bs=1MB count=1024
g 1024+0 records in

:1024+0 records out

: 1024000000 bytes (1.0 GB) copied, 15.3415 s, 66.7 MB/s

i # mkfs.ext3 rootfs.image

' mke2fs 1.41.11 (14-Mar-2010)

: rootfs.image is not a block special device.

! Proceed anyway? (y,n) y

§Filesystem label=

EOS type: Linux

: Block size=4096 (log=2)

! Fragment size=4096 (log=2)

: Stride=0 blocks, Stripe width=0 blocks

§62592 inodes, 250000 blocks

: 12500 blocks (5.00%) reserved for the super user
! First data block=0

! Maximum filesystem blocks=260046848

§8 block groups

: 32768 blocks per group, 32768 fragments per group
: 7824 inodes per group

: Superblock backups stored on blocks:

: 32768, 98304, 163840, 229376

%Writing inode tables: done
§Creating journal (4096 blocks): done
i Writing superblocks and filesystem accounting information: done

%This filesystem will be automatically checked every 25 mounts or
: 180 days, whichever comes first. Use tune2fs -c or -i to override.

mkdir /mnt/rootfs

mount rootfs.image /mnt/rootfs/ -o loop
rsync -a ~/busybox/_install/ /mnt/rootfs/
chown -R root:root /mnt/rootfs/

sync

umount /mnt/rootfs
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' !
a ¥

Toyatiiand iy /mnt/rootfs/ Aaggniivegly rootfs.image Wuldeafiu

awsutnimunesnavasslasnnesaneiieusenoully rootfs JULLEY WONANALFHDIT
anunlalulassadnslaisnnedaes rootfs Wusgradudiazdoadnlanisasisivdyila device
Nug Ayl AIFIRE19N138319 rootfs 9198194

§$ mkdir ~/rootfs
:$ cd ~/rootfs

mkdir bin dev etc lib proc sbin tmp usr var
chmod 1777 tmp

mkdir usr/{bin,lib,sbin}

mkdir var/{lib,lock,log,run,tmp}

chmod 1777 var/tmp

cd dev/
mknod -m 600 mem ¢ 1 1

$
$
$
$
$
#
#
: # mknod -m 666 null c
: # mknod -m 666 zero c
D
#
#
#
#
#

mknod -m 600 ttyO c
mknod -m 600 ttyl c
mknod -m 600 ttySO c 4 64
mknod -m 666 tty ¢ 5 0

mknod -m 600 console ¢ 5 1

H O R U W
o]

1
1
mknod -m 644 random c
4
4

:$ 1In -s /proc/self/fd fd

$ 1ln -s /proc/self/£fd/0 stdin

©$ 1n -s /proc/self/fd/1 stdout
$ 1ln -s /proc/self/fd/2 stderr

Embedded Linux File System

welulagdnnlidesiiinsiannszuu file system LilosesiuszuvufRnisaundlag
anzegndeninsdszuuliduuy Flash faneiunsiidfluneluladssuuauesnailei
NngUiaauansisnsldgunsaliniiudogariin NOR Flash Tuvaugilludiuves device
driver 9¢NAKAIANITHIUAI MTD Drivers
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User-space Root File System

v Y v

=

Kernel-space

MTD
Drivers

Hardware NOR Flash

U 3.22 nMsdansgunsaidaiudeyaniu MTD driver

ﬁfﬂﬂ’wmmaﬁmszwaumﬂaﬂqﬁaﬁqLwiﬁzé’uﬁugmzLﬁ]aﬁ’UMéﬁ%a’iﬂ initrd ~ (initial
RAM disk) Faifiuszuulndiigndusn (compressed filesystem) Tnglutsisuduvosinszuulng
initrd  fldgaimundudetngusrasdiiiadusnislunsthssuud foansunduuveoly
anunsagnintlussgasluwiufanuuugey (floppy  disk) 1é’LLaz€J’ammiaﬁwmiwLLazaﬂé?q
sruuUftAmsayndiuduaslusninfadlidnie fmdsnayndiaediuasu 2.6 ldgnudes
ponn fszuulid initrd Aldgnienludelvsiin “initramfs” (nitial RAM FileSystem)

Felutlagiuasnuihiludnuaizusiu Live CD (Wu Knoppix tushy) auiisnisvi Live USB
ffusnu B Live CD i Live USB thilasfszuuuftfinmsdynduuudoianunsngnivandusn
oguumhomudvesniosnouinmes (DDRAM) 1viui Tnglidndusesdionsafadegniely
wsosusiogdladeiesnduguinedns  udegndlsfnuglifssannsafindassuuufoRnsayund
adlugniadansuaylusenineynidigssuulauiuy
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ACPI: Unable to locate RSDP

udit(1144514211.853:0): initialized
[PCI: PIIX3: Enabling Passive Release on 0000:00:01.0

elcome to the KNOPPIX live Linux-on-CD?

Accessing KNOPPIX CDROM at /deu/hdc...
514580
sramdisk shared memory

>> Read-only CD/DUD system successfully merged with read-write /ramdisk.
INIT: version 2.78-knoppix booting

Runmming Linux Kernel 2.6.11.
Processor 0 is Pentium II (Klamath) S521MHz, 128 KB Cache

[Starting advanced power management daemon: apmd[11851: apmd 3.2.1 interfacing with apm driver 1.16ac|
and APM BIOS 1.2

pnd.

APM Bios found, power management functions enabled.
[PCMCIA found, starting cardmgr.

SB found, managed by hotplug.
Firewire found, managed by hotplug: (Re-)scamming firewire devices... Done.
Autoconfiguring devices...

ouse is Generic PS/2 Wheel Mouse at ~sdeu/psaux

L4

U7 3.23 LanantianansynidngseuuudRnisaund

N3l Live CD dudslivedniavatgagiananfevuinlngvas initramfs sfasfivuinliiiu
AINNYUBLEY CD-ROM v13lUTssivuin 700 MB Wiy wig1dein1sseuulfuinisniivwie
iy Live USB FsananewlumadeniiraulangaliinasidussuulfiRnmsdynduiossuy

a va

UURns3uled 1Wusu

szuulnalussuvauanaian?

freg19szvulndndenltlussuvuanaanaiaslamnn

seuUlWdvin cramfs

cramfs Wuszuulildgniudaenly wazsildognader dagnitauntulag Linus Torvalds
wazsiouAldgnussgedludyndrosiualufifouiosudr sruulidiasgnivindeyaludnums
wenilu 1w (page) waraunsadndistayalaludnvazliSewuadu (random access) 1o
v sviliniiduduwuveulfesnaienves camfs dufonisaiverniidetevessyuy
wszaghifivnnisallndssuudemevisegymestiauwiuey
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seuUlWavin ramfs

ramfs lagniaundulag Linus Torvalds wWuldediu degviinisivanlnanmuadulily
wheAud Ao (RAM) usazilussuulnaignldeguugunsniasiin flash umdn Sl
& v aal al 4 a a Y oA ) ¢ a .. 2
aunsanuteyaniinsasuslamwsedudiulaunsldviioudussuuldyia  initrd %39
initramfs AignivuavuIameiayllansadeundasta
szuulwaviia jffs2

jffs2 1Huszuulnldventondmisdsasnsadows i wazgndusaluguuuy joumnalling
flash filesystem lnada jffs2 5193’@13’11%8114@%5@5%% Flash memory 11nnnaziluwiin
RAM nsnzannsariuteyaiiudsuuladdivuioaiussuulnldeia ramfs udazidernddny
Snagnafessuulig jffs2 duamnsonsaeunasdiiuteyaluruninauiianainnielussuy
Tnlaldinilou ext2/ext3
M1379 3.3 Laneseazidennuautivasnasssuulng

POWER DOWN RE- | COMPRES- LIVES IN
FILE SYSTEM WRITE PERSISTENT I o -
No No N/A Yes No

CRAMEFS

JFES2 Yes Yes Yes Yes No
RAMEFS Yes Yes Yes No Yes
YAFFS2 Yes Yes Yes No No
Ext2 over NFTL Yes Yes No No No
Ext3 over NFTS Yes Yes Yes No No
Ext2 over RAM disk Yes No No No Yes

MEMORY TECHNOLOGY DEevICES (MTD)

MTD LHudnvtneeusiuuy flash fAifiugiuatn NAND/NOR flash figmitlulflunisiiu
foyailirosgniudsuntastes (non-volatile data) fegnadulild boot image wazifiu
config N8l bootloader

fawdiingunsal MTD Wuwdia flash usssuulwdaghimileudugunsalutin flash wu USB
sticks, MMC/SD cards wsizgunsal MTD azidusnifiuteyaiiansnsagaudadumsiduls
wileusndafad uaffinsieuiivanssaineisafaduazeanus (RAM) Tunaneeduds
iusnddnuiigarewnnesveseinfaaransagnieudeyaldviui wiluvusiwnnes
va9gUnTal MTD thuaedesnauneuiinegnideuadly (deudenduin erase-block)
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wanIINUUTIUNISWEUIDIgUNTAl MTD Adindtuauasaiies 1,000 839 10,000 A5
Wil welutdagduaunsal MTD  Adsgnihunlduangdimnsuuesaauanailadaiionu

bootloaders gy Kernel image

A8 19N139UEazBEAYRINISITUYagUnsal MTD Ingeunulng /proc/mtd

: $ cat /proc/mtd

. dev:

: size erasesize name
imtdO: 000a0000 00020000 "misc"

i mtdl: 00420000 00020000 "recovery"
émtd2: 002c0000 00020000 "boot"

i mtd3: 0£a00000 00020000 "system"
imtd4: 02800000 00020000 "cache"
gmtd5: 0af20000 00020000 "userdata"

sUnanINswUsnnevaudarnsitunglugunsal MTD

Partition

sector

o sector
Partition

sector

" sector
Partition

Partition

fa o

JUT 3.24 uanss1Eawldenves sector AelumisAYu

MnAlresueruIuNslsudeyaatlugunsal MTD Teduinasdesdinisaunouasileudeya
Tydasly anansagluseunisiaulaaingudiaansi

erased
sector

old data

old data

new data 1 new data 2

UM 3.25 wanaruiun1sligudeyaataunsal MTD

Embedded Android Development



142

MngUAuuukanuIuMsdeudeyaadiilugunsal MTD  dunmaindudieasnuivmasin
m3avadidgefiGumadoutoyalmifiusn (hew data 1) adusumia offset fiaud Wlofld
AoinTazleudeyalnifiiinin (new data 2) asludunisiuvesteyadiusn dagunsal MTD
wdesfnaandeyaiiiogsuasanlsinlilutvimesirnsnden (temp buf udrdsanansn
fdumsaumninosiuimuald  udisrosideyaiin (temp buf) uazdoyadalmi (new
data 2) #AuauEdy

fedunoumariazgniiiunslutures flash translation layer (FTL) iileananueasnty
madeulusunsudmiudld davedadldgminlulflugunsal MTD wu JFFS2 uag YAFFS Tag
4 JFFS2 waw YAFFS file systems Huaglaianunsoaiiadu loopback device wagliannsngn
111115 mount fszuulnals (Frefds -o loop) willeufu linux filesysterm 3l iilesannlsl
Iéidugunanimduuuy  block fflesungludnedu  dafuisnsflaslfannsogunial  MTF
1113090 mount fszuulndvesisansiild azfesiinisTuan MTD Driver 3991 mtdram
module dorou Tnelusunsulasiesiagvhnissiaesgunsal MTD usdsihegnaddsdnsans

i# cat /proc/mtd
idev: size erasesize name
:mtdO: 04000000 00020000 "mtdram test device"

Adad19an1sWeulUsuNsULNaIinfegUnsal MTD

AagelusunsuuanssIgazideaiiugIuvasgunsal MTD

............................................................................................................................................................................

. #include <stdio.h>
: #include <fentl.h>
: #include <sys/ioctl.h>



§ #include <mtd/mtd-user.h>

§ int main()
1
: mtd_info_t mtd_info;

: int fd = open("/dev/mtd5", O_RDWR);
: ioctl(fd, MEMGETINFO, &mtd_info);

printf("MTD type: %u\n", mtd_info.type);
printf("MTD total size : %u bytes\n", mtd_info.size);
printf("MTD erase size : %u bytes\n", mtd_info.erasesize);

return 0;

§ unsigned char buf[64];

§ unsigned char data[7] = { ‘B’, ‘U’, ‘R’, ‘A’ , ‘P’ |, ‘H> , ‘A’ };
: /* read something from last sector */

§ 1seek(fd, -mtd_info.erasesize, SEEK_END);

: read(fd, buf, sizeof(buf));

§ /* write something to last sector */

. 1seek(fd, -mtd_info.erasesize, SEEK_END);

i write(fd, data, sizeof(data));

. #include <stdio.h>

: #include <fcntl.h>

. #include <sys/ioctl.h>

! #include <mtd/mtd-user.h>

g int main() {

mtd_info_t mtd_info; // the MTD structure
erase_info_t ei; // the erase block structure
int 1i;

unsigned char data[20] = { OxDE, OxAD, OxBE, OxEF, // our data to write
OxDE, ©OxAD, OxBE, OxEF, OxDE, @OxAD, @OxBE, OxEF, @OxDE, ©OxAD, OxBE,
OxEF, OxDE, OxAD, @OxBE, OxEF };

unsigned char read_buf[20] = { 0x00 }; // empty array for reading

int fd = open("/dev/mtd@", O_RDWR); // open the mtd device for reading and
// writing. Note you want mtd@ not mtdblock®

// also you probably need to open permissions

// to the dev (sudo chmod 777 /dev/mtd0d)

ioctl(fd, MEMGETINFO, &mtd_info); // get the device info
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// dump it for a sanity check, should match what's in /proc/mtd
: printf("MTD Type: %x\nMTD total size: %x bytes\nMTD erase size: %x bytes\n",
: mtd_info.type, mtd_info.size, mtd_info.erasesize);

ei.length = mtd_info.erasesize; //set the erase block size

for (ei.start = @; ei.start < mtd_info.size; ei.start += ei.length) {
ioctl(fd, MEMUNLOCK, &ei);

// printf("Eraseing Block %#x\n", ei.start); // show the blocks erasing
// warning, this prints a lot!
ioctl(fd, MEMERASE, &ei);

}

1seek(fd, @, SEEK_SET); // go to the first block
read(fd, read_buf, sizeof(read_buf)); // read 20 bytes

// sanity check, should be all @xFF if erase worked
for (i =0; 1 < 20; i++)
printf("buf[%d] = 0x%02x\n", i, (unsigned int) read_buf[i]);

1seek(fd, @, SEEK_SET); // go back to first block's start
write(fd, data, sizeof(data)); // write our message

1seek(fd, @, SEEK_SET); // go back to first block's start
read(fd, read_buf, sizeof(read_buf)); // read the data

// sanity check, now you see the message we wrote!
for (i = 0; i < 20; i++)
printf("buf[%d] = 0x%02x\n", i, (unsigned int) read_buf[i]);

close(fd);
return 0;

JunauUN1sanszuulnaLineidngseuufjuAnns EMBEDDED LINUX

Wiovhlvsyuuatesnaleivhotunnlaiu avfosdinnnsouludndngldunlng Kernel
Image (initrd, vmlinux, bzlmage, zlmage Wudu) wazlwd Root file system (ext2/3/4,
cramfs, jffs2, hfffs 1Jud) LLé”JﬁﬁlU’Jwalﬂuwﬁﬁ%maqqﬂﬂifﬁfmLﬁu%yjaﬁua%mammﬂaﬂaﬁa
ansonald saumniidumand
cW3TTUULENSaRan WSe USB Storage

» root=/dev/sdxy 99 x unufedegunsal war v unusemnelauniidu 1wy

root=/dev/sdb2 (WI3797 2 Ye4Gar7 2)

- W1SHtuU MMC/SD Card
» root=/dev/mmcblkxp¥ 7184 X unufeynoiavgUnsal uaz v unufevsneiarns
7% WU root=/dev/mmcbl1k0p2 (WISHTUT 2 v09harisn)
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«W137dUUL NAND flash

» root=/dev/mtdblockx 7% % WNUMINBLEUINISTTY Wy root=/dev/mtdblock3

WISATUT 4)

«W3TtUUL NFS vauadasmelussuundatig
- 7d8ANINN1e Ty (ROM)
sutsduansnslifuiivesmihsarudmdnuesssuy RAM) lurueflegluanenourha
LAZENNTAEYN LazLanITunaunsTvan Kermnel image uag root filesystem Vigmﬁuag’
el ROM 2891A389

NUIBANINTEUL HUIBAMNINTEUY (STUUIENNINY)

Bootloader
ROM Kernel ROM

RootFS

Bootloader

Compressed

Kernel

RAM RAM RootFS

U1 3.26 wansn1siranAesiua wag RootFs aeluuain

1
=1

sUdEuanIdunaunIsivan Kernel image uay root filesystem figninuagluniasdu iog
aeluszuuniedng
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Server IP; 192.168.0.1
Kernel: zl:mage

- Root Filesystem directory

]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
’

NFS moulht: /nfsroot/
Bootloader 1A384 Host/1A984 Server
\* DHCP Server
ROM —
(b}
Q C
................. ' g () > TFTP Server
! -—
Kernel : @ c /titproot/
i '@ = > - Compressed Kernel
| - QO (zImage)
! a C
[l : E
i 99
RAM ; r S NFS Server
g Infsroot/

JUT 3.27 wananisinanipsiualag RootFS 9NLASY server

FNTNUERINITIBITUNSLNEN filesystem Tidluugegalunisiiudaya 5 SuAuusNveITEUY
UfuRnsueniluuludagdu

M99 3.4 WARIN135895UNSNATEUUIVEYTns 19 vBIusas ST UUUL URNS

Yes Yes Yes Yes Yes (1) Yes Yes

FAT32
EXFAT Yes(2) No(3) 3 Yes No No No No
EXt3 4) Yes Yes No(6) Yes No No No
NTFS Yes Yes Yes 8) Yes No No[9] No
HFS+ Nol[10] Yes (11) (8 (12) (1D No No
1ol

(1) iPads (115211 iPhones) aasashugunsalsmAudoya Mldszuulna FAT uas HFS I usazeulia
Mthringunm uayIFloldiviniy

(2) exFAT iU3ugaanann FAT Gavanuldfuussuyufiiings Vista / Windows 7 / Windows 8, uas
XP

(3) dosdndilusunsy FUSE gl ileliamsooruuazidenudoyald .

(4) s2UVUNUANIS Windows vsdednnIlUsUn s explore2fs, Ext2Fsd w3 Ext2IFS iielvaiusoony |
syuulnaUssinm ext2/ext3/extd lo :

(5) @3@”@0&7@@%?1/5&4051/ OSXFUSE fuse-ext2, %38 Paraeon

(6) Lawiwun ROMs fignusuusialimivayuszuulus ext3 iy
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http://maketecheasier.com/access-exfat-file-system-in-ubuntu/2012/07/23
http://maketecheasier.com/access-exfat-file-system-in-ubuntu/2012/07/23
http://www.chrysocome.net/explore2fs
http://www.chrysocome.net/explore2fs
http://www.ext2fsd.com/?page_id=2
http://www.ext2fsd.com/?page_id=2
http://www.fs-driver.org/
http://www.fs-driver.org/
http://osxfuse.github.com/
http://osxfuse.github.com/
http://sourceforge.net/projects/fuse-ext2/
http://sourceforge.net/projects/fuse-ext2/
http://www.paragon-software.com/home/extfs-mac/
http://www.paragon-software.com/home/extfs-mac/

(7) s2uuUfTHnIT Macos lneituguantsoeszuulng NTFS Igashaie drdomimdeuls sedos
finds OSXFUSE with NTFS-3G, Paragon %38 Tuxera

(8) VuTZUUUFURNIT Android Faeindalusunsy Paragon app tielsaIsnsaithde ssuulng NTFS
uag HFS lg

(9) Xbox 360 vaausEm Microsoft 4oy luaduayuszuulid NTFS

(10)9sasindalusunsu Paragon 1l

(11)sxuuduinIsaund aunsoemszuulng HES+ laaehudes d1emsideuls Hasdosdnaamu
a11759%94 journalling v/

(12)a1unsoe1uszvulig journaled HFS+ laaehaiaea

BusyBox Aanwnwianswaus: lawil

BusyBox ldgniundulasuty Bruce Perens Tul me. 1996 dufuiigninanlfidu
TusunsutaglunsindouadAuluusufadifauuuyniaesld
V958 UUUURANTS Debian (bootable Debian Linux system)
Tnefidoulridundrosiuauarlusunsuiiuguivanagivung
sufuudliiin 1.4 MB S 1.7 MB 1ilesandedidalunisiiy
ToyanielundufadiAnlugatiy  Fufundnnisddyiiazdes

¢ vl BusyBox fwunmdnusianafsluseyadsnnneie
5Uil 3.28 fin Swiss Army Knife mﬂ%ﬁauﬁaﬁ%’uﬁugmﬁmﬁauﬁuiamﬁuﬁaa&hasziu 3 Busy-
Box 9z¥n155ulUsunsy erep waz find ulusunsuientuidesanliudnnisdumilndlog
wwhludsnelulasaneiynlaisnmes (recursive) Wdendu Wunalvivunalwdiinainnns
slUsunsuisaesanasegnaann  fetu  BusyBox  Aanunsaldndnnisiiulusunsudugiid

andunugfefuanAuidvLansEy 3.5 MB fanunsaanadudowies 200 KB wintiule

¥
U

flstiu BusyBox Fsnansnnfuindesileddnyiignianlinelussuudfoannsvessvuuansena
Haghdugaugniaanenindu  “dawnmansiausslonid” (Swiss Army Knife) Fsldsaun
Tusunsuuasgnmdsessausslevivesndsugumegisidulussuuufoinsiund  feehs
i) quiﬂﬁl,mﬁmm%mmﬁu'%mwmqﬁuaﬁzuﬁluﬁumm,ﬂ%aﬂﬁﬁé’aL'%'m‘hﬂm (Init program), YAA
Fi¥an1ssvUULaTSInSEUY (System & Configuration) 1ugiu fegsfdsly BusyBox ver-
sion 1.13 lgun

E[, [[ , addgroup, adduser, adjtimex, ar, arp, arping, ash, awk, base-:
: name, bbconfig, bbsh, brctl, bunzip2, busybox, bzcat, bzip2, cal, cat,§
%catv, chat, chattr, chcon, chgrp, chmod, chown, chpasswd, chpst, :
§chroot, chrt, chvt, cksum, clear, cmp, comm, cp, cpio, crond, crontab,§
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https://github.com/osxfuse/osxfuse/wiki/NTFS-3G
https://github.com/osxfuse/osxfuse/wiki/NTFS-3G
http://www.paragon-software.com/home/ntfs-mac/
http://www.paragon-software.com/home/ntfs-mac/
http://www.tuxera.com/products/tuxera-ntfs-for-mac/
http://www.tuxera.com/products/tuxera-ntfs-for-mac/
https://play.google.com/store/apps/details?id=com.paragon.mounter&hl=en
https://play.google.com/store/apps/details?id=com.paragon.mounter&hl=en
http://www.paragon-software.com/home/hfs-windows/
http://www.paragon-software.com/home/hfs-windows/

gcryptpw, cttyhack, cut, date, dc, dd, deallocvt, delgroup, deluser,§
: depmod, devfsd, df, dhcprelay, diff, dirname, dmesg, dnsd, dos2unix,§
édpkg, dpkg deb, du, dumpkmap, dumpleases, e2fsck, echo, ed, egrep, :
: eject, env, envdir, envuidgid, ether wake, expand, expr, fakeidentd,§
§false, fbset, fbsplash, fdflush, fdformat, fdisk, fetchmail, fgrep, :
: find, findfs, fold, free, freeramdisk, fsck, fsck minix, ftpget,§
gftpput, fuser, getenforce, getopt, getsebool, getty, grep, gunzip,§
§gzip, halt, hd, hdparm, head, hexdump, hostid, hostname, httpd, hush, :
i hweclock, id, ifconfig, ifdown, ifenslave, ifup, inetd, init, inotifyd,§
§ insmod, install, ip, ipaddr, ipcalc, ipcrm, ipcs, iplink, iproute, :
: iprule, iptunnel, kbd mode, kill, killall, killall5, klogd, lash,§
%last, length, less, linux32, linux64, linuxrc, 1ln, load policy, load- :
: font, loadkmap, logger, login, logname, logread, losetup, 1lpd, lpq,§
glpr, ls, 1lsattr, lsmod, lzmacat, makedevs, man, matchpathcon, md5sum,§
gmdev, mesg, microcom, mkdir, mke2fs, mkfifo, mkfs minix, mknod, :
: mkswap, mktemp, modprobe, more, mount, mountpoint, msh, mt, mv,§
gnameif, nc, netstat, nice, nmeter, nohup, nslookup, od, openvt, parse, :
: passwd, patch, pgrep, pidof, ping, ping6, pipe progress, pivot_root,§
§pkill, poweroff, printenv, printf, ps, pscan, pwd, raidautorun, rdate,§
: rdev, readahead, readlink, readprofile, realpath, reboot, renice, re-:
gset, resize, restorecon, rm, rmdir, rmmod, route, rpm, rpm2cpio,§
grtcwake, run_parts, runcon, runlevel, runsv, runsvdir, rx, script, :

gsed, selinuxenabled, sendmail, seq, sestatus, setarch, setconsole, se—§
: tenforce, setfiles, setfont, setkeycodes, setlogcons, setsebool, set—§
isid, setuidgid, sh, shalsum, showkey, slattach, sleep, softlimit,§
gsort, split, start stop daemon, stat, strings, stty, su, sulogin, sum, :
: sv, svlogd, swapoff, swapon, switch root, sync, sysctl, syslogd, tac,g
gtail, tar, taskset, tcpsvd, tee, telnet, telnetd, test, tftp, tftpd, :
: time, top, touch, tr, traceroute, true, tty, ttysize, tune2fs, udhcpc,§
Eudhcpd, udpsvd, umount, uname, uncompress, unexpand, uniqg, unix2dos, :
i unlzma, unzip, uptime, usleep, uudecode, uuencode, vconfig, vi, Vlock,§
iwatch, watchdog, wc, wget, which, who, whoami, xargs, yes, zcat, zcip

Frog19t19a1nansnAansadusunsuiefiagyi linanedunissuunainidieslusunsy
FenlrgldsanidinanemadusunailiSenldals uieseudnduyadddiegnglulusunsy
oot Wuderfulusunsy BusyBox fazldndnmismsdmwiureniiagiug (areu-
ment passing) TUsHlsAt U191

§ // myBusyBox.c

: #include <stdio.h>

i int main(C int argc, char *argv[] )
1

int 1i;

for (1 =0 ; i <argc ; i++) {
printf("argv[%d] = %s\n", i, argv[il);
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1INU19URAA arge WUMKLUSINUTILILYBIDTSAULUA wag arev uiuUstlinesisdiau
VOANULARE BTN LIUA

N9 NUUIINNTABNINALUSIATY Lagnagaun1senlusuNTUNSauNITAINIUAI1SAILIUR

§$ gcc -o myBusyBox myBusyBox.c
:$ ./myBusyBox argl arg2

i argv[0] = ./myBusyBox

gargv[l] = argl

iargv[2] = arg2

: $ ln -s myBusyBox my_grep

:$ 1ln -s myBusyBox my_find

:$ 1s -al my*

i -rwxr-xr-x 1 student student 8503 2013-08-13 08:21 myBusyBox

! -rw-r--r-- 1 student student 162 2013-08-13 08:21 myBusyBox.c

! lrwxrwxrwx 1 student student 9 2013-08-13 08:27 my find -> myBusyBox
glrwxrwxrwx 1 student student 9 2013-08-13 08:22 my grep -> myBusyBox

. $ ./my_grep -R 'declare' /usr/include/
i argv[0] = ./my_grep

iargv[l] = -R
i argv[2] = declare
é argv[3] = /usr/include/

§$ ./my_find /usr/include/ -name 'declare' -print
‘argv[0] = ./my_find

:argv[l] = /usr/include/
i argv[2] = -name
targv[3] = declare

g argv[4] = -print

nlUsunsudssudunsuandiiiuuulAnlazisn1svinauveusunsy BusyBox Felusunsy
myBusyBox #laas1sutiusziilenduiiugruiedtiunisaumdeya (grep) wagAumlng (find)

'
[ < o

agnelu Asiudleglddenissenldmdslannuasdunauladnanty argv[0] A8UsI9T0Ad

kAL At faunsarinisimunilendusnegiounuadadugseluld  udadn
TUsunsu myBusyBox nagtia1nely argv[0] lunsiadaneluindudiilenduls
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pglwIAnN TN duNug s iuvesnAdsieg lussvuldansaundlvnany
I P a & Py P oA P
110U BusyBox tiigdlusunsuifetu aganusaanauinlusunsuaciang 3 89 4 wiilleiigy
funsldlusunsuiiugIuianun Faazdunnannnisiiamds s -al degudneansinnnadsasgnd
(symbolic link) Tudslusunsu busybox Msadu

student@EE-Burapha:~/Downloads/busybox-1.17.1/ install/bin$ 1ls -al 4
total 868

drwxr-xr-x 2 student student 4096 2013-08-05 07:11 .
drwxr-xr-x 10 student student 4096 2013-08-05 07:16 ..
Lrwxrwxrwx 1 student student 7 2013-08-05 07:11 ->
Lrwxrwxrwx 1 student student 7 2013-08-05 07:11 ->
lrwxrwxrwx 1 student student 7 2013-08-05 07:11 ->
-rwxr-xr-x 1 student student 879928 2013-08-05 07:11

Lrwxrwxrwx 1 student student 7 2013-08-05 07:11 ->
Lrwxrwxrwx 1 student student 7 2013-08-05 07:11 ->
Trwxrwxrwx 1 student student 7 2013-08-05 07:11 ->
Lrwxrwxrwx 1 student student 7 2013-08-05 07:11 ->
Lrwxrwxrwx 1 student student 7 2013-08-05 07:11 ->
Lrwxrwxrwx 1 student student 7 2013-08-05 07:11 ->
Lrwxrwxrwx 1 student student 7 2013-08-05 07:11 ->
Lrwxrwxrwx 1 student student 7 2013-08-05 07:11 ->
Lrwxrwxrwx 1 student student 7 2013-08-05 07:11 ->
Lrwxrwxrwx 1 student student 7 2013-08-05 07:11 ->
lrwxrwxrwx 1 student student 7 2013-08-05 07:11 ->
lrwxrwxrwx 1 student student 7 2013-08-05 07:11 ->
Lrwxrwxrwx 1 student student 7 2013-08-05 07:11 ->
Lrwxrwxrwx 1 student student 7 2013-08-05 07:11 ->
Lrwxrwxrwx 1 student student 7 2013-08-05 07:11 ->
Lrwxrwxrwx 1 student student 7 2013-08-05 07:11 ->
Lrwxrwxrwx 1 student student 7 2013-08-05 07:11 ->
Lrwxrwxrwx 1 student student 7 2013-08-05 07:11 ->
Lrwxrwxrwx 1 student student 7 2013-08-05 07:11 ->
lrwxrwxrwx 1 student student 7 2013-08-05 07:11 ->
Lrwxrwxrwx 1 student student 7 2013-08-05 07:11 ->
lrwxrwxrwx 1 student student 7 2013-08-05 07:11 ->
Lrwxrwxrwx 1 student student 7 2013-08-05 07:11 ->
Lrwxrwxrwx 1 student student 7 2013-08-05 07:11 ->
Lrwxrwxrwx 1 student student 7 2013-08-05 07:11 -> v

Busybox Inittab

slegostinsuSuusamideasns BSP (Board Support Package) vasitesdusniitelddmsy
spuuURoRnsAunduuuilei msdsanisTnandudu (nitialization) iellunisimungidu
A1sInanlUsunsudnsuRemUsnIsueesyuU  (System  services) sneq  wioldlunisivan
Tusunsusevy  Waunsuussendivauduedusenineiivesnauenatsfamaaiudunis
yha adudniaunmsagiarmudilaiinisadalng nittab Aegmelulasnned /ete/ s
melulng inittab duiisunuumadeudel
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Ine:

- < id > 3gnltlae BusyBox init Lﬁaizq console MUnTuan (controlling tty) dnsulusia
aftldspyliusognslsiiouin BusyBox amaanuindinisld serial console agudadniiiazgn
Winiayld

.< runlevels > mifarlifinislaly BusyBox Tnsamnzlusyuvaussnaileiailosanlinis
wenseduresdld winrlilamyluedosmoufimosdiviny

. < action > Us¥naune sysinit, respawn, askfirst, wait, once, restart, ctrlaltdel, wae
shutdown Inefiseazidensail

» sysinit fvualvidenluswalussniniissuuihdasEugnyniy

» respawn fvualiBoniuswalidnadsdnluiii wWelafmuilluswatdugninas

b askfirst fN1599UAEERU respawn wineuazEuGuntUswanismualy ssfin1sudans
%ﬁﬂﬁﬂmﬁﬁf"Please press Enter to activate this console."Lﬁ@i@
Tildnady Enter udidwimsenlusiwadaudialy

» ctrlaltdel AwusliEenlusiwa e init Té3udyana SIGINT Aisinsnata CTRL-ALT-
DEL wouriu

f719819L1a inittab

: # Boot-time system configuration/initialization script.

%# This is run first except when booting in single-user mode.
#

i ::sysinit:/etc/init.d/rcS

é# Put a getty on the serial line (for a terminal)
: ::respawn:/sbin/getty -L ttyS 115200 vt100

E# Stuff to do when restarting the init process
. s:restart:/sbin/init

%# Stuff to do before rebooting
i s:ctrlaltdel:/sbin/reboot
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NITWAIUITZUVENDINANIAINTY LASZUVINaDILaHNDUIS

aforoutnia sy UUaLsnailsireudasiimadenteslunsmisussnaues
naflaifildaninenssuiidesnisinanfny i avaassiauilusunsumns U unsesEuuAIy
Tandlunuussendtun wilififiunszuvausanatlsifGudniunumegluiindsedfu
1ndety  liAnnsadsassutanssalmla  nandneilmiqluanine dwadseniamly
ﬂﬂﬂﬁﬁﬁﬁ’]ﬂ’ﬁﬂﬁﬂ%@U@%ﬂ Evaluation Kit e muieainu3eneneg fegaguuesn Mi-
croBlaze, Sitara, Beagleboard, Beaglebone, Pandaboard, FriendlyARM, Raspberry Pi,
ODROID, Versatile Express, Gumstix Fudu Tneezdsmdausndniuniumimaneniiuum
Flilsdoninndety shlvhimudass dhdeuthanw miethimuluusdmeeganse
FuFsudmaluladneiussuvauesnatisildogndndanniu  Gsaadludnlddtdnmdn
gaﬁmwéfmmaaaﬂLLUUu,azﬁwumwéfmﬁzwamnﬂaEJQ(?T'Jﬁ%qqmﬂﬂ’ngammﬂmﬁmﬁm
pg1aulatn

N34 3.5 UasnaussnatlsiusasEveTlasuauiiey

500MHz
(on USB OTG, USB Host, Ethernet, onboard
BeagleBone Sitara AM3358 USB)/ | 256MB | Serial, onboard JTAG, expansion head- $89
720MHz ers, microSD
(on DC)

USB OTG, USB Host, Ethernet, expan-
sion headers, microSD, DVI-D, LCD
header, S-Video, Camera header, Stereo
IN/OUT

USB OTG, USB Host, Ethernet, Serial,
iMX53 QSB i.MXs53 1GHz 1GB | expansion headers, SD, microSD, SATA, $149
VGA, LCD header, Stereo IN/OUT

USB OTG, USB Host, Ethernet, WLAN,
Bluetooth, Serial, expansion headers, SD,
HDMI, DVI, LCD header, Camera header,
Stereo IN/OUT
USB OTG, USB Host, Ethernet, WLAN,
Bluetooth, onboard Serial, onboard
AM335x Starter Kit | Sitara AM3358 720MHz  256MB | JTAG, expansion headers, microSD, $199
capacity-touch LCD, Accelerometer, Ste-
reo OUT

USB OTG, USB Host, Ethernet, WLAN,

BeagleBoard xM Davinci DM3730 1GHz  512MB $149

PandaBoard ES OMAP4 dual-core 1.2GHz 1GB $182

OrigenBoard gﬁ{“éz 11210 1.2GHz  1GB  Bluetooth, Serial, JTAG, SD, HDML LCD = $199
header, Camera header, Stereo IN/OUT
. 4 USB OTG, USB Host, Ethernet, SD,
Origen 4 Quad Xynos4quad-, JGHz = 1GB | JTAG, Serial, HDMI, onboard LCD $199

core ]
header, audio
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Quad core ARM USB OTG, USB Host, Ethernet, onboard
ODROID-X2 Cortex-A9g 1.7GHz 2GB  Serial, expansion headers, SD, Stereo $135
MPCore IN/OUT

USB OTG, USB Host, Ethernet, WLAN,
Bluetooth, GPS, onboard Serial, onboard

E;E(lggggggzrd S(I)lllpdragon dual- 1.2GHz 1GB | JTAG, expansion headers, microSD, $499
capacity-touch LCD, Accelerometer, Ste-
reo OUT
USB OTG, WLAN, Bluetooth, GPS, Accel-
Snapdragon S4 erometer, Gyroscope, Compass, Proxim-
Siupelizggan DI dual-core iLGEIE L LG ity sensor, Temperature sensor, SD, $999
HDMI, LCD Panel , Camera, Stereo OUT
Broadeom ARMi1 USB OTG, USB Host, onboard Ethernet,

RaspBerry Pi BCM28 700MHz  512MB onboard Serial, expansion headers, MMC, $35
35 SD, VGA, HDMI, Stereo OUT

USB OTG, USB Host, Ethernet, WLAN,
Bluetooth, GPS, ZigBee, Accelerometer,
SABRE 1.MX53 1GHz 1GB | Light sensor, Serial, JTAG, eMMC, SD, $999
SATA, NOR Flash, VGA, HDMI, LCD
Panel, Camera, Stereo IN/OUT

dmsusnmadennilsivnzdmiutntauniioln videtnwauidslildsauledousin
aussnailsffanislilusunsusrasaiiousds (Virtualization) Hesassanmwndounasnis
vaulnduluanuaaninenssuvemneUszanananatstuy ARM, MIPS, PowerPC, x86
Hustu FslsunsudrassaiiousisifonsunumunadddiulussuuufiRnsdundirolusunsy
QEMU (Quick EMUlator) Snfimuiansinsanmunlusinsy wagnaaaunisyineauvasiuswnsul
Fulumudeulidmuauuandnenssuiug wenniuffsanunsousuudadundnediua vie
neaeulusunsuiiiaunlussiunofiuainamsavnauldavuaninonssutunsold  Tusunsy
QEMU @1unsasessuluuanisvinaula 2 wuulaun
A.user-mode emulation AemseyaelilsmaignoenuuuinliihnuumsysEana
g NaERen (Wuuuueda target) Wanunsavhaulduumiheuszananananssadudld
(WuUWASEI Host) #mesa Dynamic Translator fheghatiu n1siSenfsiassdeuiuy
Wine Windows APl (http://www.winehqg.org) vidorfiavaelinig cross-compile  Wag
cross-debugging $ruaninenssuazainiy uenaniufidunmsililuseeansadid
VENEINSURAASES Host Feaaninenssuiisessudwsulnunilaun x86, PowerPC, ARM,
32-bit MIPS, Sparc32/64, ColdFire(m68k), CRISv32 and MicroBlaze CPUs
B.System-mode emulation Aensinansszuvannenssuaszuy  lildnesifumioe
Uszginananans  gunsalsndaniseuineing iWhsuaieudunieaaiiousse (Virtual
Machine) fregramunisairsadenaioussildaniiinenssy PowerPC firadldsyuy

Embedded Android Development graunmaiinwmun


http://www.winehq.org/
http://www.winehq.org/

154
UFUAN1S Debian wiasqudaiasruudiassdviinueguuingosnouinnedild
an1Unenssu x86-64 Un Meldszuuyuunis Ubuntu 1udu ans19919819uanes1enis
annonssuil QEMU ses3u léun

1579 3.6 annUnenssusinengnatuayululusinsy QEMU

annUnenssy

PC (x86 or x86_64 processor) Luminary Micro LM3S6965EVB (ARM Cortex-M3)

ISA PC (old style PC without PCl bus) Freescale MCF5208EVB (ColdFire V2)

PREP (PowerPC processor) Arnewsh MCF5206 evaluation board (ColdFire V2)

G3 Beige PowerMac (PowerPC processor) Palm Tungsten|E PDA (OMAP310 processor)

Mac99 PowerMac (PowerPC processor, in progress) N800 and N810 tablets (OMAP2420 processor)
Sundm/Sundc/Sundd (32-bit Sparc processor) MusicPal (MV88W8618 ARM processor)

Sundu/Sundyv (64-bit Sparc processor, in progress) Gumstix "Connex" and "Verdex" motherboards (PXA255/270)
Malta board (32-bit and 64-bit MIPS processors) Siemens SX1 smartphone (OMAP310 processor)

MIPS Magnum (64-bit MIPS processor) Syborg SVP base model (ARM Cortex-A8)

ARM Integrator/CP (ARM) AXIS-Devboard88 (CRISv32 ETRAX-FS)

ARM Versatile baseboard (ARM) Petalogix Spartan 3aDSP1800 MMU ref design (MicroBlaze)
ARM RealView Emulation/Platform baseboard (ARM) Luminary Micro LM3S811EVB (ARM Cortex-M3)

Spitz, Akita, Borzoi, Terrier and Tosa PDAs (PXA270 proc-
essor)

feg1en1sAnAslUsunsy QEMU fignusuusslag Linaro Futiusessuanitnenssu ARM 1u

§$ sudo add-apt-repository ppa:linaro-maintainers/tools

: $ sudo apt-get update

§$ sudo apt-get install gemu-user-static gemu-system

: $ gemu --version

! QEMU PC emulator version 0.12.3 (gemu-kvm-0.12.3), Copyright (c) 2003-2008
%Fabrice Bellard

iqemu—alpha gemu-ppc gemu-system-mips64el
qumu—arm gemu-ppc64 gemu-system-mipsel

! gemu-armeb gemu-ppc64abi32 gemu-system-moxie
éqemu—cris gemu-s390x gemu-system-or32

! gemu-ga gemu-sh4 gemu-system-ppc
qumu-i386 gemu-shdeb gemu-system-ppc64
§qemu—img gemu-sparc gemu-system-ppcemb
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: gemu-io gemu-sparc32plus gemu-system-s390x
§qemu—m68k gemu-sparc64 gemu-system-sh4
gqemu—microblaze gemu-system-alpha gemu-system-sh4eb

! gemu-microblazeel gemu-system-arm gemu-system-sparc
gqemu—mips gemu-system-cris gemu-system-sparc64
: gemu-mips64 gemu-system-i386 gemu-system-unicore32
§qemu—mips64el gemu-system-1m32 gemu-system-x86 64

: gemu-mipsel gemu-system-m68k gemu-system-xtensa
iqemu—mipsn32 gemu-system-microblaze gemu-system-xtensaeb
gqemu—mipsn32el gemu-system-microblazeel gemu-unicore32

: gemu-nbd gemu-system-mips gemu-x86_ 64

. gemu-or32 gemu-system-mips64

YUADUNIINATDUNITTULUIUATUATEE UL QEMU

N15ARRe Sourcery CodeBench @aullu cross-compiling toolchain Ainseudunsunis
WalUsnTun1¥ C/CH+ VUTEUUALDINaEA) LaglnanainiuagnaInaenvasussyn Men-

tor Graphics

§$ chmod +x arm-2013.05-24-arm-none-linux-gnueabi.bin

:$ ./arm-2013.05-24-arm-none-linux-gnueabi.bin

: Checking for required programs: awk grep sed bzip2 gunzip

! Preparing to install...

! Extracting the JRE from the installer archive...

! Unpacking the JRE...

! Extracting the installation resources from the installer archive...
! Configuring the installer for this system's environment...

! Launching installer...

® @ Sourcery CodeBench Lite for ARM GNU/Linux

Important Sourcery CodeBench Lite for ARM GNU/Linux Inform...

@ welcome! Please Read Before Continuing:
@ lmpof‘tant Information Sourcery CodeBench
@ c '
@ ci Sourcery CodeBench contains the complete GNU
0 ) Toolchain, including all of the following components:
Ol # GNU Binary Utilities (Binutils)
@ sur # GNU C Compiler (GCC)
G # GNU C Library (GLIBC)
@ inst ® GNU C++ Compiler (G++)
@ Imy # GNU C++ Runtime Library (Libstdc++)
O # GNU Debug Server (GDBServer)

# GNU Debugger (GDB)

(ODESOUR(ERY Visit: http://www.mentor.com/embedded-software/codesc
- access the Sourcery CodeBench support website.

< | L d

InstallAnywhere
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Mnsas1alasnneasansunagaulusinsulagas1usunsuTe init.c e lALanITanIu
“Hello World”

:$ mkdir ~/gemu

:$ cd ~/gemu

S vim init.c

. #include <stdio.h>

: void main() {
printf("Hello World!\n");
while(1);

i § arm-none-linux-gnueabi-gcc -static init.c -o init
:$ echo init|cpio -o --format=newc > initramfs

$ wget https://www.kernel.org/pub/linux/kernel/v3.x/linux-3.9.tar.xz

$ tar -xJvf linux-3.9.tar.xz

:$ ed linux-3.9

: $ make ARCH=arm CROSS_COMPILE=arm-none-linux-gnueabi- vexpress_defconfig
: $ make ARCH=arm CROSS_COMPILE=arm-none-linux-gnueabi- all

$ cp arch/arm/boot/zImage ~/gemu

:$ cd ~/gemu

:$ 1s -al

: total 74488

§drwxr—xr—x 3 student student 4096 2013-08-16 11:05

gdrwxr—xr—x 46 student student 4096 2013-08-16 11:16

! —-rwxr-xr-x 1 student student 648380 2013-08-16 03:50 init

! -rw-r--r-- 1 student student 76 2013-08-16 03:20 init.c

! -rw-r--r-— 1 student student 648704 2013-08-16 03:54 initramfs
gdrwxr—xr—x 24 student student 4096 2013-08-16 04:10 linux-3.9

i -rw-r--r-- 1 student student 72104164 2013-04-28 17:40 linux-3.9.tar.xz
! -rw-r--r-- 1 student student 699 2013-08-16 09:33 README

! -rwxr-xr-x 1 student student 2844736 2013-08-16 04:16 zImage

i $§ gemu-system-arm -M vexpress-a9 -kernel zImage -initrd initramfs
é—serial stdio -append "console=ttyl"
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0 © ® TightVNC: QEMU

nTp

RPC: Registered tcp NFSu4.1 backchannel transport module.
npacking initramfs...
reeing initrd memory: 632K
ICPU PMU: probing PMU on CPU O
lhu perfevents: enabled with ARMU? Cortex-A9 PMU driver, 1 counters available
Jjffs2: version 2.2. (NAND) |~ 2001-2006 Red Hat, Inc.
msgmni has been set to 243
io scheduler noop registered (default)
clcd-pl1ix ct:cled: PL111 revZ at 0x100Z20000
lclcd-pllix ct:cled: CT-CA9X4 hardware, XUGA display
IConsole: switching to colour frame buffer device 128x48
Ismsc911x: Driver version 2008-10-21
libphy: smsc911ix-mdio: probed
lsmsc911x smsc911x ethO: attached PHY driver [Generic PHY] (mii_bus:phy_addr=smsc911]
Ismsc911x smsc911x ethO: MAC Address: 52:54:00:12:34:56
isp1?760: NXP ISP1760 USB Host Controller
isp1?760: new USB bus registered, assigned bus number 1
isp1?60: Scratch test failed.
isp1?60: can’t setup
ispl1760: USB bus 1 deregistered
: Failed to register the HCD device
Initializing USB Mass Storage driver...
usbcore: registered new interface driver usb-storage
USB Mass Storage support registered.
mousedev: PS/Z mouse device common for all mice
rtc—-pl031 mb:rtc: rtc core: registered pl031 as rtcO
mmci-pl18x mb:mmci: mmcO: PL181 manf 41 reuv0 at 0x10005000 irq 41,42 (pio)
usbcore: registered new interface driver usbhid
usbhid: USB HID core driver
laaci-pl041 mb:aaci: ARM AC’97 Interface PLO41 reu0 at 0x10004000, irq 43
laaci-pl041 mb:aaci: FIFO 512 entries
loprofile: using arm/armu?-ca9
TCP: cubic registered
INET: Registered protocol family 17
UFP support v0.3: implementor 41 architecture 3 part 30 variant 9 rev 0
input: AT Raw Set 2 keyboard as sdevices/mb:kmiO/serioO/input/input®
rtc—pl031 mb:rtc: setting system clock to 2013-08-16 11:17:11 UTC (1376651831)
ALSA device list:
#0: ARM AC’ 97 Interface PLO41 reud at 0Ox10004000, irqg 43
= geminisbmiemory : 196K

Generic Explorer Mouse as sdevices/mb:kmil/seriol/input/inputl

YURDUNIINAEDU BUSYBOX N8/ ROOT FILESYSTEM UU QEMU

nseeulndaundaesiuaiu 3.9 Nlaesuletnewu iesessuaniUnenssuves ARM SoC 148
11 versatile MEANEIUINA

$ make mrproper
$ make ARCH=arm CROSS_COMPILE=arm-none-linux-gnueabi- versatile_defconfig
$ make ARCH=arm CROSS_COMPILE=arm-none-linux-gnueabi- menuconfig

Ususanaasiua laensliiden “Enable loadable module support” feature wslidean
“Use the ARM EABI to compile the kernel” i ﬁagﬂumﬁé Kernel Features
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.config - Linux/arm 3.9.0 Kernel Configuration

Linux/arm 3.9.0 Kernel Configuration
Arrow keys navigate the menu. <Enter> selects submenus --->. Highlighted letters are hotkeys.
Pressing <Y> includes, <N> excludes, <M> modularizes features. Press <Esc><Esc> to exit, <?> for
Help, </> for Search. Legend: [*] built-in [ ] excluded <M> module < > module capable

General setup --->
[ ] Enable loadable module support --->
-*- Epable the block layer --->

System Type --->

Bus support --->

Kernel Features --->

Boot options --->

CPU Power Management --->

Floating point emulation --->

Userspace binary formats --->

Power management options --->
[*] Networking support --->

Device Drivers --->

File systems --->

Kernel hacking --->

Security options --->

- Cryptographic API --->

< Exit > < Help> < Save> < Load >

.config - Linux/arm 3.9.0 Kernel Configuration

Kernel Features
Arrow keys navigate the menu. <Enter> selects submenus --->. Highlighted letters are hotkeys.
Pressing <Y> includes, <N> excludes, <M> modularizes features. Press <Esc><Esc> to exit, <?> for
Help, </> for Search. Legend: [*] built-in [ ] excluded <M> module < > module capable

Memory split (3G/1G user/kernel split) --->
Preemption Model (No Forced Preemption (Server)) --->
[*] Use the ARM EABI to compile the kernel
[*1 Allow old ABI binaries to run with this kernel (EXPERIMENTAL) (NEW)
[ 1 High Memory Support
[*] Allow for memory compaction
-*- Page migration
[ ] Enable KSM for page merging
(4096) Low address space to protect from user allocation
Cross Memory Support
Enable cleancache driver to cache clean pages if tmem is present
Enable frontswap to cache swap pages if tmem is present
Use kernel mem{cpy,set}() for {copy to,clear} user()
Enable seccomp to safely compute untrusted bytecode
Enable -fstack-protector buffer overflow detection (EXPERIMENTAL)

< Exit > <Help> <Save> < Load >

Avanlusingy BusyBox su 1.21.0 aslulalsnye3 ~/gemu fountiudiinnisaadini
aAuTUnOUAIL

$ wget http://busybox.net/downloads/busybox-1.21.0.tar.bz2

: $§ tar -xjvf busybox-1.21.0.tar.bz2

: $ cd busybox-1.21.0

: $ make ARCH=arm CROSS_COMPILE=arm-none-linux-gnueabi- defconfig
$ make ARCH=arm CROSS_COMPILE=arm-none-linux-gnueabi- menuconfig

Fapnliradns BusyBox WUl static binary Tnensidnluluy Busybox Setting -> Build Op-
tions -> 911113 check Build BusyBox as a static binary
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BusyBox 1.21.0 Configuration

Arrow keys navigate the menu. <Enter> selects submenus --->. Highlighted letters are hotkeys.
Pressing <Y> includes, <N> excludes, <M> modularizes features. Press <Esc><Esc> to exit, <?> for
Help, </> for Search. Legend: [*] built-in [ ] excluded <M> module < > module capable

[*] Build BusyBox as a static binary (no shared libs)
orce NOMMU build
uild with Large File Support (for accessing files > 2 GB)
ross Compiler prefix
ath to sysroot
dditional CFLAGS
dditional LDFLAGS
dditional LDLIBS

< Exit > < Help >

lunsaindesnsvissuuufiansaunduuuileiaunsowensenses  mount lasnnasniely
WSTUTee NFS (Network File System) weansesdugngluszuuasedislaazdossinilu
BusyBox %ﬂagimaiw,mé “Linux System Utilities” 31 Support mounting NFS file systems

on Linux fauanin1saaalugudnaans
BusyBox 1.21.0 Configuration

Arrow keys navigate the menu. <Enter> selects submenus --->. Highlighted letters
are hotkeys. Pressing <Y> includes, <N> excludes, <M> modularizes features. Press
<Esc><Esc> to exit, <?> for Help, </> for Search. Legend: [*] built-in [ ] excluded
<M> module < > module capable

[*] osetup (NEW)

[*] spci (NEW)

[*] susb (NEW)

[*]1 m swap (NEW)

[*1 UID support (NEW)

[*] m re (NEW)

[*] m unt (NEW)

[*] upport option -f (NEW)

B | upport option -v (NEW)

[ 1] upport mount helpers (NEW)

[*] upport specifying devices by label or UUID (NEW)
[|f]  Support mounting NFS file systems on Linux < 2.6.23
[*1 upport mounting CIFS/SMB file systems (NEW)

[*] upport lots of -o flags in mount (NEW)

< Exit > < Help >
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MN135UAIES install AR BusyBox adlulatsnnes install

: $ make ARCH=arm CROSS_COMPILE=arm-none-linux-gnueabi- install

: ./ _install//usr/sbin/ubimkvol -> ../../bin/busybox

: ./ _install//usr/sbin/ubirmvol -> ../../bin/busybox

: ./_install//usr/sbin/ubirsvol -> ../../bin/busybox

: ./ _install//usr/sbin/ubiupdatevol -> ../../bin/busybox
: ./ _install//usr/sbin/udhcpd -> ../../bin/busybox

gYou will probably need to make your busybox binary

i setuid root to ensure all configured applets will

! work properly.

: $ cd _install

i $ mkdir proc sys dev etc etc/init.d

:$ 1s -al

: total 36

! drwxr-xr-x
! drwxr-xr-x 3
! drwxr-xr-x
gdrwxr—xr—x
: drwxr-xr-x
! lrwxXrwxrwx
! drwxr-xr-x
gdrwxr—xr—x
: drwxr-xr-x
! drwxr-xr-x

student student 4096 2013-08-16 12:14

student student 4096 2013-08-16 11:58 ..

student student 4096 2013-08-16 11:58 bin

student student 4096 2013-08-16 12:14 dev

student student 4096 2013-08-16 12:14 etc

student student 11 2013-08-16 11:58 linuxrc -> bin/busybox
student student 4096 2013-08-16 12:14 proc

student student 4096 2013-08-16 11:58 sbin

student student 4096 2013-08-16 12:14 sys

student student 4096 2013-08-16 11:58 usr

B NN DNEFE WDNDDNDS O

a59lvia res wnlulasnnes etc/init.d/ Wevins mount lawsanes /proc wag /sysfs Fadu

virtual filesystem

D

i shell script WlUlulig res &

. #1/bin/sh

: mount -t proc none /proc
: mount -t sysfs none /sys
. /sbin/mdev -s

wUasdnsa rcS Tanunsasuls wazisuaiiunisadns root filesystem @ rootfs.img 210
loasnnes install

' $ chmod +x etc/init.d/rcs
:$ find . | cpio -o --format=newc > ../rootfs.img
: 11984 blocks
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$ cd ..
S gzip -c rootfs.img > rootfs.img.gz
S cp rootfs.img.gz ~/gemu

38nlUsHNTY gemu-system-arm LiNaNAADUAIAINUFIUYDY BusyBox

$ cd ~/gemu
: $§ qemu-system-arm -M versatilepb -m 128M -kernel zImage -initrd
: rootfs.img.gz -append "root=/dev/ram rdinit=/bin/sh"

© © ® TightVNC: QEMU

Installing knfsd (copﬁha

G dlsplag
~ device 8x68
}? sharing enabled

84000000 at 34000000
2 deu)ces at 8x8 in 32-bit bank. Manufacturer ID 8x088|

Table at 8x8831
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Rk O

® A= R OO0 OOOOD OO

U OO0 OO0 OO®

OO0 COOOS OO

O DR O

N OO0 00000 OO0

OOC © OO0 OOOOD OO®

OO0 OOOOD OO0
b

L

NNNNNNNNNONS®

DOOOODODDer ®rr =+

o b o et o D D D

WWRWWRWWWOWOD

o
NN
oo

XXX IXXXXX ||

®
o

™
Nt
®

U0 ® ANNNNRWNNRRO®
c
b
)
I

V-
o

em:
—7+ buffers:
wap:

v o o [} v di /= |
N15831952uUIResdmsuan1lnenssu ARM Aa8YnLATa9da BUILDROOT UL
TUsnsy QEMU

MA1sAnRalUsiNsuLazlaussNAeIve9

i $§ sudo apt-get install autoconf automake libtool libexpatl-dev

: libncurses5-dev bison flex patch curl cvs texinfo build-essential sub-
: version gawk python-dev gperf ncurses-dev g++ gcc texi2html nfs-

: kernel-server

asalaLsnyneIdmsunu root filesystem 8932UUUHURN1S Embedded Linux msluslnaeoa
Uszend NFS (Network File System) RusguuLasetne LAN



i $ sudo vim /etc/exports
: /home/student/nfsroot *(rw,sync,no root squash,no subtree check)

AnnaAsesile buildroot Fadu cross-compiling toolchain

§ $ wget http://buildroot.uclibc.org/downloads/buildroot-2013.05.tar.gz
: $ tar -xzvf buildroot-2013.05.tar.gz
: $ cd buildroot-2013.05/

Tnglansaasil:
Target Architecture ==> ARM (little endian)

Embedded Android Development graunadnnmun


http://buildroot.uclibc.org/downloads/buildroot-2013.05.tar.gz
http://buildroot.uclibc.org/downloads/buildroot-2013.05.tar.gz

/home/student/qemu/buildroot-2013.05/.config - Buildroot 2013.05 Configuration

Buildroot 2013.05 Configuration
Arrow keys navigate the menu. <Enter> selects submenus --->. Highlighted letters

hotkeys. Pressing <Y> selectes a feature, while <N> will exclude a feature. Press

<Esc><Esc> to exit, <?> for Help, </> for Search. Legend: [*] feature is selected
feature is excluded

163

are

[]

| § Target Architecture (ARM (little endian)) ---

Target Architecture Variant (arm926t) --->
Build options --->

Toolchain --->

System configuration --->

Package Selection for the target --->

Host utilities --->

Filesystem images --->

Bootloaders --->

Kernel --->

Legacy config options --->

< Exit > < Help > < Save > < Load >

/home/student/qemu/buildroot-2013.685/.config - Buildroot 20613.05 Configuration

System configuration
Arrow keys navigate the menu. <Enter> selects submenus --->. Highlighted letters

hotkeys. Pressing <Y> selectes a feature, while <N> will exclude a feature. Press

<Esc><Esc> to exit, <?> for Help, </> for Search. Legend: [*] feature is selected
feature is excluded

are

[]

(Burapha Embedded System Lab) System hostname
(Welcome to Buildroot) System banner
Passwords encoding (md5) --->
/dev management (Static using device table) --->
Init system (Busybox) --->
(system/device table.txt) Path to the permission tables
(system/device table dev.txt) Path to the device tables
foot FS skeleton (default target skeleton) --->
() Root password
(ttyAMA®) Port to run a getty (login prompt) on
Haudrate to use (115200) --->
(vt1le0) Value to assign the TERM environment variable
[*] remount root filesystem read-write during boot
() Root filesystem overlay directories
() Custom scripts to run before creating filesystem images
() Custom scripts to run after creating filesystem images

< Exit > <Help> < Save> < Load >
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/home/student/qemu/buildroot-2013.05/.config - Buildroot 2013.05 Configuration

Filesystem images
Arrow keys navigate the menu. <Enter> selects submenus --->. Highlighted letters are
hotkeys. Pressing <Y> selectes a feature, while <N> will exclude a feature. Press
<Esc><Esc> to exit, <?> for Help, </> for Search. Legend: [*] feature is selected [ ]
feature is excluded

[ 1 cloop root filesystem for the target device
[*] cpio the root filesystem (for use as an initial RAM filesystem)
Compression method (gzip) --->
] cramfs root filesystem
] ext2/3/4 root filesystem
] initial RAM filesystem linked into linux kernel
] iffs2 root filesystem
] romfs root filesystem
] squashfs root filesystem
Compression method (no compression) --->
() other random options to pass to tar
[ 1 ubifs root filesystem

< Exit > < Help > < Save > < Load >

/home/student/buildroot-2013.05/.config - Buildroot 2013.05 Configuration

Kernel
Arrow keys navigate the menu. <Enter> selects submenus --->. Highlighted letters are
hotkeys. Pressing <Y> selectes a feature, while <N> will exclude a feature. Press
<Esc><Esc> to exit, <?> for Help, </> for Search. Legend: [*] feature is selected [ ]
feature is excluded

[*] Linux Kernel
Kernel version (3.9.4) --->
() Custom kernel patches
Kernel configuration (Using a defconfig) --->
Kernel binary format (zImage) --->
[ 1 Device tree support
[ 1] Install kernel image to /boot in target
Linux Kernel Extensions --->

< Exit > < Help> < Save > < Load >
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/home/student/qemu/buildroot-2013.05/.config - Buildroot 2013.05 Configuration

Kernel
Arrow keys navigate the menu. <Enter> selects submenus --->. Highlighted letters are
hotkeys. Pressing <Y> selectes a feature, while <N> will exclude a feature. Press
<Esc><Esc> to exit, <?> for Help, </> for Search. Legend: [*] feature is selected [ ]
feature is excluded

[*] Linux Kernel

Kernel version (3.9.4) --->
() Custom kernel patches

Kernel configuration (Using a defconfig) --->
versatile) Defconfig name

(

| )| __Kernel binary format (zImage) --->
[]

[1]

Device tree support
Install kernel image to /boot in target
Linux Kernel Extensions --->

< Exit > < Help > < Save >

: $ make

:$ 1s -al output/images/

: total 6712

! drwxr-xr-x 2 student student 4096 2013-07-22 11:45

! drwxr-xr-x 8 student student 4096 2013-07-22 21:03

! -rw-r--r-- 1 student student 1922560 2013-07-22 21:03 rootfs.cpio
g—rw—r——r—— 1 student student 858843 2013-07-22 21:03 rootfs.cpio.gz
: -rw-r--r-- 1 student student 2181120 2013-07-22 21:03 rootfs.tar

: -rw-r--r-- 1 student student 1895000 2013-07-22 11:44 uImage

' $ cp output/images/uImage ~/gemu/

: $ sudo tar -xvf rootfs.tar ~/nfsroot/
: $ sudo chown -R student:student ~/nfsroot

fupounisadie tun/tap device ilerimunisasszuuieietietissiunieluseitg QEMU
uawlAded Host tieliisyuuufuinsaynduuuiladnnigly QEMU awnsa mount laisnves
NFS fidlaussliuuaies Host 16 Taedisrn 1P Address THifuindas Host 1Hu 192.168.1.1 uay
farin IP Address dwi¥ugunsnl target Sslufitiifte 192.168.1.101

1
U

JunumslUinnshenslusunsy uml-utilities (MdA1& tunct) eliau1sadaesdygyea
I$UULAT0U8 (network traffic)
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$ sudo apt-get install uml-utilities

: $ sudo tunctl -u $(whoami) -t tapl

: $ sudo ifconfig tapl 192.168.1.1

: $ sudo route add -net 192.168.1.0 netmask 255.255.255.0 dev tapl
$ sudo sh -c "echo 1 > /proc/sys/net/ipv4/ip forward"

TURDUEATNEYININTTUlUIUNTY QEMU Wiedasinsvinauuasnausinailadi (Versatile
Board) kazyi1n15iuan root filesystem a1n1AT04 Host

: $ gemu-system-arm -M versatilepb -m 128M -kernel ~/uImage -append
. "console=ttyAMAO root=/dev/nfs rw nfsroot=192.168.1.1:~/nfsroot
:ip=192.168.1.101" -net nic -net tap,ifname=tapl,script=no -nographic
! set 'tapl' persistent and owned by uid 1000

! SIOCADDRT: File exists

! Uncompressing Linux... done, booting the kernel.

! Booting Linux on physical CPU 0x0

! Linux version 3.9.4 (student@marabuntu) (gcc version 4.7.3 (Buildroot 2013.05) ) #1
§ Mon Jul 22 11:44:32 PDT 2013

: CPU: ARM926EJ-S [41069265] revision 5 (ARMvV5TEJ), cr=00093177

§ CPU: VIVT data cache, VIVT instruction cache

: Machine: ARM-Versatile PB

! Memory policy: ECC disabled, Data cache writeback

§ sched clock: 32 bits at 24MHz, resolution 41lns, wraps every 178956ms

! Built 1 zonelists in Zone order, mobility grouping on. Total pages: 32512

! Kernel command line: console=ttyAMAO root=/dev/nfs rw

! nfsroot=192.168.1.1:/home/student/nfsroot ip=192.168.1.101

! PID hash table entries: 512 (order: -1, 2048 bytes)

! Dentry cache hash table entries: 16384 (order: 4, 65536 bytes)

§ Inode-cache hash table entries: 8192 (order: 3, 32768 bytes)

! __ex table already sorted, skipping sort

! Memory: 128MB = 128MB total

! Memory: 126192k/126192k available, 4880k reserved, 0K highmem

! Virtual kernel memory layout:

vector : Oxffff0000 - Oxff££1000 ( 4 kB)
fixmap 0xff£f00000 - Oxfffe0000 ( 896 kB)
vmalloc 0xc8800000 0x££000000 ( 872 MB)
lowmem 0xc0000000 0xc8000000 ( 128 MB)
modules 0xb£f000000 0xc0000000 ( 16 MB)
.text 0xc0008000 0xc0342850 (3307 kB)
.init 0xc0343000 0xc035£f87c ( 115 kB)
.data 0xc0360000 0xc0385440 ( 150 kB)
.bss 0xc0385440 0xc039£f78c ( 105 kB)

! NR_IRQS:224
: VIC @£1140000: id 0x00041190, vendor 0x41

: FPGA IRQ chip 0 "SIC" @ £1003000, 13 irgs

! Console: colour dummy device 80x30

: Calibrating delay loop... 300.44 BogoMIPS (1lpj=1502208)

§ pid max: default: 32768 minimum: 301

§ Mount-cache hash table entries: 512

! CPU: Testing write buffer coherency: ok

! Setting up static identity map for 0xc027e748 - 0xc027e7a0

! NET: Registered protocol family 16

! DMA: preallocated 256 KiB pool for atomic coherent allocations
: Serial: AMBA PL011l UART driver

§ dev:fl: ttyAMAO at MMIO 0x101£1000 (irg
! console [ttyAMAO] enabled

i dev:f2: ttyAMAl at MMIO 0x101£2000 (irg = 45) is a PLO1l revl
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i dev:£f3: ttyAMA2 at MMIO 0x101£3000 (irqg = 46) is a PLOll revl

§ Console: switching to colour frame buffer device 80x60

§ brd: module loaded

: physmap platform flash device: 04000000 at 34000000

! physmap-flash physmap-flash.0: map probe failed

! smc91x.c: vl.1, sep 22 2004 by Nicolas Pitre <nico@fluxnic.net>

§ ethO: SMCY91C1l1xXFD (rev 1) at c8800000 IRQ 57 [nowait]

: ethO: Ethernet addr: 52:54:00:12:34:56

! mousedev: PS/2 mouse device common for all mice

! TCP: cubic registered

! NET: Registered protocol family 17

! VFP support v0.3: implementor 41 architecture 1 part 10 variant 9 rev 0
: ethO: link up

: IP-Config: Guessing netmask 255.255.255.0

: IP-Config: Complete:

; device=eth0, hwaddr=52:54:00:12:34:56, ipaddr=192.168.1.101,

! mask=255.255.255.0, gw=255.255.255.255

: host=192.168.1.101, domain=, nis-domain=(none)

: bootserver=255.255.255.255, rootserver=192.168.1.1, rootpath=

! input: AT Raw Set 2 keyboard as /devices/fpga:06/serio0/input/input0
! input: ImMExXPS/2 Generic Explorer Mouse as /devices/fpga:07/seriol/input/inputl
! VFS: Mounted root (nfs filesystem) on device 0:9.

! Freeing init memory: 112K

: Starting logging: OK

: Initializing random number generator... done.

§ Starting network...

§ ip: RTNETLINK answers: File exists

! Welcome to Burapha Embedded System Lab
! Burapha login:

P # 1s

P # 1ls -al

! total 20

! drwxr-xr-x 2 default default 4096 Jul 23 2013 .

i drwxr-xr-x 17 default default 4096 Jul 23 2013 ..

D mrWe—————— 1 root root 10 Jul 23 2013 .ash_history
P —rw-r—--r--— 1 default default 0 May 31 2013 .bash history
! rw-r—-r—- 1 default default 175 May 31 2013 .bash logout
! —rw-r--r-- 1 default default 161 May 31 2013 .bash profile
L #

v
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A19819N15851952UUINADUEUDUVDIUDSA RASPBERRY PI Ui QEMU

alluanlng image VaUOA Raspberry Pl 90 http://www.raspberrypi.org/

downloads waglvvinnisiasutalndilu wheezy-raspbian.img SaUUA8U019819%

Raspbian "wheezy”

If you're just starting out, this is the image we recommend you use. It's a reference root filesystem from Alex
and Dom, based on the Raspbian optimised version of Debian, and containing LXDE, Midori, development tools and
example source code for multimedia functions.

Torrent 2013-07-26-wheezy-raspbian.zip.torrent

Direct download 2013-07-26-wheezy-raspbian.zip

SHA-1 f072b8728a832004973db4f5eledb863ed27507b
Default login Username: pi Password: raspberry

:$ unzip 2013-07-26-wheezy-raspbian.zip
§$ mv 2013-07-26-wheezy-raspbian.img ~/gemu/wheezy-raspbian.img

3$ file wheezy-raspbian.img

! wheezy-rasbian.img: x86 boot sector; partition 1: ID=0xc, starthead 130,
! startsector 8192, 114688 sectors; partition 2: ID=0x83, starthead 165,
éstartsector 122880, 3665920 sectors, code offset 0xb8

W1AN startsector (122880) 910 partition 2 wAMUA1 512 AgliR of fset Wiy
62914560 wadlminen of fset n15klunis mount tnave wheezy-raspbian.img e
Tnaludalasnyes /mnt fepdegeansi

wilelid /mnt/etc/1d.so.preload WaiUnussiinmdenaiaseswidng # ealdlilvan
lauss Aerneaell

é # /usr/lib/arm-linux-gnueabihf/libcofi rpi.so

nousulusunsy QEMU dndudesnmuluandyndnesiuamnizdmiuuesn Raspberry Pi
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:$ cd ~/qemu/

i $ wget http://xecdesign.com/downloads/linux-qemu/kernel-gemu

§$ gemu-system-arm -kernel ~/gemu/kernel-gemu -cpu armll76 -m 256 -M

: versatilepb -no-reboot -serial stdio -append "root=/dev/sda2 panic=1"
: ~—hda ~/qemu/wheezy-raspbian.img

2 © ® TightVNC: QEMU

A

[ ] Synthesizing the initial hotplug events...done.

[ ] Waiting for sdev to be fully populated...done.

Starting fake huwclock: loading system time.

Fri Jul 26 13:43:13 UTC 2013

[ ] Setting preliminary keymap...done.

[ ] Activating swap...done.

EXT4-fs (sda2): re-mounted. Opts: (null)

[....]1 Checking root file system...fsck from util-linux 2.20.1

run/rootdev: Superblock last mount time (Fri Aug 16 20:50:16 2013,
now = Fri Jul 26 13:43:19 2013) is in the future.

run/rootdev: UNEXPECTED INCONSISTENCY: RUN fsck MANUALLY.
(i.e., without -a or —p options)
fsck died with exit status 4

[....]1 An automatic file system check (fsck) of the root filesystem failed. A ma
mual fsck must be performed, then the system restarted. The fsck should be perfo
[ in maintenance mode with the root filesystem mounted in read-only mode.

[....]1 The root filesystem is currently mounted in read-only mode. A maintenance
shell will now be started. After performing system maintenance, press CONTROL-D
[ erminate the maintenance shell and restart the system.

[sulogin: root account is locked, starting shell

root@raspberrypi:"# fsck sdeu/sda2

f\nﬂwﬁwifmsi’hwuavé’qLﬂmLﬁu’jwﬁmmamﬁi’fmamé’mmmmﬂmsémivwbﬂé (filesystem)
Luaqmﬂhﬂ%ama root fatiuay gipsinstensyuulndfemaslugiug oot Bnass

Wﬁhf@Ckﬂ%“%?ﬂ?i@i?ﬂﬁ@Uuﬁ”%QNiWUUIWﬁﬂﬂuﬁﬂﬂTuiﬂﬂﬂﬂﬁﬂﬁ

fsck from util-linux 2.20.1
eZfsck 1.42.5 (29-Jul-2012)
Superblock last mount time (Fri Aug 16 20:50:16 2013,
now = Fri Jul 26 13:50:49 2013) is in the future.
ix<y>? yes
deus/sdaZ contains a file system with errors, check forced.
Pass 1: Checking inodes, blocks, and sizes
Pass 2: Checking directory structure
Pass 3: Checking directory commectivity
Pass 4: Checking reference counts

Pass 5: Checking group summary information
deussdaZ: 69607,114688 files (0.1%Z non-contiguous), 367400,458240 blocks
root@raspberrgpi:"n




2 © ® TightVNC: QEMU

1 Rasp
Setup Options

Enable Camera

Overclock

WO WIN

berry Pi Software Configuration Tool (raspi-config)

1 Expand Filesystem
Change User Password
Enable Boot to Desktop
Internationalisation Options

Add to Rastrack

Advanced Options
About raspi-config

<Select>

Ensures that all of the SD card s
Change password for the default u
Choose whether to boot into a des
Set up language and regional sett
Enable this Pi to work with the R
Add this Pi to the online Raspber
Configure overclocking for your P
Configure advanced settings

Information about this configurat

<Finish>
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PNLUYIULUEINTaAABULARRINTIIWY Aaensiiynidng GUI Mode setulviionde

7 3 (Enable Boot to Desktop) wazlsuyninszuulmidnasaazdng GUI Mode Aauanddng

AN

© © ® TightVNC: QEMU
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A29819N15851952UUNADLENDUVRIUBIA Friendly ARM (Mini2440) uu
QEMU
uadn FriendlyARM Mini2440 vifefisuendusiuada Mini2a40 dgnoanuuuludnume

Wuvesawia SBC (Single-Board Computer) Fldmiauszanananals ARMY a8 System-
on-Chip 34 Samsung $3C2440

5U# 3.30 Ua3n Friendly ARM Mini2440

UniRunansaseuinsviuvesssuuluinisaegluvesn  Mini2dd0  leeiaueguu
TUsUNTY QEMU 7131889015919 099U93A 1agvinn1sAadalusinsuLazuintAniine1 09963610

&
VL‘LJ‘L! (9798917979 http://projectdfun.com/node/33)

$
$ sudo apt-get -y install build-essential
$ sudo apt-get -y install git-core
$ sudo apt-get -y install zliblg-dev
: $ sudo apt-get -y install libsdl-console-dev
. $ sudo apt-get -y install ia32-libs
: $ sudo apt-get -y install bridge-utils
$ sudo apt-get -y install uml-utilities
$ sudo apt-get -y install gemu-utils
$ sudo apt-get -y install nbd-client
$ sudo apt-get -y install kpartx

%# wget

: http://d1-12.one2up.com/onetwo/content/2012/12/24/614ca76£9a53c060bd8c
: fa7effd541£6.tgz

i # mv 614ca76£f9a53c060bd8cfa7effd541£6.tgz arm920t-eabi.tgz
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: # export PATH=\$PATH:/opt/toolchains/arm920t-eabi/bin
: # export CROSS_COMPILE=arm-angstrom-linux-gnueabi-

2D

ARABNUBYAIIN git://repo.or.cz/gemu/mini2440.git i

. $ mkdir ~/eeburapha/gemu
: $ cd ~/eeburapha/gemu
§$ git clone git://repo.or.cz/qemu/mini2440.git

gReceiving objects: 100% (XXXXX/XXXXX), XX.XX MiB | xxxx KiB/s, done.
! Resolving deltas: 100% (xxxxx/xxxxx), done.

' $ cd mini2440

: $ wget

i http://dl-10.0one2up.com/onetwo/content/2013/9/10/£fde6b403a54066a6aal38
: 38£7588b91e.patch

§$ mv fde6b403a54066a6aal3838£7588b91le.patch bug SIGFPE.patch

: § patch —p0 < bug_SIGFPE.patch

§$ ./configure --target-list=arm-softmmu

: $ make

: $ vim ~/eeburapha/qgemu/mini2440/mini2440/mini2440_start.sh
i echo Starting in $base

: name nand="$base/mini2440 nand.bin"

: name sd="$base/sd.img"

;if [ ! -f "Sname nand" ]; then

i echo $0 : creating NAND empty image : "$name nand"
: dd if=/dev/zero of="$name nand" bs=528 count=131072
Dfi

gcmd=“$base/../arm—softmmu/qemu—system—arm \

i -M mini2440 $* \

! —serial stdio \

! -mtdblock "$name nand" \

g—sd $name sd \

: —show-cursor \

: —usb -usbdevice keyboard -usbdevice mouse \

! —net nic,vlan=0 \

g—net tap,vlan=0, ifname=tapl,script=/etc/gemu-ifup \
i -monitor telnet::5555,server,nowait”

i echo $cmd

§$cmd

............................................................................................................................................................................
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! #!/bin/sh

! sudo chown root.users /dev/net/tun
gsudo chmod g+rw /dev/net/tun

: sudo brctl addbr bro0

i sudo ifconfig eth0 0.0.0.0 promisc
: sudo brctl addif br0 etho

gsudo dhclient bro0

i sudo tunctl -t tapl -u “whoami’

: $ vim gemu-ifup

i #1/bin/sh

: echo "Executing /etc/gemu-ifup"

! echo "Bringing up $1 for bridged mode..."
gsudo /sbin/ifconfig $1 0.0.0.0 promisc up
i echo "Adding $1 to bro0..."

i sudo /sbin/brctl addif br0 $1

! sleep 2

cd ~/eeburapha/gemu/mini2440/mini2440

mkdir uboot

cd uboot

git clone git://repo.or.cz/u-boot-openmoko/mini2440.git
cd mini2440

: $ make mini2440_config

: $ make all

i dd if=u-boot.bin of=u-boot-nand2k.bin bs=2K conv=sync

: 11941 records in

: 12040 records out

: 245760 bytes (246 kB) copied, 0.000734641 s, 335 MB/s

: dd if=u-boot.bin of=u-boot-nandl6ék.bin bs=16K conv=sync
: 1441 records in

: 15+0 records out

§24576O bytes (246 kB) copied, 0.000435712 s, 564 MB/s

ualsvinnnsenaanluld u-boot.bin naulddalasnnes
~/eeburapha/qgemu/mini2440/mini2440

a519lva sd image
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: $ gqemu-img create sd.img 256M

! Formatting 'sd.img', fmt=raw size=268435456

: $ sudo modprobe nbd

. $ sudo modprobe dm-mod

: $ gemu-nbd -p 24561 sd.img &

: $ sudo nbd-client localhost 24561 /dev/nbd0

! Negotiation: ..size = 256MB

: bs=1024, s2z=268435456 bytes

§$ sudo fdisk -u=cylinders /dev/nbd0

! Device contains neither a valid DOS partition table, nor Sun, SGI or OSF
: disklabel

gBuilding a new DOS disklabel with disk identifier Oxe5f5bdf3.

! Changes will remain in memory only, until you decide to write them.
: After that, of course, the previous content won't be recoverable.

éWarning: invalid flag 0x0000 of partition table 4 will be corrected by
w(rite)

! WARNING: cylinders as display units are deprecated. Use command 'u' to
change units to sectors.

éCommand (m for help): o

: Building a new DOS disklabel with disk identifier 0x1999a406.

: Changes will remain in memory only, until you decide to write them.
§After that, of course, the previous content won't be recoverable.

%Warning: invalid flag 0x0000 of partition table 4 will be corrected by
P w(rite)

%WARNING: cylinders as display units are deprecated. Use command 'u' to
: change units to sectors.

%Command (m for help): n

! Partition type:

: P primary (0 primary, 0 extended, 4 free)

: e extended

! Select (default p): p

gPartition number (1-4, default 1): 1

! First cylinder (1-32, default 1):

! Using default value 1

. Last cylinder, +cylinders or +size{K,M,G} (1-32, default 32): +50MB

: Command (m for help): t

: Selected partition 1

gHex code (type L to list codes): b

! Changed system type of partition 1 to b (W95 FAT32)

éCommand (m for help): n

! Partition type:

: p primary (1 primary, 0 extended, 3 free)
: e extended

! Select (default p): p

gPartition number (1-4, default 2): 2

! First cylinder (7-32, default 7):

! Using default value 7
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iLast cylinder, +cylinders or +size{K,M,G} (7-32, default 32):
: Using default value 32

%Command (m for help): p

%Disk /dev/nbd0: 268 MB, 268435456 bytes

: 255 heads, 63 sectors/track, 32 cylinders

! Units = cylinders of 16065 * 512 = 8225280 bytes

! Sector size (logical/physical): 512 bytes / 512 bytes
{ I/0 size (minimum/optimal): 512 bytes / 512 bytes

i Disk identifier: 0x1999a406

: Device Boot Start End Blocks Id System
: /dev/nbd0pl 1 7 55203 b W95 FAT32
: /dev/nbd0p2 7 32 200813 83 Linux

%Command (m for help): w
: The partition table has been altered!

éCalling ioctl() to re-read partition table.

EWARNING: If you have created or modified any DOS 6.x

! partitions, please see the fdisk manual page for additional
! information.

: Syncing disks.

sudo kpartx -a /dev/nbd0

sudo mkfs.vfat /dev/mapper/nbdOpl

sudo mkfs.ext3 /dev/mapper/nbdOp2

mkdir disk

sudo mount /dev/mapper/nbdOp2 ./disk

mkdir -p disk/boot

sudo mount /dev/mapper/nbdOpl ./disk/boot

wget

. http://mini2440.googlecode.com/files/emdebian-grip-090306-armel-lenny-
: installed.tar.bz2

§$ (cd disk; sudo tar jxf

. ../emdebian-grip-090306-armel-lenny-installed.tar.bz2)
: $ sudo umount disk/boot disk

: $ sudo nbd-client -d /deb/nbd0

v »nnnnnnn

wdliinnsdnaening sd.img luslif ~/eeburapha/gemu/mini2440/mini2440 uazi3u
11554 mini2440 ferda

' $ cd ~/eeburapha/gemu/mini2440/mini2440
© $ ./network.sh
: Set 'tapl' persistent and owned by uid 1000

. $ ./ mini2440_start.sh

! *** Warning - bad CRC or NAND, using default environment
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: USB: S3C2410 USB Deviced

: ERROR: usbd device event irqg(), 613: (340lea64,1l) NULL device or device->bus
! ERROR: usbd device event irq(), 613: (340lea64,2) NULL device or device->bus
%ERROR: usbd device event irq(), 613: (340lea64,3) NULL device or device->bus

i In: serial
i out: serial
: Err: serial

: MAC: 08:08:11:18:12:27
i Hit any key to stop autoboot: 0
: MINI2440 #

. # nand scrub
: NAND scrub: device 0 whole chip
! Warning: scrub option will erase all factory set bad blocks!
: There is no reliable way to recover them.
Use this command only for testing purposes if you
are sure of what you are doing!

! Really scrub this NAND flash? <y/N>
%Erasing at 0x3£f£fc000 -- 100% complete.
: Bad block table not found for chip 0

: Bad block table not found for chip 0

: OK

: # nand createbbt

: Create BBT and erase everything ? <y/N>
gskipping bad block at 0x03£f£0000

: Skipping bad block at 0x03££4000

: Skipping bad block at 0x03££8000
iSkipping bad block at 0x03£f£fc000

! Creating BBT. Please wait ...Bad block table not found for chip 0
! Bad block table not found for chip 0

: Bad block table written to 0x03ffc000, version 0x01

: Bad block table written to 0x03ff8000, version 0x01

é# dynenv set 40000
gdevice 0 offset 0x40000, size 0x3fc0000
: 45 4e 56 30 - 00 00 04 00

. # reset
: S3C: CLK=240 HCLK=240 PCLK=240 UCLK=57
: QEMU mini2440 reset: loaded default u-boot from NAND
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! OEMU mini2440 reset: loaded override u-boot (size 3c000)
: S3C: CLK=240 HCLK=240 PCLK=240 UCLK=48

: S3C: CLK=304 HCLK=304 PCLK=304 UCLK=48

: S3C: CLK=304 HCLK=101 PCLK=50 UCLK=48

: S3C: CLK=304 HCLK=76 PCLK=38 UCLK=48

: S3C: CLK=304 HCLK=76 PCLK=38 UCLK=48

: $3C: CLK=405 HCLK=101 PCLK=50 UCLK=48

. U-Boot 1.3.2-mokol2 (Jun 26 2009 - 18:16:16)

I2C: ready

. DRAM: 64 MB

: Flash: 2 MB

: NAND: 64 MiB

: Found Environment offset in OOB..
 USB:  S3C2410 USB Deviced

i In: serial
! Out: serial
P Err: serial

! MAC: 08:08:11:18:12:27
: Hit any key to stop autoboot: 0
{ MINI2440 #

v
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4

UNf 4 Augrun1adian ldsunsune C/C++ Uaz
QT dNHTUUNNRIUN

AUz UNSEsU LUsUNSNAET C/Cr+ EMIUNITWRINILU
DI LNARIANGR

TuguuaanisiaulusunsunelaszuulfiRnisaundieguussuvanesnaiaiituagly
LANA19INNIIHRILNIUIKNSUNETATT VLU URNMSAUNduLATR RN W asYIlU - Aeutn
[y d' ¥ [y a dglj [ [~ a A (Y] LY 1 o [~ % q'
WA iunsWeulusunsunuguliinasdulusunsunwd/andanda lddndusaaiy
Wuinwreglsinnuelufiee  esnlaussuselusinsuinmuiandniaunauduieu
Nanuauy  azdemanuisaunuieeulnauazyinaulawuiy  weagelsAnudsndnwmun
TUsunsunel@ssuuaneInalafiifeIfase iRt NANINAIUNS NENTA8TUSTUUALDINAE
mlinazluanuiilunisussaiananans Wuiviiea1udn fiuidiiuteyawuudingivise

2175 snansiandsulninannuusiees Wudu

mwlusunsuilmngaudmiussuvanesnailsiasfiaslilifias Sudufenwd  (C
Language) flosnnnifunuiitugmiildlunsiannlusunsussuunelussuuufifnisdund
wanifiulavsFinnnindera: 80 Audlenimunfindsszuulfinisaundauguadiuly
pasneninmesudfansaBufudeulusunsuliviui - savsdennsaGenldlavs3iug
A laigu n1sInnssEuulig n1sdnnisaunsal 1/0 MsianIssEuueTerie seuudanisius
wa Hudu uendndunwindanda (Cr+) Selifiugiuvesnsdoulusunsudelag (Object
oriented Programming - OOP) LmJ1zﬁ’uﬁﬂﬂ’wmﬁéfamwﬁwuﬂﬂmﬂimizqﬂﬁ?ﬁlﬁmmsﬁu
FoulaziivuinlugsmdinisliviuiAnluniswauilisunsuuullnisnedsnisuuuy - OOP  1in
Wannazdasiaswnnoulng (Compiler) wiadlo (C++ Tools) warlausnd (C++ library) Ly
e lannsasosfunsdeulusunsunuandandaldedaanysal
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Y

=] Vv
Wug’mmsai’m MAKEFILE

Makefile (GNU automake system) Aomulusunsuusznnudsiifunissuemdmie
ansUvidaslnsreulndlinlusunsuiielavaaniy  Tnedunouniseeulndiuayldmas
make ududdsiianunsagndonfonldeguuad TnsazviniseuseazBuniiegnelulud
Ho “Makefile” Faussgmasasnnisneulndenanly wu madredslavsn3iifedos Idnlwdiads
Piiendes 1udu esusznounelu Makefile Usznaulusie

VARIABLE DECLARATIONS

TARGET: DEPENDENCIES
RULES TO BUILD TARGET

lng argnieuagluguiuunsimunriiiys feg1euy
CC=gcc

OPT=-g

dlegnisenangly WU UUT1E1aT

Q
o
=
o)
I
R%2]
Q
Q
%2
O
)
H

56N13 Aasrensnseylilminniseeulnalwaissyll (dependencies) #4935
nsWeuiureuilisgadenlun1sanguiuulaeaniznsiy  whitespace (spacebar uae
tab) enldladanugunuuduanItnaernds make fenvaglianunsaeuansuniiieldmoulng

1@ fauanagneans

Etarget: dependencyl dependency2 dependency3
; rulel

rule2

rule3
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fra813lnd Makefile agsdaLuun 1

i all: hello

%hello: main.o factorial.o hello.o

: g++ main.o factorial.o hello.o -o hello
émain.o: main.cpp

: g++ -c main.cpp

Efactorial.o: factorial.cpp

: g++ -c factorial.cpp

: hello.o: hello.cpp

: g++ -c hello.cpp

i clean:
: rm -rf *o hello

fag19lad Makefile 9819908 UUN 2
19 macro aas19iuUs CC uay CFLAGS

: # the compiler to use

. CC=g++

: # options passed to the compiler
. CFLAGS=-c -Wall

gall: hello

ihello: main.o factorial.o hello.o

: $(CC) main.o factorial.o hello.o -o hello
main.o: main.cpp

: $(CC) $(CFLAGS) main.cpp

: factorial.o: factorial.cpp

: $(CC) $(CFLAGS) factorial.cpp

: hello.o: hello.cpp

: $(CC) $(CFLAGS) hello.cpp

: clean:

: rm -rf *o hello

foenalwa Makefile 98998 UUN 3
A5719A726U5 SOURCES, OBJECTS way EXECUTABLE wiiautnalusknsuinieny

: CC=g++

. CFLAGS=-c -Wall

: LDFLAGS=

iSOURCES=main.cpp hello.cpp factorial.cpp
: OBJECTS=$ (SOURCES: .Ccpp=.0)

: EXECUTABLE=hello

. all: $(SOURCES) $(EXECUTABLE)
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. $ (EXECUTABLE) : $(OBJECTS)

: $(CC) $(LDFLAGS) $(OBJECTS) -o $@
. .cpp.o:
f $(CC) $(CFLAGS) $< -o $@

. clean:

: rm -rf $(OBJECTS) $(EXECUTABLE)

A0g19lNa Makefile 9819918 UUTN 4
TunsaiNiin1591984 (include) Td header (h) WnnIalausianeusniiiusiy azfasld option
| wag -l il

i CC=g++

. CFLAGS=-c -Wall

. LDFLAGS=

: SOURCES=main.cpp hello.cpp factorial.cpp
: OBJECTS=$ (SOURCES: .Ccpp=.0)

: MY_INCLUDES=/home/student/project/myLib/
: MY_LIBRARIES=z1ib fltk

. EXECUTABLE=hello

i all: $(SOURCES) $(EXECUTABLE)

§$(EXECUTABLE): $ (OBJECTS)
: $(CC) -I$(MY_INCLUDES) $(LDFLAGS) $(OBJECTS) -o $@ -1$(MY_LIBRARIES)
: @echo “Compile hello completed...”

: .cpp.o:
: $(CC) $(CFLAGS) $< -o s@

g@echo “Compile all object files completed...”

i clean:

: rm -rf $(OBJECTS) $(EXECUTABLE)

: @echo “Clean all object files and hello program done...”

n13a31aazanedelauss

guunseedlndlussuuyfuinisdundanlanlusunsy (source code) aunateudu
Tusunsuilansnsalfnuvdoduls (executable file) tu Usgnaulufemansdunoudiuandlusy
f19a1s Tnefdupoufodefinimeulndldnlusunsy (o wwldlndeonunusialunilng 4
Sondn eewdAldn (object code) deiluuanaludiiu “.o” Tidoowdaldnmdriannsngn
swfuleglilusunsy ar (archiver) iielvinanadulndlausdvieasgnuvadiidulusunsum
a111305uld (executable file) Aaglusunsu (d (linker)
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Tndlem = s
Tusunsn (.c) |

laysns (a
138 .S0)

==
=

naldn | Tnwalaussn |
Tusunsu (.c) Wengag

Tusunsa
(executable)

Translator

W& Embedded
Binary/Hex)

JUN 4.1 wamatumeunisasslndlavssuaglusunsudmiuidisuasuasnanasnatle

Tunsdififuszuuneufiupeiiily  flavsSuaslideandaldniuazgnideusiutumy
nanefulndlusuny (executable file) uslunsdlssuuauesnatlillilulasreulnsiaediy
wdonilidlusunsunuladiduliduuuluuniviolififulwdana  hex durouilefiay
ansagnivaanivlumheanudwuuinasvesueinauainaiadile

¥ =

(% 1 v | I Y 1 dy = al [ al
31nfreg 19t arndudingrsnugiulunisdsulisunsunagioalinisasnelausiiuay

Weuulusunsuinsenlylaus1s Tunnsnatneanauanslanldsunsuinies 2 lewsnnesgaglaun

U

lasnnes sre/ wag lasnnes inc/

Tatsnnas src/ Tatsnnas iNnc/

main.c
funcl.c funcl.h
func2.c func2.h
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lasnnes sre/ lasnnas iNc/

func3.c func3.h

%

wazdsalunsadslaussiuaziimeny 2 wuuAe auninlausis (static library) wag

v v

Taurdinlausis (dynamic library) fasi0e19919819

f19819n15a519laussuile static

§$ gcc -c src/funcl.c src/func2.c src/func3.c -I./inc

§$ ar libmine.a funcl.o func2.o func3.o

Weanugzmniunisaaulnalusunsunayedelausisnieg awnsnaselng Makefile A9
FBE19T19814

: CC=gcc

: CFLAGS=-c -Wall

! LDFLAGS=

. SOURCES=main.c

: OBJECTS=$ (SOURCES: .c=.0)

: MY _INCLUDES=/home/student/project/inc/

! # MY STATIC LIBRARIES=libmine.a

: MY_DYNAMIC_LIBRARIES=mine

: EXECUTABLE=myprogram

%all: $ (SOURCES) $(EXECUTABLE)

: $ (EXECUTABLE) : $(OBJECTS)

: $(CC) -I$ (MY INCLUDES) $(LDFLAGS) $(OBJECTS) -o $@ -1$(MY DYNAMIC LI-
: BRARIES)
é@echo “Compile hello completed...”

«+C.0O:
$(CC) $(CFLAGS) $< -o $@
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! @echo “Compile all object files completed...”

éclean:
: rm -rf $(OBJECTS) $(EXECUTABLE)
i @echo “Clean all object files and hello program done...”

AW IUSHASUIN BN D 9szuUIng

luszuvausanadsidnwaunilonialunisiagdewinnstuinteyanlaainnissuan
§ 1 = < (= o a ! s = a va Y v =
anugnwuwesaeiaivadlilulndvioasinisleeulndnssvuduanisiadudin
Toyaliway  astunisimunlusunsuiiohfssuulnadaduiugiunsnuenisseuivesin
W nenssenilendunesenlilvinielulausis stdio.h deineg1atneans

E#include <stdio.h>

E FILE *fopen(const char *path, const char *mode);

E size_t fread(void *ptr, size_t size, size_t nmemb, FILE *stream);

i size_t fwrite(const void *ptr, size_t size, size_t nmemb, FILE *stream);
E int fprintf(FILE *stream, const char *format, ...);

E int fscanf(FILE *stream, const char *format, ...);

i int fflush(FILE *stream);

i int fclose(FILE *stream);

nsinfsszuullatuiieg 3 nualaun 81ulalvintu (O_RDONLY) Weuldlyintu (O WRONLY)
way e1uuazuAluls (O RDWR)

fogalusunsuausunisonulnanazudlulng

: // file_manipulation.c
: #include <stdio.h>
. #include <string.h>

§ int  usage(){

printf("\n");

printf("Usage : file Manipulation [OPTION] [FILEJ\n");

printf("Demo for text file operation, read and write. [Jamp II]\n");
printf(" -r \t\t read operation\n");

printf(" -w \t\t write operation\n");

printf("\n");

return 0;

g int  check_operation(char *opt){
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if(!strcmpCopt, "-r")){ // read operation
return 0;

}

else if(!strcmpCopt, "-w")){ // write operation
return 1;

}

else{ // error
return -1;

}

: 3
§ int  main(Cint argc, char *argv[]){

FILE *file;
int opt;

// check for argument
ifCargc !'= 3){
usage();

return 0;

}

// check for getting operation
if(Copt = check_operationCargv[1])) < 0){
usage();

return 0;

}

// start file operation
if(file = fopenCargv[2], (Cargv[1]+1))){
char dataBuf[256];

if(opt == 0){ // READ

printf("****************** READ *******************\n")-
b

while(fgets(dataBuf, 256, file) != 0){
printf("%s", dataBuf);

memset(dataBuf, @, 256);
ks

printf("*******************************************\n");

ks
else{ // WRITE

printf("***************** WRITE *******************\n");

while(1){
memset(dataBuf, @, 256);

gets(dataBuf);

Embedded Android Development graunmaiinwmun



: if(!strcmp(dataBuf, ":exit™))

: break;

§ fprintf(file, "%s\n", dataBuf);
}
pr--i_ntf("*******************************************\n");
}

§ fclose(file);

L)

: else{

: printf("Can not open file\n");

3

; return 0;

i}

A19813la Makefile dusulusunsu file_manipulation.c tevinnismaulndaelushnsuads
arm-linux-gcc dusuan1Unenssu ARM

g# Makefile : File Manipulation sample Program
P #

i # Macro

. # CROSS_COMPILE=

: CROSS_COMPILE=arm-linux-

: CC=$ (CROSS_COMPILE)gcc

: CFLAGS=-0s

. LDFLAGS=-0s -static

§# Targets
:all: file manipulation

ifileOpt: file manipulation.o
$(CC) $(LDFLAGS) $< -o $@

%fileOpt.o: file manipulation.c
$(CC) $(CFLAGS) -c -o $@ $<

i clean:

rm -rf *.o0 file manipulation
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NS TUSUNTUAAFBHIUND SHBUNTY

13 eansdeyauvveynsuduguiuunisd eansteyasingrudnd e l¥fugunsal
poufimefiuneinoynsuity Tuey, wd vie Aduedn Tassuuuunisdemsvemeinuiind
wfumsdsteyauvuiiazdn  (bitby-bit) vusNAsgIUMIdsToyaUUY RS-232 B9awsineann
WoInYUY (parallel port) flaziinsdsdoyandeutuiazyansndn (- bit) lngAUI5IveINTT
dvfayauuveynsuartuegiumnuifidonldlumsdideya  defvasnisdeasdeyauuveynsa
Aoannsadsdeyaldlussrmanlnaniuarlfanedyaadidosniinisdeasioyanuuvuny

Usgtnnuaan1saeansiuvaynsuiiinuan v dygalunisdls 2 wuu laun

1. N158085WUUBNLATUE (Synchronous) (unisdeansteyalaelddmyainuniinilunis

1 U

ATUANIINITVBINTI Uy 8l

Clock

Data 1
D10101010101010101010101111010101010101010101010}

GND

JUT 4.2 uansnisdsdayanuudelasia

2. msdeansuuvezdalasifa (Asynchronous) \lunsdeasildanedoyaiiivsiaufien ag
Tsunuuvesnsdstoya (Bit Pattern) udfmuaindnlmududuGududona dwlmadu
idoya  dnlnursiluimsaasunnugneiessesdeys  wavdinlvuludnlavingvesloya
Imaﬁaqﬁmu@iﬁﬁ@@wmmﬁmwiﬁuﬁgamﬁeimazmﬂ%’u

START DATA STOP

SUN 4.3 uansnsdstayanuuesdalasia

syuvdoansnelussuvavesnatiadianlvgasdusuvesdsasia Falmnuasalunig
yhihisuuaydsdeyauuulifesdidygrauniinmidluse Fenin UART (Universal Asyn-
chronous Receiver Transmitter) Tngdulngjaglfinasgiunisdoansuuy Rs-232 Sfadaun
AeufmesluayFundn COMPORT wlewinanassu RS-232 udsyiuussiudosusuiuaeuls
Julrluinauisandyiasuniusazaninsadslldssosmamasduans - dmsulululas
moulnsalaes Wu PIC, MCS-51 3o AVR dunilvigjaziiluga UART fleganeluiiiorolunns
doansteyaszuinsilulasneulnsaaesuazaouimesusazdsefudyarandussiudyaa
TTL (5V) windean1sidessiefuneuiiumeslaunsiagiosormsfiufuiernisulasssfuus
Aumela® MAX232
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dyanaildlunisdeansdnlngaed 2 YMENABUITUTRLA (RXD) way U1dstaya (TxD)
IﬂEm1m3§mmi§ammzﬁaqmqﬁuﬁy’a&h%’uLLazéha'a Wuuaase (baudrate) 9600 Unsiaiuni
Srurudniy Javign Donsi wazduIulndoya
A1579 4.1 Inawiln character Gh:is]ﬁasjmsiuimﬁﬂwa%' /dev

Parallel port @ /dev/1p@ %39 /dev/pard

Parallel port 1 /dev/1pl %38 /dev/parl 6 1
1st Serial port /dev/ttyS0 4 64
2" Serial port /dev/ttyS1 4 65
IDE tape drive /dev/ht@ 37 7]
1st SCSI tape drive /dev/st0@ 9 7]
2nd SCSI tape drive /dev/stl 9 1
System Console /dev/console 5 1
15t Virtual Terminal /dev/ttyl 4 1
2" Virtual Terminal /dev/tty2 4 2
Process current terminal /dev/tty 5 /]
Sound card /dev/audio 14 4

MaguNslgulUsINIULTOARABHIUNDINOYNTY (/dev/ttySx Y30 /dev/ttyUSBx) N1Y
Iisyuuufurnisaund

: // serial_thread.c

! #include <stdio.h> /* Standard input/output definitions */

. #include <string.h> /* String function definitions */

! #include <unistd.h> /* UNIX standard function definitions */

. #include <fentl.h> /* File control definitions */

§ #include <errno.h>  /* Error number definitions */

: #include <termios.h> /* POSIX terminal control definitions */

§ #include <pthread.h> /* Create pthread to run reading prog in background */

: struct serial_data {

: int fd, nbytes, portsite; /* device file */

char *bufptr; /* set pointer of buffer */

char buffer[255], data[255]; /* target buffer to get from pointer */

1
§ struct serial_data ffuart;

; void *ffuart_thread() {
: ffuart.portsite = 1;
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ffuart.fd = open("/dev/ttyS1", O_RDWR | O_NOCTTY | O_NDELAY);
if (ffuart.fd == -1) {
/* Could not open the port. */
perror("open_port: Unable to open /dev/ttyS1l - ");
} else {
struct termios options;
fentl(ffuart.fd, F_SETFL, 0);
tcgetattr(ffuart.fd, &options);
cfsetispeed(&options, B9600);
cfsetospeed(&options, B9600);
options.c_cflag |= (CLOCAL | CREAD);
options.c_cflag |= PARENB;
options.c_cflag &= ~PARODD;
options.c_cflag &= ~CSTOPB;
options.c_cflag &= ~CSIZE;
options.c_cflag |I= (CS8;
options.c_lflag &= ~(ICANON | ECHO | ECHOE | ISIG);
options.c_oflag &= ~OPOST;
options.c_cc[VMIN] = 0;
options.c_cc[VTIME] = 10;
tcsetattr(ffuart.fd, TCSANOW, &options);
printf("Port is scanning. AA\n");
ffuart.bufptr = ffuart.buffer; /* set buffer to get from pointer */
printf("Hey! You Reading yet.\n");
printf("Now working in ST Port.\n");
while (1) {
printf("ReadingFF\n");
ffuart.nbytes = read(ffuart.fd, ffuart.buffer, 255);
if (ffuart.nbytes != 0) {
ffuart.buffer[8] = "\0';
: printf("From %d side : %s\n", ffuart.portsite,
i ffuart.buffer);

3
ks
close(ffuart.fd);

3

©int main() {

: pthread_t ff_tid;

int rc;

printf("FF_Thread creating!!\n");

rc = pthread_create(&ff_tid, NULL, ffuart_thread, (void *) NULL);

if (ro) {
printf("ERROR; return code from pthread_create() is %d\r\n", rc);
exit(-1);

ks

printf("FF_Thread created!!\t[Complete!!I\n");
pthread_join(ff_tid, NULL);

printf("Created all!!\t[Complete!!]\n");
pthread_exit(NULL);
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Aoelng Makefile dudulusunsy serial_thread.c Mvinaulavuaartnenssy ARM

%# Makefile ¢ Serial communication Sample Program
P

: CROSS_COMPILE=arm-linux-uclibc-
: CC=$ (CROSS_COMPILE)gcc

: SOURCES=serial thread.c

. OBJECTS=S$ (SOURCES: .c=.0)

. CFLAGS=-0s

: LDFLAGS=-0s -1lm -static

. LIBRARIES=pthread

: EXECUTABLE=serial thread

i all: $(SOURCES) $(EXECUTABLE)

§$(EXECUTABLE): $ (OBJECTS)
‘ $(CC) $(LDFLAGS) $(OBJECTS) -o $@ -1$(LIBRARIES)

. .c.o:
: $(CC) $(CFLAGS) $< -o S@

§c1ean:
: rm -rf $(OBJECTS) $(EXECUTABLE)

: // serial_chat.c

: #include <termios.h>

§ #include <stdio.h>

. #include <unistd.h>

! #include <fcntl.h>

. #include <sys/signal.h>
: #include <sys/types.h>

: #define BAUDRATE B38400

! #define MODEMDEVICE "/dev/ttyS1"

. #define _POSIX_SOURCE 1 //POSIX compliant source
: #define FALSE @

. #define TRUE 1

. volatile int STOP=FALSE;

§ void signal_handler_I0 (int status); //definition of signal handler

§ int wait_flag=TRUE; //TRUE while no signal received
: char devicename[807];

§ long Baud_Rate = 38400; // default Baud Rate (110 through 38400)
: long BAUD; // derived baud rate from command line

: Tong DATABITS;
: long STOPBITS;
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: Tong PARITYON;

: Tong PARITY;

. int Data_Bits // Number of data bits

i int Stop_Bits // Number of stop bits

:int Parity = 0; // Parity as follows:

: // @0 = NONE, 01 = 0dd, 02 = Even, 03 = Mark, 04 = Space

o
= o

. int Format = 4;
: FILE *input;

: FILE *output;

: int status;

§ main(int Parm_Count, char *Parms[])

: {

§ char version[80] = " POSIX compliant Communications test program version

g 1.00 4-25-1999\r\n";

: char versionl[80] = " Copyright(C) Mark Zehner/Peter Baumann 1999\r\n";

: char version2[80]
i ner and a Serial\r\n";
: char version3[80]
: Mark Zehner\r\n";
: char version4[80]
: fied port by typing\r\n";
: char version5[80] = "
: console, and \r\n";
char version6[80]
: char version7[80]
i mat, baud rate\r\n";
: char version8[80]
: command line \r\n";
: char version9[80]
S \r\n";

This code is based on a DOS based test program by Mark Zeh-

Programming POSIX howto by Peter Baumann, integrated by

This program allows you to send characters out the speci-

on the keyboard. Characters typed will be echoed to the

characters received will be echoed to the console.\r\n";
The setup parameters for the device name, receive data for-

and other serial port parameters must be entered on the

To see how to do this, just type the name of this program.

: char versionl@[8@] = " This program is free software; you can redistribute it
: and/or modify it\r\n";
: char versionl11[8@] = " under the terms of the GNU General Public License as pub-
: lished by the \r\n";
: char versionl12[8@] = " Free Software Foundation, version 2.\r\n";
char versionl3[8@] = " This program comes with ABSOLUTELY NO WARRANTY.\r\n";

: char instr[100] ="\r\nOn the command you must include six items in the following

: order, they are:\r\n";

; char instrl[80] =" 1. The device name Ex: ttyS@ for coml, ttySl1l for comZ,

i etc\r\n";

: char instr2[80] ="
char instr3[80] ="
char instr4[80] ="
char instr5[80] ="

: char instro[80] ="

. 4=dec/asc, S=asc\r\n";

: char instr7[80] =" Example command line: serial_chat ttyS@ 38400 8 @ @ 4 \r\n";
char Param_strings[7][80];
char message[90];

Baud Rate Ex: 38400 \r\n";

Number of Data Bits Ex: 8 \r\n";

Number of Stop Bits Ex: @ or 1\r\n";

Parity Ex: @=none, 1=odd, 2=even\r\n";
Format of data received: 1=hex, 2=dec, 3=hex/asc,

Ul WN
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: char Inl, Key;

§ //place for old and new port settings for serial port

: struct termios oldtio, newtio;

§ //place tor old and new port settings for keyboard teletype
: struct termios oldkey, newkey;

struct sigaction saio; //definition of signal action
char buf[255]; //buffer for where data is put
input = fopen("/dev/tty", "r"); //open the terminal keyboard
output = fopen("/dev/tty", "w"); //open the terminal screen
if (Minput || loutput)
{

fprintf(stderr, "Unable to open /dev/tty\n");

exit(1);
ks
error=0;
fputs(version,output); //display the program introduction

fputs(versionl,output);
fputs(version2,output);
fputs(version3,output);
fputs(version4,output);
fputs(version5,output);
fputs(version6,output);
fputs(version7,output);
fputs(version8,output);
fputs(version9,output);
fputs(versionl@,output);
fputs(versionll,output);
fputs(versionl2,output);
fputs(versionl3,output);
//read the parameters from the command line
: if (Parm_Count==7)
: //if there are the right number of parameters on the command line
: {
for (i=1; i<Parm_Count; i++) // for all wild search parameters
{
strcpy(Param_strings[i-1],Parms[i]);
ks
i=sscanf(Param_strings[@],"%s",devicename);
if (i != 1) error=1;
i=sscanf(Param_strings[1],"%l1",&Baud_Rate);
if (i '= 1) error=1;
i=sscanf(Param_strings[2],"%1",&Data_Bits);
if (i !'= 1) error=1;
i=sscanf(Param_strings[3],"%1i",&Stop_Bits);
if (i != 1) error=1;
i=sscanf(Param_strings[4],"%1" ,&Parity);
if (i '= 1) error=1;
i=sscanf(Param_strings[5],"%1" ,&Format);
if (i !'= 1) error=1;
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sprintf(message, "Device=%s, Baud=%li\r\n",devicename, Baud_Rate);
§ //output the received setup parameters
: fputs(message,output);
: sprintf(message, "Data Bits=%i Stop Bits=%i Parity=%i Format=¥%i\r\n",D-
§ ata_Bits, Stop_Bits, Parity, Format);
: fputs(message,output);
} //end of if param_count==7
if ((Parm_Count==7) && (error==0)) //if the command line entrys were correct
{ //run the program
: tty = open("/dev/tty", O_RDWR | O_NOCTTY | O_NONBLOCK);
: //set the user console port up
: tcgetattr(tty,&oldkey);
: // save current port settings
: //so commands are interpreted right for this program
: // set new port settings for non-canonical input processing //must be NOCTTY
: newkey.c_cflag = BAUDRATE | CRTSCTS | CS8 | CLOCAL | CREAD;
newkey.c_iflag = IGNPAR;
newkey.c_oflag = 0;
newkey.c_1flag = 0; //TICANON;
newkey.c_cc[VMIN]=1;
newkey.c_cc[VTIME]=0;
tcflush(tty, TCIFLUSH);
tcsetattr(tty, TCSANOW,&newkey) ;

switch (Baud_Rate)
{

case 38400:

default:
BAUD = B38400;
break;

case 19200:
BAUD = B19200;
break;

case 9600:
BAUD = B9600;
break;

case 4800:
BAUD = B4800;
break;

case 2400:
BAUD = B2400;
break;

case 1800:
BAUD = B1800;
break;

case 1200:
BAUD = B1200;
break;

case 600:
BAUD = B60O;
break;

case 300:
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break;
case 200:
BAUD = B200;
break;
case 150:
BAUD = B150;
break;
case 134:
BAUD = B134;
break;
case 110:
BAUD = B110;
break;
case 75:
BAUD = B75;
break;
case 50:
BAUD = B50;
break;
} //end of switch baud_rate
switch (Data_Bits)
{
case 8:
default:
DATABITS
break;
case 7:
DATABITS
break;
case 6:
DATABITS
break;
case 5:
DATABITS
break;
} //end of switch data_bits
switch (Stop_Bits)
{
case 1:
default:
STOPBITS
break;
case 2:
STOPBITS
break;
} //end of switch stop bits
switch (Parity)
{
case 0:
default: //none
PARITYON = 0;

CS8;

CS7;

CS6;

CS5;

0;

CSTOPB;
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PARITY = 0;
break;

case 1: //odd
PARITYON = PARENB;
PARITY = PARODD;
break;

case 2: //even
PARITYON = PARENB;
PARITY = 0;
break;

} //end of switch parity

//open the device(com port) to be non-blocking (read will return immediately)
fd = open(devicename, O_RDWR | O_NOCTTY | O_NONBLOCK);
if (fd < 0)
{
perror(devicename);
exit(-1);
ks

//install the serial handler before making the device asynchronous
saio.sa_handler = signal_handler_IO;
sigemptyset(&saio.sa_mask); //saio.sa_mask = 0;
saio.sa_flags = 0;
saio.sa_restorer = NULL;
sigaction(SIGIO,&saio,NULL);

// allow the process to receive SIGIO
fcntl(fd, F_SETOWN, getpid());
// Make the file descriptor asynchronous (the manual page says only
// O_APPEND and O_NONBLOCK, will work with F_SETFL...)
fcentl(fd, F_SETFL, FASYNC);

tcgetattr(fd,&oldtio); // save current port settings

// set new port settings for canonical input processing
: newtio.c_cflag = BAUD | CRTSCTS | DATABITS | STOPBITS | PARITYON | PARITY |
: CLOCAL | CREAD;
: newtio.c_iflag = IGNPAR;

newtio.c_oflag = 0;

newtio.c_lflag = 0; //ICANON;

newtio.c_cc[VMIN]=1;

newtio.c_cc[VTIME]=0;

tcflush(fd, TCIFLUSH);

tcsetattr(fd, TCSANOW,&newtio);

// loop while waiting for input. normally we would do something useful here
while (STOP==FALSE)
{
status = fread(&Key,1,1,input);
if (status==1) //if a key was hit
{
switch (Key)
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{ /* branch to appropriate key handler */
case Ox1lb: /* Esc */
STOP=TRUE;
break;
default:
: fputc((int) Key,output);
§ // sprintf(message,"%x ",Key); //debug
4 fputs(message,output);
: write(fd,&Key,1); //write 1 byte to the port
break;
} //end of switch key
} //end if a key was hit
// after receiving SIGIO, wait_flag = FALSE, input is available and can be read
if (wait_flag==FALSE) //if input is available

{
res = read(fd,buf,255);
if (res>0)
{

for (i=0; i<res; i++) //for all chars in string
{
Inl = buf[i];
switch (Format)
{
case 1: //hex
sprintf(message,"%x ",Inl);
fputs(message,output);
break;
case 2: //decimal
sprintf(message,"%d ",Inl);
fputs(message,output);

break;

case 3: //hex and asc
if ((OIn1<32) |1 (In1>125))
{

sprintf(message, "%x",Inl);
fputs(message,output);
}
else fputc ((int) Inl, output);
break;
case 4: //decimal and asc
default:
if ((In1<32) |1 (Inl1>125))
{
sprintf(message, "%d",Inl);
fputs(message,output);

3
else fputc ((int) Inl, output);
break;

case 5: //asc
fputc ((int) Inl, output);
break;

} //end of switch format
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} //end of for all chars in string
: } //end if res>0
L/ buf[res]=0;

% // printf(":%s:%d\n", buf, res);
s/ if (res==1) STOP=TRUE; /* stop loop if only a CR was input */
: wait_flag = TRUE; /* wait for new input */

} //end if wait flag == FALSE

} //while stop==FALSE
// restore old port settings
tcsetattr(fd, TCSANOW,&oldtio);
tcsetattr(tty, TCSANOW,&oldkey);
close(tty);
close(fd); //close the com port

} //end if command line entrys were correct

else //give instructions on how to use the command line

{
fputs(instr,output);
fputs(Cinstrl,output);
fputs(instr2,output);
fputs(instr3,output);
fputs(instr4,output);
fputs(instr5,output);
fputs(instro,output);
fputs(instr?7,output);

ks

fclose(input);

: fclose(output);
:} //end of main

: /***************************************************************************

§ * signal handler. sets wait_flag to FALSE, to indicate above loop that *

i * characters have been received. *
: ***************************************************************************/

% void signal_handler_I0 (int status)

o

L/ printf("received SIGIO signal.\n");
wait_flag = FALSE;

¥
U 1

fogalld Makefile dmTulusunsy serial_thread.c fivinuuuan1Unenssy x86 laegnase
nspaulwalilelusunTumas gcc

%# Makefile : Serial chat sample Program
P #

L # CROSS_ COMPILE=arm-linux-uclibc-
: CC=$ (CROSS_COMPILE)gcc
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. SOURCES=serial chat.c

: OBJECTS=S (SOURCES: .c=.0)
. CFLAGS=-0s

. LDFLAGS=-0s -1lm -static
: LIBRARIES=

. EXECUTABLE=serial chat

§a11: $ (SOURCES) $(EXECUTABLE)

§$(EXECUTABLE): $ (OBJECTS)
: $(CC) $(LDFLAGS) $(OBJECTS) -o $@ -1$(LIBRARIES)

«.C.0O:
: $(CC) S$(CFLAGS) $< -o $@

gclean:
rm -rf $(OBJECTS) $(EXECUTABLE)

INUTUNTUTIAULAAIFIDENNTFRANTTOLATENINABUNIADS 2 LATOINUNDTNOUNTY
(COM1) TngmssulusunsuiitoSudeansawialuil

- HIUNBSH /dev/ttySO

- baud rate il 38,400 bps

- unteya 8 U

- wundanen (stop bit) 1 Un
- 14d parity bit

3, a
- wanudulavgiudy

AsHAIULUSNSUARENSSENANUS I E

nsdeanssEninslUsa (Interprocess Communication - IPC) iAsnsuaniuaeudeya
szuialuswaiioganelunsuiinefifisafuvielusiwaiiondazegssnenfiunesisgnitense
ruszuuATeteieni  fegiaty  nsBondmdshumadlnonadnsanlusivauinazasly
Juduwnliiuluswadaly

:$ 1s -al | grep "source"
i drwxr-xr-x 24 root root 4096 2013-09-25 04:51 linux-source-2.6.32

o w Y v ~ Yo o & . A & 1A o 1 w o o v
MnAdsurinsiddyanuallul (Pipe) iailuviewelunsihdwoyaainddsnu
Feludendnnuen  FeuiumstunsdeansseninduswatiuliegameiunalgIsaaandly
IREUNTINGRE
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A1519 4.2 I5N15d0a1S I ULUUANNG RS IPC

METHOD DESCRIPTION

File tuinfiulilufan Tnefluswnsuduanunsadddls
Hunsdsduanamessyuuluseivansludndmnzveduswa e
Signal UaﬂiﬁiﬂiLszjav‘f']mmﬁfmqﬂﬁzaaﬁmaaﬁmmwmﬁu6*] 1997199z 1Y
Junsdedugassrinaddswanionuy
detoyaluduniodnoiinisauunonfiunesinteafeiunieluss

Socket - ¢ 4 d
ABNTILABIATOIDY
Pipe ansutoyaseinlnswavilaniaies v3e half duplex
Message queue  @nsudayaiiliszyndedulud wiiuuasSendeyaanluwiining
Named pipe ptunsiulvduuszuulvdnuIInggIu input wag output
LA NUINTTIUNUTEAU thread %38NT¥UIUNITNNTEYINAY
Semaphore

NineINIA g

@ ad 1Y 1 1 o A Y] A
Juisnisddeyalubiludivesmhsanuifwssiiiuluseasug
Shared memory 9 v < o Y
Wanunsainfistoyatiule
Message passing (shared .,
_ WLBUNU message queue

nothing)

wunlnalugs RAM waganansawnlulalaenisweuiegniisnin

Memory-mapped file .
ymapp ORIGEERR

Pipe
14 (Pipe) Wunszurunisildlunsinsiosznindluswanineiignfianisiinaansnlaain
Wsunsunildlydudunnvednlusunsunis Ingludasdudnardlunisdeloyaseninalusiva

Fansadstoyasdunuuiianiafes (unidirectional)
Pipe

-

pfd[1] pfd[0]
WeudeyalUdaens  eudeyasuiavatenis

a | v a a v .
E'U“V] 4.4 LLﬁ@QﬂWiﬁﬂm@HﬁLL‘U‘U‘VlﬂVl'NL@EJ'J@'JEJ Plpe
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200

nsialUsknsuEeansgTsNTansudeyaseninalnswartanane g liileidu pipe 7
agnglulidlaus3yedn unistd.h

i #include  <unistd.h>
i int pipe ( int pipefd[2] ); <— pipefd - MuUs array dmiuiiua file descriptors
pipefd[0] - file descriptor @1%5uUn1591U

pipefd[1] - file descriptor d115UN13WeU

NFUTNUULEAAINTYIIUYRTleATY pipe Fazatrwosmnsdeasaianafesenindusiea
Tngazauen file descriptor siaosile wududs pipefdl] namide Uanenilsdmsueu
(pipefd[0]) wasdnUanenilsdmsudeu (pipefd[1]) Awves file descriptor Wuadlasiuiudy
(int) fiszuuufifinisdundaslilunsdrddauituiiinadeldnudaiude Sonldauileidu
pipe wfedte Ve IUANTATaNEN 2 §3luA Harddu pipe()

§ // pipe.c
! #include <stdio.h>
! #include <stdlib.h>
: #include <unistd.h>
i int main(int argc, char *argv[]){
: pid_t pid;
int mypipefd[2];
int ret;
char buf[20];

ret = pipe(mypipefd);
if(ret == -1) {
perror("pipe");
exit(l);
ks
pid = fork(Q);
if(pid == 0) {
/* Child Process */
printf("Child Process\n");
write(mypipefd[1], "Hello there!", 12);

/* Parent Process */
printf("Parent Process\n");
read(mypipefd[@], buf, 15);
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AoUlNELUIUNTY pipe.c Wagnaaaunsastayasenindluswanians (Uswa parent wavlus
e child)

' $ gcc -o pipe pipe.c
:$ ./pipe

! Parent Process

Child Process

i buf : Hello there!

Message Queues

wildnwazadefulid pipe  Aeanunsndsudendeyaanluswanialudsdnlusmands
iudyndaesuaiuioaty  Tnsudavudendeyaviivaneiavdradsivunliliiielwlus
maﬁuqmmsaé’wﬁwmaLamsﬁaaﬂaﬁé{amﬁﬁ'ﬁﬂﬁ Feaghimileutunisdadoyariu pipe RO
aodluswaardessedstunasiu dutumeunsdedoyauuy message queue dwiitumaue
Tuswaiivihnsdeudeyaluds queue (Frufas msgsnd) uédh Aausaaumsvieldviui &
Wawdladesnissu Aaunsadnluaudeyaly queue lan1enas (Frefds msgrev) Hakand
Tusudnaana

Su Y o i

uipg9lsNmu message queue Adulitedninzosunudenteya Nazgnirinvuall

Y
a 6

TvsdwInudenimuenivuszuunasgnandabiwuiy - Gunneglussuuufuinisaynddauds

=

vdenteyadzUsznaulume 2 diufie MSGMAX(4096) uay MSGMNB(16384) B9faUsnazmang
f9ANUVDAAZ UADNTEANY LagfINEDIEMUNETNAINUYIIANATEY quele WALUUNTZUY
Amaniiensazuansneiuly vseonvezlildrilaefidule

msgget()

Y
-
msgsnd() A msgrev()

msgctl()

E‘Uﬁ 4.5 LLamﬂ'ﬁdﬁayjaLLUU message queue
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sremsientunelulausis sys/msg.h Nlgly Message Queues

: #include<sys/msg.h>

§ int msgctl(int msqid, int cmd, struct msqid_ds *buf);

i int meggetl(key_t key, int ms_gflg);

§ int msgrcv(int msqid, void *msg_ptr, size_t msg_sz, long int msgtype, int msgflg);
: int msgsnd(int msqid, const void *msg_ptr, size_t msg_sz, int msgflg);

VA

§ ** msg_sender.c -- writes to a message queue
DX/

: #include <stdio.h>

: #include <stdlib.h>

: #include <errno.h>

! #include <sys/types.h>

. #include <sys/ipc.h>

: #include <sys/msg.h>

é struct my_msgbuf {
: long mtype;

: char mtext[200];
C b

§ int main(void)
1
: struct my_msgbuf buf;
int msqid;
key_t key;

if (Ckey = ftok("msg_sender.c", 'B')) == -1) {

perror("ftok");
exit(l);
ks
if ((msqid = msgget(key, 0644 | IPC_CREAT)) == -1) {
perror("msgget");
exit(l);
ks

printf("Enter lines of text, AD to quit:\n");

buf.mtype = 1; /* we don't really care in this case */
while(gets(buf.mtext), !feof(stdin)) {
if (msgsnd(msqid, (struct msgbuf *)&buf, sizeof(buf), @) == -1)

perror("msgsnd");
}
if (msgctl(msqid, IPC_RMID, NULL) == -1) {
perror("msgctl");
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PR
! ** msg_receiver.c -- reads from a message queue
Doky

! #include <stdio.h>

. #include <stdlib.h>

i #include <errno.h>

. #include <sys/types.h>
! #include <sys/ipc.h>

: #include <sys/msg.h>

% struct my_msgbuf {
: long mtype;
: char mtext[200];
F 3

§ int main(void)

1

: struct my_msgbuf buf;
int msqid;

key_t key;

if (Ckey = ftok("msg_sender.c", '"B')) == -1) {
/* same key as msg_sender.c */

perror("ftok");
exit(1);

ks

if ((msqid = msgget(key, 0644)) == -1) { /* connect to the queue */
perror("msgget");
exit(1);

}

printf("spock: ready to receive messages, captain.\n");

for(;;) { /* Spock never quits! */
if (msgrcv(msqid, (struct msgbuf *)&buf, sizeof(buf), @, @) == -1) {
perror("msgrcv");
exit(1);
}
printf("spock: \"%s\"\n", buf.mtext);

}

return 0;
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Thread

dnnauansanaulusinsuluaneay multi-tasking programming lagnsastansa
(thread) tieiiuUszAnBammsiauresssuufoRnsaundlvianansosesiunsiauwuy
angaula sﬁamm%gﬂﬁﬂﬂlﬁﬁﬂ%wﬁm “lightweight processes”

Lﬁaqmﬂde3L%aﬁaiﬂﬂwaiuazuuﬂg’jﬂ’ﬁﬂﬁﬁuﬂsﬁﬂigﬂaué'h&Jamumawmwizmawa
(WuAnelussdamas AXBX,DX), S188LIUAY8INNTIDMUILANNTT @ mSUAU  code,
globals, heap uaz stack) LLaxswsJazL%ﬂmﬁLﬁeﬁaq{i’mzwﬂﬁﬂ’ams Wy nsalng,
mnaalUswa) Funsefazadiedy usassafiunss?l multiple processes azWENNITHU
aouziusgnatmau Tluvazdl multiple threads axinasld code, globals waz heap Sy

wmsaazanansavnauldilunsaifieiosmeufinnediuiunnnimishoUszinana Tngly
sUTeEsanInsviuvesnsaudazdd (laun main(), function1() wag function2() F9t
A3 peinuneUssananaiis i o3y nueslusunsud Assiaudidure s d susay
UsTTA (program counter) dsanvaldinaniedn 2 unl uidiedeslmheUssananasiuiy 3
FmanuEuRaugniuihnauludasmheUssinanadenaasdnaniadudios 50 uriivintu

AsNUansuzuu Single-Thread

«~+ (> D> @ Gl G
- Ao main()
:> @ - i 20

- fin fangu 1()

ANININUANEMEUY Multi-Thread

e v &
nanflanivuazasllsunsy

. H9 v &
naEueY nanldnanuezaddilsunsy Y
Togle single-thread

Tasld multi-thread

U 4.6 WisuiflsunsUszananalusunsuuuy Single-Thread wag Multi-Thread
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nsdeansiusEnIIaNInITansafnseruiulaneaNnudfldnuswiveglaviui Tu
YuLNNsFassEnINlUswavzaunsafasaruiuladowunI9TEUUUURNMSWNTY 1wy
dulld, suldd uiserudanin Ludu

POSIX threads

lausis POSIX thread forndusuinsigiunanlunislaumsadmsulusinsunie
C/Cr+ Fudulausi3idamdeuileidumanfertunisianismsawazasvihaulaiivssansam
inndmiusyuuneuimeiNivatsvingUszanananans (multi-processor 138  multi-core
systemns) tpsaniifladdulunsdnmssmsvhnuredussauuusazmheUszinananalsiiog
meluszuuneufwesiafentu uasmsayniiiogneluluswadefutufeiiuilumie
AU NREITU (address space) Fauanaanninalulaglunisdeulusunsuwuuaui (Parallel
programming) W1 MPI wag PVM #ignldluanimiadesunsduinuuunszans (distributed
computing) sz uuneufiumesiniesdus fieglnasenluviesisaniuiifu

#include <pthread.h>
int pthread_create(pthread_t *new_thread_ID,
const pthread_attr_t *attr,
void * (*start_func)(void *),
void *arg);
int pthread_join(pthread_t target_thread, void **status);

YUIUNTINUVRINIALUIzUSENaUlUMe thread creation, termination, thread synchro-

nization (joins,blocking), scheduling, data management Wag process interaction

> pthread_join() —_>
ignIsuninY
| pthread_exitO

AN
LesesNysal

JUN 4.7 uanaileifuinifngitosweinmsvianureunIngnauslsiauauan
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1%

fuildnusuureansaunaslulswa axiiusznaulugie
. ﬁﬂﬁ’]éﬁ[ﬂﬂ% (Process instructions)

- @ files descriptors #ifin13.Ual3

« dyued (signals) LazAALiluN1s (signal handlers)

. 1915@1/1@%'{]%;1714 (current working directory)

» MUYLAY User Wy Group

Tassasrenglulusioa

Thread #1 Thread #2 Thread #3

Static

JUN 4.8 uanssngazidenvadlaseaianelulusiva

TneupaznInazil:
O U1 UNSA (Thread ID)
nauAIwUTITamas (set of registers) Wag stack pointer
< o [ [ Y .
AnFnd1nsusNUAINILUS (local variables)
signal mask

A1 priority

O O O O O

ANANUENEINAU: errmo

wazillosoinismaulnalusunsuazfesdin1s91989lausi3 Posix threads fae -pthread A4
FDE19T198
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froe19lUTNTY simple threads.c

: // simple_threads.c

: #include <stdio.h>

! #include <stdlib.h>

. #include <pthread.h>

i void *print_message_function(void *ptr);

- mainQ)

{

: pthread_t threadl, threadZ;
const char *messagel = "Thread 1";
const char *message2 = "Thread 2";

: int iretl, iretZ;
: /* Create independent threads each of which will execute function */
; iretl = pthread_create( &threadl, NULL, print_message_function, (void*) mes-
: sagel);
; iret2 = pthread_create( &thread2, NULL, print_message_function, (void*) mes-
. sage2);
§ /* Wait till threads are complete before main continues. Unless we */
§ /* wait we run the risk of executing an exit which will terminate */
i /* the process and all threads before the threads have completed. */
: pthread_join( threadl, NULL);

pthread_join( thread2, NULL);

printf("Thread 1 returns: %d\n",iretl);

printf("Thread 2 returns: %d\n",iret2);
: exit(0);
S}
i void *print_message_function(void *ptr) {
: char *message;
message = (char *) ptr;
printf("%s \n", message);

:$ gcc -o simple_threads simple_threads.c —lpthread
©$ ./simple_threads

gThread 2

i Thread 1

! Thread 1 returns: 0

gThread 2 returns: 0

Thread Synchronization
UnwmunanusanmulusensulagsenlgnuaINnsalun1sInnaltnn1sinauy
Usvanufiuseninamnsa (synchronization mechanisms) InglallAndamlunsdimsn
wazfazdosdnluldninensideatu meluadesmoufiamesifontulaglilausis

pthread
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Auls

lock blocked

Thread #1 Thread #2

JUN 4.9 wanamsidliwueanly mutex veansadesnisiiluveldninens

MngUsuTLLARINTEYIRLTEs thread #1 Mafirfianunsadluivuadn mutex (Mutual
Exclusion Lock) iodndmsnensuiosuus 1nefl thread #2 adisse (block) Anfiednds
NENENTATOFIMUIUEI1nT! thread #1 veuadaiSoudosuds @ thread #2 Feazaiunse
gl U mutex WievedndminensusefuUsiusold

Mutexes azdudanisdrdglunistiedesiutgmdayaiinauidanainnienisly
aonndesiuvedoya (data inconsistency) ilasananvnnisugadnlulingmennsaiunans
VOUNIANABFINTONAY  WUMIEAINTINAN (shared memory) IamILUINAe (global
variable) 6??@L%ﬂﬁuﬁdauﬁgﬂLsﬁﬂhﬂ%mwfudﬁ critical region usegnelsAnunslyd mutexes
wprldldfedunsdfvaemsalulysmadufortuviidy wlunsdfifivaeluswadonisdd
Tinswensineniu agseunlulaenisldimeila semaphores Wy mutexes
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i e

pthread_mutex_t var = PTHREAD_MUTEX_INTIALIZER;
int counter=0;
int counter=0;

void func() void func(Q)
{ {

counter++; pthread_mutex_lock(&var);
} counter++;

pthread_mutex_unlock(&var);
}

Thread #1 Thread #2 Thread #1 Thread #2

counter=0 counter=0 counter=0 counter=0
Thread #2 gnudealilidngedinus counter

counter=1 counter=1 counter=1 Y

we Thread #1 @u1501D98US counter 1o

counter=2

Faendud1nsu mutex nelulausis pthread laun

U

e pthread_mutex_lock() Wamsumsinludoaalusauls mutex nsBenitedduils
wgnuieaolililinsndudnun auntunsadilieuegynsudoss mutex ity
«pthread_mutex_unlock() WiaUaesnseuandond mutex anmsaiild mutex ag
«pthread mutex_trylock() Lfial¥nsiagausiuys mutex NMmdsgnldiealdiued
visold  FeaziusslevilunstostulilfiAnmansaiimsausazisishemssoliusas

f@39 (deadlock conditions)

A19819LEAINITASNWNTATIUIUY 10 WA Lasusaziiaznlulgnusitdsnalsteain counter
LAAEADILAUAT counter LALB9ATIAE 1 INTALYINTIU

: // simple_mutex.c

: #include <stdio.h>

. #include <pthread.h>

: #define NTHREADS 10

: void *thread_function(void *);

é pthread_mutex_t mutexl = PTHREAD_MUTEX_INITIALIZER;
: int counter = 0;

§ main()
1

: pthread_t thread_id[NTHREADS];
int i, j;

for(i=0; i < NTHREADS; i++)
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{
pthread_create( &thread_id[i], NULL, thread_function, NULL );
ks
for(j=0; j < NTHREADS; j++)
{
pthread_join( thread_id[j], NULL);
ks

% // Now that all threads are complete I can print the final result.
§ // Without the join I could be printing a value before all the threads
: // have been completed.

printf("Final counter value: %d\n", counter);

3

§ void *thread_function(void *dummyPtr) {

: printf("Thread number %ld\n", pthread_self());
pthread_mutex_lock(&mutexl);

counter++;

pthread_mutex_unlock(&mutexl);

§$ gcc -o simple_mutex simple_mutex.c —lpthread
:$ ./simple_mutex

! Thread number 139638417069824
gThread number 139638425462528
i Thread number 139638442247936
! Thread number 139638433855232
! Thread number 139638408677120
i Thread number 139638400284416
: Thread number 139638391891712
: Thread number 139638383499008
: Thread number 139638375106304
gThread number 139638366713600
i Final counter value: 10

ANSNAIUNLUSULNSUFDEISUUSSUULASDU

U 1

vosnanasnalamaulugazinesadusudounassuuiAiedy (Ethernet Port) (Juity

31U sumsssuuUfuRnisdunduuuilaiaefladnnienlaussuazgalusunsuadanimi
szuueseteunugiuegneluliliudumuiy  Auuinimunausavihlivesaausanailed
Andiadeansiuueindus AeuImesauY viiaiAsasveegnelusyuuTatiedeiula

LS

lnguasaauanaieiIndsaunsaduiintoyanivuialugrinliluiaIosnouiianesdugmie
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eIy wuiagtuiindeyavunalvgiunuliludaes  wenantudldianunsadfaiie
AIUALYSERANTLENNTYINIUTBIUBSRaNeInaldInlnuAle

FedunmaimuTusunsunedoshanudilaiBnisddmnean 1P Addresses usagd Lal
Tazdumnelauiaietis (Network D) vanelauA3es (Host ID) yneiay Netmask Address
delswavisansiiogsinnaiosiosnsfiearsiu  aedesiianiuminmadoudafiedunouny
walulad TCP/IP Gaagflusziu Transport Layer uavazdosiimsszymneiasnesn (Port Ad-
dress) ludislustnpaauaniivadi (Application Protocol) ﬁiﬂsmawiazﬁ']ﬂ%’aeﬁw F0E1aTY
Tusunsududsliiaildlusinaoa FTP Tumsfvuamuauisnisddlndsewinetu Sonnisiaun
TUsunsumeduiin Socket Programming

\\\4\/ \§ ~~~~~~~ Descriptor references

TCP sockets UDP sockets

/ \« _____ JEYUMNIBLAY port
2 . S

&115U socket

®
TCPports 1] 2 [« [ | [ - [ 65535 1] 2 [« [« [« | «| 65535 UDP ports

JUT 4.10 wamansideusiesyaulusunsuusegnduagmaneaunasnues TCP/IP

Fonuin (socket) tullagmeiiu 3 UssianlagBanuuinsgiuveamalulad TCP/IP laun
M58 4.3 Uszlnnues Socket

SOCKET ANDs LY

L%Sﬂgﬂ%a%ﬁﬂi’] Connection less Socket %ﬂi"ﬁﬂﬂﬁlﬂaa UDP (User

Datagram Protocol) {usimusisnisdeans lnedeyavseuiiniie

(packet) uiagfvggnaIuY datagram socket Lenidun1iueanty
Datagram SOCket v O (] 2 a1 = £% [ o 1 1%
AatluwfinndanaTesunenazgnafsanseatgeentulunsasidy

= A o ' ¢ & & = =
N9 IUNUATBITUUAENS IﬂEJLLG]@%LL‘WﬂLﬂ(ﬂﬂﬁ]'ﬁm%ll"mﬁLﬂi@ﬂﬂa']‘ﬁﬁ/l']ﬂ

wuuldllaSganuddunugnaseanainiasesrumaneuntiu
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SOCKET A1asu1s

SundnTIaniladn Connection-oriented Socket @elglusinmaa TCP

(Transport Control Protocol) Wusaiuuaisnisdeans T9azinig

anluINTWausauarnITURANITSUAILRNLAS ﬁﬂﬂfusﬁauﬂaﬁauﬁmﬁm
Stream Socket

U ] o a 1 1

WweiagfargnaIuY stream socket WazavgnaLREdINUTDIMNTIgN

Y
¥

a3199unN U 1A Uaen9UASUAILAL USR]

U

dulngjaznulugunsalinIavieiu aing (Switch) wag 151wes

(Router) %Qﬁﬁﬁmagﬂmzﬁu Internet Layer 73n155u-
Raw Socket . . -
detoyalaglulainislilusinaeawmilow datagram wag stream socket

lunsMvuaunsIgIunIsaoans

auduiussznindusunsy Sendin Wslarea waznueaunesnnsluniasneufinges wie
THlunsdeansteyasevindlusiwatieginaniastu Ussiuihaulafitnfaunnssldua
- Wsunsunilslusunsuanunsadadenidnldnarsdeniniiofunisideuseanaios
Ameuanlansauiulunafeiu
- Isunsuranglusunsuansalddeninadifeinulunatfsaiuuslinsswutiunsly
Tudnwail
- innnimikdeniAniiannsagrifetesuarifiune fnduiAeaiu
- Waunsudszgndusagiagdinislive TCP wag UDP tiolflunisdanisuassudedoya
muinquszasuanaeiull Wy desmaiuanuiilumsdaudideyaymelathefiay
Td4oemns UDP videdutunimgniesesteyalasiidoyassdiosligymenazlitemis
TCP Tunssudsinu
- luld /etc/services nelussuulfjufinisdundazuensivasidenvadlusunsulnuinig
warluslmeailivuneaanaselunisdoasiudendslusesduaes Transport layer
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Client Server

#5149 socket socket socket #5149 socket

nsian socket nnswEaN socket

Al
Il

luganasn e il Tusiawasn
. Connect Listen .mﬁzq?amnwf"m .
Taszansidausall Client fieain1512daN6D
gaasas server
LazIanaUNaU pavSUNSIHaNse
Accept anasas Client e
wiansu/dedaya

Sunazdedaya e D e STy danassudaya

sendto recvfrom

close close

JUT 4.11 UanavuiunsieusioseninunseanislussuunIuleiu Socket

fegslusunsudeusaiudaninmutunouiieduglugudnedu dign (Client) aswawsioly
Fuaseand (Server) wald@aveaa1u Hello World of Socket luduasosud wamsauilasy
TAIUAILLAAIDDNNINULINVDVDUATO I F13T]

TUsunsuelaasaaund (Server):

§ #include <stdio.h>

: #include <sys/types.h>
: #include <sys/socket.h>
! #include <netinet/in.h>
: #include <string.h>

i #include <stdlib.h>

§ int main(int argc, char *argv[])
A
: /* Variables */

int sock;

struct sockaddr_in server;
int mysock;

char buff[1024];
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int rval;

/* Create socket */
sock = socket(AF_INET, SOCK_STREAM, 0);
if(sock < @){
perror("Failed to create socket");
exit(1);
3
server.sin_family = AF_INET;
server.sin_addr.s_addr = INADDR_ANY;
server.sin_port = htons(5000);

/* Call bind */
if(bind(sock, (struct sockaddr *)&server, sizeof(server)))
{
perror("bind failed");
exit(1l);
}

/* Listen */
listen(sock, 5);

/* Accept */
do {
mysock = accept(sock, (struct sockaddr *) 0, 0);
if(mysock == -1) {
perror("accept failed");
}elsed
memset(buff, @, sizeof(buff));
if((rval = recv(mysock, buff, sizeof(buff), 0)) < 0 )
perror("reading stream message error");
else if(rval == 0)
printf("Ending connection\n");
else
printf("MSG: %s\n", buff);

printf("Got the message (rval = %d)\n", rval);
close(mysock);
ks
while(1);
return 0;

............................................................................................................................................................................

! #include <stdio.h>

: #include <sys/types.h>
! #include <sys/socket.h>
. #include <netinet/in.h>
: #include <netdb.h>
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: #include <string.h>
: #include <stdlib.h>
. #include <unistd.h>

% #define DATA "Hello World of Socket"

§ int main(int argc, char *argv[])
1
: int sock;
struct sockaddr_in server;
struct hostent *hp;
char buff[1024];
sock = socket(AF_INET, SOCK_STREAM, 0);
if(sock < @)
{
perror("socket failed");
exit(1);
ks

server.sin_family = AF_INET;
hp = gethostbyname(argv[1]);

ifChp == 0)

{
perror("gethostbyname failed");
close(sock);
exit(1);

ks

memcpy(&server.sin_addr, hp->h_addr, hp->h_length);
server.sin_port = htons(5000);

if(connect(sock, (struct sockaddr *) &server, sizeof(server)) < 0)

{
perror("connect failed");
close(sock);
exit(l);
ks
if(send(sock, DATA, sizeof(DATA), @) < @ )
{
perror("send failed");
close(sock);
exit(l);
}
printf("Sent %s\n", DATA);
close(sock);
return 0;
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U

3 [ gj dl 42911
ﬂ@ﬂlwauagﬁtﬁﬂiuﬂimﬂﬂﬁaﬂWﬁ@ﬂ JU

= ' a
LASDILbA: GEDNRIR
$ gcc -o server server.c $ gcc -o client client.c
$ ./server $ ./client <P lA53li/>

MSG: Hello World of Socket

Got the message (rval = 22) Sent Hello World of Socket

Aogatnluuanstunaun smuUsKNSHUSNSHaATaw (Server) Tnefinsseydoluswnsy
Tusmslutlweaasesivigagatnrunielulig /etc/services danandlugudneeng

stdin 172.16.56.130 | 172.16.56.134

Client
Program

Server
Program

stdout
stdout

JUN 4.12 uansvuiunsiWeusieldngnesn 3333 veunIaduvng

JuaauN 1 : as1alusunsuwdansuniiaidulusunsuusnisilansoay
Mnsas1slndansus ieviutnidulusunsuiansosuidng

: $ vim hello_server.sh

! #!/bin/bash

! /bin/echo -n "Hello World:" | /usr/bin/tee /tmp/log.log
: /bin/date | /usr/bin/tee -a /tmp/log.log

§$ chmod 755 hello_server.sh
i $ ./hello_server.sh
: Hello World:Mon Sep 30 01:44:24 PDT 2013

JUADUN 2 : MUUANLNELAVNDSANLUALAUSANS iaiululng Jetc/services
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N15ATADUNLITLAUNDTH 3333 TUlNG Jetc/services Lazn15AINNISIIAUSNISVD9
TUsunsy xinetd nauIlatnisSenlgvialy fail

: $ cat /etc/services | grep 3333
: $ grep -r 3333 /etc/xinetd.d/*

P Y W P = Y ¢ A a « y,y @
Wonsraaeuudd Usngindslifinssenldvansiauness 3333 wazdeuinis “hello” Aaunsn
WrlUiindausnstudlulng Jetc/services faAaIU19a19%

- Wavussinimaudlulu /etc/services vonidlolanaaeu hello service waa tielaliinateym)
AU uYeslUsunsy xinetd lueing

2De

NNUTIVIAAN19E 1S
! # default: on
: # description: Hello World socket server
gservice hello
X
: port = 3333
disable = no
socket type = stream
protocol = tcp
user = root
wait = no
server = /home/student/hello_server.sh
log on _success += USERID
log on failure += USERID

............................................................................................................................................................................

:$ sudo /etc/init.d/xinetd restart
* Stopping internet superserver xinetd [ OK ]
* Starting internet superserver xinetd [ OK ]
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JUADUN 4 : NAADUNISYNNULAENISISanlTlUSLASY telnet

' $ telnet 172.16.56.134 3333

i Trying 172.16.56.134...

! Connected to 172.16.56.134.

: Escape character is '"]'.

éHello World:Mon Sep 30 02:30:39 PDT 2013
! Connection closed by foreign host.

miﬁmm‘lﬂmnsmLﬁu%’agaé"w SQLITE

¥
L% =

msiudayaluszuvansanalesadisieiunaneds wilyminduveslunisiaussuy
Audeyaneluveinaussnaileinidsyuuufiinnsayndvinuey  AefiAvdoya log Tu
dnwale text file s33um Tunsaifidesnsaunseunsndeyalusumisiiszylilulald log asdl
Tomavililwdidemeldas nuinsdeulusunsuiiodiludnnistoyanielulnd log faed
Aruduausnnd st

Feiunsoandmiunaiudoyaliiissvy wazannsadnivldedneiiussavinm msay
dosliegludnunrmaAuteyauvuifetulasaiagiudeya (Database) Tusunsusmiledile
Summiongs  wasdulvsunsuinaedusesgulunsifuieyanielugunsaiauoenatls
éfﬁuﬂaf\;ﬁ’uﬂﬁ’h%LﬂuLLaumaaﬁ, 05 Judu Arelusunsy SOLite dadulusunsuusean
Open Source HvWALAN 3@@%"U‘Mmaam‘fjmaﬂiﬁﬂ%%ﬁﬂf}ﬁiﬁ/\lﬁﬁﬁuL’f;lu db, .sdb, %38

s3db 1udu

TupautailianssitegensiadUsungy SQLite adlulATes Host LBLRSEUANN
wingeulunsiunlUsunsunw C/C++ Aldmsiudeyamelausn3ves SQLite aelusyuu
UfjUANS Embedded Linux Niazgnihluldluvesaauesileisialy

Jupoud 1 : mtllvaslusunsy SQLite NosTuaEn
aMtlnanlusunsu SQLite (sqlite-autoconf-3080002.tar.gz) 1n&IA
http://www.sglite.ore/download.html

i $ tar -xzvf sqlite-autoconf-3080002.tar.gz
: $ cd sqlite-autoconf-3080002/

TuRBUN 2 : ANFIAQ cross compiler aslu Ubuntu
Tunsadinld Ubuntu 13939 10.10 July
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§$ sudo add-apt-repository ppa:linaro-maintainers/toolchain
: $ sudo apt-get update
: $§ sudo apt-get install gcc-arm-linux-gnueabi

JUADUN 3 : vinnseaulnalusinsy SQLite tialwseasuanitnenssy ARM

: $ mkdir ~/sqlite

§$ ./configure --host=arm CC=arm-linux-gnueabi-gcc AR=arm-linux-
é—gnueabi—ar STRIP=arm-linux-gnueabi-strip RANLIB=arm-linux-gnueabi-
: —=ranlib CFLAGS=" -mfpu=vfp -Os -lpthread -1lrt" LDFLAGS=${LDFLAGS}
§$ make

§$ make install DESTDIR=~/sqlite

1Y [
lasnnesannniseeulndazgnindsedniglalasnnes ~/solite/ fiail
usr/local/bin
usr/local/include
usr/local/lib
usr/local/share

Junauil 4 : asrlusunsunisenldlausis SQLite wagvinnisaeulnanie cross compiler
WeolrsessuaatUnunssy ARM

§$ vim my_sqlite.c

é #include <stdio.h>
i #include <sqlite3.h>

§ int main(int argc, char* argv[])
1

: sqlite3 *db;

char *zErrMsg = 0;

int rc;

rc = sqlite3_open("test.db", &db);

ifC rc ){
fprintf(stderr, "Can't open database: %s\n", sqlite3_errmsg(db));
exit(0);

}elsed
fprintf(stderr, "Opened database successfully\n");

ks

sqlite3_close(db);
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2De

$N15ADUINALUSLNTUAIANEIT1989

: $ arm-linux-gnueabi-gcc -o my_sqlite my sqlite.c -I~/sqglite/usr/local/
. include e -L~/sqlite/usr/local/lib -1sqlite3 -lpthread -1dl

v v

Uniaannsalddiden pthread” 5o "-pthread” Ale wAtld -pthread” Masulnaiass
AgAUMAIlaus 3 Posix Thread Awisnzaslionlusia

dmsududen "-dU" Wumsssyildlaussiussgileddu disym, dlopen Nildeglulusunsy

s file my_sqlite
§my_sqlite: ELF 32-bit LSB executable, ARM, version 1 (SYSV), dynamically
! linked (uses shared libs), for GNU/Linux 2.6.31, not stripped

A15AUNLUSIASUNTEY C/CH++

N30153988UNTNUTBLUTUN TN DM ANURANA1ANI BN TN TINABUTUABUNS
auvedusunsuindulumudauleildeenuuulinselitduneuniszaeslusunsuluagly

'
a >

szuvanasnadaduialivhaumudlatimue  suduegredafivnitauiazdemsiadeunis
ﬁwmmaﬂﬂmmmLLaz@ﬁWﬂwaiuﬁaLLUW%mEf[,umhEJmmﬁwﬁLﬁmﬁﬁﬂuﬁwdwiﬂmﬂimﬁﬂﬁa
a1 (run-time) FaBunvuaunsiinnsach (Debugging)
é’m%’mzwﬂﬁﬂ’amﬁﬁuﬂ%ﬁu Alawssumdasdiodmiunisith 3358n31 GNU debugger

gnitwulag Richard Stallman Uauvis GPL Tud A.e. 1986 Fadudrunisluszuu GNU 209
Richard Stallman IﬂﬁJﬂ’]ﬂ%ﬂEjllﬁ’]ﬁbﬂ odb  kdb v ddd Hudu f1da edb anunsatieiin
Wanrlunsathlusunsy feavidontneand:

« diolusunsuBuvhaufannsedsliimunuidussinsaussia (ine by line) fe

sqw-ﬁ’wé’q edb

« anansovililsunsameamuteuluisey iy

o LAAIANUDIALUT €U Gumzﬂfuiuiz%jwaﬁﬁﬂqwuag (run-time)

« AMvuAAngAlUILNTY (breakpoints) B3 IRTI9AEUNTTNITULAAYTURBULUY step-

by-step viiedlimusunsuvhanunuUniseluls
Imadauﬁ%ﬁfmﬂ13ﬁﬁﬂiﬂiLmimﬁﬂﬂ’wm%ﬁaﬁzqﬁaLﬁaﬂ “¢” Fownumd ecc Tuvued

U

AU lNAlUSILNTY AIA219819719819

i $ gcc —g —c main.c
. $ g++ -g —c functionl.c
:$ g++ -g —o my_program main.o functionl.o
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Aoulnalaesaziiudeyauitegrendndusionisviiures edb adlilusedalig (o) wae

Wsunsudlaannnsaeulng (executable file) § gdb aglivayamariuiiieAamIuTTin

YodlAnlUsUNSULNBUARIUBYAANgRaNIN AdeiugIuYes gdb Nlleuldiulaun

A58 4.4 fegemainisavnlusunsunislusinsy edb

AN Adasia A1DSUNE

run r
kill k
quit q
continue C
disassemble disass

disassemble ADDR

disassemble ADDR1 ADDR2 disass ADDR1 ADDR2

info breakpoints ib
info registers ir
info frame if
backtrace bt
break *ADDR b *ADDR
enable [NUM] en [NUM]
disable [NUM] dis [NUM]
delete [NUM] d [NUM]
delete d
nexti [num] ni [num]
stepi [num] si [num]
x/NFU ADDR
display/F ADDR disp/F ADDR
display disp

Embedded Android Development

disass ADDR

SulUsknsy
ngAlUTUNTY
99n31n GDB

ausialaengail breakpoint daly

Mg assembly code ¥4 function 7 EIP
RS assembly code 71 address ADDR (af
%o function 67

NS assembly code 71 address ADDR1
£19 ADDR2

&MY breakpoint e

wensAwas CPU registers 11an
wanstonaiieaiu stack frame Uagiiu
heme call stack

set breakpoint 7 address ADDR (811438
function ludasll *)

enable breakpoint vineauil NUM
disable breakpoint MEEauT NUM
delete breakpoint weEuT NUM
delete breakpoint e
viaudadnaly Tidnlly call

Fumdesaly Wiluly call

WanIA1984 address ADDR lag

N Aosunufivsuanina

F ﬁagﬂwuﬁ%uamwa (nn51960 1)

U Aodnuiu byte & b (byte), h (2 bytes),
w (4 bytes), ¢ (8 bytes)

WaEmMIAIUDY address ADDR V!ﬂﬂ%ﬁﬁx‘ﬁ/@@
U

wanaAneglu display list isvun
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undisplay [NUM] und [NUM] au display FAULETR NUM
set ADDR=VAL set A1 VAL TUfi address ADDR

Dy

fegradaluildunisneasunisavnlusinsy factorial Taaisudulmvinnisasialusunsuss

:$ vim factorial.c
: # include <stdio.h>

: int mainQ)

1
: int i=0, num=0, j=1;

printf ("Enter the number: ");
scanf ("%d", &num );

for (i=1; i<num; i++)
J=J*1;
printf("The factorial of %d is %d\n",num,j);

=D

vinsaeulnalusinsy factorial Inglddiiden -¢ Auanslumdatngans

' $ gec -g factorial.c

©$ ./a.out

gEnter the number: 10

: The factorial of 10 is 362880

:$ gdb ./a.out

; GNU gdb (Ubuntu/Linaro 7.2-lubuntull~ppal) 7.2

§ Copyright (C) 2010 Free Software Foundation, Inc.

§ License GPLv3+: GNU GPL version 3 or later <http://gnu.org/licenses/gpl.html>

é This is free software: you are free to change and redistribute it.

g There is NO WARRANTY, to the extent permitted by law. Type "show copying"
g and "show warranty" for details.

; This GDB was configured as "x86_ 64-linux-gnu".

g For bug reporting instructions, please see:

! <http://www.gnu.org/software/gdb/bugs/>...

! Reading symbols from /home/student/unix/a.out...done.

nageuNsdAdionwwumUs breakpoint waw clear breakpoint @isuwuunsldauls 2
LUUABKUUN 1 gAlUAUIaUITInNsey

...............................................................................................................................................................................

Embedded Android Development graunmaiinwmun


http://gnu.org/licenses/gpl.html
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-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

WUUT 2 Aaviestusinurisdeiianduise

Ebreak [file name]:func_name

Eclear [file name]:func_name

. (gdb) break 3
gBreakpoint 2 at 0x40059c: file factorial.c, line 3.
. (gdb) break 7
%Breakpoint 2 at 0x4005c3: file factorial.c, line 7.

g(gdb) info break

% Num Type Disp Enb Address What
g 1 breakpoint keep vy 0x000000000040059¢c in main at factorial.c:3
P2 breakpoint keep vy 0x00000000004005¢c3 in main at factorial.c:10

: (gdb) run
gstarting program: /home/student/unix/a.out
%Breakpoint 2, main () at factorial.c:7

g 7 scanf ("%d", &num );

' (gdb) print j
is1 =1

. (gdb) s
: Enter the number: 3

§ 9 for (i=1; i<num; i++)
. (gdb) s

10 j=3*i;

' (gdb) s

i 9 for (i=1; i<num; i++)
- (gdb) s

: 10 j=3*i;

: (gdb) print j
P2 =1
: (gdb) print i
P $3 = 2
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. (gdb) break 10 if j==
! Note: breakpoint 1 also set at pc 0x4005e5.
: Breakpoint 3 at 0x4005e5: file factorial.c, line 10.

! (gdb) info break

g Num Type Disp Enb Address What

: breakpoint keep y 0x00000000004005e5 in main at factorial.c:10
breakpoint keep vy 0x000000000040059¢c in main at factorial.c:3
breakpoint keep y 0x00000000004005e5 in main at factorial.c:10

stop only if j==

. (gdb) watch j==
! Hardware watchpoint 2: j == 3

é(gdb) disass main

gDump of assembler code for function main:
0x0000000000400594 <+0>: push $rbp
0x0000000000400595 <+1>:mov %rsp, $rbp
0x0000000000400598 <+4>:sub $0x10,%rsp
0x000000000040059c <+8>:mov1s$0x0,-0x4(%rbp)

0x00000000004005a3 <+15>: mov1$0x0,-0x8(%rbp)
0x00000000004005aa <+22>: movl1s$0xl,-0xc(%rbp)
0x00000000004005b1 <+29>: mov $0x40070c, %eax
0x00000000004005b6 <+34>: mov $rax, srdi
0x00000000004005b9 <+37>: mov $0x0,%eax
0x00000000004005be <+42>: callg 0x400478 <printf@plt>
0x00000000004005c3 <+47>: mov $0x40071f,%eax
0x00000000004005c8 <+52>: lea -0x8(%rbp), %srdx
0x00000000004005cc <+56>: mov ¢rdx, %rsi
0x00000000004005cf <+59>: mov $rax, srdi
0x00000000004005d2 <+62>: mov $0x0,%eax
0x00000000004005d7 <+67>: callg 0x400498 < isoc99 scanf@plt>
0x00000000004005dc <+72>: mov1l$0xl,-0x4 (%rbp)

: 0x00000000004005e3 <+79>: jmp 0x4005f3 <main+95>

§=> 0x00000000004005e5 <+81>: mov -0xc(%rbp), %eax

: 0x00000000004005e8 <+84>: imul -0x4 (%rbp), %eax
0x00000000004005ec <+88>: mov %eax,-0xc(%rbp)
0x00000000004005ef <+91>: addl$0x1l,-0x4 (%rbp)

0x0000000000400608 <+116>: mov $rax, srdi
0x000000000040060b <+119>: mov $0x0,%eax
0x0000000000400610 <+124>: callg 0x400478 <printf@plt>
0x0000000000400615 <+129>: leaveq

: 0x0000000000400616 <+130>: retq

gEnd of assembler dump.
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Tunsainldlusunsy ddd Fadulusunsudvnluguuuunsmiin@siesenisldan inszdleneu
aunsanedeismdssinenely edb loavmuadaiiegrmiinvedlusunsulugutneans

{3 DDD: fesriusers/stsi oellerftkiddoc/sample £

fle ES Vow Pogram Commancs  Stas  Source Data v |

Argument Field -

i L o

v

S 32k aE

Source Window

I{nt main( nt 2rgc,

ftor (1 = hi 1 < S1ze: 1++)

irt v = 2[il;

U'_'I-l:l-\&&i(]-h]?v:1—h3 :
it (.3[21 = al] = 2):
algl = v et | steat ||

Jwhi‘e IF - 1)

crar *acev())

int *a;
int i;

as= E nr *ymatlec((args - 1)
Far (- =7 = ¢ zr3c = 17 %4
ali] = atoilorgvii + 133

shall_an‘t(a. a~grd:

; stzeo* (1))

0o 3.1.3 (1385-pc—l 1nux-gnL11b<1), o7 Dorothea LOtRehaus and sndreas Zeller.
Copyright & 1599 Tacknische IISwa cirar Rraanccrhanig. Carsany
R sdh\lg cyrbels from sxplo...dono.

Debugger Console <

Status Line

~A-Kelcome 10 LU 515 Wi3E ATe3s” (D85-3¢-linLx- grusbel)

Breakpoint

Click here to run

{3 DOD: NSrASErs/S 1S 1 2t i/ doc/Sample

ﬂ-&nmmmmmm

- Tut ( =C;  szrgc=1; ive) " SCI‘O" Bal'
noreTsa CLoa s
- mti( wt):
rreela):
return 0
}
i

:):[ ‘edd/doc samoto. ;3¢ Lt B LT

? ..t D TR ) A
Pit e BTRr 7 Loy

&

1;0! dJehg 14 Sl’i, IN)

irt v =clil;
ot = i; j-i&&'c“-h]»v;j-h}
atyl = &IJ - 1l
If ¢ =3
o
Jwhi'o IF 1= 1): _
] Arurnets
fnt main( n* =2 . ka
(n‘m(n rgc r»8754_
inl *3;
int 3
- S a - ( n! Jmllo(((
= X Ere
a 1] = atod fzeg
shall_so’t(a, aech 3
Fon with Arguments

for (- = ¢
prin; 1( ’vJ

neintf{"e”

RCTICYH

return 0;

[eooc 7000 €039 1000 004 =4

o=Rn | cncel | Hep |

Frading swmbels from swple,..doae,
(atb) break fLsr/users/stst/zile-/d18/doc/ s’ €, 2351
Broskpoint 1 2t 0xSB48366: file Susriuso-s/itel] ‘3ol lor/ddddoc Jewmple.c, Yino

.
(gdb) |

2 Breukpuny, *oal Ou098E03; e Aust/ines s Tiguiududad sussnada e, e 31,

JUN 4.13 ntenlusunsy DDD warasAUsEnaunIesilonie

~+ Command Tool

Arguments

N3RS breakpoint wazgA1nelududs aunsavilade deineg1atneans
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|>\ 1
factorial.c:10
# include <stdio.h>
int main()
int 1=0, num=0, j=1;
printf ("Enter the number: ");
scanf ("%d", &num );

for (i=1; i<num; i++)

= 1= 2
printf("The 1

_—---—
(gdb) run
Enter the number: 3

Breakpoint 1, main () at factorial.c:10
(gdb)

ﬂﬁ 4.14 @I’DE]EJNﬂ']iGN‘ﬂﬂ Break Point

226

weNANTUaINNTadd ey (Signal) kuusee wazglanlusunsuluglivunwikeawuuala

LUNY

Embedded Android Development

Program received signal SIGSEGY, Segmentation fault.
ma'ldg (I) at ./cxxtest.C:510

£28 DDD: /public/source/programming/ddd-3.2/ddd/cxxtest.C

'i{nt main(int /* &

nt i
D tree test()

: 0x401a2db8 1075457464

1‘5'5 test (i : 0x8043c34 134519356

edx: 0x40121234 1075450420

ebx: 0x401a41b4 1075462580

i+t
ar ray test (]

stn ng_testr esp: Oxbfffef30 —1073746128
ebp: Oxbfffefds —1073746104
p'lot test(); esi: Oxbfffefad —1073746028
edi: ox1 1
W”e test(); eip: 0x8049cal 134519969

cin cout_ted | eflags: 0%286 IOPL: 0

return 0; + PFSF IF
ig_sax: OxFFFFFFFF 1

0x23 35

0x8049¢9a <r
Dx8049cal <«r
0x8049cab
0x8049cal
0x8049cac
0x8049caf
0x8049¢h0
0x8049¢hS
0x8049¢b8 <main+36>: 0% c(%ebp

0x8049chb <main+39>: 0x8049428 <array_test(void)>
0x%8049¢c0 <main+44>: i OxfFFFFFfeci%ebp)

0x8049¢c3 <main+d?>: 0x8049404 <string_test(void)>

E“

H H EH R R®RE®TWEAAAP{NR
W W W HEEE®RL ®RAL AN

s
=
7 St
I St
WS
St
= St
s
St
St
=
s

ALEUNIUNWEIUN
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15U lUsunsuAE Cer 8 Qt

TUsunsu Qt Tasuniseeusuindu cross-platform application framework ﬁﬁﬁqwﬁmﬁﬂ
Tutlgtudl FadinmswdeulavsFuasiladdy AP Srunndmsunisdeulusunsunwinda
wim Falvsunsy Qt ldfimsufuusmshauanegfunelulausivesnedndandaies
feehaty MIdanisvhenndt msfadedunesnnisdeans msdansluswauazinsn Tl
ArBavgu Saranaiosnm warisyAnsnmganntu Welmmngfuaninensaufiunnsis
fuly

ot agteliniamiansnoenuuuuazdulsunsudetulumstauilusunsudsyynd
AIUFANGY FBEARY UAMUNTIVAN TUAMUTEUULATEUNY MUAUTTUUINTEYE $1UATUY
Saddiis msdanistid XML sifeauduiulusunsy sy venindulusunsufifundumn
aelad Qt azausaredlnduwazgnsessulvanuisaiaulavatganidnenssunazviany
wnanneasy Lok syuUfuRnisdund seuudfuinig MacOS X szuuUfianisiuled seuu
UHURN53UlAdT8 ssuuUfUianistild wagsesuulfuRnisaunddmiussuuatoinarla

Taan1 C++

Database OpenGL
Core Libraries GUI Libraries Network Multimedia
XML Web Kit

LinuxX11 | Macos x | Embedded Linux

U7l 4.16 Tasaadrsanntinenssu Qt framework

nguisuuiansiasadienes Qt framework Tnsduuugafoldnlusunsuniwindanda
Fusesaunazilugures Ot classes dwsuaing GUI, Webkit, Database LLazSuS] ey
anvneResyUUUURNsTIsesunsihauseslusun g
n1sAnRe QT dmiunsazszuufoanas
fnse Ot dwiSuusarszuudfifinig azinisweuyelusunsudmsunisimuniizends
Qt Installer @sléisa Qt Libraries wag Qt Creator dmfuidulsunsaniteliimunlfnlusuns

wazns A ilelulusunsy  Tnemsdiluaniluanl@ann  http:/qt-project.ore/downloads

NEIRINLUARILTORAFILAVIUN
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FN3USEUUUURANNS Embedded Linux

=D

IMN15AILMan Qt source code adlAIBIABURANDS Lazuanlwgd AIAIEIT19819

: $ wget

: http://download.qt-project.org/official_releases/qt/4.8/4.8.5/qt-every
: where-opensource-src-4.8.5.tar.gz

: $ tar -xzvf qt-everywhere-opensource-src-4.8.5.tar.gz

: $ cd ~/gt-everywhere-opensource-src-4.8.5
§$ ./configure -embedded [architecture]

[architecture] A9FIUNENTIUYOIUDTA target 19U a01UREATIN arm, x86 %38 mips

W30aNNINTEYTALLREATAYRU luTEninansldAnds /configure Livalmvsngauiuanin
LIAADUVDIADIUNYNTTUN LI AIANAIVI9EIT

: $ sudo /usr/local/qt-embedded-4.8.5

: $ ./configure -prefix /usr/local/qt-embedded-4.8.5 \

: -embedded -qt-gfx-linuxfb -qt-gfx-qvfb \
-qt-gfx-vnc -no-largefile -exceptions -no-accessibility \
-no-qt3support -qt-zlib -no-gif -no-libtiff \
-qt-libpng -no-libmng -qt-libjpeg \
-no-nis -no-cups -depths 8,16,18,32 \
-qt-kbd-tty -qt-kbd-qvfb -gt-kbd-linuxinput \
-gt-mouse-linuxinput -qt-mouse-qvfb -gqt-mouse-pc

wdnaEsaaumsaedlngud aldlndlavsiaisndudmsumsihludasaiivasluvesnaues
nailast AldszuuUfiinis Embedded Linux disil
: -libQtCore.s0 < laussuan
: -libQtGui.so < lunsdliifiosnsuansdrunsliindnsofld (GUI)
-libQtNetwork.so < TunsainfeensiaunwusEUUATeY e
| -libQtSql.so < Tunsdlfifeansldaulunsifudeyade SQlite
-libQtXml.so <— Tunsdifidesmsidaulunisdanising XML

Faunwauausatdantnalaussngesnis warvinnisenasnlndlausisludaleisnnes /lib
294 root file system ngluvosnaupInaiasy


http://qt-project.org/downloads
http://qt-project.org/downloads
http://download.qt-project.org/official_releases/qt/4.8/4.8.5/qt-everywhere-opensource-src-4.8.5.tar.gz
http://download.qt-project.org/official_releases/qt/4.8/4.8.5/qt-everywhere-opensource-src-4.8.5.tar.gz
http://download.qt-project.org/official_releases/qt/4.8/4.8.5/qt-everywhere-opensource-src-4.8.5.tar.gz
http://download.qt-project.org/official_releases/qt/4.8/4.8.5/qt-everywhere-opensource-src-4.8.5.tar.gz
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1%
¥ A v

TunsiFuduiugIunsiaulusunsuale Qt W a1u1saasislusinsy “Hello World” ae9

e lanadl

§$ vim main.cpp
% // main.cpp

% #include<QtCore>
S int main(Q{
: gDebug() << "Hello World\n";

nauazyNIsAoNlng azsolinisaselnans 2 naunn laun Ialusian (pro) uazlna

4

Makefile A28ANEIF95

§######################################################################
: # Automatically generated by gmake
§######################################################################

. TEMPLATE = app

. TARGET =

: DEPENDPATH += .
: INCLUDEPATH += .

L # Input
: SOURCES += main.cpp

. $ gmake

. $ cat Makefile

L #pp# Compile

i main.o: main.cpp

: $CCXX) -c $(CXXFLAGS) $(INCPATH) -o main.o main.cpp

D st Install
: install:  FORCE

§ uninstall: FORCE
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n1sARUlNAlUSLNTY

. g++ -c -pipe -02 -Wall -W -D_REENTRANT -DQT NO DEBUG -DQT GUI_LIB

: =DQT CORE_LIB -DQT SHARED -I/usr/share/qt4/mkspecs/linux-g++ -I. -I/usr/
: include/qt4/QtCore -I/usr/include/qt4/QtGui -I/usr/include/qt4 -I. -I. -o
main.o main.cpp

§g++ -W1l,-01 -o gt main.o -L/usr/1lib -1QtGui -1QtCore -lpthread

§$ ./qt

magelusunsy Qt Tuguwuunsiinidesaiugly (GUI program) anansasimmuiriulysunsy
Qt Creator visea1saRsulAnlUSUATUATE Text editor NlU Auans1sasil

:$ vim qt_gui.cpp

: // qt_gui.cpp

: #include<QApplication>
: #include<QLabel>

§ int main(int argc, char *argv[])

: {

: QApplication app(argc, argv);

QLabel* hello = new QLabel("<hl>Hello, World</h1>");
hello->show();

hello->setWindowTitle("Welcome to Embedded System World");
return app.exec();

% $ gmake

N

$ 1s
%gui.pro Makefile gt gui.cpp

§$ cat gui.pro

O
i # Automatically generated by gmake (2.0la) Mon Sep 30 23:09:58 2013
g######################################################################

. TEMPLATE = app
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: TARGET =
: DEPENDPATH += .
: INCLUDEPATH +=

g# Input
! SOURCES += gt_gui.cpp

: $ cat Makefile :
B

! # Makefile for building: gui :
! # Generated by gmake (2.0la) (Qt 4.6.2) on: Mon Sep 30 23:10:00 2013

g# Project: gui.pro

! # Template: app

i # Command: /usr/bin/gmake -unix -o Makefile gui.pro :
§#############################################################################

g####### Compiler, tools and options

i cc = gcc

! CXX = g++

. DEFINES = -DQT NO DEBUG -DQT GUI_LIB -DQT CORE_LIB -DQT SHARED
éCFLAGS = -pipe -02 -Wall -W -D REENTRANT $(DEFINES)

! CXXFLAGS = -pipe -02 -Wall -W -D_REENTRANT $(DEFINES)

: compiler uic clean:

: compiler yacc_decl make all:
gcompiler_yacc_decl_clean:

: compiler_ yacc_impl make_ all:
: compiler yacc_impl clean:

: compiler lex make all:

: compiler lex clean:
§compiler_clean:

| ####### Compile

gqt_gui.o: gt _gui.cpp
: $(CXX) -c $(CXXFLAGS) $(INCPATH) -o gt gui.o gt gui.cpp

L ####### Tnstall
! install:  FORCE

guninstall: FORCE

: $ make

{ g++ -c -pipe -02 -Wall -W -D_REENTRANT -DQT NO DEBUG -DQT GUI_LIB
E—DQT_CORE_LIB -DQT SHARED -I/usr/share/qt4/mkspecs/linux-g++ -I. -I/usr/
: include/qt4/QtCore -I/usr/include/qt4/QtGui -I/usr/include/qt4 -I. -I. -o
i gt_gui.o gt _gui.cpp

i g++ -W1,-01 -o gui gt_gui.o -L/usr/lib -1QtGui -1QtCore -lpthread

(Y]
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na@ausenlUswATU Hello World $99198149

2 ©® Welcome to Embedded System World

Hello, World

U7l .17 wadmdn1s3ulusunsy Hello World

NalAN15919IUYDY SIGNAL Hag SLOT
Signals uag slots lHdmiunsdeansseninedng (object) Buunalnudnlunisiily

W lsunsy Qt Taglamgnemunsminiasadugly (GUI) sawandlugudnsas

( Obiectd "\ connect( Object1, signal1, Object2, slot1)
| connect( Object1, signal1, Object2, slot2)
signall
signal2 [ Object2 N
signall
——————JPp slot1
e————p slot2
Object3 World Time Clock - examples/designer/worldtin
signalt - connect( Object1, signal2, Object4, slot1) —
W\ . ]
Ve Objectd ™ updated(QTerje)—l
slot1 = - | Current time’?.E? M{ij
- = S
— lot : Settime 7o/ aIueChangeint)
I - - 3 | valusChanged(in]
slot2 [
———————P{  slo3 bt
connect( Object3, signal1, Object4, slot3) ;J —

gih?'i 4.18 nalnnsWensening Signals wa Slots

=D

lardulunisiwensening signals AU slots TuardsUkuUNSRELIUTLNTUAS
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% #include<QPushButton>

: int main(int argc, char *argv[])

 {

: QApplication app(argc, argv);

QPushButton* hello = new QPushButton("Quit");
hello->resize(150, 75);

QObject: :connectChello, SIGNAL(clicked()), &app, SLOTCquit()));
hello->show();

hello->setWindowTitle("Hi");

return app.exec();

PnlanlUsunsudrsuuiunis®on signal veaaduiliinainnisgnng (clicked() 1w slot 7
Foflartu quit) Fuihnsesnainlisunsy dwunmsinuvesdusunsufewdelinanayuioz

4
=

99nANLUTLATUTUN lastodunnlunisly signal wag slot UAg
1. il signal anunsadonldvans slots
2. ¥iang sisnals @nunsaileudu slot Weaduld
3. anunsaendnnnslousia (connection) I
A29819n15WAL lUSULNNAY Qt Creator

Walusunsu Qt Creator wdvinnsasislusianlui lnaidenviin Qt GUI Application wan
don Base class Widuuuy QDialog Aananslugudnaans

Places System (' %)\ @ [t

File Edit Debug Analyze Tools Window Help

ﬁq m Qt Creator

| £ Qt Gui Application

il Featured

Class Information
Qt 4.8 libraries for Logation : : .
Windows, Mac and Targets Specify basic information about the classes for which you want ta generate skeleton source code filas
Linux/X11 released )

Details
stand-alone downlo

Classmame:  Dialog

TR fo
Base class; [Qpﬁpg | Y|
Header file dialogh h’

ource fi 0.Cp

enerate form: W

| <Back || Net> | Cancol

[ This tutorial providas you with 2 principal summary of the Qt Creatar User Intarface

PN 4 1 1 5’5 I a
E‘U‘V] 4.19 NUIBNEIUNITINAITYALLDYAVDIAAE
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1893INNA Next Wad Qt Creator AzlalAnlUsunsuAFUAUA1

@ Applications Places System Ot’ ’)@g@ Qt?

2 © @ dialog.cpp - 1 - Qt Creator
File Edit Build Debug Analyze Tools Window Help

Projects s Y- H X € # dialog.cpp + <Select Symbol>
t -1 1  #include "dialog.h"
0 [ 1.pro #include "ui_dialog.h"
Welcome
s [l Headers Dialog::Dialog(QWidget *parent) :
-2 Sources Qbialog(parent),
= i, dialog.cpp ui(new Ui::Dialog)
- les main.cpp { , . )
\; - B7 Forms ; ui->setupUi(this);
. 8 A dialog.ui
® Dialog::~Dialog()
{
4 delete ui;
Debug }
I

JUN 4.20 uanslanUesrungnainatuunsnluls

Jalud dialog.ui wieads Ul Wulusunsu Tnenisifiu QPushButton uas Qlabel Fauandly
SUT9a

[ dislog.ui - 1 - Qt Creator v e X
File Edit Build Debug Analyze Tools Window Halp

0 bu < Dbjact Class 2
Euttons = 5 Dialog QDialo

=
125 Push Butten
= @ Tool Button
® FRadio Button
y @ command uink Button Count Quit

Design 13 Eutton Box

pu..on & QPushButton
pu.._2 \af qPushButton

(0|

label - QLabal
Property [value

1D}

objectN... Isbel

enabled x
T geometry [(20, 50), 121 x 15]
B siePolicy  [Preferred. Prefer...
= minimum,., 0x0
Width 0
Height ©
& maximum,.. 16777215 x 16777,
= sgelncre.. OXO
i baseSke 0Ox0

Filte
Name Used Text Shortout Checkable ITuoﬂ'lp

palette Inhented
= fort A [52ns serf, 9] [Z
~

Action Editor | Signals & slots Editor

Bl O Lpe to locate litn+ Build lssuss Search Results| Application Output Compile Output

U7 4.21 M3a¥s GUI sudiued Design

Tupausisliaziiunisadanisidenles lnanisaanuaniivu Count uwdudan “Go to Slot” 910
Huden signal MResn1swenluds slot Tunilliiaen clicked() antuna OK
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S cont B qut

£ Go toslot

| Select signal
clicked() |QAbstractButton —_—
m clicked(bool) QAbstractButton . —
Name pressed() QAbstractButton
= released() QAbstractButton S
toggled(bool) QAbstractButton
destroyed() QObject
destroyed(QObject*) QObject
| v Action E customContextMenuRequested(QPoint) QWidget
h code 0
\Cancel 06

N

sU#l .22 seisen Signal titerivun Slot Whvsne

lUsunsuagyinnsadsientud s uniseuneasewing signals wag slots Tionlul® lnaavas

%4

%o slots 11931 “on_pushButton_clicked” slauanslugunaans

@ Applications Places System [ = Qt; 03&,@
2 © @ dialog.cpp - 1 - Qt Creator

File Edit Build Debug Analyze Tools Window Help

Projects $ Y- H X € » dialog.cpp* % 7 Dialog::ion pushButton clj

| - 1 #include "dialog.h"
(@ 1.pro #include “"ui_dialog.h"
+ B Headers Dialog::Dialog(Qwidget *parent) :
- [ sources QDialog(parent),
o dialog.cpp ui(new Ui::Dialog)
les main.cpp { ) ' )
— B Forms ui->setupUi(this);
A dialog.ui
Dialog::~Dialog()
{
delete ui;
}
void Dialog::on_pushButton_clicked()
Projects {
18 |
= }
Analyze

U 4.23 Method fignasnsiuiledinisiden slot

: void Dialog: :on_pushButton_clicked()
¥
: static int count;
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count++;
ui->label->setText(QString: :number(count));

Tudumaugavieyiinisreulnduazsulusinsy Tnenaduda Ctri+r aglanagnsnsguauans 34
degldnadu Count TUsunsufagyhnisuinauiuduiiae 1

| Count | . Quit

JUT 4.24 wadwsnissulusunsuilonata Count

n1sNaUIUIHNTUARRaNDSADYNTY

msmuTUsunsudie Ot Huduldsuaudemnniu  Taswmgluasnismstauiuy
szuvaNesnailein leaainnshauvestusunsudiismd waznsuanamamafunsiiindia
Ju uenantumsialvsunsuiiofndedeasiunosnounsy fugunsainieuen wu vade
lalasnealyziand Wudu Adsndusesdieg dafulu ot nesdulmi dusnesdu 5 1Husuly
lefinnssaienluga QtSerialPort Whldeglulausid qts idufiSeuiesudn emnuazaanly
nsBenldeu Seanunsafinael@ie hardware serial ports wag virtual serial ports

meluluga QtSerialPort Usenaulume 2 aanandngde SerialPort waw SerialPortinfo
Tnenana SerialPort axdunaanugiuifiunsonsieg lunsdarfiugudmiunesnoynsa

1379 4.5 NM35835UNIAsAINDTUBUN UMY Qt TuwsiagseuuduRns

sruudfinnis GG eRFRELEL

Windows NT/2K/XP/Vista/7/8 YES Full support
Windows CE YES 1997 5 way 6 uusa WinCE Emulator
Gnu/Linux YES Full support
MacOS X YES Full support
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FrUUUHUANTT ST F2aLLDYN

Unix 8u9 YES  POSIX-compatible aviain

dwumana SerialPortinfo azilunanasingiy NazianiAanIuzaAN U INesNOYNINNEINITE
Benldlalussuunouiiimes MseuainausInarid

1579 4.6 N155095UvReATU SerialPortinfo TukdassyuuUURNIS
Windows NT/2K/XP/Vista/7/8 YES Full support Taaisunlgiandu SetupAPI

Windows CE YES ST 5 hay 6 VUF? WIinCE Emulator

Full support Ineisunld libudev Wiaaumla

Gnu/Linux YES .
Tulasnnes /dev/ Taenss
MacOS X YES Full support
. POSIX-compatible Tiaviua dumlalu
Unix 8u4¢) YES

lasnnes /dev/ Tpenss

usilaiga QtSerialPort Ssfifodninunsegisiidslisesiulsiun
-5V UUIULA Terminal, control CR/LF
_#apn timeouts uay delays 994015974
_msudadouiionisiiAsuaniuzves RS-232 9710UT

4

Ailuanluga QtSerialPort wawihnsasulnduazAnnaisdnluly Qta/Qts merdsdisil

§$ git clone git://gitorious.org/qt/qtserialport.git
§Initialized empty Git repository in
g/home/student/Downloads/qtserialport/.git/

%remote: Counting objects: 4482, done.

gremote: Compressing objects: 100% (1737/1737), done.

%remote: Total 4482 (delta 3158), reused 3764 (delta 2719)
%Receiving objects: 100% (4482/4482), 1.22 MiB | 233 KiB/s, done.

%Resolving deltas: 100% (3158/3158), done.
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cd gtserialport/
gqmake gtserialport.pro
make

sudo make install

TunmsiamuTdsunsy Ot efndenesneunsuthlunsdifidu Ot way Ot5 du awdesding
szymisBenldluga QtsSerialPort Tulwdlusian (pro) s lsendsaniumds qmake
_project wioasalwdlusian (pro) Fail

nsaifidu Qta

...............................................................................................................................................................................

E#include <QtSerialPort/QSerialPort>
: #include <QtSerialPort/QSerialPortInfo>

NsaNesnaUNINENNNILEONTEAUTDINISNALLARAIY read-only (1/0), write-only (w/o),
read/write (r/w) wazilalUanasnladnss luga QSerialPort agldanaslinufuvemasniiy

U

wengslsAmuAanusavinnsaeelmile Tnesenlailaidu setBaudRate(), setDataBits(), set-
Parity(), setStopBits() wag setFlowControl() anuga1au
fagenUaneasnoynsy /dev/ttySo

: QSerialPort serial;

: serial.setPortName("/dev/ttyS0");

: serial.setBaudRate(QSerialPort: :Baud9600);
: 1f (serial.open(QIODevice: :ReadWrite)) {

: // to do this

fe819lUsNsUNISIgAaa QSerialPortinfo WiaYINN1SASIA@RUNDSANEeNIEaUle La1vinIg
dss1eazidunvaanasatunslulinana QSerialPort evinnslenald

§ #include <QtCore/QCoreApplication>
i #include <QtCore/QDebug>
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% #include <QtSerialPort/QSerialPort>
: #include <QtSerialPort/QSerialPortInfo>

% QT_USE_NAMESPACE

§ int main(int argc, char *argv[]) {
: QCoreApplication aCargc, argv);

// Example use QSerialPortInfo
foreach (const QSerialPortInfo &info, QSerialPortInfo::availablePorts()){
gDebug() << "Name : " << info.portName();
gDebug() << "Description : " << info.description();
gDebug() << "Manufacturer: " << info.manufacturer();
// Example use QSerialPort
QSerialPort serial;
serial.setPort(info);
if (serial.open(QIODevice: :ReadWrite))
serial.close();

}

return a.exec(Q);

. $ gqmake -project

: $§ echo “CONFIG += serialport” >> serial.pro

: $ gmake

: $ make

! g++ -W1,-01 -Wl,-rpath,/usr/local/gt-embedded-4.8.5/1ib -o serial main.o
§—L/usr/local/qt—embedded—4.8.5/lib -l0tSerialPort -1Q0tGui

i -L/usr/local/gt-embedded-4.8.5/1ib -1QtNetwork -1QtCore -lpthread

:$ 1s

émain.cpp main.o Makefile serial serial.pro

:$ ./serial

gName :  "ttyso"

: Description : ""

: Manufacturer:
: Name :  "ttys1i"
g Description : ""
: Manufacturer:
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NSRRI TUSUATULUU MULTI-THREADING
ns@euluswnsudiielmnsananedianunsovoundeuduld  (multithreading) Fafivae
aSuvemswaden e C luundfinun dwsunsiaunlusunsuludnvasdunsniing
Anstorfuglidaentv Co+ fuda Qt th fotnduisudustnann iesndenilnuiidlena
ziin1TUTENIaNauIU ﬁmim?{aﬂﬁlﬂﬂizmawamiﬁﬂmuag}ﬁawé’umu (background
processing) Lﬁ@lﬂﬁﬂimuGiamﬂsi’fmué’mﬂmvﬁ\lﬂﬁ’wﬁﬁi’f Fenswaulusunsuludnues
multi-threading taldiianldognaunsmans dmsumsimuly ot Juaunsatenldouldie
wardisesfunisdousafuluu sisnal uas slot Lﬁa"[,%ﬁﬁayawwmﬁ’ulﬂmﬁuaﬂmmiéf

Qt @3130193U Thread 149 2 wuulug) Ao
1. LUU Low Level #28 QThread

Aand QThread Tuaglddm3u 1 wmsa s 1 QThread FeazBuvhauaniteddu run() usae
799111113 implement #{$ATU run() dneu (: : runQ) Ffeegndlusunsadneans

:$ vim writer.h
: // writer.h

. #ifndef WRITER_H
: #define WRITER_H

: #include <QThread>

: #include <QString>

: #include <iostream>

: class Writer: public QThread {

: public:

: explicit Writer(const QString& mark) :
mark_(mark) {

ks

: void run();
: private:

: QString mark_;
1

¢ #endif // WRITER_H

% void Writer::run() {
: for (int i = 0; i < 20; ++1) {

std::cout << gPrintable(mark_);
msleep(200);
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Tulng main.cpp aziin1sWeuatiuludlendu run() wagasiniamenludivazdssann 200 dad
U NFIINUUALULAAITDAIUDONNINLINDD FLART19E1IH

©'$ vim main.cpp

§ // main.cpp

§ #include <QtCore/QCoreApplication>
! #include <QTimer>

i #include "writer.h"

§ int main(int argc, char *argv[])
¥

QCoreApplication aCargc, argv);

Writer wl("One");
Writer w2("Two");
Writer w3("Three");

wl.startQ);
w2.start();
w3.start(Q);
wl.waitQ);
w2.waitQ);
w3.waitQ);
QTimer::singleShot(12000, &a, SLOT(Cquit(D));

return a.exec();

Dy

a519lidlusian (pro) wazlwa Makefile tomsulnalusunsy AeAIdI919819

. $ gmake -project

: $ gmake

: $ make

:$ ./thread :
! Two Three One Two Three One Two Three One Three Two One Two One Three Two One :
gThree Three Two One Three One Two Two Three One Two Three One Two Three One

: Two One Three Two One Three Two One Three Two One Three One Three Two One

! Three Two One Three Two One Three Two One Three Two

2. WUU High Level #28 QConcurrent
QtConcurrent s APl TusgAuas dmiunisiWeulusiunsuwuu multi-threading vu Qt

1 azansaldnulaiedulaenlifemdnlusgazidenroinsaiasnsianisiuIumse
#1199 lag QtConcurrent lasauelendulivaesuuuusivelivsngdmsunisunluussandly
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fuauuuuliinssdsiziu (asynchronous task) lagianglulusunsuuuunsiindnseduyld
(GUI applications)
QtConcurrent:run() Avitmssenilandutuanniglu thread as1aduanlng

i extern void aFunction();
: extern void bFunction(Q);

E QFuture<void> futurel = QtConcurrent::run(aFunction);
E QFuture<void> future2 = QtConcurrent::run(bFunction);

anansaldaaia QFuture wag QFutureWatcher Tunisnsisdevanusvasilandungnisendnly
Tuwmsaladiagnelusunsudieansil

............................................................................................................................................................................

§ #include <QCoreApplication>
§ #include <qgtconcurrentrun.h>
: #include <QThread>

 #ifndef QT_NO_CONCURRENT

§ void myRunFunction(QString name) {
for (int i =0; 1 <= 5; i++) {

gDebug() << name << " " << i << "from" << QThread::currentThread();

}
3

§ int main(int argc, char *argv[]) {

: QCoreApplication aCargc, argv);
QFuture<void> tl1 = QtConcurrent::run(myRunFunction, QString("A"));
QFuture<void> t2 = QtConcurrent::run(myRunFunction, QString("B"));
QFuture<void> t3 = QtConcurrent::run(myRunFunction, QString("C"));

t1l.waitForFinished();
t2.waitForFinished();
t3.waitForFinished();

return a.exec(Q);

3
§ #else
| #include <QLabel>

§ int main(int argc, char *argv[])
o
: QApplication app(argc, argv);

QString text("Qt Concurrent is not yet supported on this platform™);
QLabel *1abel = new QLabel(text);

label->setWordWrap(true);

label->show();

v
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gDebug() << text;
app.exec();

=D

insaselnalusian (pro) uaaiiulausid concurrent W lUlulWalusdn Asmdedneans

: § qmake -project
§$ echo “CONFIG += concurrent” >> gtconcurrent.pro

nsasnalid Makefile wazaaulnalusunsy ionaaaunisving1uues multi-threading fiam
F9U198194

: $ qmake

: $ make

:$ 1s

gmain.cpp main.o Makefile gtconcurrent gtconcurrent.pro

:$ ./gtconcurrent

: from QThread(0x128d1lc0, name = "Thread (pooled)"
from QThread(0x128d1lc0, name "Thread (pooled)"
from QThread(0x128d1c0, name "Thread (pooled)"
from QThread(0x128cbl0, name "Thread (pooled)"
from QThread(0x128cbl0, name "Thread (pooled)"
from QThread(0x128cbl0, name "Thread (pooled)"
from QThread(0x128cbl0, name "Thread (pooled)"
from QThread(0x128cbl0, name "Thread (pooled)"
from QThread(0x128cbl0, name "Thread (pooled)”
from QThread(0x128d1c0, name "Thread (pooled)"
from QThread(0x128d1lc0, name = "Thread (pooled)"
from QThread(0x128cbl0, name "Thread (pooled)"
from QThread(0x128cbl0, name "Thread (pooled)"
from QThread(0x128d1lc0, name "Thread (pooled)"
from QThread(0x128cbl0, name "Thread (pooled)”
from QThread(0x128cbl0, name "Thread (pooled)"
from QThread(0x128cbl0, name "Thread (pooled)"
from QThread(0x128cbl0, name = "Thread (pooled)"

CACABAQAWU BB BB P> UE W

b wbdhDhUuEFOPWOLIEEEWDNDMREREODNDREO
— e e e e

Embedded Android Development graunmaiinwmun



244

%4

UNN 5 AUFIUSTUUUHUANITLBUATDEAAINIUUN
WENU

sTUUUHURNISHAUATDYA

UseRmanivessruuufiRnisuounsesdBududusd e 2002 Teeidlednosuidnn
[Aavieaedde Larry Page way Sergey Brin Mddnsuileduun i uwinendvauaumiade (Stan-
ford University) luwdomsimuninsdwidedesuluside “Sidekick Phone” wnauslngune
Andy Rubin @swasiusisasiuniadsle (CEO) veeu3sm Danger Inc. wildiananinuanunse
yasslnsdwiuiannindodn Sidekick Phone adulnsdvisdannmifusnitannsodouse
HusEUUBUWesn  (nternet) wazvinuldvianvianesegnuay  n1sdsdany  (nstant
Messenger), 8lua (Mail), m319U{7Y (Calendar), wazn1svieaiiUles (Browser) lnatanizns
FanthnnsAumman (Search Engine default) Tidu Google search Agawili Larry Page Aif
auvszsiulanagldnaneidunilslugld Sidekick Phone

uiiinh Sidekick Phone azuilefosulmifilaaisunagiligldssdndusulaliilos
Aot wiAdsliannsoatsliAnnadiSalunsssialdviniiansasdu 3oild Andy Rubin
gndulveanainus¥n Danger Inc. Tu¥aewul a.A. 2003 w&a91nniedinuly Andy Rubin
wieufuluieunils wifdesdlnugaiuidesnsairegsianeiussuu foRnisuunfnll
dwsulnsdniliadousi (Mobile Operating System) wiievinisanlawuludludedn
Android.com wienfuressustnlmilufeideatuin Android Inc. wazldiSuvinnswamn Open
Mobile handset platform Lﬁ@iﬁﬂa’mLﬂu‘ﬁxuuﬂﬁﬁammumﬂﬂ (Open Operating System)
dnsuudelnsdmsidiolfansnihlulfidussuuuftinsiugumeluaiestosmuld

JunsyUszInaufeudemnay I a.a. 2005 MIUTENNAAAYELIIU Andy Rubin e
vorideianisuisnveiauluiianiliussadonnasitufudoyanilildgnidaweste
ansnsmzey worvdsntududunluasaned aa 2007 Uisgialduszmmdnsimdy
@unTnlu Open Handset Alliance (OHA) tleflarafrssyuvufiRnsuuuladmiulngdny
wndeuiiludesruulfiAnisueunsesd (Android Operating System) ognatdunisnis wazse
unlufoufugiou U aa. 2008 UsEmQRadsldudsssvuuuiiinsuounsoss nesdu 1.0 Tay
T4das9a (Codename) 11 Astro Aeasisnrruluaiausn uasflddosiumaensdeiiiomy
nszmatlagtiudauandlumsnadnsan
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15 1.6
Cupcake Donut

23 3.0/3.1 4.0 4.1/4.2/4.3 4.4
Gingerbread Honeycomb Icecream Sandwich Jelly Bean KitKat

JUN 5.1 Juvesszuuduinisweunsess

15749 5.1 S1eaziaean1siudsuLlasid Ay vausiazJuraULaUATOEA

fnlan BT 2anNLND nstlasuuasddny KERNEL | SDKAPI | NDK API

laiszy 1.0 fiugneu 2551 2.6.25 1 N/A
Petit Four 1.1 NUATUG 2552 2.6.25 2 N/A
- Onscreen soft keyboard
Cupcake 1.5 LYW 2552 o oo em 2.6.27 3 1

- MUWQBMS}IU@G}IUQJW

- f@anugnslthunmes

Donut 1.6 fugIU 2552 . 4 2.6.27 il 2
- AUvAYUNIaURD VPN
2.0 AaAL 2552 2.6.29 5 2
) . - 4l Live Wallpaper
Eclair 2.0.1 UINAN 2552 9 2.6.29 6 2
- 9993UT¥UU Exchange
2.1 UNIIAN 2553 2.6.29 7 3
- fiflendu WiFi Hotspot
Froyo 2.2 WO YAIAN 2553 | - Just In Time Compile 2.6.32 8 4
- AMLln Nexus One
- 99950 NFC wag SIP
Ginger- 23-232  wgAIN1eU 2553 - 3171 Download Manager 2.6.35 9 5
bread - MLl Nexus S
233-237 | QuAIWUS 2554 - 5995U ADK 2.6.35 10 5

o . - 5995UNSLERINAUULTULER
3.0 NUATNUS 2554 o ) 2.6.36 11 6
' - 99493U Multi-core CPU

Honey-
comb 3.1x NQBN1AN 2554 - 59350 USB Host wazil APIs 2.6.36 12 6

3.2.x lquigu 2554 2.6.36 13 6
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i lam 1ID5TU 2BNLND nsilagunilasanan KERNEL | SDK API | NDK API

- 5995UNISHaRINavUaRawazwTUEAR

4.0-4.0.2 Aa1AU 2554 o A 3.0.1 14 7
Ice-Cream ) - NLA Galaxy Nexus
Sandwich . - fAinuilm WiFi Direct wag Android Beam
4.03-4.04 §uAN 2554 - 3.0.1 15 7
- 4ANEUNNTD Face Unlock
0.1.1-412 fguiu 2555 | - Snsufudgeussdvnmlaesaanniy | 3.031 16 8
4.2 WOFANIBY 2555 - 5993UNISIFULUY Multi-user 3.0.31 17 8
Jelly Bean
- s035umAlulad Low Power Bluetooth
4.3 N3N§1AN 2556 o o 3.45 18 9
- 5995UNTLANINATIAU 4K
- 5093ULASRsTUL (RAM >512MB)
KitKat 4.4 WOFRANIBY 2556 - S09TUULOITUUAIAY 3.4.5 19 9

- §995USEUVAY Infrared Remote

1% ! = ! = a s s v w a < ¥ o ! =

meANuTNilesEniNguadundresiuaLasuinauveiia Alavinlnlugid aa. 2011
89 A 2012 finlAseN1s Android Mainlining Project AulpeilinguseasAnanenissiu
lpswesvedneunsesd (Android drivers) uazamaEnsasedilUegludundaesivanan

{
v

fausiaediua neftu 33 Wuduinaunseitaliagiilasimstfanusosusulfesnsauysally
LABSLUANDTTY 3.5

meluszuuliinisuaunseamenladnisusulanmsvihauniglussuudfiRnsaund
fduununanadfiolfimngannazannsasesiunsifauluanminndesvesgunsalviiannm
(Mobile Environment) fifoskindsnulaiainuummed  sausianisuiuganudiveants
doansseninalusiva (InterProcess Communication - IPC) U§uUgessuunsdanisvineaiiy
Fluszmindvaniusunsuldon wasuddamnsdianismheanusy Wudu Jsdusmeaziden
ydnafisruulfiinsueunsesdlsuiuusuasifiududilUludyndnosiua fauandunisedis
A

#1314 5.2 MsUFuasudyndaesiuavessruuufiinisuounsoss

1584 A1asu1g

nalnnsfnsiadeanssenintlswanislussuulfuinisuaunsess (An-

Binder . L dwy o ,
droid's IPC mechanism) @slaussiumialaniainlusian Open Binder
| o Y A& o o X A dy 19
911911 Anonymous Shared Memory vntildusidnassiug el
Ashmem safunelumIgAINIINaNs (Shared memory allocator) lngagznen
dauiunngnusly Tunsdifivheanudzuingd
Logger dlusunsulasiesiituiindeyasiiegainnsldauvesgly (user space)
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1584 A5 UNY
dwnvadliliiasesdigluunin  (suspend) lunsdlindanulndidey
A v a v Y a a Y A a va a
mammawuﬂwmaamuaumsamammLmaimlﬂmzuwgummi%m
Wakelocks \AToadNdlvan suspend wsl Wakelocks agvinuLieuaAduningeg

(Screen Turn-Off) \logl¥Rasnisldnuseniisadaniinaanduun (Screen
Tumn-On) Inefivpsealdlanu

g9311391n Out Of Memory handler Aan1sdnnisUamlunsaiiviuigni

OOM o < a - . 1 1 1 v o a (%
ueNlaaziin1sasdey1ad Triggers nouazasraln Kernel atiun1sdnnig

o W | ~ P . . P ) |
FIUUNUIVLIANNDLANEBY (Android's alarm timer) FINRIUINDYDAUN

Alarm v S e & a
NAIUIRNT RTC (Real-time Clock) vosaynwAastuaLml

FanIiuindauani15vina1uved Kernel nelu Tnen1ssenuiulng
RAM console o

/proc/last_kmsg

an1Unenssuvasssuulfuinnisuaunsasn

lassasaanndaenssuvesszuuljuanisiaunsesnlngllIauinsuiussuudgdsnis
Aundinltiaeiinnundendsiuvatedn  wifddBnnaneqduiuandrstuseniuiiesain
msUfuwsslimnzansumahlulflugunsalvdemnmiinsnensanglufifdnnasngingsm
nslivesflifunnssnnaesfiamesuuuiiliy fisuisufievanminenssuiaes

Application | Application | Application
Application | Application | Application

Framework & VM

scheduler scheduler
Kernel Kernel

Linux Android

JUN 5.2 WiguiguandnenssusyuuuiRnisiund uarujifinisueunsess

eavdeanelulasiasandnenssuvesssuudfiinsuounsesnnaandlugudieng
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TsunsuugIULaUATD YA

Launcher2 Phone AlarmClock
Email Settings Camera
Gallery Calendar Browser
Bluetooth Contacts

Tusunsuiszgne (Wawn/a1n Play Store)

App API
TusunsuugIuLauAsDaa

java.*
(Apache Harmony)

Power Manager  Mount Service
Activity Manager Notification Manager
Package Manager Location Manager
Battery Service  Search Service ....

Android Runtime / Dalvik / Zygote
Libs : .

Linux Kernel

android.*

-- Binder

Java Native
Interface

Wakelocks / lowmem / binder / ashmem / ...

JUN 5.3 seazdeangluantdnenssuueunsesn

nnlassaduantinenssuresszuulfvinisueuasesdasdanaldininsuiseonifudiugid
AR ilesiu Tnsdmuugaazduduididomshnsdndelaensedadonilusunsnszend
(Applications) Lazddutuasniasdussdlsznouvadlusunsussuy lausn3snge Juietuans
anfazidudndifndorugunsallnorudyndnediua dslusvaziduaveslassairsaannenssy
wasuIedil
* Applications aiaumaaiﬂiLmsmﬁﬁmﬂﬁ’usswﬂﬁﬂ’amiﬁaLﬂuﬂsjmaﬂﬂmﬂimﬁpﬁ%’mu
vhnsfinaaly  Taedldaeuannsnidenldlusunsusigldlnenssdnishaurosioy
Tusunsuesdulumuidniannlusunsuldeenuuuuasfouldnlusunsuenly

« Application Framework (Jugdiunin1swaunaduielvidniauaiunsanmulusunsula
dranuardusz@nSnmungsu AsulnWRLINEILATININISANYIaN1TEeN1TY Ap-
plication Framework luduiinesnsldauuarhunldnuddivaienduaeiu faees

by

o Activities Manager JunguYeAAEINTANISABIIUNIINITINNUTBINTIAI
TUsunsu (Activity)

o Content Providers 1Junguuasyaddanitlunisdidslayavedusunsuduuas
annsanUsdudeyalilusunsuduindsla

o View System tJunguuasgadaniineiunsinnislassadnswesmninveiianing
ludundnsenugldau (User Interface)
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o Telephony Manager Junguvesgaedsnldlunisdifsloyamulnsén  wu
vneaulnsdni JJusu

& ! o Y = v P )
o Resource Manager tJunguvasgadstunisdniiedeyaniludeniny, guam
WJudu

' |
v U o

o Location Manager Junguvesadafiiieatusiunimegiians Nssuul]os
nskasuenangunsal

o Notification Manager Junguvesynmdsiiasgnisenldlialusunsy Aon1suans
WA AN UR G HunnsiauanIug(Status Bar) ¥eanti1ae

Libraries  \udmvesypidsiiannmeoniv C/C++  Insuisyaddseandungums
fnqusvasduaansliany wu Surface Manage 4ansiisafiunisuaniua, Media Frame-
work dansifenfunisnmsuansn nLazides, Open GL | ES wag SGL Sonsiheaiunw
35 waz 207, SQLite SanaiAsIfusTUUgUToya Wudy

Android Runtime 93 Dalvik Virtual Machine fignesnuuusn titelsvinsuuugunsalil
fmen1usn (Memory), nireUszanananans (CPU) wazndsau (Battery)fisndn 9013
¥91u849 Dalvik Virtual Machine agvinnsudasindfidosnisvinan Tiulwd DEX Ao
msvheu wasafifleliivssavsnwiutudeldausumieUssiamanansiifiennud

l3ian dusionnda Core Libraries Miludrusiusiudinazyarndadfgyaagnideusie
N1919171 (Java Language)

Linux Kernel uduiiladidglunmsdanmstuuinaménvesszuuufiing wu Fos
AT WU Ansieriuaunsaliingg anudasndy seuunIedi lnswounsenla
thiendntiinanssuufiRnisiund 2.6 (Kemel 2.6.24) fildgnoonuuuanduoened &
11 vanilla kernel Tianunsavhamuuszuuufcinisueunsesdlity Wudeslie
dufuinimunssuanesnaiiein - Aadunenifaialfiniouvesaldnuasinefiuaiiug
Meldlusidetain AOSP (Android Open Source Project) witodunuavnslisnimu
ansnsniaLldEgaIn By
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LUININNISNENUT Embedded Android

LEIDALATIZILUINITWAILN LTI NVDITNWAIUINIIP UL UUANDINARIF LALRNIENG
AuszuvaNenailen Mldssuuujuinisueunsess aunsauenta 4 nqulaun

unnunlusunsy (Application Developers)

naun Tusunsy

HUNIRRIUNIUTUNTUUTEENAMENIIA1N

(Android JAVA) wag nw@ (Native C lan-
Applications

cuage) Tuszau Application Layer 1tiu

Application Framework

TUSLASUNIAIUNISANE LUE DIUnUSEEIR

= a a [ o
N136B#1T §ININTTNU vunu

Surface

Dalvik VM
Manager

System Image

Media
Manager

Shared
Libraries

Linux Kernel

dunwaunlusunsy (Platform Developers)  1Uunisu5unas Android Application

Framework 14 TUswAsuseuy WUsHAsY

Applications X 4o A o
Ui%Qﬂ@WUﬁWU‘WﬂJ’]ﬂULﬂi@Q UYFULAINIS

Application Framework

wand Ul LAY N1SULAASNALUUABIREINS BN

TRl U udu Feendunguiiitiuusuusa ROMs

Surface
Manager

Media
Manager

Dalvik VM

Shared
Libraries

Linux Kernel
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Uiiansuau
AIDBG

Wy CyanogenMod 1y



unUSulAeszUuU{UANIS (Android Porting)

Applications

Application Framework

Surface

Manager Dalvik VM

Media
Manager

Shared
Libraries

Linux Kernel

13 Porting

stUuUUANIT
UDUATDEA

1UNszUVEI3AWIS (Hardware Developers)

Applications

Application Framework

Surface

Dalvik VM
Manager

Media
Manager

Shared
Libraries

Linux Kernel
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USuuRsEUY

U1ians
wAUATDEA

Usuuag
Kernel
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LUUNIIAUNTT Porting WOUATBEATY

#1199 Ianunsavianueguuanidnenssuau

Wu MIPS, Intel x86 1Jusiu viselaguu

Lﬂ%'aﬁ Netbook (EeePC) %58 Virtual Ma-

chine (VMWare, Virtual Box, GenyMotion

Wudn)

un1seenkuuLainauanatla dmsy
& 1 1 6
NUUTEENANIUAINS WU 9UnT Set-top-
box, Android USB Stick, ﬁif Kiosk 1w
lagazaoslinisusuussaundmasiuaiveln
5895UgUNTRINTBULMUNABINTST Wag

USumalusknsuseuy, Launcher Ul %158

AstauTaRTAsLUUNLAY LUy
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LASINANINLIARDNEN1HTUNITWNUT Embedded Android

CY———— ——

Application Power Manager Mount Service

Frameworks Activity Manager Notification Manager
Package Manager Location Manager _
Battery Service  Search Service ....

Runtimes :
Hardware Radio

Layer

o =

JUN 5.4 s1eazBennmelunsastuvesssuvdiinisueunsesn

m’%auamwu'mé’amuum%aﬁ HOsST
ssuvUFURmsaundifimungdmiunsdnumuaznaaoussuuuuAnisueunsesde
Ubuntu LTS (Long Term Support) §u 10.04 38 Ubuntu LTS §u 12.04 Fsnsniialaldidum
nantun1snegaeussuuUURNsHaUATOEATUANN lganIz3u Android Gingerbread (2.3.)
Plusuazdeddanmuadoufifuszuuufcineuuy 64 Jawihiy venandunineinsiiu
§IUYDUATEY Host Amsagiinmheanudlsidesndt 8GB (wuziheg 16GB) wardifufiannug
alaitienndt 3068 Foenatu Android IceScream Sandwich (ICS) aglffiudiussann 2568
dnsuniaunanosy Tunsdifesnisainemniuves AOSP agdesiifiuiilitesni 80GB dwsy
Tusunsuuazlausifidesinieadly dmulusunsuuasaiosiiofuguiidesdiogluaios Host
AegaY
-1Usunsu Python $u 2.6 - 2.7
- idosilielunisnoulng GNU Make u 3.81 - 3.82
-1Usunsu JOK Ju 6 dwisu Android Gingerbread FulU urddsns Android Froyo fas
U1 AgRBIas JOK 3u 5 (fromjava.sun.com)
- 1Usunsu Git Ju 1.7 Fuly (git-scm.com)
Freg19n3Anga JDK u 6 d¥u Gingerbread ulU wag JDK fu 5 &5 Froyo shaun
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http://java.sun.com/javase/downloads/
http://java.sun.com/javase/downloads/
http://git-scm.com/download
http://git-scm.com/download

: $ sudo add-apt-repository "deb http://archive.canonical.com/ lucid part-
: ner"

. $ sudo apt-get update

§$ sudo apt-get install openjdk-6-jre

§$ sudo add-apt-repository "deb http://archive.ubuntu.com/ubuntu hardy
:main multiverse"

: $ sudo add-apt-repository "deb http://archive.ubuntu.com/ubuntu hardy-
: updates main multiverse"

. $ sudo apt-get update

§$ sudo apt-get install openjdk-6-jre

§$ sudo apt-get install git-core gnupg flex bison gperf build-essential \

: zip curl zliblg-dev libc6-dev lib32ncurses5-dev ia32-libs \
xllproto-core-dev libxll-dev lib32readline5-dev lib32z-dev \
libgll-mesa-dev g++-multilib mingw32 tofrodos python-markdown \
libxml2-utils xsltproc

: $ sudo apt-get install git gnupg flex bison gperf build-essential \
§zip curl libc6-dev libncurses5-dev:i386 xllproto-core-dev \

: 1ibx11-dev:i386 libreadline6-dev:i386 libgll-mesa-glx:i386 \

: libgll-mesa-dev g++-multilib mingw32 tofrodos \

. python-markdown libxml2-utils xsltproc zliblg-dev:i386

§$ sudo 1n -s /usr/lib/i386-linux-gnu/mesa/libGL.so.1
{ /usr/1ib/i386-1linux-gnu/libGL.so


http://archive.canonical.com
http://archive.canonical.com
http://archive.ubuntu.com/ubuntu
http://archive.ubuntu.com/ubuntu
http://archive.ubuntu.com/ubuntu
http://archive.ubuntu.com/ubuntu
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Android Open Source Project (AOSP)

aulanwasa AOSP

Tumsamiivansesalfnvesszuuufifinisueunsossiuarilusunsy repo Fadu Git
Wrapper script Lﬁ'aﬁijuﬁuaﬂLLaumaaﬁﬁﬁaqmmazmaﬂmmiﬁmﬁLﬁlmsﬁaqﬁgwm lneuni
udagliuilumaduldaimuelisingt 2068 wazervvededdinailuniseilinanuszan
3-6 Halas Puogfunuidedunefidavonaiotietueg

AR89 UNDUNTITANUIER AOSP

$ mkdir ~/bin
: $ export PATH=$PATH:~/bin
: $ sudo apt-get install curl
: $ curl https://dl-ssl.google.com/dl/googlesource/git-repo/repo > ~/bin/repo

Total % Received % Xferd Average Speed Time Time Time Current
: Dload Upload Total Spent Left Speed
: 100 22889 100 22889 0 0 50164 0 ——t——2—— ——t——:—— ——:-——:-—-— 111k

§$ chmod a+x ~/bin/repo

wanan1elulud XML 9719814

L Bexml version="1.0" encoding="UTF-8*?>
<manifest>

<remote name=*aosp”
fetch=*,." />
<default revision="ics-mro*
remote="aosp’
yne-1=*4" / k
<project path="build* name="platform/build”>
<copyfile src=*core/root.mk* dest="Makefile* />

</praojects
<project path="abi/cpp® name="platform/abi/cpp* /
roject path="bionic® name=*platrforsybionic’ />

<project path="bootable/bootloader/legacy” name="platformy/bootable/bootloader/legacy” /
<project path="bootable/diskinstaller” name='platform/bootahle/diskinstaller® />

<project path="bootable/recovery® name='platform/bootable/recovery" />
<preject path="cts" name="platform/cts’ />
e + path=tdalurlk? namez=*nlatfarmidal ub® 7

A1519 5.3 sgazdenniglu XML Inaves AOSP

i) FYALDYA

name ¥elus1an UTTYLAANIVIUA
fetch Server URL
revision git branch
remote 318a8L9UA server
aa I3
path IasnmMesNagiAuaInnIs unpack
project 18azdenUlUsian
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Avan AOSP Juatan ausaldmds

! $ repo init -u https://android.googlesource.com/platform/manifest -b
. android-4.0.1_rl

N3UT9a19 uansliiuunAnues AOSP lunisinnisuasUaselinudazgu

Upstream Projects

(WebKit, SDK, kernel, ...) .
Eclair Release  Eclair Experimental Legend
20 .......... >
——» Google Contribution
. Community Contribution
..... » Branch Created
—— r— Release Cut
* Public devel branch
* Public release (i.e. stable API) branch
I
\v Google private branch /
— FroYo
........................... = I
- I
2.1 \'
FroYo Experimental

JUN 5.5 KanILWININITeanyastuvetusias U

Bununsailuanlan AOSP aslulasnnes ~/aosp Fslgnatlunisanulvanlitdesnin 3-5

: $ mkdir ~/aosp
. $ cd ~/aosp
i § repo sync
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https://android.googlesource.com/platform/manifest
https://android.googlesource.com/platform/manifest
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Tasead19n1elu AOSP

donnilluanlnanwaiadadu nelulasnnes ~/aosp agdilasnneidesslidesnin
35,000 lawsane3 d@wmsulasanesdifyniniauinisazyinanugila lown
A1579 5.4 S18aztdunlasnveIves AOSP

lasnnas sgazdan

abi U739 Minimal C++ Run-time Type information
bionic lausisniwn C vaalounsosn
bootable U553LARE 35U Bootloader Uag Recovery
build U559A98519 framework @ vuasng AOSP
cts YA Test Suite HMTULBUATOYA
dalvik U597 Dalvik Virtual Machine
development qum%'aqﬁaﬁm%’uﬂ’mmshm
device U539M8 configuration #1equasusau8sa System-on-Chip
external ‘[.Uilﬁﬂmauaﬂﬁgﬂﬁ’mﬂﬁﬂu AOSP
frameworks Android core application framework
hardware laussuaslugameqdmsussuuaiows (HAL)
kernel Linux Kernel

U359W31dR Apache Harmony uazlausi3iiugmuvesannignldly

libcore _
Dalvik
ndk Native Development Kit
packages lUsunsuuszendfiagaely AOSP
prebuilt \sesile Toolchain d1593U
sdk Android's Software Development Kit
laussuazlndluun3indnauesseuulaunsoYn Wi init, toolbox,
system
adb
tools LP309dlaa1edmsunsiin eyl

A a & o 1 fd & a ! = = Y]
WeAndudndulasigudiussuisurunnunaz lasnnes Eﬁ@ﬂiﬂLLamLUuﬂﬁ’]WNﬂaﬂﬂﬂmgﬂ
9198191
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device
alviko.7%
T

external
26.9%

prebuilts
40.2%

packagendK frameworks
4.7% 19.4%
0.9%
libcore
0.7%

JUN 5.6 uanawiniiuiivedusdazlaisnne3ves AOSP

Stock Android Apps

Tisunsuiszanaann Play Store

packages/

App API

android.*

frameworks/base/core/ java.*

(Apache Harmony)
libcore/

Binder

System Services
frameworks/base/services/,
frameworks/base/media/,
JNI

Libraries HAL Native Daemons
bionic/, external/, system/, external,
frameworks/base/ frameworks/base/cmds/

Init / Toolbox

hardware/, device/ system/core/

: Linux Kernej :
laidl wilpeann Kernel lailgidludunielulasnnas AOSP

JUN 5.7 lassnnesnineitesveusaztuvessyuuljuRnisueunsess
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a

AvSounn (License) vosliazdrunielu AOSP annsausnUsziamvesavansfiduasesegls 4
g Lo

- @3 Kernel 2il GNU GPLV2/GPLV3 license AiAT81

- & external libraries 93 LGPL wag GPL license AuATDS

- @3 bionic kag toolbox 2¢dl BSD license ANATDS

- &1 framework qgdl Apache 2.0 license ANATBY

Android Kernel

1Anves Android Kernel patches lildgniinlubiluszuunansvesdundaasiuanan
Howmnmeuisnyiaidudguaesivmn@enludiuiin “android-common” Tapdu An-
droid Kernel patches %”magﬂuﬁﬂLmu'ﬁzﬁwumaaﬁugmiwwgﬁ’ﬁmmm%’aﬁmumaq
Linus Torvalds

a

dumesiuaiivivngialdiaduestiy  Afledasnisifiuanuanmisafivinoguas
Usuussmshanuresdyndaosiuaifinusdndisnzaniunineinsifegida anmuandon
wagngAnssunsidauaunsalliannnn (Portable device) auSeninduiaunsosdiaoiiua
(Android Kernel) iamgtiuan Tnediseasdundsil

-Binder - nalnmsAnsiodeansseninelswaneluszuuuftRnisueunsoss (Android's

IPC mechanism) @slausstunialaunainlusian Open Binder

Function(Object)
> | - Marshalling (assembling)
- Relaying
—_—> —>
< B <----

SUl 5.8 uanstumeunsuasayassarindlusunsusy Binder
.Ashmem (Anonymous Shared Memory) - vhuihduidnassiuiigaddsmiy

=

melumiheaudinans (Shared memory allocator) Tnsagnandrudiufinignuusiilunsd
fimbeanus1Euingd

- Logger - dulusunsulasnesituiinteyassgannslianuvesdld (user space)
-Wakelocks - drunuaulalliiaseadnglumeiin (suspend) lunsaliindanulsiihdosnsos
msiudaminaeivileuns ssreufinnesnluissuuuiiinisesdneieaudadnglnan
suspend Wi Wakelocks 2¥1uUigARuUNiIRe (Screen Turn-Off) Lﬁ@tﬁi"ﬁﬁ@ﬁmﬂ%

NuUAANEUTANTNIDNEUL (Screen Turn-On) laeiitasaslilamu
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qwertyuiop

asdfghj k.|l

& zxcvbnmae

mm @ .

Wakelock Wakelock

TRt} LN
< Screen Keyboard =

JUN 5.9 szaunismvauldlviiasesdidluuniin

-OOM (Out Of Memory handler) - @dansUgmilunsaiiviheanududiu Tngasiing
sedeunad Triggers nouaasralmAsiuanILIun1IIANIT

Alarm - drtiumbenandiendafiou (Android's alarm timer) Fuimuisaeenu1aIng
wIWN1 RTC (Real-time Clock) vasdyndaasiuaiy

-RAM console - fuansduiindoyanisiuvesassiuaniglulaenissendiuld
/proc/last_kmsg

- Paranoid network - fALadANIIEUULATBUIEHIU uid (user id) Uag pid (process id)
Wu nstmual uid vie pid TAnslunsdnds (access permission) svuuAIetng
Sumesiinonsasanelulild manifestxml fasegednaneil

<permission name="android.permission.INTERNET"”>
<group gid="inet” />
</permission>

Yunaun1saaulng AOSP uduszuuufifnisuaunsaen
farnugudmiusssanSenanmunadeslunisaeulng AOSP
§$ cd ~/aosp

: $ source build/envsetup.sh

neduudumdslglunisisananinwndsuliiussuuiiesndusanisaaulng Laziiiy

A1a4 shell script Weldlunisideniwaunasniinesnis wu

e hmm() - @WSULAAIIYTILLNGD
e lunch() - dwSuwans lunch wyielianunaunasnineenis (target board)

e add lunch combo() - A@MSUNNTONAAAUNIRUTTNHNAILNNUUATULDS
emm() - dwsvailugariauaiieglulasnne3dagdu
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uaNNUUIUTENINASYN envsetup. sh NILINIT5UANAY source vendorsetup.sh,
vendor/*/vendorsetup.sh, vendor/*/*/vendorsetup.sh la¢ device/*/*/
vendorsetup. sh LU A MANLIIBTOHEATUNNTNTMUIAMUATULBIBNATY FIBENS

WY Samsung Maguro productﬁ@éhﬂﬂﬁﬂ%@%device/samsung/maguro

Copyright (C) 2011 The Android Open Source Project

Licensed under the Apache License, Version 2.0 (the "License");
you may not use this file except in compliance with the License.
You may obtain a copy of the License at

http://www.apache.org/Llicenses/LICENSE-2.0

Unless required by applicable law or agreed to in writing, software
distributed under the License 1is distributed on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
See the License for the specific language governing permissions and
Limitations under the License.

H OB H R R R RSHR

% add_lunch_combo full_maguro-userdebug

VAFBUSENAIA shell script Mignead1aIntng envsetup.sh

$ hmm
! Invoke ". build/envsetup.sh" from your shell to add the following functions to your
! environment:
§ - croot: Changes directory to the top of the tree.
P - m: Makes from the top of the tree.
i - mm: Builds all of the modules in the current directory.
! — mmm: Builds all of the modules in the supplied directories.
i - cgrep: Greps on all local C/C++ files.
: - jgrep: Greps on all local Java files.
§ - resgrep: Greps on all local res/*.xml files.
§ - godir: Go to the directory containing a file.

: Look at the source to view more functions. The complete list is:

§ addcompletions add lunch combo cgrep check product check variant choosecombo choose-
! product choosetype choosevariant cproj croot findmakefile gdbclient

! get_abs build var getbugreports get build var getprebuilt gettop godir hmm is-

! viewserverstarted jgrep key back key home key menu lunch _lunch m mm mmm pid print-
: config print lunch _menu resgrep runhat runtest set_java home setpaths set_se-

! quence_number set_stuff for environment settitle smoketest startviewserver

§ stopviewserver systemstack tapas tracedmdump

Qe

Junaudaluilunisidenuesin target @aluniazidenanitnenssu x86) semds

! You're building on Linux
! Lunch menu... pick a combo:
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1. full-eng

2. full x86-eng

3. vbox x86-eng

4. full grouper-userdebug

5. mini armv7a neon-userdebug
6. mini armv7a-userdebug

7. full wingray-userdebug

8. full crespo-userdebug

9. full maguro-userdebug

10. full panda-userdebug

: Which would you like? [full-eng] full_x86-eng

: PLATFORM_VERSION CODENAME=REL
! PLATFORM_VERSION=4.1.1

: TARGET PRODUCT=full x86

! TARGET BUILD VARIANT=eng
§TARGET_BUILD_TYPE=release

. TARGET BUILD_APPS=

: TARGET ARCH=x86

! TARGET ARCH VARIANT=x86-atom
: HOST ARCH=x86

: HOST_0S=linux

: HOST _OS_EXTRA=Linux-3.0.0-burapha-x86_64-with-Ubuntu-10.04-1lucid
: HOST BUILD TYPE=release

:{ BUILD ID=JRO03L

! OUT_DIR=out

N

Waldonld aandudunSeusosuLal S

Y

=.
=b

PAIINFTYNAITIT U N1TAIANANA D
AFLUTENAA1SY Laln

¢ ANDROID BUILD TOP

¢ ANDROID TOOLCHAIN

¢ ANDROID PRODUCT_ OUT
¢ ANDROID HOST OUT

ANU150M IR UANPILUTANINUINADUVDITLUUAYANAS

neugiunaunaulng AOSP Nldatednsiiey 3-4 Falusdluagiunnnusidumnesiiatu 9z
flogdn 2 Addiniauasslann mdnsiiuwaas (cache) Sondalnailauiainnisaeu
Indlaeiielidmiuasadalundesdnisaeulndlninseu lngnisaadidadl

Embedded Android Development graunmaiinwmun



262

LAYNITAIAIINUIUAD SR IMUNEUTEIaNaN L TS e e sPaUIng LiNaLANANIS89TU
len1338Yy option -3 X laeil X 98UnuduIuvednas (Core) MirgUsvaiananaeuln 1 fs
f79819N15 199 UT19EN

! PLATFORM_VERSION CODENAME=REL
! PLATFORM VERSION=4.1.1

! TARGET PRODUCT=full x86

i TARGET_BUILD_ VARIANT=eng

i TARGET_BUILD_TYPE=release

: TARGET BUILD_APPS=

! TARGET ARCH=x86

. TARGET ARCH_VARIANT=x86-atom
: HOST ARCH=x86

i HOST 0S=linux

: HOST OS_EXTRA=Linux-2.6.32-42-server-x86 64-with-Ubuntu-10.04-lucid
: HOST BUILD TYPE=release

! BUILD_ID=JRO03L

! OUT_DIR=out

: find: “src': No such file or directory

PRODUCT COPY_FILES

: frameworks/base/data/sounds/F1_MissedCall.ogg:system/media/audio/notifications/F1_Mi
: ssedCall.ogg ignored.

: PRODUCT_COPY_FILES

. frameworks/base/data/sounds/F1_New MMS.ogg:system/media/audio/notifications/F1_New M
: MS.ogg ignored.

{ PRODUCT COPY FILES
: frameworks/base/data/sounds/effects/camera_click.ogg:system/media/audio/ui/camera cl
: ick.ogg ignored.

naansvaslndnlaannniseeulndiagnates 6 Walawn

.boot.img — Native system boot image

. ramdisk.img — Ramdisk rootfs

. recovery.img — Recovery image

ramdisk-recovery.img— Ramdisk rootfs ﬁﬂ‘lii%JUﬂ’]ifjﬁu (recovery)

. system. img — System data (lasAne3 /system)

o 0~ O N =

.userdata.img—LBerdaEadﬂﬁﬂ%@%/data)

Inlddhssumaniidufiosduninesyuuufdinsuounsesd lduan AOSP uadilldsam
89 Android Kernel Gsagsiosamillvanuazaeulndusnesnluan AOSP dsagnanidluunda
U mnguthaansuansiumislndiazgninluldliluvedn target musumislasnnedssedune
Tilugy
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1A984 Host

AOSP (bionic)

build/
system/
frameworks/
packages/
external/

PRJROOT (glibc)
sysapps/

rootfs/
build-tools/

Kernel

Root (/) RAM disk

/acct
/cache
/d
/data
/dev
/etc
/mnt
/proc
/root
/sbin
/sdcard
/sys

/system
/vendor
/config

/storage
/charger

uasa Target

J—)I

> /Ssystem Image

/app

/bin

/fonts

/framework
/lib
/usr

/xbin

Live Kernel

procfs

cgroup

configfs

263

/data Image

/amr

/app
/app-private
/backup
/dalvik-cache
/data
/dontpanic
/local

/misc
/property
/secure
/system

SD Card
(/mnt/sdcard)

JUN 5.10 wansswazBenvasuiazlasnveinglussuulndvaeunsosd

M5 5.5 LAAAIWMUINITYN mount Yadusazlng image Tuleunsayn

Teazdeaszuulnanelussuujiinisuounsesn desenaulumelasnnasuazinand

7199 feasurgeglumsnetneanadl

U

13719 5.6 TeazBealalnvesnglussuuujiRnisieunsoun

A lne Usz1an sgazdan

/acct

/cache

/d

/data

lasnnas

lasnnas

lasnnas

3 mount-point g4 cgroup

druiudayatinsisne wunsanailvan dusu

WlUE3 /sys/kernel/debug %ﬂmu% mount-point d1%35U de-

symlink

bugfs

userdata.img
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Fnlna 15e1nn sgazLdsn

/dev
/etc
/mnt

/proc

/root

/sbin

/sdcard

/sys

/system

/vendor

/config

/storage

/charger

/res

/init

/init.rc

/init<device na

me>.rc

/ueventd.rc

/uventd<device

name>.rc

/default.prop

lasnnas
symlink
lasnnes

lasnnas

lasnnes

lasnnes

lasnnas

lasnnas

lasnnas

symlink

lasnnas

lasnnes

g

lasnnas

lasnnes

Embedded Android Development

A mount-point 1Ud tmpfs %Wiiq device node #1149
Fludh /system/etc

dm¥u mount szuuliddaasn

3 mount-point g4 procfs

1AsNMOIUBIEARATEUY root LANYas Linux weity Android g laidl
Us5ylulalag

TagUun@lu Linux T\JzLﬁ‘UI‘UiLLﬂiﬂJﬁWiﬁ%JUQJQLLaW‘UU wHle Android

wINULEN ueventd wag adbd

MU mount s¥uulnguy SD Card

A mount-point U sysfs
qmrﬂounprMtlﬂﬂwmﬁﬁ%usyﬁenw%uﬁUQWrnount%aﬂﬂﬁ
system.img

LUt /system/vendor Gsenaaznumslalunanios

(?T’QLLGi Jelly Bean 4.2) 9@ mount-point U89 configfs

(Aaus Jelly Bean 4.1) dmsu mount fiudeyanisuen (Ex-

ternal Storage)
(Faus Jelly Bean 4.2) {UlUSUATULARIAD LS VDILUAADS
(A3us Jelly Bean 4.2) a resources @msulusunsy charger

LUsunsy init M19EQnisenlag Kemel MasaINaUgANISSUAUITUY

ASILIN

& configuration dwmsulusins init
& configuration ¥eIUasn target Jue dmTulusunsa init

19a configuration dwsulusunsy uventd

lua configuration ¥o4UDIA target éuﬁ?uq dmsulusunsu
ueventd

ﬁmeauﬁ’aﬁ’ﬂUmmszw (global properties) Faaza1ulng

TUswASY init
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seUUUURN151AUATBYAUUN Android Emulator

IWdszuuujufinisueunsess axgninulilulasnmedanansdiansi

:$ 1s ~/aosp/out/target/product/generic_x86/

gandroid—info.txt grub previous build config.mk system

: userdata-gemu.img clean steps.mk hardware-gemu.ini ramdisk.img
! system.img data installed-files.txt root

g test dex bootjars obj symbols

: userdata.img

1%

ALVUNTANLUTUATUA

=he
Da

satugldnaunsaUalusunsy Android Emulator faAdsd19ans
wanalugudnean

8 ® 5554:<build>

o0 1

Tue, August 6
Charging, 50%
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8 ® 5554:<build>

APPS WIDGETS

Browser Calculator Calendar

# © B

DevTools Downloads Email

Movie Studio Music People

¢ = &

Search Settings Speech
Recorder

2 © 5554:<build>

(=] About phone

Legal information

Model number
Full Android on x86 Emulator

Android version
4.1.1

Baseband version
Unknown

CCOHERTE S

2.6.29
vchtchetkine@ve-irv #29
Thu Nov 17 06:50:36 PST 2011

Build number

full_x86-eng 4.1.1 JROO3L eng.
student.20130804.210540 test-keys
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Y

Wug1uN151Y ANDROID DEBUG BRIDGE (ADB)

nsdouivdnmehauees Android Emulator  deinduiugiunisduduiindiniun
fumeduatesnalieing  lemndesdusznouadiunsmiiin - FuseuuuFoRnnsiiugn
uay Android Kernel saufsnsamnlusunsutszend daduitelannsadilalassashs root
flesysten dlpwasBen  Tawsanansnfndaieneulsunslussuuufsinisueunsoesls
szdodilusunsuedesiiofedn “adb” (Android Debug Bridge) lunsinsouazidngseuy
Aglu Android Emulator flaianesIgazidenn1syinauves adb Aagudngans

Emulator
2
l Android OS
—
JDWP ADB ‘
Debugger Device (g App .4
I Daemon VMs |
4 ADB Host
DOMS Daemon
UsSB
‘k\\\\\Y; Device
Android OS
—_—
ADB [ ‘
Device o .| App L)
Daemon VMs

U7 5.11 uanenalnnsvinauved adb

AR ANAARITIENTaUNTAIMOUNTREATIRIBBEAULATEY Host

:$ adb devices

! * daemon not running. starting it now on port 5037 *
* daemon started successfully *

i List of devices attached

! emulator-5554 device

i $ adb shell

i # 1s -al

! drwxr-xr-x root root 2013-08-17 15:11 acct

! drwxrwx--- system cache 2013-08-17 15:11 cache

Pdr-x--—---- root root 2013-08-17 15:11 config

: lrwxrwxrwx root root 2013-08-17 15:11 d -> /sys/kernel/debug
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! drwxrwx--x system system 2013-08-05 02:01 data

! -rw-r--r-- root root 116 1970-01-01 00:00 default.prop

: drwxr-xr-x root root 2013-08-17 15:11 dev

! 1rwXrwxrwx root root 2013-08-17 15:11 etc -> /system/etc

§ -rwXr-x—--- root root 234929 1970-01-01 00:00 init

! —rwxr-x--- root root 2344 1970-01-01 00:00 init.goldfish.rc

! —rwxr-x--- root root 17057 1970-01-01 00:00 init.rc

! —rwxr-x--- root root 1637 1970-01-01 00:00 init.trace.rc

! —rwXr-x--- root root 3915 1970-01-01 00:00 init.usb.rc

! drwXrwxr-x root system 2013-08-17 15:11 mnt

§ dr-xr-xr-x root root 2013-08-17 15:11 proc

D drwx--—-—-—- root root 2011-11-14 19:00 root

! drwxr-x--- root root 1970-01-01 00:00 sbin

! lrwxrwxrwx root root 2013-08-17 15:11 sdcard -> /mnt/sdcard
i drwxr-xr-x root root 2013-08-17 15:11 sys

§ drwxr-xr-x root root 2013-08-04 18:33 system

§ -Yw-r—--r—-- root root 272 1970-01-01 00:00 ueventd.goldfish.rc

§ -YwW-r—--r—-- root root 3879 1970-01-01 00:00 ueventd.rc

§ lrwxrwxrwx root root 2013-08-17 15:11 vendor -> /system/vendor

é# cat /proc/cpuinfo

! processor : 0

: vendor_id : Genuinelntel

: cpu family : 6

: model : 3

: model name : Pentium II (Klamath)
: stepping : 3

: cpu MHz : 2293.936

! cache size : 2048 KB

: fdiv_bug ¢ no

: hlt bug : no

! f00f bug : no

i coma_bug : no

: fpu : yes

: fpu_exception : yes

! cpuid level : 2

i wp : yes

§ flags : fpu de pse tsc msr pae mce cx8 apic sep pge cmov pat mmx fxsr sse
: sse2 pni ssse3

! bogomips : 4587.87

§ clflush size: 32

wansiiuinigly MTD Device wasszuulnanislussuuififinisuaunsosnusasnsidunie
AR

. # cat /proc/mtd

§ dev: size erasesize name

§ mtdO: 0£180000 00020000 "system"
:mtdl: 0c200000 00020000 "userdata"
g mtd2: 04000000 00020000 "cache"

%# cat /proc/mounts

i rootfs / rootfs ro 0 0

i tmpfs /dev tmpfs rw,nosuid, mode=755 0 0

: devpts /dev/pts devpts rw,mode=600 0 0

i proc /proc proc rw 0 0

i sysfs /sys sysfs rw 0 0

i tmpfs /mnt/asec tmpfs rw,mode=755,gid=1000 0 0
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! tmpfs /mnt/obb tmpfs rw,mode=755,gid=1000 0 O

i /dev/block/mtdblock0 /system yaffs2 ro 00

i /dev/block/mtdblockl /data yaffs2 rw,nosuid,nodev 0 0
i /dev/block/mtdblock2 /cache yaffs2 rw,nosuid,nodev 0 0

Android Emulator

Android Emulator wiaidendndenilain Goldfish gniwunuuiugiuainivsunsy QEMU
suvwesates Android Kemel dawnglumsnaaaunsuiuussvidofiuiulusunsusyuy
uarlusunsuUszgndduginlumelussuuufiinaueunsess  densuiuussiidiasaaiion
939 Goldfish fiil uuamamsBeuieenuldidu 4 fumeudsil

1. A15eA cross-compiling toolchain @1%15Ua319 Android kernel

2. miilnanvesalAnues Android Kemnel Tngszyguves Kemel fifiosns
3. nM3Aaulg Android Kernel

4. masarayl¥se93u loadable kernel module (LKM)

$ cd ~/aosp
: $ source build/envsetup.sh
: $ lunch full x86-eng
. $ emulator -help
{ Android Emulator usage: emulator [options]
: options:
: -sysdir <dir>
: -system <file>
§ -datadir <dir>

[-gemu args]

search for system disk images in <dir>
read initial system image from <file>
write user data into <dir>

: -help-build-images about disk images when building Android
¢ -help-all prints all help content

N

70819N13ITYANTRN -show-kemnel LitOUAAIHANITIN9UVBY Android Kernel annsavinla
il

=t

: $ emulator -kernel ~/aosp/goldfish/arch/x86/boot/bzImage -wipe-data
: —show-kernel

§ emulator: WARNING:
: MB)

! serial0 console

§ student@marabuntu:~/aosp$ [
! (gcc version 4.4.3 (GCC) ) #1 PREEMPT Tue Aug

0.000000] BIOS-provided physical RAM map:

system partition size adjusted to match image file (249 MB > 200

0.000000] Linux version 3.4.0+ (student@marabuntu)
6 12:14:53 PDT 2013

Embedded Android Development
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Sl 0.000000] BIOS-e820: 0000000000000000 000000000009£000 (usable)

| 0.000000] BIOS-e820: 000000000009£f000 00000000000a0000 (reserved)
Dl 0.000000] BIOS-e820: 00000000000e8000 0000000000100000 (reserved)
Sl 0.000000] BIOS-e820: 0000000000100000 000000001£££0000 (usable)

: [ 0.000000] BIOS-e820: 000000001£f££0000 0000000020000000 (ACPI data)
: [ 0.000000] BIOS-e820: 00000000£f££fc0000 0000000100000000 (reserved)



[ 0.000000] Notice: NX (Execute Disable) protection missing in CPU!
L 0.000000] DMI 2.4 present.
| 0.000000] last _pfn = 0x1fff0 max_arch pfn = 0x100000
DI 0.000000] init memory mapping: 0000000000000000-000000001£££0000
[ 0.000000] RAMDISK: 1ffb4000 - 1f££0000

! for 1£700000-1£f796000, got write-back

: 4.816692] Clocksource tsc unstable (delta = 70001460 ns)

35.829113] warning: ~zygote' uses 32-bit capabilities (legacy support in use)
86.091553] binder: 1208: binder alloc buf, no vma

86.091710] binder: 1115:1126 transaction failed 29201, size 4-0

86.091868] binder: send failed reply for transaction 3147 to 1208:1208
99.262724] init: sys prop: permission denied uid:1003

! name:service.bootanim.exit

[
il
Pl
Pl

[

[

8 ® 5554:<build>

Make yourself at home

You can put your favorite apps here. n

(ol MQ)

To see all your apps, touch the circle.
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JUADUNFTDNLATALAZUS VLAY Android Kernel dM#5U
Emulator

a

9ngUuaazdiulédn Android Emulator 484 Android §u 4.1.1 (ICS) Wuguiiniiu
AOSP Hudifld Android Kernel Ju 2.6.29 iwagfanandluguinedns

2 ® 5554:<build>

—_f-Aboutphone

Legal information

Model number
Full Android on x86 Emulator

Android version
4.1.1

Baseband version
Unknown

Kernel version

2.6.29

vchtchetkine@ve-irv #29

Thu Nov 17 06:50:36 PST 2011

Build number

full_x86-eng 4.1.1 JROO3L eng.
student.20130804.210540 test-keys

YUNDUNITIWLNTA ANDROID KERNEL 815U ANDROID EMULATOR (GOLDFISH)

SUAUAIENIIAILAA Android Kernel Julvsifardatneans
!$ cd ~/aosp
: $ git clone http://android.googlesource.com/kernel/goldfish.git

: $ cd goldfish

:$ git branch -r

! origin/HEAD -> origin/master

: origin/android-goldfish-2.6.29
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http://android.googlesource.com/kernel/goldfish.git
http://android.googlesource.com/kernel/goldfish.git

§origin/android—goldfish—3.4
i origin/linux-goldfish-3.0-wip
! origin/master

§$ git checkout -b 3.4 origin/android-goldfish-3.4

! Checking out files: 100% (38868/38868), done.

! Branch 3.4 set up to track remote branch android-goldfish-3.4 from origin.
! Switched to a new branch '3.4'

14 %4
% 1

n9A1 Kernel Wug1udmisu Goldfish

IngBuduagdnsdeannaiideniiugiulidmsu Goldfish Emulator dsgniivegnielé
1ﬂﬁﬂ%a%arch/x86/configs/

:$ 1s -al arch/x86/configs/
i total 80
édrwxr—xr—x

i drwxr-xr-x 2
! —rW-r—-—r--—

! —rw-r—-r--
é—rw—r——r——

student student 4096 2013-08-17 18:46

student student 4096 2013-08-17 18:46 ..

student student 55883 2013-08-17 18:46 goldfish defconfig
student student 7511 2013-08-17 18:46 i386 defconfig
student student 7528 2013-08-17 18:46 x86_64 defconfig

=== 0N

. $ make goldfish_defconfig

i  HOSTCC scripts/basic/fixdep
HOSTCC scripts/kconfig/conf.o
SHIPPED scripts/kconfig/zconf.tab.c
SHIPPED scripts/kconfig/zconf.lex.c
SHIPPED scripts/kconfig/zconf.hash.c
HOSTCC scripts/kconfig/zconf.tab.o

: HOSTLD scripts/kconfig/conf

P #

: # configuration written to .config
D #

Tupsaliseanisldnismaaiunduuesn target wazaunsalllefo/unuidaiu lneunfvedilng
config LANegudITsasgnivdauasiiuluielndin confisgz  wazazgniiveylulasnmes

b2

/proc/ UeaLATRNNUY Astutiniuansalda1de adb pull edslwa config.gz oonuT LAY
wWasudelWalu .config famdstneaans unegslsAnutnwaunndseusaalluaniiais
LarAsALADSIUANLATNLLAN LA

: $ adb pull /proc/config.gz .
: § gunzip config.gz
:$ cp config .config
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q’.jl % 1 dl L3 dl 14 . 1 % (% [ 1 1 1 dld
sﬂwﬂau&jﬂ%’mﬂau%%ﬂaﬂwaL‘WEJﬁi’]\‘i Kernel Image SL‘VTﬂJ uﬂwmu’la’]mmﬂimm\‘]mmﬂ"'] N
aglu inesiualanufaanis fee1aiy Networking support, Device Drivers, Firmware Driv-

ers, File systems, Security options, Cryptographic API, Virtualization, Library routines

.config - Linux/x86 3.4.0 Kernel Configuration

Linux/x86 3.4.0 Kernel Configuration
Arrow keys navigate the menu. <Enter> selects submenus --->. Highlighted letters are
hotkeys. Pressing <Y> includes, <N> excludes, <M> modularizes features. Press
<Esc><Esc> to exit, <?> for Help, </> for Search. Legend: [*] built-in [ ] excluded
<M> module < > module capable

[ 1 64-bit kernel
General setup --->
[|f] Enable loadable module support --->
[*] Enable the block layer --->
Processor type and features --->
Power management and ACPI options --->
Bus options (PCI etc.) --->
Executable file formats / Emulations --->
[*] Networking support --->
Device Drivers --->
Firmware Drivers --->
File systems --->
Kernel hacking --->
Security options --->
-*- Cryptographic API --->
[ 1 Virtualization --->
Library routines --->

< Exit > < Help >

VAaRLNNN1558I5UN5Ida1U Bluetooth wag NFC sy Tnanisidnluidananniuy Network-
iNg support
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.config - Linux/x86 3.4.0 Kernel Configuration

Networking support
Arrow keys navigate the menu. <Enter> selects submenus --->.
hotkeys. Pressing <Y> includes, <N> excludes, <M> modularizes features.
<Esc><Esc> to exit, <?> for Help, </> for Search. Legend: [*] built-in
<M> module < > module capable

Highlighted letters are

Press
[ 1 excluded

--- Networking support

Networking options --->

Amateur Radio support --->

CAN bus subsystem support --->
IrDA (infrared) subsystem support
Bluetooth subsystem support --->
RXRPC session sockets

Wireless --->

WiMAX Wireless Broadband support
RF switch subsystem support --->
Plan 9 Resource Sharing Support (9P2000)
CAIF support --->

Ceph core library (EXPERIMENTAL)

<§>  NFC subsystem support (EXPERIMENTAL) --->

[]
< >
< >

S
<*>

el

e

< Exit >

< Help >

1Hanlye35u Kemel Loading Module (KLM) tagn1sidentuluy enable loadable module

support fawansluzutneas

.config - Linux/x86 3.4.0 Kernel Configuration

Enable loadable module support
Arrow keys navigate the menu. <Enter> selects submenus --->.
hotkeys. Pressing <Y> includes, <N> excludes, <M> modularizes features.
<Esc><Esc> to exit, <?> for Help, </> for Search. Legend: [*] built-in
<M> module < > module capable

Highlighted letters are

Press
[ 1 excluded

--- Enable loadable module suppor

[*]
£l
1%
1
[]

Forced module loading
Module unloading

Forced module unloading
Module versioning support
Source checksum for all modules

< Exit > < Help >
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aaulwaAasiuaiulutdmiu Goldfish

SUAULAYNITAIAIENINLINGDUEINTU cross-compiling wagan1Unenssuwes Goldfish Emula-
tor slunilfeanUnanssu x86

§$ export

. CROSS_COMPILE=~/aosp/external/gemu/distrib/kernel-toolchain/android-ke
: rnel-toolchain-

§$ export

: REAL_CROSS_COMPILE=~/aosp/prebuilts/gcc/linux-x86/x86/i686-android-lin
i ux-4.4.3/bin/i686-android-linux-

§$ export ARCH=x86

§$ export SUBARCH=x86

§$ make -3j3

waanmaulnaauanasnazlalid kernel image 991 “bzimage” Windueglulasnyes arch/
x86/boot/ fHIT18AITANEITNE

:'$ 1s arch/x86/boot/

§a20.c cpustr.h mtools.conf.in version.o

i a20.0 ctype.h pm.c vesa.h

! apm.c early serial console.c pmjump.o video-bios.c
: bioscall.o early serial console.o pmjump.S video-bios.o
gbioscall.s edd.c pm.o video.c

: bitops.h edd.o printf.c video.h

: boot.h header.o printf.o video-mode.c
: bzImage header.s regs.c video-mode.o
gcmdline.c install.sh regs.o video.o

i cmdline.o main.c setup.bin video-vesa.c
: codelégcc.h main.o setup.elf video-vesa.o
: compressed Makefile setup.1ld video-vga.c
gcopy.o mca.c string.c video-vga.o
i copy.S mca.o string.o vmlinux.bin
i cpu.c memory.c tools voffset.h

i cpucheck.c memory.o tty.c zoffset.h
gcpucheck.o mkcpustr tty.o

i cpu.o mkcpustr.c version.c

n13i3eniusunsy Android Emulator Funilvddnasilaeszysumisniulng kerel image
falnal Ineld option -kernel ASANEIU198793

:$ cd ~/aosp

: $§ source build/envsetup.sh

: $ lunch full x86-eng

: $ emulator -kernel ~/aosp/goldfish/arch/x86/boot/bzImage -wipe-data &
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D @ 5554:<build>

About phone

Legal information

Model number
Full Android on x86 Emulator

Android version
4.1.1

Baseband version

Unknown

Kernel version

3.4.0+

student@EE-Burapha #2

Sun Aug 18 04:46:04 PDT 2013

Build number

full_
student

MIN@UT Kernel Module 8sussuulfuinsuanasasea

Tumauil Android Emulator ansnsaldausuinesiuadilua (Gu 3.4) Seiuneundsant
Uniaunazanusafnwwaznaaaun1sUTuLaaIaegniely Android Kemel lakas wenain
SufdEunsaiaulusunsy kemnel module waa kerel device driver Tuszsfu kernel space
dieusuusszuuliRmauounsenduiosesiunisnredugunsninielulddanguanniu

=D

f198719N15WUT kernel module 8819918 AILLEAAS I UTUADUVIEN

i $ mkdir ~/aosp/goldfish/my modules
{$ cd ~/aosp/goldfish/my modules/

: // hello.c

! #include <linux/module.h> /* Needed by all modules */
: #include <linux/kernel.h> /* Needed for KERN_ALERT */
: MODULE_LICENSEC"GPL™);

§ MODULE_AUTHOR("Wiroon Sriborrirux EE-Burapha, 2013");

: MODULE_DESCRIPTION(C"Demo module");

§ int init_module(void)
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printk(KERN_INFO "Hello world! 1\n");
return 0;

3

% void cleanup_module(void)
¥
printk(KERN_ALERT "Cleaning up module 1\n");

: // hellol.c

: // Defining __KERNEL__ and MODULE allows us to access kernel-level code not usually
§ available to userspace programs.

! #undef __KERNEL__

: #define __KERNEL__

: #undef MODULE
. #define MODULE

% // Linux Kernel/LKM headers: module.h is needed by all modules and kernel.h 1is
: needed for KERN_INFO.

: #include <linux/module.h> // included for all kernel modules
: #include <linux/kernel.h> // included for KERN_INFO
i #include <linux/init.h> // included for __init and __exit macros

: MODULE_LICENSEC"GPL™);
§ MODULE_AUTHOR("Wiroon Sriborrirux EE-Burapha, 2013");
§ MODULE_DESCRIPTION("Demo module™);

| static int __init hello_init(void)
'
: printk(KERN_INFO "Hello world! 2\n");

return 0; // Non-zero return means that the module couldn't be loaded.

é static void __exit hello_cleanup(void)
{
: printk(KERN_INFO "Cleaning up module 2\n");
3
i module_initChello_init);

: module_exit(Chello_cleanup);

§$ vim Makefile

! VERSION = 3
. PATCHLEVEL
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: SUBLEVEL = 0
: EXTRAVERSION=

%obj—m += hello.o hellol.o

gall:
: make -C /home/student/aosp/goldfish/ M=$(PWD) modules
: clean:

make -C /home/student/aosp/goldfish/ M=$(PWD) clean

neuvzyinsreulngluga hello 9luassasnaulng Kemel waliinsaudmiunsldauluga
AIUANE
§$ cd ~/aosp/goldfish/
: $ make ARCH=x86
: CROSS_COMPILE=~/aosp/prebuilts/gcc/linux-x86/x86/i686-android-linux-4.
:4.3/bin/i686-android-linux- modules_prepare

gmake[l]: Nothing to be done for “all'.
i make[l]: Nothing to be done for “relocs'.

CHK include/linux/version.h

CHK include/generated/utsrelease.h
CcC kernel/bounds.s

GEN include/generated/bounds.h

ofe arch/x86/kernel/asm-offsets.s
GEN include/generated/asm-offsets.h
CALL scripts/checksyscalls.sh

cC scripts/mod/empty.o

MKELF scripts/mod/elfconfig.h
HOSTCC scripts/mod/file2alias.o
HOSTCC scripts/mod/modpost.o
HOSTCC scripts/mod/sumversion.o
HOSTLD scripts/mod/modpost

: $ cd ~/aosp/goldfish/my modules/
: $ make
gmake -C /home/student/aosp/goldfish/ M=/home/student/aosp/goldfish-
: /custom modules modules
: make[1l]: Entering directory ~/home/student/aosp/goldfish’
i CC [M] /home/student/aosp/goldfish/custom modules/hello.o
CC [M] /home/student/aosp/goldfish/custom modules/hellol.o
Building modules, stage 2.
MODPOST 2 modules

cC /home/student/aosp/goldfish/custom modules/hello.mod.o
LD [M] /home/student/aosp/goldfish/custom modules/hello.ko
cc /home/student/aosp/goldfish/custom modules/hellol.mod.o

: LD [M] /home/student/aosp/goldfish/custom modules/hellol.ko
gmake[l]: Leaving directory ~/home/student/aosp/goldfish’
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;hellol.c hellol.mod.o hello.ko hello.o Makefile old
: hellol.ko hellol.o hello.mod.c Makefile modules.order
: hellol.mod.c hello.c hello.mod.o Makefilel Module.symvers

waannnsmeulndiaseanysaifazlalngdlugadadn hello.ko iinnsdnaenlaedaiiu adb
push LU8s Android Emulator fea1&enadl

: $ adb push hello.ko /data/local
: 52 KB/s (2203 bytes in 0.040s)

: $ adb push hellol.ko /data/local
: 54 KB/s (2238 bytes in 0.040s)

: $ adb shell

. # cd /data/local

i # ls

: hello.ko

: hellol.ko

gtmp

naaaulvanluaa hello wag hellol meldszuuujifnisueunsess @9ly Kemel sulnyl
(3.4.0) 4a¥ATIAADUNANTTVINUVDILUAR AILAEHT dmesg

: # insmod hello.ko

. # insmod hellol.ko

i # lsmod

. hellol 506 0 - Live 0x00000000 (PO)
i hello 540 0 - Live 0x00000000 (O)

. # rmmod hello

: # rmmod hellol

. # dmesg

§<3>[ 79.016988] init: sys prop: permission denied uid:1003

i name:service.bootanim.exit

i <4>[ 4000.418990] hello: module license 'unspecified' taints kernel.
! <4>[ 4000.419343] Disabling lock debugging due to kernel taint

i <6>[ 4064.182198] Hello world! 1

§<6>[ 4068.910892] Hello world! 2

i <6>[ 4086.416483] Cleaning up module 1

! <6>[ 4089.112969] Cleaning up module 2
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nsas i ldsunsuilszanaiaidsas lunauasaad

HlafasnmsfindalusunsutszgnddmiussuufiRnisuounsess (APK) Taesaluudnasd
ABnseeiu 2 FaAen1TAL Google PlayStore wdinmlvasiiionnds wasiaiaefonisi
Inldfads (wana APK) ufessadlueiedlnenss udegidlsfimuidosnmsindalusunsy
Useynaildimunduniliadlueglussuuufifinsueunsesdiieldfundslugalusunsuiiy
suresgUnsafiveriudusdusndniandniuasfosimndsufuinisasisssuuuidinisuey
nseeftausBudulneasddunaumvhselud

¥
U

1. WalUsunsu Eclipse [DATNLONNALATUDEINIY 1ABFatD11 MyApp

Show In Shift+Alt+W »
Project...
Package
Class

Interface

Import... Enum

Export... Annotation

Refresh Source Folder
Resource Configurations Java Working Set
Folder
File
Untitled Text File
Android XML File
JUnit Test Case

Example...

. Other...
[£{ Problems :
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@ New Android Application

New Android Application
A\ The prefix ‘com.example.’ is meant as a placeholder and should not be used

Application Name:®|MyApp |

Project Name:e|MyApp |

package Name::| com.example.myapp |

Theme:a

‘s Choose a target API to compile your code against, from your installed SDKs. This is
typically the most recent version, or the first version that supports all the APIs you
want to directly access without reflection.

2 © @ )ava - MyApp/res/layoutjactivity main.xml - ADT

File Ed Sou vject Run Window

iy e ABISY IR YO YAY HEGY MY e ’ Qo R
|1 Package Explorer 2 i) (] activity_main, xm | MainActivity.java i activity_main.xml 52 Cin ] £ Outline 82 =n
=& MyApp 2 Palotte s - [ Relativelayout
d v Nexus One v v % AppTheme v MalnActivity v L AR
! @sre 3 Palette Wi g . 8 % £ o ® lon TextView - “Hello world!
da senerated Java Flies
& gen [Generated [ava Flies) E i
= Form Widgets P ERER
+ mAndroid 4.1.2 . | HE BE- EHE
leeien Mers v
+ @ Androld Private Librarles Large.vedim o, (e
ikassets Al O ek =
A & N
+ il libs e ey MyApp
=l Bres Spinner
+ (& drawable-hdpi by
& drawable-ldpt —
+ = drawable-mdpi -
+ (& drawable-xhdp: -
+ (= drawable-xxhdpi *
- = layout
I e Srorete § K ¢ @
+ &= meny
+ (= values [ ‘
+ (= values-swB00dp 1
+ (i values-sw720dp-land
+ @ values-vll
+ @ values-vld <No prope

il AndroidManifest.xml
@, ic_launcher-web. png

|3 proguard-project txt
|3 project.properties

"1 Advanced
Custom & Library Views | ]

[E Graphical Layout = activity_main,xml

[ Problems 2 svad declaration A -

Qitems

activity_main.xml - MyAppfresfayout . ﬂf

v
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§ // MainActivity. java
: package com.example.myapp;

. import android.os.Bundle;
§ import android.app.Activity;
: import android.view.Menu;

§ public class MainActivity extends Activity {

: @0verride

§ protected void onCreate(Bundle savedInstanceState) {

: super.onCreate(savedInstanceState);
setContentView(R.layout.activity_main);

}

: @0verride

i public boolean onCreateOptionsMenu(Menu menu) {

§ // Inflate the menu; this adds items to the action bar if it is present.
: getMenuInflater().inflate(R.menu.main, menu);

return true;

: // activity_main.xml

§ <RelativelLayout xmlns:android="http://schemas.android.com/apk/res/android"

: xmlns:tools="http://schemas.android.com/tools"
android:layout_width="match_parent"
android:layout_height="match_parent"
android:paddingBottom="@dimen/activity_vertical_margin"
android:paddinglLeft="@dimen/activity_horizontal_margin"
android:paddingRight="@dimen/activity_horizontal_margin"
android:paddingTop="@dimen/activity_vertical_margin"
tools:context=".MainActivity" >

<TextView
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:text="@string/hello_world" />

% </RelativelLayout>
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2. @519 8 Android.mk

283

1t Package Explorer 2 =5 = B8 & MainActivityjava ¢
- 2 Myhgp

B s

= @ com.example.my

Activity {

3 gen [Gene
savedInstanceState) {
ceState);

= Android 4.1.2

+

= Android Private Libs

+

& assets tivity main);
+ Zalibs
+ Cares

AndroidManifest.xry
2 ic_launcher-web pn sMenu (Menu menu) {
adds items to the action bar if

R.menu.main, menu);

proguard-project.t

= project.properties

Path Location Type

=]

E

File

Create a new file resource.

Enter or select the parent folder:

|MyApp

=
e

+ 1= MyApp

File name: | Android.mk|
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3. @379 symbolic link titeludslasnmeilusunsa MyApp

2013-08-19
2012-09-04
2012-09-04
2012-09-04
2012-09-04
2012-09-04
2012-09-04
2012-09-04
2012-09-04
2012-09-04
2012-09-04
2012-09-04
2012-09-04
2012-09-04
2012-09-04
2012-09-04
2012-09-04
2012-09-04
2012-09-04
2012-09-04
2012-09-04
2012-09-04
2012-09-04
2013-08-19

2012-09-04
2012-09-04
2012-09-04
2012-09-04
2012-09-04
2012-09-04
2012-09-04
2012-09-04
2012-09-04
2012-09-04
2012-09-04
2012-09-04
2012-09-04
2012-09-04

02:
04:
22:
22:
22:
22:
22:
22:
22:
22:
22:
22:
22:
22:
22:
22:
22:
22:
22:
22:
22:
22:
22:
02:

27
30
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
27

-s /home/student/android/workspace/MyApp MyApp

BasicSmsReceiver
Bluetooth
Browser
Calculator
Calendar

Camera
CellBroadcastReceiver
CertInstaller
Contacts
DeskClock

Email

Exchange

Gallery

Gallery2
HTMLViewer
KeyChain
Launcher?2
LegacyCamera

Mms

Music

MusicFX

MyApp -> /home/student/android/

Nfc
PackageInstaller
Phone

Protips
Provision
QuickSearchBox
Settings
SoundRecorder
SpareParts
SpeechRecorder
Stk

Tag
VideoEditor
VoiceDialer

$ cd ~/aosp/packages/apps
: $ 1n
:$ 1s -al
. total 148
! drwxr-xr-x 37 student student
§ drwxr-xr-x 7 student student
§ drwxr-xr-x 5 student student
§ drwxr-xr-x 4 student student
! drwxr-xr-x 7 student student
! drwxr-xr-x 5 student student
! drwxr-xr-x 5 student student
! drwxr-xr-x 7 student student
! drwxr-xr-x 5 student student
! drwxr-xr-x 4 student student
: drwxr-xr-x 5 student student
: drwxr-xr-x 6 student student
! drwxr-xr-x 7 student student
§ drwxr-xr-x 6 student student
§ drwxr-xr-x 5 student student
§ drwxr-xr-x 8 student student
! drwxr-xr-x 4 student student
! drwxr-xr-x 6 student student
! drwxr-xr-x 5 student student
! drwxr-xr-x 6 student student
! drwxr-xr-x 6 student student
! drwxr-xr-x 5 student student
! drwxr-xr-x 4 student student
! lrwxrwxrwx 1 student student
: workspace/MyApp
¢ drwxr-xr-x 8 student student
§ drwxr-xr-x 4 student student
§ drwxr-xr-x 5 student student
! drwxr-xr-x 4 student student
! drwxr-xr-x 3 student student
! drwxr-xr-x 6 student student
! drwxr-xr-x 5 student student
! drwxr-xr-x 4 student student
! drwxr-xr-x 4 student student
! drwxr-xr-x 4 student student
! drwxr-xr-x 4 student student
! drwxr-xr-x 5 student student
! drwxr-xr-x 4 student student
§ drwxr-xr-x 5 student student

$ cd MyApp
$ rm -rf gen bin

5. dindauenmaintudnlululng ~/aosp/build/target/product/core.mk ludiuvas
PRODUCT PACKAGES
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. $ cd /home/student/aosp/build/target/product/

: $ gedit core.mk

2 © ® core.mk (~/aosp/build/target/product) - gedit

File Edit View Search Tools Documents Help

Lo loren v Bsave @ dueo X EB Q %
| ] core.mk %

43 ro.conrig.atarm atert=ALarm_LLassic.ogg A
24

25 PRODUCT PACKAGES := \
26 ApplicationsProvider \

27 BackupRestoreConfirmation \
28 Browser \

29 Contacts \

30 ContactsProvider \

31 DefaultContainerService \

32 DownloadProvider \
33 DownloadProviderUi \
34 HTMLViewer \

37 MyAppAndroid \

38 KeyChain \

39 MediaProvider \

40 PackageInstaller \

41 PicoTts \

42 SettingsProvider \

43 SharedStorageBackup \

A e P [P R WAL (o DU

Makefile v Tab Width: 4 v Ln 36, Col 12 INS

6. FIAENINNAFUAIMSU AOSP Tviidnasa

$ cd ~/aosp

$ source build/envsetup.sh
$ lunch 2

! PLATFORM_VERSION CODENAME=REL
! PLATFORM _VERSION=4.1.1

: TARGET PRODUCT=full x86

! TARGET BUILD VARIANT=eng

§ TARGET BUILD TYPE=release

! TARGET BUILD APPS=

: TARGET_ARCH=x86

: TARGET ARCH_VARIANT=x86-atom
: HOST_ARCH=x86

: HOST_OS=linux

: HOST OS EXTRA=Linux-2.6.32-42-server-x86_ 64-with-Ubuntu-10.04-1lucid
{ HOST BUILD TYPE=release

{ BUILD_ ID=JRO03L

i OUT DIR=out

§$ make
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! PLATFORM VERSION=4.1.1

: TARGET PRODUCT=full x86

! TARGET BUILD VARIANT=eng

§ TARGET BUILD TYPE=release

g TARGET_ BUILD_ APPS=

: TARGET_ARCH=x86

g TARGET ARCH VARIANT=x86-atom

§ Processing

: target/product/generic_ x86/0bj/APPS/MyAppAndroid_ intermediates/package.apk
§ Done!

i Install: out/target/product/generic_x86/system/app/MyAppAndroid.odex
: Install: out/target/product/generic_x86/system/app/MyAppAndroid.apk
! make: Leaving directory " /home/student/aosp'

8ﬁ1ﬂWﬁsyﬁenmkngﬁ@ﬁhﬂ@ﬁﬂ%@%~/aosp/out/target/product/generic_xS6

wazuuiaruanglulasnnes

~/aosp/out/target/product/generic x86/0obj/PACKAGING/systemimage
intermediates/

cd ~/aosp/out/target/product/generic_x86
rm -rf system.img obj/PACKAGING/systemimage intermediates/

:$ cd ~/aosp

: $ make -3j3

! ringtones/Rigel.ogg ignored.

: PRODUCT_COPY_FILES

: frameworks/base/data/sounds/ringtones/ogg/Scarabaeus.ogg:system/media/audio/ringtone
! s/Scarabaeus.ogg ignored.

: PRODUCT_COPY_FILES

: frameworks/base/data/sounds/ringtones/ogg/Solarium.ogg:system/media/audio/ringtones/
: Solarium.ogg ignored.

: PRODUCT COPY FILES

! frameworks/base/data/sounds/ringtones/ogg/Themos.ogg:system/media/audio/ringtones/Th
! emos.ogg ignored.

: PRODUCT COPY FILES

i frameworks/base/data/sounds/ringtones/ogg/UrsaMinor.ogg:system/media/audio/ringtones
! /UrsaMinor.ogg ignored.

: PRODUCT_COPY_FILES

: frameworks/base/data/sounds/ringtones/ogg/Zeta.ogg:system/media/audio/ringtones/Zeta
! .0gg ignored.

: Target system fs image:

§ out/target/product/generic_ x86/0obj/PACKAGING/systemimage intermediates/system.img

! Running: mkyaffs2image -f out/target/product/generic x86/system

§ out/target/product/generic_x86/0obj/PACKAGING/systemimage intermediates/system.img

: Install system fs image: out/target/product/generic x86/system.img
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10. YUPBUAANEVINNNSIIEnlUSIASY Android Emulator Fuunlunudnass

9

§$ emulator -kernel ~/aosp/goldfish/arch/x86/boot/bzImage -system
: out/target/product/generic_x86/system.img -ramdisk
: out/target/product/generic_x86/ramdisk.img &

2 ® 5554:<build>

APPS WIDGETS

2 @ 5554:<build>

@' MyApp

Hello world!

12 ls Jo ls Jo 1 ]s ]s Jo
oo le Ja Jx Iy Ju i Jo fo
s o [ Jo i |y Jic|u |2
2 [ e v lo In u |- [e0
oo m— .
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2 @ 5554:<build>

e AndroidGraph

AndroidGraph

42.8
AndroidGraph

Random curve

11.395 16.395
AndroidGraph

ALAIINHBULATAIEINTE LU Android Emulator

ieAnwInalnnisiunigly wasaunsndnnisia Android Emulator lailusgnad 1in
Wawnaeseuiinmdiegilos Auanddunisnstieas

M1979 5.7 Fegemdsniunaulanigly Android Emulator

ANEd FNgAzLDAR

¥ o

services L‘ﬁuﬁﬂﬁﬂﬁﬁmumﬁaﬂ@ Service ﬁagj Android V19%ue

. JurdanvivihfiSengTeyassuuiisAoin1stuseiukunme3nIg
umpsys

91U veICPU
dumpstate JumdsiivhuthilSenanuznisyhauresusaslusunsuly Android
rawbu Huddsildlunns backup uay restore Yoyaiog /data
am FAANT Activity
pm FIANTT Package
dalvikvm Hudrdsildlunnssuld Java Class luguuuy DEX format
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ANE F18ALLD A

Jurdawansdayanisszuu wu DNS servers, gateways, GSM, serv-

getprop . z:l' o @ o . O‘Q:I < v
ices YIN1A9V11914, build parameters, 139359U W UUAY

15192 3UAUINNANSTENlUSIASY Android Emulator AR8aN&s

:$ cd ~/aosp/

: $ source build/envsetup.sh

! including device/asus/grouper/vendorsetup.sh

! including device/generic/armv7-a-neon/vendorsetup.sh
i including device/generic/armv7-a/vendorsetup.sh
gincluding device/moto/wingray/vendorsetup.sh

! including device/samsung/crespo/vendorsetup.sh

! including device/samsung/maguro/vendorsetup.sh

i including device/ti/panda/vendorsetup.sh

§including sdk/bash completion/adb.bash

§$ lunch

éYou're building on Linux

! Lunch menu... pick a combo:

: 1. full-eng
2. full x86-eng
3. vbox_x86-eng
4. full grouper-userdebug
5. mini_armv7a_neon-userdebug
6. mini armv7a-userdebug
7. full wingray-userdebug
8. full crespo-userdebug
9. full maguro-userdebug
10. full panda-userdebug

EWhich would you like? [full-eng] 2

! PLATFORM VERSION CODENAME=REL
! PLATFORM VERSION=4.1.1

. TARGET PRODUCT=full x86

: TARGET BUILD VARIANT=eng

! TARGET BUILD TYPE=release

! TARGET BUILD APPS=

! TARGET ARCH=x86

: TARGET ARCH VARIANT=x86-atom
: HOST ARCH=x86

:{ HOST 0S=linux
gHOST_OS_EXTRA=Linux—3.2.17—x86_64—with—Ubuntu—10.04—lucid
: HOST_BUILD TYPE=release

: BUILD ID=JRO03L

: OUT_DIR=out
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o a S Y a v .
NSARUAGNS MNUNISATY (Mounting)
sunuunsldaudda;

...............................................................................................................................................................................

mount -o rw,remount -t "filesystem" "Device" "Mount Point"

! # mount -o rw,remount -t yaffs2 /dev/block/mtdblock4 /system
. $ adb shell

. # service
! Usage: service [-h|-?]
: service list
service check SERVICE

: service call SERVICE CODE [i32 INT | sl6 STR]
: Options:
: i32: Write the integer INT into the send parcel.

sl6: Write the UTF-16 string STR into the send parcel.

i # service list

! Found 65 services:

: phone: [com.android.internal.telephony.ITelephony]
iphonesubinfo: [com.android.internal.telephony.IPhoneSubInfo]
simphonebook: [com.android.internal.telephony.IIccPhoneBook]
isms: [com.android.internal.telephony.ISms]
commontime_management: [ ]

samplingprofiler: []

diskstats: []

appwidget: [com.android.internal.appwidget.IAppWidgetService]
backup: [android.app.backup.IBackupManager ]

O o Uk WDN PO

P9 uimode: [android.app.IUiModeManager ]

i10 serial: [android.hardware.ISerialManager]

§ 11 usb: [android.hardware.usb.IUsbManager]

P12 audio: [android.media.IAudioService]

P13 wallpaper: [android.app.IWallpaperManager]

P14 dropbox: [com.android.internal.os.IDropBoxManagerService]
: 15 search: [android.app.ISearchManager]

i 16 country_detector: [android.location.ICountryDetector]
P17 location: [android.location.ILocationManager ]

18 devicestoragemonitor: [ ]

i 19 notification: [android.app.INotificationManager]

120 updatelock: [android.os.IUpdateLock]

§ 21 throttle: [android.net.IThrottleManager ]
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P22 servicediscovery: [android.net.nsd.INsdManager]

P23 connectivity: [android.net.IConnectivityManager]

P24 wifi: [android.net.wifi.IWifiManager]

i 25 wifip2p: [android.net.wifi.p2p.IWifiP2pManager]

126 netpolicy: [android.net.INetworkPolicyManager]

P27 netstats: [android.net.INetworkStatsService]

i 28 textservices: [com.android.internal.textservice.ITextServicesManager]
i 29 network_management: [android.os.INetworkManagementService]
30 clipboard: [android.content.IClipboard]

P31 statusbar: [com.android.internal.statusbar.IStatusBarService]
P32 device_policy: [android.app.admin.IDevicePolicyManager]

i 33 lock_settings: [com.android.internal.widget.ILockSettings]
P34 mount: [IMountService]

i 35 accessibility: [android.view.accessibility.IAccessibilityManager]
36 input_method: [com.android.internal.view.IInputMethodManager]
P37 input: [android.hardware.input.IInputManager]

: 38 window: [android.view.IWindowManager ]

: 39 alarm: [android.app.IAlarmManager]

: 40 vibrator: [android.os.IVibratorService]

§ 41 battery: []

§ 42 hardware: [android.os.IHardwareService]

§ 43 content: [android.content.IContentService]

§ 44 account: [android.accounts.IAccountManager]

§ 45 permission: [android.os.IPermissionController]

46 cpuinfo: []

P47 dbinfo: []
: 48 gfxinfo: []

i 49 meminfo: []

: 50 activity: [android.app.IActivityManager]

: 51 package: [android.content.pm.IPackageManager ]

: 52 scheduling policy: [android.os.ISchedulingPolicyService]
i 53 telephony.registry: [com.android.internal.telephony.ITelephonyRegistry]
i 54 usagestats: [com.android.internal.app.IUsageStats]

i 55 batteryinfo: [com.android.internal.app.IBatteryStats]

! 56 power: [android.os.IPowerManager]

i 57 entropy: []

i 58 sensorservice: [android.gui.SensorServer]

i 59 media.audio_policy: [android.media.IAudioPolicyService]
i 60 media.camera: [android.hardware.ICameraService]

P61 SurfaceFlinger: [android.ui.ISurfaceComposer]

P62 media.player: [android.media.IMediaPlayerService]

163 media.audio_flinger: [android.media.IAudioFlinger]

: 64 drm.drmManager: [drm.IDrmManagerService]

. # service call statusbar 1
! Result: Parcel(00000000 eall)

v
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' 2 ® 5554:<build>

. # service call statusbar 2
! Result: Parcel(00000000 el ")

2 ® 5554:<build>

Q Google

N~
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AE3 dumpsys AaLATadilenlidmiusengtoyanisluaniugsneg veswnliuInisvesssuy
(systern service) 191 M8 UTZLIANANANN YIAINTT wunwas dufudeya WWusu

: $ adb shell dumpsys | grep "DUMP OF SERVICE"
! Output Command

: DUMP OF SERVICE SurfaceFlinger:

: DUMP OF SERVICE accessibility:

: DUMP OF SERVICE account:

: DUMP OF SERVICE activity:

: DUMP OF SERVICE alarm:

: DUMP OF SERVICE appwidget:

: DUMP OF SERVICE audio:

: DUMP OF SERVICE backup:

: DUMP OF SERVICE battery:

! DUMP OF SERVICE batteryinfo:

! DUMP OF SERVICE clipboard:

: DUMP OF SERVICE commontime management:
! DUMP OF SERVICE connectivity:

: DUMP OF SERVICE content:

: DUMP OF SERVICE country detector:

: DUMP OF SERVICE cpuinfo:

: DUMP OF SERVICE dbinfo:

: DUMP OF SERVICE device_policy:

: DUMP OF SERVICE devicestoragemonitor:
: DUMP OF SERVICE diskstats:

: DUMP OF SERVICE drm.drmManager:

: DUMP OF SERVICE dropbox:

! DUMP OF SERVICE entropy:

! DUMP OF SERVICE gfxinfo:

! DUMP OF SERVICE hardware:

: DUMP OF SERVICE input:

: DUMP OF SERVICE input method:

: DUMP OF SERVICE iphonesubinfo:

: DUMP OF SERVICE isms:

: DUMP OF SERVICE location:

: DUMP OF SERVICE lock settings:

: DUMP OF SERVICE media.audio_flinger:
: DUMP OF SERVICE media.audio policy:
: DUMP OF SERVICE media.camera:

: DUMP OF SERVICE media.player:

! DUMP OF SERVICE meminfo:

! DUMP OF SERVICE mount:

! DUMP OF SERVICE netpolicy:

: DUMP OF SERVICE netstats:

: DUMP OF SERVICE network management:
: DUMP OF SERVICE notification:

: DUMP OF SERVICE package:

: DUMP OF SERVICE permission:

: DUMP OF SERVICE phone:

: DUMP OF SERVICE power:

: DUMP OF SERVICE samplingprofiler:

! DUMP OF SERVICE scheduling policy:
! DUMP OF SERVICE search:

§ DUMP OF SERVICE sensorservice:

! DUMP OF SERVICE serial:

: DUMP OF SERVICE servicediscovery:

: DUMP OF SERVICE simphonebook:

: DUMP OF SERVICE statusbar:

: DUMP OF SERVICE telephony.registry:
: DUMP OF SERVICE textservices:
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: DUMP OF SERVICE throttle:

: DUMP OF SERVICE uimode:

: DUMP OF SERVICE updatelock:
: DUMP OF SERVICE usagestats:
: DUMP OF SERVICE usb:

: DUMP OF SERVICE vibrator:

! DUMP OF SERVICE wallpaper:
! DUMP OF SERVICE wifi:

! DUMP OF SERVICE wifip2p:

: DUMP OF SERVICE window:

:$ adb shell dumpsys battery
§Current Battery Service state:
: AC powered: true

USB powered: false

status: 2

health: 2

present: true

level: 50

scale: 100

voltage:0

temperature: 0

technology: Li-ion

: $ adb shell dumpsys wifi

! Wi-Fi is disabled

: Stay-awake conditions: 1

: Internal state:

! current HSM state: DriverUnloadedState

§ mLinkProperties LinkAddresses: [] Routes: [] DnsAddresses: []

§ mWifiInfo SSID: <none>, BSSID: <none>, MAC: <none>, Supplicant state: UNINITIALIZED,
§ RSSI: -9999, Link speed: -1, Net ID: -1, Metered hint: false

g mDhc21foInternal addr: null/0 mRoutes: dns: null,null dhcpServer: null leaseDura-
{ tion: 0

: mNetworkInfo NetworkInfo: type: WIFI[], state: UNKNOWN/IDLE, reason: (unspecified),
: extra: (none), roaming: false, failover: false, isAvailable: false

: mLastSignalLevel -1

! mLastBssid null

§ mLastNetworkId -1

§ mReconnectCount 0

§ mIsScanMode false

! Supplicant status

P null

! mLastPriority -1

! Configured networks

: Latest scan results:

: Locks acquired: 0 full, 0 full high perf, 0 scan

: Locks released: 0 full, 0 full high perf, 0 scan

: Locks held:

! Scan count since last plugged in

: WifiWatchdogStateMachine dump

: WatchdogStatus: State:

§ android.net.wifi.WifiWatchdogStateMachine$NotConnectedState@b444f100mWifiInfo:
§ [null]

! mLinkProperties: [null]

! mCurrentSignalLevel: [0]

! mArpCheckIntervalMs: [120000]

! mRssiFetchIntervalMs: [1000]

§ mWalledGardenIntervalMs: [1800000]
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! mNumArppings: [5]

! mMinArpResponses: [1]

! mArppingTimeoutMs: [100]

: mPoorNetworkDetectionEnabled: [true]

: mWalledGardenTestEnabled: [true]

: mWalledGardenUrl: [http://clients3.google.com/generate 204]

! wifiStateMachine dump

§ WifiStateMachine:

! total messages=3

: msg[0]: time=09-21 16:03:00.308 state=DefaultState orgState=DriverUnloadedState
{ what=69632(0x11000)

; msg[l]: time=09-21 16:03:00.389 state=DefaultState orgState=DriverUnloadedState
: what=131085(0x2000d)

i msg[2]: time=09-21 16:03:00.408 state=DefaultState orgState=DriverUnloadedState
: what=131147(0x2004b)

! curState=DriverUnloadedState

: $ adb shell dumpsys cpuinfo
! Load: 3.24 / 1.4 / 0.51
: CPU usage from 533936ms to 513149ms ago:
i 23% 2477/system server: 22% user + 0.7% kernel / faults: 625 minor
4.8% 2445/surfaceflinger: 4.6% user + 0.1% kernel / faults: 592 minor
1.5% 2634/android.process.acore: 1.4% user + 0% kernel / faults: 252 minor
1.9% 2782/android.process.media: 1.7% user + 0.1% kernel / faults: 125 minor
1.7% 2619/com.android.launcher: 1.4% user + 0.2% kernel / faults: 145 minor
1.5% 2570/com.android.inputmethod.latin: 1.3% user + 0.1% kernel / faults: 141 mi-
! nor
: 1.4% 2708/com.android.deskclock: 1.3% user + 0% kernel / faults: 150 minor
1.3% 2765/com.android.email: 1.3% user + 0% kernel / faults: 106 minor
: 1.3% 2851/com.android.providers.calendar: 1.3% user + 0% kernel / faults: 148 mi-
: nor
: 1.3% 2552/com.android.systemui: 1.2% user + 0% kernel / faults: 60 minor
0.9% 2731/com.android.contacts: 0.8% user + 0% kernel / faults: 160 minor
1% 2589/com.android.phone: 0.8% user + 0.1% kernel / faults: 55 minor
0.7% 2681/zygote: 0.6% user + 0% kernel / faults: 160 minor
0.9% 2805/com.android.exchange: 0.9% user + 0% kernel / faults: 120 minor
0.5% 2659/com.android.smspush: 0.4% user + 0% kernel / faults: 165 minor
0.8% 2878/com.android.calendar: 0.8% user + 0% kernel / faults: 99 minor
0.5% 806/adbd: 0% user + 0.5% kernel / faults: 11 minor
0.1% 2428/mediaserver: 0% user + 0% kernel / faults: 27 minor
0% 4/events/0: 0% user + 0% kernel
0% 783/servicemanager: 0% user + 0% kernel
+0% 2900/sh: 0% user + 0% kernel
i +0% 2902/dumpsys: 0% user + 0% kernel
: 48% TOTAL: 45% user + 3.3% kernel

: $ adb shell dumpsys meminfo

: Applications Memory Usage (kB):

§ Uptime: 9118113 Realtime: 9118113

! Total PSS by process:

: 22980 kB: system (pid 2477)
19899 kB: com.android.settings (pid 2681)
19648 kB: com.android.launcher (pid 2619)
12665 kB: com.android.systemui (pid 2552)
8792 kB: com.android.phone (pid 2589)
7504 kB: com.android.contacts (pid 2731)
7085 kB: com.android.inputmethod.latin (pid 2570)
6619 kB: android.process.acore (pid 2634)
5815 kB: com.android.email (pid 2765)
5402 kB: android.process.media (pid 2782)
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5328 kB: com.android.calendar (pid 2878)

4603 kB: com.android.providers.calendar (pid 2851)
4287 kB: com.android.deskclock (pid 2708)

4282 kB: com.android.exchange (pid 2805)

2824 kB: com.android.smspush (pid 2659)

2686 kB: com.android.defcontainer (pid 2965)

i Total PSS by OOM adjustment:
: 22980 kB: System
22980 kB: system (pid 2477)
21457 kB: Persistent
12665 kB: com.android.systemui (pid 2552)
8792 kB: com.android.phone (pid 2589)
19648 kB: Foreground
19648 kB: com.android.launcher (pid 2619)
2824 kB: Visible
2824 kB: com.android.smspush (pid 2659)
7085 kB: Perceptible
7085 kB: com.android.inputmethod.latin (pid 2570)
22585 kB: Previous
19899 kB: com.android.settings (pid 2681)
2686 kB: com.android.defcontainer (pid 2965)
43840 kB: Background
7504 kB: com.android.contacts (pid 2731)
6619 kB: android.process.acore (pid 2634)
5815 kB: com.android.email (pid 2765)
5402 kB: android.process.media (pid 2782)
5328 kB: com.android.calendar (pid 2878)
4603 kB: com.android.providers.calendar (pid 2851)
4287 kB: com.android.deskclock (pid 2708)
4282 kB: com.android.exchange (pid 2805)

i Total PSS by category:

: 53374 kB: Dalvik
23817 kB: Unknown
19418 kB: Other mmap
18091 kB: Native
11556 kB: .apk mmap
11425 kB: .so mmap

1936 kB: Ashmem
718 kB: .ttf mmap
68 kB: Other dev
12 kB: Cursor
4 kB: .jar mmap
0 kB: .dex mmap

! Total PSS: 140419 kB
: KSM: 0 kB saved from shared 0 kB
0 kB unshared; 0 kB volatile

: $ adb shell dumpsys meminfo com.android.providers.calendar
: Applications Memory Usage (kB):

! Uptime: 8961566 Realtime: 8961566

: *%x MEMINFO in pid 2851 [com.android.providers.calendar] **

Shared Private Heap Heap Heap

Pss Dirty Dirty Size Alloc Free

Native 806 684 760 1908 1692 143

Dalvik 2145 8904 1608 6407 6093 314
Cursor 0 0 0
Ashmem 0 0 0
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Other dev 4 0 0
.SO mmap 522 1828 216
.jar mmap 4 0 0
.apk mmap 95 0 0
.ttf mmap 0 0 0
.dex mmap 0 0 0
Other mmap 912 24 24
Unknown 177 36 176
TOTAL 4665 11476 2784 8315 7785 457
Objects
Views: 0 ViewRootImpl: 0
AppContexts: 1 Activities: 0
Assets: 2 AssetManagers: 2
Local Binders: 10 Proxy Binders: 8
Death Recipients: 0
OpenSSL Sockets: 0
SQL
MEMORY_USED: 171
PAGECACHE_OVERFLOW: 53 MALLOC_SIZE: 62
DATABASES
pgsz dbsz Lookaside(b) cache Dbname
4 120 117 24/36/11

i /data/data/com.android.providers.calendar/databases/calendar.db
! Asset Allocations
zip:/system/app/CalendarProvider.apk:/resources.arsc: 57K

Wielwanusasenldads dumpsys 1AagApaiinuTIvin <uses-permission
android:name="android.permission.DUMP" /> wlululla AndroidManifest.xml

Ads dumpstate I¥dmsuganIuen1snuYeILOUATOEATAVLA

: $ adb shell

. # dumpstate

: PROVIDER ContentProviderRecord{b4669e98

i com.android.email/.provider.AttachmentProvider} pid=1306
Client:

: nothing to dump

EPROVIDER ContentProviderRecord{b470bc88

: com.android.providers.contacts/.CallLogProvider} pid=1151

: Client:

: nothing to dump

EPROVIDER ContentProviderRecord{b462a2a0

: com.android.providers.downloads/.DownloadProvider} pid=1324

: Client:

: nothing to dump

%PROVIDER ContentProviderRecord{b46elb68

i com.android.providers.userdictionary/.UserDictionaryProvider} pid=1151
Client:

: nothing to dump

g[dumpsys: 0.4s elapsed]

§== dumpstate: done
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Ada dalvikvm (Dalvik VM) iludndsfioyasligldaunsaisenlusunsy Dalvik VM iasulug
Java class MUuguhuy DEX fasioget19ans

: $ mkdir dalvik
' $ cd dalvik/

. $ cat hello.java
: package org.apache;

gpublic class Hello {
public static void main(String[] args) {
System.out.println("Hello World!");

ynsslndilaanniseeulnanmuaundulng jar

: $ jar -cvf Temp.jar *

: added manifest

gadding: Hello.java(in = 139) (out= 115)(deflated 17%)

i adding: org/(in = 0) (out= 0)(stored 0%)

: adding: org/apache/(in = 0) (out= 0)(stored 0%)

: adding: org/apache/Hello.class(in = 541) (out= 336)(deflated 37%)

§$ dx --dex --output=./classes.dex Temp.jar
:$ 1s
: classes.dex Hello.java org Temp.jar

: $ aapt add CmdLine.jar classes.dex
: 'classes.dex'...

Walnld CmdLine jar 1Us39ME classes.dex 11g#ia Android Emulator kdavinsnagaauiFen
LUsunsuele Dalvikvm glaandetneanadl

Embedded Android Development graunadnnmun



. 10 KB/s (547 bytes in 0.050s)
¢ adb shell

: # /system/bin/dalvikvm -Xbootclasspath:/system/framework/core.jar
! -version

gDalvikVM version 1.6.0

! Copyright (C) 2007 The Android Open Source Project

! This software is built from source code licensed under the Apache Licen-
: se,Version 2.0 (the "License"). You may obtain a copy of the License at
; http://www.apache.org/licenses/LICENSE-2.0

! See the associated NOTICE file for this software for further details.

! Dalvik VM init failed (check log file)

. # /system/bin/dalvikvm -Xbootclasspath:/system/framework/core.jar
§-c1asspath /data/CmdLine.jar org.apache.Hello
: Hello World!

am (Activity Manager)

'
U

AAs am anunsaldlunisdnnisueaiiif (activities) Wu Senlivinay dwmgan1svinay
waziganiugn1svine usu

§ usage: am [subcommand] [options]
§ usage: am start [-D] [-W] [-P <FILE>] [--start-profiler <FILE>]
: [--R COUNT] [-S] [--opengl-trace] <INTENT>
am startservice <INTENT>
am force-stop <PACKAGE>
am kill <PACKAGE>
am kill-all
am broadcast <INTENT>
[--activity-single-top] [--activity-clear-task]
[--activity-task-on-home]
[--receiver-registered-only] [--receiver-replace-pending]
[--selector]
[<URI> | <PACKAGE> | <COMPONENT>]

i # am start com.android.deskclock .Clock

: Starting: Intent { act=android.intent.action.MAIN

i cat=[android.intent.category.LAUNCHER] pkg=com.android.deskclock } :
EWarning: Activity not started, its current task has been brought to the front§
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8 © 5554:<build>

Saturday, September 21

o

Set alarm

! # am start -a android.intent.action.MAIN -n

: com.android.browser/.BrowserActivity

Starting: Intent { action=android.intent.action.MAIN

: comp={com.android.browser/com.android.browser.BrowserActivity} } :
! Warning: Activity not started, its current task has been brought to the frontg

 # am start -a android.intent.action.MAIN -n
 com.android.settings/.Settings

EStarting: Intent { action=android.intent.action.MAIN

: comp={com.android.settings/com.android.settings.Settings} }

0
o %4

[ < <
A9 lUN15IANISUNALAR (package manager)

: # pm list package

: package:android

% package:com.android.backupconfirm

; package:com.android.bluetooth

§ package:com.android.browser

é package:com.android.calculator2

g package:com.android.wallpaper.holospiral
g package:com.android.wallpaper.livepicker
g package:com.example.myapp

§ package:com.svox.pico

: package:jp.co.omronsoft.openwnn
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A v a o a Yo o . Yo o v |
dledesnsanfslusunsu (apk) Wi aansaldmds pm install losdnagnadneans

=3
aN
)
s
a2
®
c
—
c
:£
5
al
¥
=)
—
e
3)
=
See
QJ
c
.
®
=
=
e
De

. # svc help
: Available commands:

help Show information about the subcommands
power Control the power manager

data Control mobile data connectivity

wifi Control the Wi-Fi manager

usb Control Usb state

. # svc power

! Control the power manager

: usage: svc power stayon [true|false|usb|ac]

. Set the 'keep awake while plugged in' setting.

. # sve data
: Control mobile data connectivity
gusage: svc data [enable|disable]
: Turn mobile data on or off.

svc data prefer
: Set mobile as the preferred data network
:# sve wifi
: Control the Wi-Fi manager
: usage: svc wifi [enable|disable]
: Turn Wi-Fi on or off.

svc wifi prefer
Set Wi-Fi as the preferred data network

: # sve usb

EControl Usb state

i usage: svc usb setFunction [function]
Set the current usb function.

svc usb getFunction
Gets the list of currently enabled functions
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UNA 6 WUgIUNISE Y LUSUATNATHININUY
LDUATDHARINTLUNWAIU

syuuUfuAnisueunsesdielsindunislussuuufuansdmivgunsalvdannnii
Uszauanudisagsganiineiinuazdadusunuddyuensnsssuuasanaileiniiiigolsr
Jiutednenmusssruuatesnailduasunumiitiauddysemiauy v fislulanuasnis
doans  Wsunsudsvgnddivarnvansuazueulonaidfymisiussuuatesnailinuaniin
fauiannualansausisuivnduanlugnaivnssugunsaididnnsedndlddloniaatsass
Wi a7 sasmaluladdusnegvesssuuasesnatiaiilidnasdussuuufuing  seuu
Tsunsusyuy Wsknsudssend  wazvesaauasnalianunsavhaulasiuiulaegisasdy was
aunsanauauesnsiduvewaululigdu  aunsansulandseiuningaaIvngsy  SIUAN

a U 2

ansaviliAandnsarienseiunsusdulisussmamaniuldosnadilimefudeuuas
FuiinsuiuinduiimelladanlngaziiniuanUssmainauuds  fafulssmaiigs
fauundnlnaadeseglugiuedliulaenaensuiiauiidodemealuladuuieinmUssme
vosu useghslsfinuiileypuasmonsiiafia (Open Source) sruvUftAnisuuudna (Open
Operating Systern) uuasnuisunmaalulanduwasids suudansesnuuuimuasnts
wuudn (Open Hardware) Isndsgaasialuraadlifdiiiiun filiiAalonanddgylunisih

aadnuiinanlundssgndiiiaduniugiulunisdesennisimunsng lddnununendaint

z“ @Arubin

the definition of open: "mkdir android ; cd

android ; repo init -u

git://android.git.kernel.org/platform/man

ifest.git ; repo sync ; make"

Fofugninitaueulneneieuvianudlalumansiussuuatenaileiognansed

LLasmuLﬁmwaﬁ%é’qawmmmaqLﬁuﬁammﬁwﬁfyﬁuaqmﬁﬁﬁswamaaﬂaﬁq&’aﬁﬁizuwﬁﬁ’ami
wounseefifleuuidymazuulassansiugumadiugramnsaludiedinetiuraie s
fadlaunsatiuayuneiundnsusifinanmsimunsesaulnemihenuesininiaignie
aaenvuseudy  fidsufiianudeiuinludnlidlimisemalnefeonailoniaaing

nAn A Na1Nsanaulandanudesnisiugiuvesussmelaglidasiannalulagainlsem

=

Auguniuly Nedsannsawdsdulaluszduunnmilaegnniagilale
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matulniRIuIMIsAusEULanesnalsiafiinlaindunalndidyvesnisduimiounis
Wawwalulagiugiuveslssmaielmiinnisihlugnisuszgndldlusunisinensnssuuag
gaavnssulusuineglaeg1arinfe  Aslutdnimuasdesdilandnnisvaieegralneaniy

'
a U

aéwqaqﬁugwuﬁhaqmamzwﬂﬁﬁﬁmsﬁyﬂsﬂaﬁwzLi‘]umﬂs{’fﬁwé’aﬁqLLﬁszﬁUﬁugﬂuauﬁqszm
av flugumadeulvsunsy  fugtumadeudessninsszuusninuiuassruulusunsulidn
98197 FIATRUIMEMTUAlUTuRIsTTULURURNsAUNSuas ssuUU TR sIeuATREARN
flenanluuniisiuan  elsfdniamnamnsadeslosmansanuiiifoatesinegg  (u
Aoufmes Blinnselind uagszuvdeansiatetne) Wheeiu

A5B9S WU Android Studio IDE

lusu Google 1/0 2013 ﬁsimmmw%@’mLﬁaﬁlé’@mﬁam%aﬁaﬁﬂwﬁ%adﬂ Android
Studio IDE figniiuunaguuiiugiuves Intelll) IDEA iiiomunuiiniesiiowamndaiuiily
TUsunsa Eclipse IDE Tnediofives Android Studio IDE AevhauldiEadu Wullsunsudnume
Live Layout, Live Coding (WYSMYG Editon) Fsasviilviinimuianansaifiuninsiuves
TUsunsuimdamiaeguugunsalusunsessidvuavihasunnreiu  annsagsuainuay
Forufisd1adaanlnddu (Preview) uaviindesdonsiaaaulfnluswnsy (Lint tools) ASU
U WuausagUsrdnsnmnisvinauedlusunsy nssessuneitusuneus 1usu

5U71 6.1 mhanTUsunsa Android Studio
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35N15AAMY ANDROID STUDIO IDE

dususzuudfuAn1s Windows:

ailvianlia EXE  android-studio-bundle-<version>.exe &Luﬂﬁajﬁﬁﬁﬁamgqagﬁmi
aawelifnga JAVA uBunioonaavinnisieAduUsanmuandes (environment variables)
lAgn15Laen Start menu > Computer > System Properties > Advanced System Properties
\@enuny Advanced > Environment Variables ﬂmﬁm “add a new system variable” mﬂﬁ?u
Tld path w89 JAVA HOME wu C:\Program Files\Java\jdk1.7.0 21.
dMniuszuudfunns MacOs X:

ailvanlild dme  android-studio-bundle-<versions.dme dlymiinumetssnse
msmaﬁm%‘aymm (Permissions) 1rvinnsaarsad @ond System Preferences > Security &
Privacy funuved Allow applications downloaded T#vinA15den Anywhere
dmuszuuuUAnTaUND:

atilwanlng android-studio-bundle-<version>.tez iiaaatilnaniasadeusosfliiumn
W8 wdumds /studiosh diofndelusunsuadaudalimarnsulsssuululug ~/ bashrc Wy
PATH titaZlug lasnned android-studio/bin/

Fuaunslvaulusinsy
dolUsunsu Android Studio ASIMINAREUARIMIENANIATFUTI9ENS

8 0.0 Android Studio

Py
II;a»;ll Welcome to Android Studio

Recent Projects Quick Start

=S
Ey, New Project...

Import Project
No Project Open Yet

7l &l

™ Open Project
ViS Check out from Version Control

‘é{ Configure

i

[F? Docs and How-Tos

Android Studio 0.2.0 Build 130.737825. Check for updates now.

JUN 6.2 mihmdmivasivseiiinlusunsy

Embedded Android Development graunadnnmun



305

yiageuaia Project sl (New Project...) Gudlauluudragsimasisrniiugusieg dauandlusy
YA U

Application name: Fovealusunsy

Module name:

Package name: Foves Package a7

Project location: ﬁagwaﬂ‘dﬂm

Minimum required SDK: 13935983 SDK sgaiiaiunsaldeuls

Target SDK: 19955999 SDK 7198977519971

Compile with: 19955UY09 SDK T3 5uTUsun 53

Theme: anwazsuveslysunsy

New Project

Application name: l\_ppTes;er

Module name: tester

Package name: com.android.tester

Project location: /Users /master/AndroidStudioProjects /testerProject
NEW Minimum required SDK: | API 7: Android 2.1 (Eclair) Al
PROJ ECT Target SDK: | API 16: Android 4.1 (Jelly Bean) v |

Compile with: | API 17: Android 4.2 (Jelly Bean) v |

Theme: | Holo Light with Dark Action Bar = |

(M Create custom launcher icon
@] Create activity

| | Mark this project as a library

Description

The application name is shown in the Play store, as well as in the Manage Applications list in
Settings.

(2) | Cancel | Previo | Next

[
Y

JUT 6.3 flaAnTeazidunvedlusungy

TupaudalUlusunsuagliglivinnsdentensu nldlulensuvedlusunsy
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Foreground:

Clipart:

NEW
PROJECT

Shape:

Background color:

Foreground color:

Description

2) L Cancel |

Additional padding:

Foreground scaling:

)Image (®) Clipart () Text Preview
| Choose | a®
-‘
|| Trim surrounding blank space
MDPI
(») Crop () Center 22
() None ( )Square () Circle
HDPI

XXHDPI

Previous

JUN 6.4 MuuasUlersulusunsuuazainiensniingien

Next |

dmsuluduseuildnwmuianuisaidenyiavedusinsudoswulananenuy feg1awu Blank
Activity, Fullscreen Activity, Login Activity, Master/Detail Flow %38 Settings Activity Inglu
lazvalian Blank Activity Uagfste Activity nanuaslusunsudn MainActivity andunay

Finish iaas19lAnlusunsy

enn New Project

NEW
PROJECT

Description

Craates 2 new blank activity, with an
or horizontal swipe.

7 Cancel Previous

action bar and optional navigational slements such as tabs

| Next

ann New Project
MainActivity

activity_main

NEW
PROJECT

Description
The name of the activity ¢/ass 1o create

7) | Cance Previous

U 6.5 Laon template valUsiNIULAZAIAT Activity

| Finish
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lUsunsu Android Studio agyinsasnelusian wazdamssulnandrfydusulisaanunasly

Android Studio

P9
l@l Welcome to Android Studio

Recent Projects Quick Start

‘ @ New Project...

Building 'testerProject' Gradle project info

No Project Open Yet Gradle: Download http://services.gradle.org/distri...
J

’ eck out from Version Contro
,‘p Configure
Jo g

|F. Docs and How-Tos

Android Studio 0.2.0 Build 130.737825. Check for updates now.

JUT 6.6 mmilluanesfusznauniu Gradle uarasslasadalusidn

senstaalusinsuwaglnesne dananslugudnaansil

> [Jbuild
v [libs
android-support-v4.jar
v Cisrc
v [CImain
» [Cljava
> Cires
@ AndroidManifest.xml
[l ic_launcher-web.png
* build.gradle
Il tester.iml
* build.gradle
=| gradlew
=| gradlew.bat
i local.properties
* settings.gradle
J testerProject.iml
xternal Libraries

U7 6.7 uandlassasenelulusde

Embedded Android Development




308

Toyanelulaisnnes res (Resource) vaslusunsuazussnaumelngussinn XML Faludniv
v o = = 2 fw aa a1 |
Toyaves Layout Nenuanlvlulusunsy uwaglulasnnes res asiluninulnddaniinesie) wu
Tdnm Inddes Wevihniseeulndludlusunsy dayavaunlulamnyes res Avzgndnedes
fulwangnasrsuanlusgninanisaeulndivyedt Rjava

n1sivuandneazlulg AndroidMainfest.xml

Inlddndgylnandsfolnd AndroidManifest.xml Fuduluanivunnudnwazaegnely

v

€

=

TUsunsuuszanatiue @ausenaulusie Activities, Services, Broadcast Receivers uag Con-

AndroidManifest.xml

U ¥ 1

tent Providers a45U219814

Y

Activities
Services
Content Providers

o
| .
2
=
O]
O
&
o
=
0
©
(&}
°
©
o
L
m

5U7l 6.8 aadUsznounelulild AndroidManifest xml

UBNAINUUNITHAUNTUITUNTULIUATOUAUBEATINAZINITVOIDININEINTA TUSEUU Al
lUsunsuimatiagsiodinisuseniAn1sseswedns 1In1glulwayedn AndroidManifest.xml g

f1o819lad AndroidManifest.xml

§ <?xml version="1.0" encoding="utf-8"7>
. <manifest xmlns:android="http://schemas.android.com/apk/res/android"
: package="com.example.androidaudiostream"

android:versionCode="1"

android:versionName="1.0" >

<uses-sdk
android:minSdkVersion="8"
android:targetSdkVersion="17" />
<application
android:allowBackup="true"
android:icon="@drawable/ic_launcher'
android:label="@string/app_name"
android:theme="@style/AppTheme" >
<activity
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android:name="com.example.androidaudiostream.ActivityAudioDecode"
android:label="@string/app_name" >
<intent-filter>
<action android:name="android.intent.action.MAIN" />
<category android:name="android.intent.category.LAUNCHER" />
</intent-filter>
</activity>
</application>
. </manifest>

PNAIDEWBY XML auvududisgnswading AndroidManifestxml N88MUATDI
manifest laguanaziinissamliluaasiuysAe android:versionCode Faduanlalunis
AsraeuvMzivinsinduielimsuInlunisinfsuuuiulsegulug (upsrade) wioanjuad
(downgrade) @uveefkls android:versionName azluAsyyoitunaglduanly
TUsunsy

aal ¢ . . S 1 o )

PallUA <application> AgszynITIeNANEINUAAIN (label) waglomau (lcon) w89
TUsunsy

Aud <activitys Wunsmyuadeweaiinnazaiunsaldnulaneluluswnsy Jeay

Y v
aad v 1

feeuunsa android:name \udevesuiininaiiueniiiAtueg
dAwud  <intent-filters audunsszylvszuvfifinisueunsesniindnisisenty
uasulnidus dalunudg n1susen1Addiuud <actions> Jude

4 4

¥
a o aaq [

android.intent.action.MAINLﬂuﬂﬂsuaﬂdwuawﬁ%ﬁumw¢n&ﬂuuaﬂwamwaﬂwaﬂﬂiuﬂim

a 9 = ¢ ¢
A13INAEY LLazL’iﬂﬂi‘iﬁﬂiLLﬂiﬂJUuqﬂﬂimLLa‘UﬂSaEJG]

A va ° = P v Y v A a
o Weulusunsuvinn1seuldsunsuiseusesuaineinsnaaaulisinsunideuuugu-
NSAILOUATDUATIALIITNITNAFDULA 2 N19AD

n155ulUsunsur1y Emulator

Tumsmageulusunsuriu Emulator roududldazdosinisadna Emulator Wldeglu
sensgunsainon v nbudedlinasulusunsufasdmnguiivuansmeievesgunsal
udwhnsidengunsaliifiosnissulusunsumaaey fasegndlugudnaans
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i 9 oY - C-hc;ose 'Dev.ice

(#) Choose a running device

() Launch emulator

Android virtual device [none]

Device Serial Number State ...

FJEmulator AndroidTester Android 4.2.2 (A mwm

| Cancel | OKeed

5U# 6.9 uansnsGenld Android Emulator

n155ulUsunsuuugUnIalasiiuy ADB

5554:AndroidTester

310

TunrsnaaaulusunsudniIsnieAen1TSulUsSLASUENIY  ADB  LiWeYiN15AnfalUsLASUad

gunsalaTessgUtneane TanmstiaghlvigWeulusunsuanansaganuanysalvedusunsulannii

A155ulUsNsUUY Emulator

600

- C‘hc;ose -De\;ice

() Choose a running device

Device

(*) Launch emulator

Android virtual device:

Serial Number

‘AndroidTester

Cancel

State

{fsamsung GT-P6800 Android 4.1.2 (API 1464119278f02512f(Onlinelyes|

v
=

N

U 6.10 wangunsal Android NdeuseagiuinTasmauiines
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n1388lARlUSNTULAN ECLIPSE IDE 3118 ANDROID STUDIO

Wesniniwunlugansngaziinnunueeiunsdeulusunsumeinsasiianaun Eclipse
IDE sanudladesnisineldnlusdaiuiineimuisgu Eclipse IDE 11d Android Studio IDE

1Y
v A

~N S o o &
eYURUNTI8lARLUSIAARAIT

Fumoud 1: Export 1Uswnsufinain Eclipse IDE
1. vihnsialusiaauazdnan ADT Plugin (Westu 22.0 ¥38gendn)
2. \denwy File > Export

3. TUSWNTUAZHAAIVTNA19TUNN T9aen Generate Gradle build files A8ty Android a1n1u

Yy Finish
9
8006 Export e 06 Export
Select A Generate Gradle Buildfiles
g 2 5 I Generates Gradle buildfiles based on the configuration of the Java projects
Select an export destination: Select the projects to use to generate the Gradle buildfiles:

type filter text ™ 2 ApiDemos [ sSelectall |

» (= General —

¥ (= Android \__D_e_sfl_ewct Al

151 Export Android Application
P C/C++

P (= Install

P (= Java

P (= Run/Debug
P = Team

P = XML

P (= Other

@ < Back Next > [ cancel | Finish | @ |  <Back | Next > | Cancel | Finish

U7 6.11 uanantieinennsass Gradle build files
Tupaud 2: Import Wsknsuing Android Studio
1. WalUsunsu Android Studio Lﬁamm‘?} File > Import Project

2. Mntudenludineglusan 1den build.gradle 31ntunaYs Finish
3. Tviidonm u Dialog 7kansaIniunn OK
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APACHE ANT 811SUNITNRAIUILDUATDEA

Apache Ant fawn3asfiedmsuldlunsreulnduavaislusunsy JAVA Taaiinwmuwn
Tsunsuanansaaseansun (Script) Tugduuu XML fiflns2Y packages MAgpaloAlv
TUsunsy ant ¥niseedlndwazas1eeenundulusunsy .APK (Android Package) lanilauriu
nsadalid Makefile uazlidids “make” lussuufuRnisaynd

slelgvinmsiinsalusunsy Ant (http/ant.apache.ore) @nsnsanaaeu@eullsunsuiiy
514 (src\ant\Test java) faM79E19919819

: package ant;
: class Test {
: public static void main(String args[])

{
System.out.println("Hello World from ANT");

: <project basedir="." default="make">
i <property name="root" value="../.." />
: <property name="classes" value="${root}/classes" />
<property name="srcroot" value="${root}/src" />
<path id="project.class.path">
<pathelement location="${classes}" />
</path>
<target name="make">
:  <javac debug="true" srcdir="${srcroot}" includes="ant/**/*.java"
. destdir="$%${classes}">
: </javac>
</target>
<target name="run" depends="make" description="Run Test">
<java classname="ant.Test" classpathref="project.class.path" fork="true">
</java>
</target>
<target name="clean" description="clean all classes">
<delete dir="$%${classes}/ant"/>
: </target>
. </project>
: <?xml version="1.0" encoding="UTF-8"7>

: C:\...\src\ant>ant make
i Buildfile: build.xml
! make:

Embedded Android Development graunadnnmun


http://ant.apache.org/
http://ant.apache.org/

! BUILD SUCCESSFUL
§Total time: 0 seconds

i C:\...\src\ant>ant run
: Buildfile: build.xml

! make:

! run:

: [java] test ANT

. BUILD SUCCESSFUL

: Total time: 0 seconds

: C:\...\src\ant>ant clean
i Buildfile: build.xml

! clean:
: [delete] Deleting directory C:\...\classes\ant
BUILD SUCCESSFUL

! Total time: 0 seconds

Tnalusunsu (APK) aggnadraniulilulasnmes bin Jldaunsaunlid APK Tfnssasly An-
droid Emulator v3egunsaluaunsess lagldds adb install <¥elusunsu>.apk

ANDROID ACTIVITY

NS lUsuNINUSSENALDUATOYA : LaATIIA (Activity)

LaATiIn (Activity) faudidgunndmsulusunsuuszand wszludwildfnsonully
W Ul slauanalugudnean

ul <> Activity a4 broadcast
Intent
Operating

ﬂ’]i Intent

Iﬂﬂﬂiﬂ / System

Service

JUN 6.12 wansnalnnisvinuveddsunsuniglukeunsesn

wsiay activity Izununilimisneiagwans@uuuvtasluvaedudsandugudieeig
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S [

= 930 YaauiladeTu "How To Adm

wilvnsiasdouuydan’
antllanTedie

; a8 lidaoite

{ "daunssu” shu

Fauoanilvdeo

"gilo 1.3 (suvn
yswduulann

= %9n)" asiifon

S "Black & White Photography”
wiallamMsauanessEdy
flaodn

Feluusazrlusunsuussendaunsnaiauwondiin lavaluduasfasinnuawen

= O a Y o [
VUQLVHUHW"USGL%V]N’WML‘UU

314

'@

{ "waxnduadud

wllnﬁaqu .\._.-I Hodfoaudn

@ s

wisdamudsn 7 uaae

st ) [l wdvnnsashuauie @ 8
a Na\mﬁnﬂamaﬁom’ﬂmowm.’: guludavsionn
'

MonsrFRUAe

hasgotheildousinauany 20 : What | Wish |
indaduisnnanudauasmaniom iluloma

dwmssonhraunuoda

iy
=5l

fu..umuile
wils@oshudotiosuugudamayn hlohwian s ady angl

Avawmnan

(-]

m dnoumsidn wloasyuu

fanushiay WadanulWnanouuviuge Toldua

uazil T T lefoder

unuiFHnvavsioxiiuagvls! aunsodmua lawdabiz w
AU NIV WsIou atu angil w@uil

_ _ . s 195.00-v7m
9% 1ouley “uuu”

wiloda 185.25 v

nsvduuanodoluas AndwTu 7 u+DVD
Tuaziug AvsvhTamugudod Winaavinlo! An'le

MADY

JUR 6.13 MILARINATBILARE activity

RGN

LoRIAnaNvalUsuNINUTEYNATY  FeurazuaaInaIu1Tanay

Sunlvueaimindutuuvinnuldlaefiveaidfneuntinazgniiuliluaudin  (Stack) vesssuu

auasulufagutneEng

Task (stack of activity)

'

Activity fivnauagiiiamad
(background)

Activity nvinauesiidaanin (foreground)

U7l 6.14

(visible waz focused)

YUIUNTINNITVDY activities usiaesdirluvneivinaueg

melulusunsuussyndazd 4 asrUsznounantawn

1) Activity
2) Service
3) Intent

4) Broadcast Receiver
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A519 6.1 LEAAISNWENNTINIUTDY 4 perusenaunanulusinsy Android

1sz1AN ANBUSNITNINU 118 819N15N9U

LUsiwanyinausiuiu User 3 o
Activity wanatamIY, JUNW, LEunuE 8
Interface

Service LUsunsuivinauegiUeamas Lauwmas, seuuderdoya
Intent ¥lia Directed Intent  n1sudslugalusiwansesyly

Intent ¥ia Broadcast Intent = Mswdawuunszataludmnlusia

Intent
Intent Filter 519715984 Intents Tu Activity %39
Services
Broadcast Receiver mwaf%ani%’%’m&a GPS, Internet, AUALNSANI 18

2935970 (lifecycle) vasuaAiIn

1. onCreate()
2. onStart()
3. onResume()

onPause()
onResume ()

%

Stopped < Stopped
onStop()

onDestroy():

}

JU 6.15 29959 InvaLeATIR (Activity)
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Y
aada v 1

11929957 InvetuenTiIfuuansanUseanialu 3 9aan1svieu dsgudieuy fe

a

UAFUeaaA7iifn  Tudan1syinauiaziinisSenly

1. Entire Lifetime A®NITSUAULAZANT
#WeanduAe onCreate() wazlilawaninngndelnazdnissenldiendune onDestroy()

U

¥ ¥
U o > o

2. Visible Lifetime fatianaiiueaiintiu Mawihaueglagndianiieaiingnasistuan

'
o U a

LAY LEATIIRAUY Ma99EBUAUNISYINUALTNTSonWINTY onStart) waziilaanfiim

[
I 1

HugndslnazaedinisUanisvinnuseniiinneussinissenldileidu onStop()
3. Foreground Lifetime fatieniafiweaiiniu Mdwinuegilomtigy Wewenidnuy
SuAUNSYINURzgNAuTNIIuULieAndai Uk It ulagazis ety onResume()

Y YV
o U

LAz UWOATRIATUANAI9ENEANITYINAUTIATIINE00195 AvzBenldilandy onPause() 5o

onDestroy()

1 Activity |
\ launched /
onCreate()
onStart() ——— onRestart()
‘ A

User navigates
to the activity

/' N

| Appprocess | [ Activity
\ killed J \ running /;

Another activity comes
into the foreground

onResume() -

User returns
+ to the activity

onPause() — )

|
The activity is
no longer visible

Apps with higher priority
need memory

User navigates
+ to the activity

J

onStop()

[
The activity is finishing or
being destroyed by the system

v

onDestroy()

JUT 6.16 91982188AU893995TINVRILBATTIA
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A29819ANNISYINSIUVDIRDAN IR
ANlAnFg1eRe Utz dun1saSU1enanNIsYIUTedLea A laladey Tnuay
119919 umu Lifecycle MlaaSulenaigiey

§ public class ActivityA extends Activity {

@0verride
public void onCreate(Bundle savedInstanceState) {
super.onCreate(savedInstanceState);
setContentView(R.layout.activity_a);
Log.d("Embedded Debug”, onCreate - Called when the Activity is first created”);
ks

@0verride
protected void onStart() {
: Log.d("Embedded Debug”, onStart - Called when the Activity is becoming
! visible to the User”);
: super.onStart();
ks

@0verride
protected void onRestart() {
: Log.d("Embedded Debug”, onRestart - Called after your activity has been
: stopped, prior to it being started again”);
: super.onRestart();

}

@0verride
protected void onResume() {
: Log.d("Embedded Debug”, onResume - Called when the Activity will start in-
: teracting with the User”);
: super.onResume();

}

@0verride
protected void onPause() {
: Log.d("Embedded Debug”, onPause - Called when the system is about to start
: resuming a previous activity”);
: super.onPause();

}

@0verride
protected void onStop() {
: Log.d("Embedded Debug”, onStop - Called when the Activity is no longer visi-
: ble to the User because another activity has been resumed and is covering this
: one”);
: super.onStop();
}

@Jverride
protected void onDestroy() {
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: Log.d("Embedded Debug”, onDestroy - the final call you receive before your
i activity is destroyed”);
‘ super.onDestroy();

}

public void startActivityB(View v) {
Intent intent = new Intent(ActivityA.this, ActivityB.class);
startActivity(intent);

3

public void startActivityC(View v) {
Intent intent = new Intent(ActivityA.this, ActivityC.class);
startActivity(intent);

}

public void finishActivityA(View v) {
ActivityA.this.finish(Q);

§ <?xml version="1.0" encoding="utf-8"7>
§ <LinearLayout xmlns:android="http://schemas.android.com/apk/res/android"
: android:orientation="vertical"
android:layout_width="match_parent"
android:layout_height="match_parent"
android:background="@color/dark_blue"
android:padding="8dip"
>

<RelativelLayout xmlns:android="http://schemas.android.com/apk/res/android"
android:orientation="vertical"
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:layout_gravity="center_horizontal"

>

<Button
android:id="@+id/btn_start_b"
android:layout_height="wrap_content"
android:layout_width="wrap_content"
android:text="@string/btn_start_b_label"
android:onClick="startActivityB"
/>

<Button

android:id="@+id/btn_start_c"
android:layout_height="wrap_content"
android:layout_width="wrap_content"
android:text="@string/btn_start_c_label"
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android:layout_toRightOf="@id/btn_start_b"
android:onClick="startActivityC"
/>

<Button
android:id="@+id/btn_finish_a"
android:layout_height="wrap_content"
android:layout_width="wrap_content"
android:text="@string/btn_finish_a_label"
android:layout_toRightOf="@id/btn_start_c"
android:onClick="finishActivityA"
/>

<Button
android:id="@+id/btn_start_dialog"
android:layout_height="wrap_content"
android:layout_width="wrap_content"
android:text="@string/btn_start_dialog_label"
android:layout_toRightOf="@id/btn_finish_a"
android:onClick="startDialog"
/>

</Relativelayout>
: </LinearLayout>

ndegalanlusinsuTeey Wunsuansiegenssenltauleniiin Ingaziandlmiii
= aa Aqdy ¥ ¥ LYJ ] quy dl [
92995030V LeATIIR nlAlUSLASULALARIAI9819UBILEATIIR A Wasulusinsy Tusunsy
zN1TEUAUMEAUSENTTNULEATIIR A U1 9INUUIEYIINISHERS layout Nilaeenuuulids

¥
aaa

melu layout ladinsasanlwSenldanuiendusnge wunsSenueoaiiin B SenLoniin
Jusu dadegndldanaznanisitnisvesiusunsulugudngans

Activity A

StartB StartC FinishA Dialog

Lifecycle Method List

Activity A.onResume()
Activity A.onStart()
Activity A.onCreate()

Activity Status
Activity A: Resumed
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Activity B

StartA StartC FinishB Dialog

Lifecycle Method List

Activity A.onStop()
Activity B.onResume()
Activity B.onStart()
Activity B.onCreate()
Activity A.onPause()
Activity A.onResume()
Activity A.onStart()
Activity A.onCreate()

Activity Status

Activity A: Stopped
Activity B: Resumed

SUN 6.17 wasmsnissulusinsy

USER INTERFACE

dadlavdnmsihnisvesuenfifuds Tudiunisharessriauenilanugliftduddy
litfeendosnnifunsliindwmiulilunsinsoruglimly deazFenflaeiinluin User Inter-
face (Ul) nsadeuthanueslusinsunses Ul %uuwlﬁﬁuﬁLﬂ%‘lmﬁaagujshmmﬂms upoeals
Annunisesnuutiasianlusunsudfionsuaussnudesnsvesflinulrléfdaniufdios
TrwaulalunsaisszaunsainisliaulusunsuiiBonin User Experience (UX) mugly
fhe Feduiinamnasdosdinsfinuiinsginginssunslinuiugunsallamaluladmanilsl
Tazilumalulagninveduiauasuaniia  MheUssalananals eauTn wagn1sHmL
UFudgessuuluinismennussuvauesnaiaiamugiuluaiedisgragunisianudila
mieensuansnansiinfiasgnivegfumaluladuiivodudauazuanina  n1eanuuy
TusunsumsiunswiiiniiosuanangldlaededivansauivrunnvestaogUnsalildau
TngagnaniidlusoasBonsolud

NUYANNSHENINANTINNA

nsviAulandnnisnisaunTeantuunsmiin - dnwaundiulngazAsudniityn
Tudestinoaunsilosnniiswandonegliitos agtugunaniflissuuufinisueunsesdiiy
flogu1nu1enaINVaIg I ukardnuNaINa18vadndIUNUIDLAAING  LWUIUIANTID
180x320, 800x480, 960x540, 1280x720 TI9LHARONTORNUUUNTNANYRIUTUATY FatunIg
AMUARILUINTINSNANYS 00IRUsENB U Az llaunsanmunged (Pixel) wuuniedala
mswmninsimuaaigeadmedillodalsunsuuueismiieeifinnuazideauanssiuf
wvlvinsuanssansmiinAndieuluandufitmualils
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FatumaiaunvesuisngiiaivldAndumiegadlmiduidelnuas Beavdnmei
LLG]ﬂG]INﬁJ‘LJLﬁﬂﬂ’NiJﬂmﬂLﬂ?ﬂlauﬁaEJﬁEjﬂL%‘EJﬂWLJ’JEJﬁJ’j’mﬂ’JEJ “dp” (Density Independent Pixel)
viogadiaiion (Vitual Pixel) Fufhumhevesnuasdeanthiefiauuidumlaedsainani
az1d8m (Resolution), WA (Size) wazAUMUILILYAG (Pixel) (Density) vaantnvauugUnsal
fudstnimunazdedd do Tumsfmuaruiavesdemiy (Text) suwinvesguamuienue
voausineg Inefivdnmadiuamdn dp feil

sl

Actual size (inches) small normal  large  xlarge xdlarge S R— —
3" 5|| 7" 1 1 n 1 3“
120 160 240 320 480 640

Actual density (dpi)

B (dpi " mdpi hdpi xdpi B xxdpi [ xxxdpi

JU 6.18 1USguiigusIgazidenvasuIaniinvelayal dpi

angauuszuuUfuRnsuweunsesn westu 4.3 lhusznieeanuiagiulunianisuariniauay
5895UAIANAZIBEANINADTEAU extra extra high dpi (xxhdpi) YwA 640 dpi Aegudnauy
wazluewiandulndanauazidenveminaevugunsaiuounsossAasifisuwinfuaiaiy
avsBuantnaelnsiain aK Tdegnsuivey

- ldpi (low dpi) fie wrheefiflvuievesainumuiwiy LAy 120 dpi

. mdpi (medium dpi) fie niheefitAmUILLY Faus 120 - 160 dpi WU T-Mobile G1

« hdpi (high dpi) fie wiheefidmumuiuiu faus 160 - 240 dpi WugU Nexus S

« xdpi (extra high dpi) #ie Wihesfidaumuwiy 240 dpi FulU (320 dpi UUU Galaxy

Nexus/N4 %58 480 dpi Uuu HTC One)
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« xxdpi (extra extra high dpi) e wiheedifiaumuiniy 480 dpi Tuly
« xxxdpi (extra extra extra high dpi) A9 #HNABNNANRLILUY 640 dpi TulU

112
Faf dpi (Dot Per Inch) wmam mmuﬁm?{ﬁﬁlﬂ | |
BN - -

B - o-un v 5

(5 9aden 1 m)

VIQ%&I@IMWUW%U’]@ 1 (5]’13’1(114’3 ﬂﬂLLﬂﬂﬂUiUﬂ?‘uﬁﬂ’J’]
UNAIDLNNYU QWU’JUQ@IUW‘UW%UW@ 1 (5]’]3’]@14’3 1

53904

2eiignAGeatuagduiuiadu 300 x 300 Pixel daen
dpi Begenaziinananisuananalagiamiziunislily

LUsunsunudludnuas FPS vlainudanwae Shooting ™ | |

| 5 30 |

AFIn1sEn1sLanINans AN AUAs UL Uae8195IA15)
Sy JUN 6.19 uananisAnAANaziBen (dpi) veamntiae

gnIN1IANUINAT dp 21NA1 dpi AB

FBE19NIANUINAT dp VBNLATBIEND Samsung Galaxy Note 10.1 NHvUNIANTNADULUY mdpi
Faguen dpi Wiy 160 (AUIUN 6.8) waziATesliirnAuaziduavtaeegf 1280 x 800
Pixel A1 dp 2zdlAyiiu

1280 * (160 / 160) = 1280 dp
800 * (160 / 160) = 800 dp

GN‘L!‘L!LﬂiEN Samsung Galaxy Note 10.1 MR]UQJQWGUU’]G]VU’F\]EJLLUU dp WiNAU 1280 x 800 dp

FadlowaIes Samsung Nexus 10 NHvUANINBKUY xhdpi A1 dpi (111U 320 dpi (Augy
7 6.8) uazAUALBEANTNRDEIRA 2560 x 1600 Pixel FeagifiuindiAgandeses Samsung
Galaxy Note 10.1 WsitilpAuiaia dp agilayiniu

2560 * (160 / 320) = 1280 dp
1600 * (160 / 320) = 800 dp

ziulaInAn dp veens 2 L1A3ediiAn 1280 x 800 dp Wity fstiulnwauNAIEaAT dp 1Wu
wantun13gUsuunIiinfissiluntinilusunsy lnendnsuandudadiuignieutiuiy

endeaaumidanain: http.//www.akexorcist.com/2013/03/android-design-dp.html
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View ILag ViewGroup

View fediuindefuglinugiuiiosaindussdusznouiiugiunisvesasna Ul degniely
TUsunsusiegau TextView, ImageView, SurfaceView, ViewGroup Husu dwSuaand
. [ ! . a al . [ Y] Y] -~
ViewGroup tludiuvensved View fianansadl View lananedalaganunsaasnanisaiuauie

<D
\ View

falUda View Nanunala

JUN 6.20 wansruduusYes ViewGroup Uay View

View

Input Controls

Aeduing (Object) NMdAnsdafuyly Feanusalanauiuglyla sndiegraiu Ju (Button),
Yadldvaniy (text fields), U1sAse (seek bars), Ysdan (checkboxes), Yuvene (zoom but-
tons), Junauen (toggle buttons) tusiu

Button . O
& @
Text field |
' . ! OFF
. A on

gﬂ‘ﬁ 6.21 #2984 Input Controls

Layout Containers

fuUSeuiisuiun1s@eulusunsusieg JAVA AWT #58 JAVA Swing #a layout fwSeu
\@ilou JAVA Containers @i View naziUSeulaiiou JAVA Components #se Widgets 1ulag
lnganuduiussening layout wag view waneiegutneeng
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Another Layout

TextView

Parent Layout

EditView

324

View (aka Widget)

JUN 6.22 uansruduiusyes Layout Wag components #7149

lag layout usiaz@i9zau1saussy View wag layout auqlulavatagda loun

1.

RelativeLayout #a1du layout Airfuualidudiugiudunizuasialusian dadu layout

71n133n58967I0g (object) Inedin1sanedeiuniisvasinguuiuingdunielu layout

13801984 1UM layout Ningriuagnielu lngn1so1edsinumineiay (android:id) vesing

139 layout

;g activity_main.xml| x C MainActivity.java x

Preview #*-

<?xml version="1.0" encoding="utf-8"7>

android:orientation="horizontal"
android:layout_width="fill_parent"
android:layout_height="fill_parent"
android:id="@+id/layout">
(=] <TextView
android:id="@android:id/textl"
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android: text="@string/hello”
android:layout_centerVertical="true" />
<CheckBox
android:id="@android:id/checkbox"
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:text="@string/selectme"
android:layout_below="@android:id/textl" />
<Button
android:id="@android:id/buttonl"
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:text="@string/clickme"
android:layout_below="@android:id/textl"
Q android:layout_toRightOf="@android:id/checkbox" />
(1</RelativeLayout>

T

T

| Design = Text

Y

' r‘ =
5 - o L il -
i<RelativeLayout xmlns:android="http://schemas.android.com/apk/res/a pillexasd

i (MAooTheme =~ MainActivitv= < 63~ i

e eac o

AppTester

f2string/hello
@string/selectme @string/clickme

SUT 6.23 MsiaALUY Relativelayout

2. Framelayout \Ju layout Nfimsdnneingiutug Ingaziunnedngiuduainyudeuy

(top-left) ¥a4 layout Lauauwazaviringiaivawunlituuuanves layout
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< activity_main.xml x C MainActivity java x Preview - -~
<?xml version="1.8" encoding="utf-8"7> | - e ~ = : x
2 5 L » v i (B v (69> i1y

D<FrameLayout xmlns:android="http://schemas.android.com/apk/res/andr pexuss ST el Retiv il
android:orientation="horizontal" RS- G ¥y ",

android:layout_width="fill_parent"
android:layout_height="fill_parent"
android:id="@+id/layout">
S| <TextView
android:id="@android:id/textl"
android:layout_width="wrap_content"”
android:layout_height="wrap_content"
android: text="@string/hello"” />
=] <CheckBox
android:id="@android:id/checkbox"
android:layout_width="wrap_content"
android:layout_height="wrap_content"
2] android:text="@string/selectme" />
5] <Button
android:id="@android:id/buttonl"
android:layout_width="wrap_content"
android:layout_height="wrap_content"
a android: text="@string/clickme" />
(1</FrameLayout>

1 Design = Text
v

SUTI 6.24 N3@aALUY FrameLayout

Y

. = aa o a ) P v = = o
2. LmearLayout LU layout ‘Vlllﬂ?i"\]ﬂLSE’N?G]QLUULLU’]LE!UG]N 621\‘18’]‘{]‘{]8LUULLU’MQM?@LLU?U@U
Ala Taenrsaivuaaily android:orientation (horizontal/vertical)

© activity_main.xml x © MainActivity.java x :Preview £ T |
<?xml version="1.0" encoding="utf-8"?> ] - e _ )

5 3 2 Ly il 4~ ) v i
<LinearLayout xmlns:android="http://schemas.android.com/apk/res/and e s Ma'r'Act'v'W . :
android:orientation="vertical" R & 24D W,

android:layout_width="fill_parent"
android:layout_height="fill_parent"
android:id="@+id/layout">
(=] <TextView
android:id="@android:id/textl"
android:layout_width="wrap_content"
android:layout_height="wrap_content"
& android: text="@string/hello" /> AppTester
=] <CheckBox @string/heflo
android:id="@android:id/checkbox" @string/selectme
android:layout_width="wrap_content" :
android:layout_height="wrap_content" @atring/clickme
android: text="@string/selectme" />
5] <Button
android:id="@android:id/buttonl"
android:layout_width="wrap_content"
android:layout_height="wrap_content"
&) android: text="@string/clickme" />
-1</LinearLayout>

‘ ‘Design Text

JUN 6.25 M3AaAkUU LinearLayout huagd
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© activity_main.xml x € MainActivity.java x jPreview - Sl |
<?xml version="1.0" encoding="utf-8"7> 1 - — — -_— -
i X n K L~ s N 4~ ~ (M ApbTh MainActivitv ~
D<LinearLayout xmlns:android="http://schemas.android.com/apk/res/and exus SOOI SR
android:orientation="horizontal" 2| B X:iW>

android:layout_width="fill_parent"
android:layout_height="fill_parent"
android:id="@+id/layout">

=] <TextView
android:id="@android:id/textl"
android:layout_width="wrap_content"
android:layout_height="wrap_content"

A android: text="@string/hello" /> AppTester

=) <CheckBox i .

: android:id="@android:id/checkbox" WEANGLL Qemene C?Iisc':rr:g
android:layout_width="wrap_content"
android:layout_height="wrap_content"

android: text="@string/selectme" /> [

5] <Button |

: android:id="@android:id/buttonl"
android:layout_width="wrap_content"
android:layout_height="wrap_content"

& android: text="@string/clickme" />

-</LinearLayout> |

Design = Text

U 6.26 MIAIALUY LinearLayout HuIueu

4. TableLayout tJu layout 71in139n1193nglukuunisne neingusdaziaziowdu 1 Ao
Fagnansaiiunnllalanetiva XML tag ¥es TableRow

< activity_main.xml x C MainActivity.java x Preview - 2
<?xml version="1.0" encoding="utf-8"7> 7 = e mm L o :
% . & : (e 5 >: v > A |

C<TableLayout xmlns:android="http://schemas.android.com/apk/res/andr fehexus A Anoiheme Ma'f‘Amww
android:orientation="horizontal" RS W W,

android:layout_width="fill_parent"
android:layout_height="fill_parent"
android:id="@+id/layout">
5] <TextView
android:id="@android:id/text1"
android:layout_width="wrap_content”
android:layout_height="wrap_content"

A android: text="@string/hello" /> AppTester

B <CheckBox s @string/hello
android:id="@android:id/checkbox" @string/selectme
android:layout_width="wrap_content" e
android:layout_height="wrap_content" Gaacine

&) android: text="@string/selectme" />

) <Button =
android:id="@android:id/buttonl"
android:layout_width="wrap_content"
android:layout_height="wrap_content"

A android:text="@string/clickme" />

(-1</TableLayout> o

Design = Text

SUT 6.27 mafariuy TableLayout laifiien
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Preview
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C MainActivity.java x | |

<?xml version="1.0" encoding="utf-8"7> = — LS. s
¥ . L v L)) - 9~ 1§
-<TableLayout xmlns:android="http://schemas.android.com/apk/res/andr NS Soplyeme MelnATviny _ " ’
android:orientation="horizontal" d Do

android:layout_width="fill_parent"
android:layout_height="fill_parent"
android:id="@+id/layout">
<TableRow
android:layout_width="fill_parent"
android:layout_height="wrap_content">
<TextView
android:
android:

id="@android:id/textl"

layout_width="wrap_content"
android:layout_height="wrap_content"
android: text="@string/hello" />

<CheckBox -
android:id="@android:id/checkbox"
android:layout_width="wrap_content"

AppTester

@string/selectme

@string/hello

@string/clickme

android:layout_height="wrap_content"
4] android:text="@string/selectme" />
A </TableRow> m
=] <Button
android:id="@android:id/buttonl"
android:layout_width="wrap_content"
android:layout_height="wrap_content"
2] android: text="@string/clickme" />
(-1</TableLayout> =
\ Design | Text

5U7 6.28 M3ReALUY TableLayout Jum

5. AbsoluteLayout 1Ju layout fin15dneIngmnsumnisasauuntiae lnsaziivu
FUaainglaNIuAl android:layout x wag android:layout y

© activity_main.xml x | © MainActivityjava % |

<?xml version="1.8" encoding="utf-8"7>
J<AbsoluteLayout xmlns:android="http://schemas.android.com/apk/res/a
android:orientation="vertical"
android:layout_width="fill_parent"
android:layout_height="fill_parent"
android:id="@+id/layout">
5] <TextView
android:id="@android:id/textl"
android:
android:
android:
ja android:
(=] <CheckBox
android:
android:

layout_height="wrap_content"
text="@string/hello"
layout_y="150dp" />

id="@android:id/checkbox"

layout_width="wrap_content"
android:layout_height="wrap_content"

(2] android: text="@string/selectme” />

g <Button —
android:id="@android:id/buttonl"
android:layout_width="wrap_content"
android:layout_height="wrap_content"

android: text="@string/clickme”
&) android:layout_x="150dp" /> =
-1</Absolutelayout>
Design  Text

SUM
Y
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(@string/selectme @string/clickme

gstring/hello
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6. ListView Lunanandunenainaand ViewGroup 7idyuuein1sianisuusians (lst) vedle
173l (item) nefianinsaiouduad (Scrolling) iegillomvanualy uilomvessienisuias
$18N159¥QnunINasnlulRsueesuaUwes (Adapter)

| AppTester

SUl 6.30 N13saern ListView

7. Gridview [ Judneanandunenannaad ViewGroup NuN0IN1SLEAILUUERNR (Lao-

q
¥
v

Aoautl) Tudnuaen1319 a1XnsavinnIsdeuTuasienUayanvunla 3951801598QNLNTNAISH
TuiRH LN LAULRBSIULREINULUY ListView

AppTester

ltem 3
St twnd

w e s imen s
ftem 6
£t tabmant S llant

Item 9
5 tam

s e 7 s .
Ttem 12

B0 nem samen | B hem
Item 16
s e 14 tbmemls  Saiwnls
ftem 18
s o P
ftem 21
Sty o 54 Shwaid  Seien)
ftem 24
St wen 37 Sdienit Sélenls

o ] 3

g'dﬁ' 6.31 N1383A7 GridView

1914 Dialog wag Alert

Aovtirnemauld (Dialog) Ndlunisudaneursesumangly dagudneans
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Automatic brightness

P

U7l 6.32 uana Dialog Mugu

nswdadeudnuuunisfenisuduseuludnvauzuanadutonnuduadissesnamia Tiusng
VU8 158031 Toast wavgliinislaneuiuyldusatdla lngldads

Toast.makeText (this, “text”, Toast.LENGTH SHORT).show() G'TQEU"EJJNE%’N

JUN 6.33 LanINISLaRIToANULUY toast

ANDROID ADAPTER

avunUies (Adapten) vhwthiifnsiesening AdapterView ﬁ’u%gaﬁﬁmmﬂﬁuamﬂu
ListView, GridView, spinner YED) Gallery uaﬂmﬂﬁf Adapter galglun1sanns View ﬁ‘U“QG]
Yoyalnedl Adapterview azaninsnuansteyauddgnivualay Adapter whilunsdld
Foyaunuarliannsouandldlunsaien
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H Adapter R S 4 Adapter View

m List View
m Cursor m Grid View
m ArrayList m Spinner

JUN 6.34 uansmnuduiusves Adapter

f19819n151%9U Adapter

1. ArrayAdapter
fogatlaziansnsiiualuLanauy listview LazauAiiofin1snaNeLmMug st

Tannelulg device listxml

<ListView xmlns:android="http://schemas.android.com/apk/res/android"
: android:id="@+id/listview”

android:layout width="fill parent”

android:layout height="wrap content" />

C MainActivity.java x [ & device_list.xml x | ‘& device_name.xml x | Preview -

¢ o<ListView Ixmlns :android="http://schemas.android.com/apk/res/android" ™| [k~ ‘I-I‘NeWH - |((fl - I@Aw'fheme ==
android:id="@+id/listview" . 3 | & = |Q') » i
android:layout width="fill parent"

a android:layout height="wrap content" />

Design = Text

JUN 6.35 wanssiwazdennielulid device listxml

lannelulig device namexml

. <TextView xmlns:android="http://schemas.android.com/apk/res/android"
: android:layout width="fill parent"”

android:layout height="wrap content”

android:padding="5dp"

android:textSize="18sp" />
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C MainActivity.java % | © device_listxml x | [ device_name.xml x jPr-z’,'nE:‘ - -
¢ p<TextView W [~ | [fNexusd - - | Dapptheme |~
xmlns:android="http://schemas.android.com/apk/res/android"
android:layout width="fill parent"
android:layout height="wrap content”
android:padding="5dp"
android: textSize="18sp"/> # BasicArrayAdapter

Design = Text

JUN 6.36 wansswazdenn1eluld device namexml

=D

Fanelulng MainActivity java H518az188nn

§ package com.example.basicarrayadapter;

. import java.util.Arraylist;

: import java.util.HashMap;

: import java.util.List;

: import android.app.Activity;

: import android.content.Context;

. import android.os.Bundle;

i import android.view.View;

: import android.widget.AdapterView;
: import android.widget.ArrayAdapter;
. import android.widget.ListView;

: public class MainActivity extends Activity {

ListView listview;
private ArrayAdapter<String> mNewDevicesArrayAdapter;
String[] values = new String[] { "Android", "iPhone", "WindowsMobile",
"Blackberry", "Web0S", "Ubuntu", "Windows7", "Max 0S X", "Linux",
"0S/2", "Ubuntu", "Windows7", "Max 0S X", "Linux", "0S/2",
"Ubuntu", "Windows7", "Max 0S X", "Linux", "0S/2", "Android",
"iPhone", "WindowsMobile" };

@Jverride

protected void onCreate(Bundle savedInstanceState) {
super.onCreate(savedInstanceState);
setContentView(R.layout.device_list);

listview = (ListView) findViewById(R.id.listview);
mNewDevicesArrayAdapter = new ArrayAdapter<String>(this,
R.layout.device_name);
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for (int 1 = @; 1 < values.length; ++1) {
mNewDevicesArrayAdapter.add(values[i]);

ks
listview.setAdapter(mNewDevicesArrayAdapter);

listview.setOnItemClickListener(new AdapterView.OnItemClickListener() {
public void onItemClick(AdapterView<?> parent, View view,
int position, long id) {

String item = (String) parent.getItemAtPosition(position);
mNewDevicesArrayAdapter.remove(item);
mNewDevicesArrayAdapter.notifyDataSetChanged();

dmiunsuansteyalngld ArrayAdapter aildunaugail

® 11581389 ID e Listview Mdiu xml Wrfuldnluswnsy
® ynn581983 Layout vae xml flazuansaily ListView

o sinsifiadeyaaslu ArrayAdapter

® yim3iBex ArrayAdapter U listview iilouansdoya

ListView Data
" i
¢ o
- ——
Android Code ArrayAdapter

e — L.
|

UWHANNR

8 BasicArrayAdapter

Android

iPhone
WindowsMobile
Blackberry
Web0S

Ubuntu

Windows7

JUN 6.37 uanannsviauveslusunsy
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ANDROID INTENT

Intent 1Jugduuumsdstayaseninalusunsunelussuuififnisuounsess Feazny
Valunslifiedun Activity fadu Inganunsadetoyalavaeguwuy M duremianisas
foyanfenlimnlumadeulusunsuuiu fagudeas

aMail web YouTube
—————'—'——_\ ————————_\

Message Browser

LS | N Vvideo view
Activit) ’ I Aeti\/'btg

I view

view video

wmessage opory intent
intent website webview )
tntent Activity

view
Message
Activity

palvik vM Dalvik vM Dalvik vMm

U 6.38 wanan sl intent weNN1SINIIUTDY Activity Uiazen

UsuLnnuad Intents

U

Intent wuslondu 2 Ussnnudneiadl

1. Implicit Intent 10w Intent WiszuuUfuRnisueunsesalaesouliliuds ausaenldaula
Tuiuil fegratu BuusTiwes wsesdlon1sAum setelfndelulnsdni n1slvsesn was
wruil 1w feg1en1susenia Intent Weseniuledrumdeoya dedragadnean

Intent i = new Intent(Intent.ACTION_WEB_SEARCH);

2. Explicit Intent 10U intent N1M89a3190UB LNDMUUANTY NN DENAUNHDINTS
F9819N15UTENA Intent lieSaN activity NRDIN19U ActivityTwo.class A9AID81901981

Intent i = new Intent(this, ActivityTwo.class);
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BROADCAST RECEIVER

Broadcast receivers LHuduflazvinuidewleldfunsnevaueiefainnisainia
TUsunsulammuaelidmifensamedouiiesunisudwesszuudanandlugudneng
TnedeulunartiazannsonovauasuuneAildidndalusunsueguioutaslalusunluud
Anuit fhegnamaiaury Tuvaeigldmdadusanseliazanlunissuaousidlesiaulnsdn
dhandlusunsufviinsdinaneididsnsdaniuiinazaginisdsten (SMS) ndulumay
findnadnanlnedalut® wiednmetmulunsdiideenliindeniosymaiadeuios (AC-
TION_BOOT COMPLETED)  filviszuuufjianmsvinisialusunsuiiliameidenlu Broadcast
receiver Tvhausiud

asnzidau Intent

Android

Broadcast
System

Receiver

Tasunisudadiauindinnseald Intent

JUN 6.39 uanan1skdvinauves intent

%4
U

JURBUNIINAIUILUSWATY Broadcast receivers

«ynssaATiu AndroidManifest xml anudilgameidould vieaunsafaruuuniy
dounsaiTUasuuUaa Ll Context.registerReceiver()

- Founanatuslngdunendesnainaana BroadcastReceiver

- moluazdileridu onReceive() dmdufmuanmsvinuvesdusunsuileifnmnnisal
(event) muitlamaals

System broadcasts
WRN15IYBITEUY (system events) filagnamualuasiliniglussuulfianisuau
A989 AILaAIlURIT19U98791
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#1979 6.2 LLEWNS’]EJﬂ?iLVIﬁ]ﬂ']‘iﬂj?JENﬁ%U‘U

Event Usage
Intent. ACTION_BATTERY LOW wﬁ’mwmma’%‘aaﬁmzﬁuﬁq
Intent. ACTION_BATTERY OKAY iu@ULLU@LW@ﬁ@Eﬂ,‘ui AUR
Intent. ACTION_BOOT COMPLETED LauATOEAYMLASISEUSDY
Intent. ACTION_DEVICE_STORAGE _LOW wé’wmammﬁwaglmzé’uﬁw
Intent. ACTION_DEVICE_STORAGE_OK szaunhiANudnegluseaun
Intent ACTION_HEADSET_PLUG n3IdeUyilaIvieagvialyl
Intent. ACTION_LOCALE_CHANGED Sefinmaasuulasnwivesgunsal
Intent. ACTION_MY PACKAGE REPLACED SNANLNUTUSUATULAL
Intent. ACTION_PACKAGE_ADDED Anmelusunsalval
Intent ACTION_POWER _CONNECTED soanalndniuaunsal
Intent. ACTION_POWER_DISCONNECTED nenaylneanatngunsal
KeyChain. ACTION_STORAGE_CHANGED \Aansaeuuas keystore
BluetoothDevice ACTION ACL CONNECTED Bluetooth ACL 1A 5idousie
AudioManager. ACTION_AUDIO_BECOMING NOISY | 1den audio output fildyannisuiuties

fegalusunsunTaeumdensetuyilddasliingnsaivesszuudedn ACTION HEAD-
SET_PLUG #slilun1snsnaeunsidonseyayils Ssinveyilsegfazdenniu 17 flifazds
A1 “0” unu

fheeelusunsunaaaunnsuseaviLaa Wellmadeuyiladhgunsalueunsesd

§ // MainActivity.java

§ package com.example.demoeebuubroadcastreceiver;

: import android.content.Intent;

§ import android.content.IntentFilter;

: import android.os.Bundle;

i import android.app.Activity;

: import android.view.Menu;

i public class MainActivity extends Activity {

: @verride

: protected void onCreate(Bundle savedInstanceState) {

: super.onCreate(savedInstanceState);
setContentView(R.layout.activity_main);
IntentFilter intentfilter = new IntentFilter(Intent.ACTION_HEADSET_PLUG);



MyBroadCast mybroadcast = new MyBroadCast();
registerReceiver(myboradcast,intentfilter);

@0verride
§ public boolean onCreateOptionsMenu(Menu menu) {
: // Inflate the menu; this adds items to the action bar if it is present.
getMenulnflater().inflate(R.menu.main, menu);
return true;

: // MyBroadCast. . java

§ package com.example.demoeebuubroadcastreceiver;
: import android.content.BroadcastReceiver;

§ import android.content.Context;

: import android.content.Intent;

. import android.widget.Toast;

E public class MyBroadCast extends BroadcastReceiver {

: @verride

: public void onReceive(Context context, Intent intent) {

§ if (intent.getAction().equals(Intent.ACTION_HEADSET_PLUG)) {

§ int state = intent.getIntExtra("state", -1);

: switch (state) {

: case 0:

§ Toast.makeText(context, "Headset is unplugged", Toast.LENGTH_LONG).show();
: break;

: case 1:

: Toast.makeText(context, "Headset is plugged", Toast.LENGTH_LONG).show();
: break;

: default:

§ Toast.makeText(context, "Unknow", Toast.LENGTH_LONG).show();

1

nswanang (udrglailaneyils murndenila)
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EEBuuSimpleBroadcast

Demo BroadcastReceiver
HeadSet Checker
Headset is unplugged

JUN 6.40 uanan1snsaduvedlusunsulunisnsiaaeunsideuy

AN LU5unNINAI8 Android Native Development Kit

WugIU ANDROID NDK

IWsunsuweunsessanunsousnesntailu 2 Ussian dawandlugudnans loun

J1Usunsuan93n (Dalvik applications) Aelusunsufisanlusunsun1®na1a wag SDK APl
AUANASIFILTEBUNTEES TauTan1sTIeTlndUsEneuseg (resource files) e
wu g XML Trdguaiin PNG saudhmeiuaunatedulnd APK

J1Usunsuneunsass NDK (Android NDK applications) 353uldnlusunsunisann g
Usznausnag (resource files) samilanlusunsuntwn C/Cot (Wisaailanlusunsuniu
LaaUa (Assemnbly) Taefiléalusunsunmu C/C++ aggnasulndifulausnd Dynamic
linked library) @sfiunsanalidifu “so” udrazgniSenlaelfnlusunsuniesiann aw
nalnwaa JNI JAVA Native Interface) waggavhevinuafiazgnraunansnidulid APK
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. Dalvik Application

Android NDK Application

Java* Native Taaldsunsunis
Library Java

n1n13 Compile Compile
ArBA1Y Javac with Javac

Java Native
Library Class

Application ; 5
File e )

11115 Compile a5191na C header
uaz Link Taa C a28A189 Javah -jni

Taalusunsy

Head File
a1 C

JUN 6.41 wanenalnnisasnelusunsy NDK waz TUsunsuuaunsosanill

Android NDK 1fudnymuadesiielunsimulusunsudszinn Android NDK Tagtinsiaiun
sxdoulusunsuvsludgiuredlusunsunis C/Cr+ 15 A1 Assembly (Native Language)
wardnlusunsunwann  deilfaunsamuusganssmnsihaulassiuveslusunsy
Uszgnd  wnnglunmsimunlusunsudssendussnnnisiin-nensviadygyaiale (Video en-
coding and decoding) NMsUszaan M (Image processing) ¥3onN3AIIAN AN ARSTTU
FounardoansarniilumsinalaasaainmsUszinananats Wudu wanavdndivinl
Ms@eulusunsusag Native language (C/Ct+, Assernbly) @nunsarfinussansnmnisieuy
YaalUsNTUUTENAAANNNTONBUALBINITYINUY agn15UsEananateya 5en1sAILINMNY
ANAAERSLARNTIINITTEUTUTUNTUAIBNIYIA1T BIDE13 TalA

JAalUsunsy (C/C++ w3e Assembly) asgneeulnaaunnlusdaluuns (binary code)
Foudesudr Feanansovhauldiuilusedussuuufoinng uiluunedlanlusunsy JAVA
Fuduazgnuualiinansifiu JAVA byte-code Tnefa DYM (Dalvik Virtual Machine) Hausiin
LeunseERIATY 22 ndiniuagiininfiunslinsesiuasd fuudsussansnwli
JAVA byte-code mewmnafinnisudastnsdulindusialuuns (binary code) @ag JIT Com-
piler Just-In-Time Compiler) wafimu uindaiulagininlaalusunsy C/C++ agd

« NMINAUNUTUNINAIY Android NDK aztrelriniauiaiunsansazsunlgninuaiunse
fuayunegsesheUsvanananansdiflogluunssi delilaunsnEendu Android SDK et
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Freghady f NEON Faudumbeuszunanasinaes ARM CPU iluweluladuuu SIMD
(Single Instruction Multiple Data) #iinseesliiinsuszananadiuvesdoyaldiuuvuny
(Parallel processing) damaluladfiannsafivaudslunsusynanamedudaiiiie
W N9 Video encoding/decoding nsuansraluguns iy uaedfuazauils
nsUssaanadyaandenn Wusy Fasognansldensd

I9Wa Android.mk

. LOCAL_PATH:= $(call my-dir)

. include $(CLEAR_VARS)
. LOCAL_MODULE
: LOCAL_SRC_FILES := neon_add.c

éLOCAL_CFLAGS += -mfloat-abi=softfp -mfpu=neon -march=armv7
;include $(BUILD_STATIC_LIBRARY)

neon_utils

. NDK_PATH:=$(call my-dir)/../..

. include $(CLEAR_VARS)

. LOCAL_MODULE := test_conditional_load

: LOCAL_C_INCLUDES := $(NDK_PATH)/sources/cpufeatures
. LOCAL_SRC_FILES := main.c

§LOCAL_STATIC_LIBRARIES := neon_utils cpufeatures

. include $(BUILD_EXECUTABLE)
: include $(NDK_PATH)/sources/cpufeatures/Android.mk

. #include <stdio.h>
. #include <cpu-features.h>

gint main()
 {
: int32_t int32_4[] = {2,3,4,5};

1f (android_getCpuFeatures() & ANDROID_CPU_ARM_FEATURE_NEON)
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{
neon_add(int32_4);
printf("NEON supported\n");
ks
else
{
printf("NEON Not Supported\n");
ks

. printf("values = %d, %d, %d, %d\n", int32_4[0], int32_4[1], int32_4[2],
- int32_4[31);
: return 0;

. #include <arm_neon.h>

gvoid neon_add(int32_t * ptr)

Ki

1nt32x4_t vin = vldlg_s32(ptr);
int32x4_t vout = vaddq_s32(vin, vin);
vstlg_s32(ptr, vout);

Auaunsalunisiilanlusunsu native unlalung (Code Reusability) lngtanizlusuasy
wuuilla (Open source) uazlausianneg Fegnitanndnelusunsunw C/C++ Bsgnldagudn
meluszuuUfiinsaundlunulssgnddu dnianissihanudilauasufiamuieulade
anasedansnsldnulanlusunsy fanunsathunldsanlunisimul Android NDK Lefiudi
wiu lauss zlib ﬁi%’ﬁm%’umiﬁué’msﬁa;ga o lausis OpenMAX fianunsatanldluniswan
TUsunsumusianiiie dusuiauiazdnnisinainlevdelidides uduy

BUAUNITNAIRIIUSLENSU ANDROID NDK

TUNBUNISANAY Android NDK
AlranlusunsuAsedtio Android NDK La359ua1gnlaan Android NDK kagyiini1sanas

wagasrnuAwuzinivled NTuediussuuduinisiinimunldaued wu seuud)on
M3aund nasanuantidudalisaiuniavestasnme Android NDK usiuusssuu
Melulilad ~/bashre fasagatneans
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%export USE_CCACHE=0

: export CCACHE DIR=~/ccache

i export JAVA HOME=/usr/lib/jvm/jdk

! export ANT HOME=~/android/ant

! export ANDROID SDK HOME=~/android/sdk

! export ANDROID NDK HOME=~/android/ndk

i export AOSP_HOME=~/aosp

. export :
. PATH=$HOME/bin:$JAVA HOME/bin:$ANT HOME/bin:$ANDROID SDK_HOME/tools:S$ANDROID
: SDK_HOME/platform-tools:$ANDROID NDK_HOME: $PATH :

FunsuMIRALITUTUASY

Funounswanluswnsy Android NDK fideiu 2 dawlngjqie
175 3eulusunsy native fen1w C/C+ wiasiadulausn (Dynamic link Ubrary)
2 m3dulusunsuszendiiteFenlialausd feamwam

AvgasiwlUsunsy native Tuduneuilagly Android NDK Ju r7b wag GNU make Ju
3.81 ANTUABUTNENT

:$ 1s -al ~/android-ndk-r7b/

i total 320

! drwxr-xr-x@ 19 sriborrirux staff 646 Mar 17 2012 .
gdrwxr—xr—x+ 94 sriborrirux staff 3196 Oct 6 02:12 ..

! -rw-r--r--@ 1 sriborrirux staff 6148 Mar 17 2012 .DS_Store

P —rW-r————— @ 1 sriborrirux staff 1306 Dec 19 2011 GNUmakefile
R T - @ 1 sriborrirux staff 1360 Dec 19 2011 README.TXT
é—rw—r——r——@ 1 sriborrirux staff 4 Jan 25 2012 RELEASE.TXT

! drwxr-xr-x@ 6 sriborrirux staff 204 Jan 25 2012 build

! drwxr-xr-x@ 29 sriborrirux staff 986 Jan 25 2012 docs

e rWer————— @ 1 sriborrirux staff 201 Dec 19 2011 documentation.html
g—rwxr—x———@ 1 sriborrirux staff 2985 Dec 19 2011 ndk-build

P =rwW-r-----— @ 1 sriborrirux staff 279 Dec 19 2011 ndk-build.cmd
! -rwxr-x---@ 1 sriborrirux staff 21832 Dec 19 2011 ndk-gdb

! —rwxr-xr-x@ 1 sriborrirux staff 103928 Jan 25 2012 ndk-stack
idrwxr—x———@ 8 sriborrirux staff 272 Jan 25 2012 platforms

i drwxr-xr-x@ 3 sriborrirux staff 102 Jan 25 2012 prebuilt

! drwxr-x---@ 17 sriborrirux staff 578 Oct 6 02:09 samples

! drwxr-xr-x@ 5 sriborrirux staff 170 Dec 18 2010 sources
édrwxr—xr—x@ 10 sriborrirux staff 340 Jan 25 2012 tests

i drwxr-xr-x@ 4 sriborrirux staff 136 Jan 25 2012 toolchains

: $ ndk-build --version

: GNU Make 3.81

! Copyright (C) 2006 Free Software Foundation, Inc.

! This is free software; see the source for copying conditions.
gThere is NO warranty; not even for MERCHANTABILITY or FITNESS FOR A
gPARTICULAR PURPOSE.

: This program built for i386-apple-darwinll.3.0
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drumsitmuilusunsudszandluduneud 2 Suagshnsfamndaelusunsy Android Studio
fimausengiia Téiamnsesanunan Inteli) IDEA iosnunuilusunsy Eclipse IDE (fifiosin
# Android ADT Plugin tiisfiar) Fagalusunsy Android Studio Aldsanedesiiedmsunis
fiauuazinsesdiodanisinegdmiulusunsuueunsesdlinsuiusuansluguinegns

_ VCS  Window Help i B 4 2%@E = Sun 1848 Pr
AR ANDROID | Tasks & Contexts » tl - Android Studio (1/O Preview) 0.2.10
'@' St u d l 0 | save File as Template...
Generate JavaDoc...

, Save Project as Template...
' Manage Project Templates...

Android Studio (i/O Preview) 0.2.10 i Create Command-line Launcher... rerage(numbers);
Build #A1-132.843336, built on September 24, 2013 | R i hiibere. Tangth & ™3 «
JRE : 1.6.0_51-b11-457-11M4509 x86_64 ¢z Generate GroovyDoc... i g " f
VM: Java HotSpot(TM) 64-Bit Server VM by Apple Inc. | & Groovy Shell... t numbers.length + ") =
> ¢ Sync Project with Gradle Files
23, Google Cloud Tools > & Monitor (DDMS included)
& Open Terminal... E. AVD Manager
-ivePlus(int a, int b); & SDK Manager

~ v Enable ADB Integration

:iveMultiplv(int a. int b

8 00 Android SDK Manager
SDK Path: /Applications/Android Studio.app/sdk
Packages
%' Name API ‘Rev. Status
v _|Tools
4" Android SDK Tools 22.2.1 [ Installed
+" Android SDK Platform-tools 18.0.1 7 Installed
¢ Android SDK Build-tools 18.1 [Z Installed
¢~ Android SDK Build-tools 18.0.1 Not installed
" Android SDK Build-tools 17 [ Installed
v[.2 Android 4.3 (APl 18)
[ Documentation for Android SDK 18 1 7 Installed
15 SDK Platform 18 2 [ Installed
" X Samples for SDK 18 1 [ Installed
i# ARM EABI v7a System Image 18 2 i Installed
[ Intel x86 Atom System Image 18 1 [ Installed
i53' Google APIs 18 3 [ Installed
o) 11 Sources for Android SDK 18 1 & Installed
v[2 Android 4.2.2 (APl 17)
' SDK Platform 17 2 [ Installed
Show: [V Updates/New [ Installed [ | Obsolete SelectNew or Updates Install packages...
Sort by: (e) AP level (") Repository Deselect All Delete packages...
Done loading packages. O

'g‘dﬁ 6.42 116119 Android SDK Manager

NaUsENNLAafrin1sUTuUsalilusunsy  Android  Studio  @111995893UNTHRIUN
TUsunsy Android NDK Tadszanaudut) w.e. 2557 Wuduld usegrelsAnuilenisdeluil asidu
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ca

Jupaun1sUTuLAIUegNElavinlugsatel wa. 2556 wievililusunsuussgndneuuy

Android Studio @unsafasanulusunsy native C/C++ e

A198191UsNSU HELLO WORLD #28 ANDROID NDK

uniawansaseuslusunsudlegalaainlaisnnes ~/android-ndk-r7b/samples/

:$ 1s -al

: total 0

! drwxr-x---@ 17 sriborrirux staff 578 Oct 6 02:09

: drwxr-xr-x@ 19 sriborrirux staff 646 Mar 17 2012

idrwxr—x———@ 7 sriborrirux staff 238 Oct 1 2011 bitmap-plasma
: drwxr-x-—--@ 7 sriborrirux staff 238 Jan 25 2012 hello-gl2

! drwxr-x---@ 10 sriborrirux staff 340 Oct 5 21:26 hello-jni

! drwxr-x---@ 8 sriborrirux staff 272 Jul 14 2011 hello-neon
%drwxr—x———@ 4 sriborrirux staff 136 Jul 14 2011 module-exports
: drwxr-x---@ 6 sriborrirux staff 204 Jan 25 2012 native-activity
: drwxr-x---@ 8 sriborrirux staff 272 Oct 1 2011 native-audio

: drwxr-x---@ 10 sriborrirux staff 340 Nov 3 2011 native-media

. drwxr-x---@ 7 sriborrirux staff 238 Oct 1 2011 native-plasma
: drwxr-x---@ 7 sriborrirux staff 238 Oct 1 2011 san-angeles

: drwxr-x---@ 3 sriborrirux staff 102 Dec 18 2010 test-libstdc++
%drwxr—x———@ 8 sriborrirux staff 272 Jul 14 2011 two-libs

Tuntlagnduensiegralusunsululasnnes hello-jni wusuldiulusunsa Android Studio Lae
TR ImuTUnDUANT
YuUNDUN 1: AaUlWalUswNsY hello-jni.c

: $ cd samples/hello-jni/

'S 1s

: AndroidManifest.xml default.properties
©$ cd jni/

jni res

Jald hello-jni.c wisudledeflsidulmian
Java_com_example hellojni HelloJdni_ stringFromJNI

Ju

Java_com example hellondk MainActivity stringFromJNI

: $ vim hello-jni.c

é #include <string.h>
: #include <jni.h>

§ Java_com_example_hellondk_MainActivity_stringFromJNIC IJNIEnv* env,
: jobject thiz ) {
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: $ ndk-build

ngbserver : [arm-linux-androideabi-4.4.3] libs/armeabi/gdbserver
: Gdbsetup : libs/armeabi/gdb.setup

: Compile thumb : hello-jni <= hello-jni.c

: SharedLibrary : libhello-jni.so

! Install : libhello-jni.so => libs/armeabi/libhello-jni.so

S8 cd ..

dlenegaanuianlasnnes jni/ axdiulasnmeifignadsluninnnisaexlndde libs daansly
AEe (s 9198191

'S 1s
éAndroidManifest.xml res default.properties
i libs src jni obj tests

Funaudi 2: nswealausd wWelldlEiu Android Studio

Tudumeutlasumnmsannisiauiselusunsy Eclipse IDE Fovzdosiinisuduiudsuuns
ogsfilery TiuA mawsenlaussluguuuy jar wiuflasdu so iely Android Studio 81984
iunssarluling build.gradle 1§ mswideslausi3assl 5 funeudosssl

'$ mv libs 1ib < 1. wagudalasnnes libs i (ib

:$ zip -r native-libs.zip 1lib/ < 2. imswinleatsnyes lib liitulwalau)?
: adding: lib/ (stored 0%)
adding: lib/armeabi/ (stored 0%)
adding: lib/armeabi/gdb.setup (deflated 54%)
adding: lib/armeabi/gdbserver (deflated 39%)
: adding: lib/armeabi/libhello-jni.so (deflated 48%)
! (reverse-i-search) mv': mv libs 1lib

: $ mv native-libs.zip native-libs.jar < 3 éUﬁE/‘iJ??@iﬁi/ﬁf]ﬁZi/\/ﬁ%ﬂﬁu Jar
:$ 1s

! AndroidManifest.xml lib res default.properties

i src jni obj tests native-libs.jar

:'$ mv 1lib libs < 4. (Wagudelasnyeinavidil libs widsl
' $ mv native-libs.jar libs/ < 5 gglilalausiinavlveglulasnyes libs

dmsun5asealusunsun1®1911 Aae Android Studio iialsenldlausis helloni tu au1se
MNP NTUROUAIT
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Juaaudl 1: a5 19lusdalmidae Android Studio
\Unlusunsu Android Studio uaatdeniuy File -> New Project uafsta Application

name 11 “HelloNDK” wagzfiatio Package name 11 “com.example.hellondk”

leoo New Project

Application name: <He7IVIEJNDKIw

e ITe B Module name: HelloNDK

Package name: com.example.hellondk

Project location: /Users/sriborrirux/Android studioProjects/HelloNDKProject
NEg Minimum required SDK: | APl 7: Android 2.1 (Eclair) a
FHOSCECT arget SDK: _API 16: Android 4.1 Uelly Bean) :

Compile with: API 17: Android 4.2 Oel!y Bean)

heme: _ Holo Light with Dark Action Bar 2

¥ Create custom launcher icon

™ Create activity

| Mark this project as a library

Support Mode: |_| GridLayout [ | Fragments _| Navigation Drawer | | Action Bar

Description

The application name is shown in the Play store, as well as in the Manage Applications list in
Settings.

JUT 6.43 faAnseaztdenveadlusunsd NDK

Fonulalusunsuifiu Blank Activity uda6isda Activity 31 “MainActivity”

e 0o New Project

Fullscreen Activity
PR Master /Detail Flow

PROJECT

‘@006 New Project

Activity Name | MainActivity
S ayout Name activity_main

Navigation Type | None s

PROJECT

U7 6.44 fviun template THlUsUNTULAYAIA Activity

v
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Juaaud 2: dndilauss hellosjni 1119l5Tulusan
lngnsldundanlasnnes libs/ Neganelalasnnes ~/android-ndk-r7b/
samples/hello-jni/ wau1neB3lulus@anigld sre/main

8 00 [5] MainActivity.java — [Hel
DEHG ¢~ XHo & B | HellonDk v | |
[~ HelloNDKProject . " HelloNDK " isrc " main [ libs
B Project  ~| @ &  #- I- | © MainActvityja
v I:?.Hel!oNDKProject (~/Android studioProjects package
» [CO.idea
» [Cigradle .
v [ZHelloNDK mimport
» Cibulld
v [Osrcis = 3
@ public
=T 2
» [Cjava
[ = [ @0v
> Elarmeabi of 5 pro
¢ native-libs.jar
» Clres
‘= AndroidManifest.xml
~ lic_launcher-web.png
[l .gitignore
 build.gradle

JUN 6.45 nMsundlasnmes libs

sunaud 3: uilalWg build.gradle

melulsidaaztangnddodn build.gradle Fadulndalilunsdrifindudmsuney
Tnd TWifin task nativelibsTolar, tasks.withType (Compile) uas dependencies
LUl build.gradle Tiviloudnsanadl

: buildscript {
: repositories {
mavenCentral ()
ks
dependencies {
classpath 'com.android.tools.build:gradle:0.5.+'
L}
5
i apply plugin: 'android'
: repositories {
: mavenCentral()

%android {
compileSdkVersion 17
buildToolsVersion "17.0.0"
defaultConfig {
minSdkVersion 7
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targetSdkVersion 16

: task nativelLibsToJar(
: type: Zip,
description: 'create a jar archive of the native libs') {
destinationDir file("src/main/libs/native-1ibs")
baseName 'native-1libs'
extension 'jar'
from fileTree(dir: 'src/main/libs', include: "**/*_.so')
: into 'lib/’
5!

%tasks.withType (Compile) {
: compileTask -> compileTask.dependsOn (nativelibsTolJar)

idependencies {
: compile fileTree(dir: "src/main/libs/native-1libs", include:
: 'native-libs.jar')

YUNDUN 4: WEULUSHNSTUNIEIA1IT END AT UANUNABINS
Tiunlalg MainActivity java tazlwa activity main.xml Tvliswazidensail

: // MainActivity.java
i package com.example.hellondk;
: import android.os.Bundle;
. import android.app.Activity;
. import android.view.Menu;
. import android.widget.TextView;
: public class MainActivity extends Activity {
: @verride
protected void onCreate(Bundle savedInstanceState) {
super.onCreate(savedInstanceState);
setContentView(R.layout.activity_main);
TextView tv = new TextView(this);
tv =(TextView)findViewById(R.id.hello);
tv.setText(stringFromINI());
ks
@Jverride
public boolean onCreateOptionsMenu(Menu menu) {
getMenulInflater().inflate(R.menu.main, menu);
return true;
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public native String stringFromINIQ);
static {
System.loadLibrary("hello-jni");

android:textSize="40dp"
android:text="No Message..."

lanco L read-.{actlyitymain xm = [HeloNDK] - MelioNOK - [-/Android stadio®rojects = Android Studio (1/0 Preview) 0.2.10 <
=S KOH af ¢ Mi [ #netonoxe (B W G F 8 §FE B & 7
[ HelloNDKProject | HelloNDK  ©isec “omal ores () Byout o actity_mainoen|
G- froje - S -l e o festxml # | ¥ buidigradie ¥ actvey_mainaumé Provew 9
: \'g‘ra;h © s<Relativelayout xmlns:android="http://schemas.android.com/apk/res/ ™/ L. Biacins- Fic BacoThens 1
* “iHelloNDK xmlns:tools="http://schemas.android.com/tools"
» L build android:layout_width="match_parent"
A ’.f‘mh‘ android:layout_height-"match_parent"
v Bjava ondroid:paddingleft="8dimen/activity_horizontal_margin"
¥ [ com.example hellondk android:paddingRight="@dimen/activity_horizontal _margin" # HelloNDK
= MainActivity android:paddingTop="&dimen/activity_vertical_margin"
: m 'r':: android:paddingBottom="@dimen/activity_vertical_margin"
& AndroidManifestxm! tools:context="_MainActivity">
4l ic_launcher-web.png
._;J:::"""“ = ¥ <TextView android:id-"@+id/text"
2 build.gra : . " "
Nl android:layout_width="wrap_content
[ gitignore = android:layout_height="wrap_content"/>
= build.gradle
12 gradiew § 3
gt </Relativelayout>
1 HeloNDKProject.im|
[ local properties
2 sentings.gradle
» WuExternal Libraries Design | Text
Android DDMS e 4

UM 6.46 uanssvaztdennielulya activity mainxml

&afl

: // activity_main.xml
: <RelativelLayout xmlns:android="http://schemas.android.com/apk/res/android"
: xmlns:tools="http://schemas.android.com/tools"
android:layout_width="match_parent"
android:layout_height="match_parent"
android:paddinglLeft="@dimen/activity_horizontal_margin"
android:paddingRight="@dimen/activity_horizontal_margin"
android:paddingTop="@dimen/activity_vertical_margin"
android:paddingBottom="@dimen/activity_vertical_margin"
tools:context=".MainActivity">
<TextView android:id="@+id/text"
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:textSize="40dp"
: android:text="No Message..."/>
: </Relativelayout>

Junaudl 5: Sulusunsuussendaisenidlauss

i

¥N158319 Android Virtual Device hagSulusunsu HelloNDK sauanslugudngans
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@00 Android Virtual Device Manager

List of existing Android Virtual Devices located at /Users/sriborrirux/.android/avd

| AVD Name Target Name Platform APl Level CPU/ABI | l New... ‘
“MyAdndroid Android 4.2.2 4.2.2 17 ARM (armeat lﬁ
Edit...
‘ Delete... l
Repair. 8 00 5554:MyAdndroid
L s
l Details... l -
— W HelloNDK
| star... |
‘ Refresh \
+ Avalid Android Virtual Device. | A repairable Android Virtual Device. H EI I 0 frO m J N I !

¢ An Android Virtual Device that failed to load. Click 'Details’ to see the error.

JUN 6.47 nasnsnissulusinsy

Y

WUFIUNIITWAILY JAVA NATIVE INTERFACE (UNI)

Java Native Interface vi3oEongeqi1 INI iudnnilsfiegluyaiasiionmun JOK (Java
Software Development Kit) @1 INI Hazvhuiiilfududonsaszuindusunsy native (C/
C++) wazlusunsa JAVA vinlilusunsu JAVA annsaBenldnlusunsy videflerduvedlusunsud
griadelUsunTua  C/CH+ videufinmudugld  uenindulusunsunimduiss
annsaBenilaidumelulusunsunwanldituiu Taesensiiu Invocation APl fleganely
JVM (Java virtual machine)

dmusruuUURnisueunsendlanlusunsy JAVA JAVA Code) Aazgniuuu Dalvik @s
Fueseaaiiou (Virtual Machine) adnofu (usiliimilow) JVM vesu3em Oracle usifa Dalvik
duldgnitannlmiiouelneinianvesiaes Turaedléalusunsy native (Native Code)
wpneoulndduldnluud Fadougnenlévuilusedussuuufoing dadu N Seidies
witlouagmnudeutuseriralanaslani AagUuansmuduiussenite JAVA code, Dalvik
VM, native code, ka¢ 53UUU{URANIHBUATDEN Freanail

JAVA Code

Dalvik VM  [INI Native Code

Android System

JUT 6.48 wanan1saeanssendnalusunsy Java wag Native C

Embedded Android Development graunadnnmun



350

mﬂgﬂsﬁwuuﬁq Dalvik VM uaz Native Code AafivinanuaguussuulfiRnisuaunsoss i
sruuUfiRnsagdoastsuanmineadendmiunisBenddsseninetu  (execution environ-
ment) wagagLiuin NI Lﬁuﬁauwﬁﬁﬁa@u Dalvik VM dsazsrunsanuazainlyi Native Code
Tanunsadngeiuusnelurang (Data fields) wazgaundnilsnduniglumaia (Member func-
tions) l§a1nA1SAMURENSASEES (Access Permissions) aananslulan JAVA

U

mﬁummaﬂLﬂﬁau%’a;gaiswmiﬂmﬂm JAVA waglusunsy native (C/C++) wudadu
<

UssinudrAgninimunmsyianudila delu INE dudladinisivusdindsinaansasessu
AILUIUINIIFIUVDIUAAZN 1Y AShEAATIUNIT19T198 191

ANS9 6.3 LAAIUSLNNVDIAUTIUNI®I9127 WguAUsIkUSIu NI

JAVA ARRAY

jbyte bytel} jbyteArray
short jshort short(} jshortArray
int jint int{} jintArray
long jlong longf} jlongArray
float jfloat float{} jfloatArray
double jdouble doublefl jdoubleArray
char jchar char{} jcharArray
boolean jboolean boolean{} jbooleanArray
void jvoid Objectll jobjectArray
Object jobject
Class jclass
String jstring
array jarray
Throwable jthrowable

wonaNUU NI dsiinisivunan (definition) Asnduiiugruliliesdiu ieauasaanlunis
T wu

;#define JNI_FALSE O
: #define JNI_TRUE 1

%typedef jint jsize;
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Jetniamnldaeilrduneluldalusunsy native ssfivuiunswilsiddnliteslunindu
fonsamadeu native flaridu (Native Method Registration) alaeialu INI tosazanunse
Fumdsatoiladdunislulusunsy native lngdnludfoguaineiiagnalusunsy HelloNDK
Aountindl wimsiulusunsalitlssuunasyinly N Tideadenaiievhnistumdisaie
fleffuaunveslusunsy native deuazBuvinmsEenly dnimunaninsoatislusunsy native
Tnelivinnsamedeudoflsiduneluimunliiu N Viag'maiu Dalvik VM lagn1sisenly
Wﬂﬁ%ﬂﬂaﬁJNI%a RegisterNatives (JNIEnv *env, Jjclass clazz, const
JNINativeMethod *methods, jint nMethods);ﬁhﬁﬁaéﬂ$ﬁNéﬂﬂ

: JNINativeMethod nm[2];

: nm[@] .name = "NativePlus";

: nm[@].signature = "(IID)I";
inm[@].FnPtr = NativePlus;
 nm[1].name = "NativeMultiply";
: nm[1].signature = "(II)I";

: nm[1].fnPtr = NativeMultiply;

ijclass cls = (*env)->FindClass(env, "com/example/NativeApp/Activity");
: // Register methods with env->RegisterNatives.
. (*env)->RegisterNatives(env, cls, nm, 2);

9130UA cls (clazz) WAty RegisterNatives(..) %Qﬂé’wﬁﬂﬂé’mmaﬁlﬁu
e silsituvedusunsy native Aildignameidoundn uagfuusuuulassains (data struc-
ture) nm (JNINativeMethod) 3zfUswazBunvesilantululusunsy native famezideou
e InefiswaziBondall

typedef struct {
char *name; < FaWINTU (method name)

char *signature; <-—— MIB3UNEAMANWMUEYRITINYY (descriptor)

void *fnPtr; < flnadaumisvesilesndu (function pointer)
} JNINativeMethod;

De

VM 2zl nusetinal JusunuussLnnueIdUsIuNI913177 saandlunns1et19and

U

M 6.4 SnUIELNEUNUAYaN YAl UAILUIURINIEI1
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JVM SIGNATURE JAVA TYPE

Z boolean
B byte
C char
S short
I int
J long
F float
D double
\Y void
Lclass %aﬂawa
[type 2AAILUT
(arg-type)ret-type FnAILLUS2DIDN LU LaznISAUAINAY
A0819NT T
void funl() funl()Vv
int fun2(int n, long 1) fun2(IJ)I

long fun3(int n, String s, int[] arr)  fun3(ILjava/lang/String;[I)Jd
boolean fun4d(int[] arr) fund ([I)Z

double fun5(String s, int n) fun5(Ljava/lang/String;I)D
void funé6(int n, String[] arr, char c¢) fun6(I[Ljava/lang/String;C)V

long fun7(int n, String s, int[] arr) |fun7(ILjava/lang/String;[I)J

A19819n158519uazi3en 1Y JNI METHODS

AU lUsEASY native (C/C++) Taefiinsaseilendunatvinnisametdsuluds Dalvik
VM meilaidu RegisterNatives 909 JNI LiialilUsunsuussgndnienanin uulaunsass
AN115058N19ULA TTUNDUNITWAIUIFIN
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YUABUN 1: #5191UsuNSH native Lazad1aWeNTUEINRSUNITATUIUNIIANAAIENS
a51alasnyne3ae NativeCalculation wazlalsnnesges®e jni/ FeltlunisiAulanlusinsy

1 4
v v A

(.c, .h) wag Android.mk Taglymdsnail

. $ mkdir NativeCalculation
: $ mkdir NativeCalculation/jni
: $ cd NativeCalculation/jni

............................................................................................................................................................................

i $ vim Android.mk

{ LOCAL_PATH := $(call my-dir)

i include $(CLEAR_VARS)

: LOCAL_MODULE := NativeCalculation

: LOCAL_SRC_FILES := NativeCalculation.c
! LOCAL LDLIBS := -llog

. include $(BUILD_SHARED LIBRARY)

' $ vim NativeCalculation.h
: #include <jni.h>

i #ifndef _Included_foo_Sqrt

. #define _Included_foo_Sqrt

: #ifdef __cplusplus

i extern "C" {

: #endif

. #undef foo_Sqrt_EPSILON

. #define foo_Sqrt_EPSILON @.05

§ #ifdef __cplusplus
3

D fendif

: #endif

............................................................................................................................................................................

' $ vim NativeCalculation.c
¢ #include <jni.h>

: #include <android/log.h>

. #include <stdio.h>

! #include <stdlib.h>

: #include "NativeCalculation.h"

§ jint NativePlus(INIEnv *pEnv, jobject pObj, jint pa, jint pb) {
: return pa+pb;

3

© jint NativeMultiply(INIEnv *pEnv, jobject pObj, jint pa, jint pb) {
: return pa*pb;

§ jdouble NativeSqrt(INIEnv *pEnv, jobject pObj, jdouble pa) {
: jdouble x0 = 10.0, x1 = pa, diff;
do {
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x1 =x0 - (((x@ * x@) - pa) / (x@ * 2));
diff = x1 - x0;
x0 = x1;

} while (labs(diff) > 0.05);

return x1;

3

§ jdoubleArray NativeArraySumAndAverage(INIEnv *pEnv, jobject pObj, jintArray rets) {
: jboolean isCopy;

// Convert rets to C's jint[]

jint *intArr = (*pEnv)->GetIntArrayElements(pEnv, rets, &isCopy);
: __android_log_print(ANDROID_LOG_INFO, "NativeArraySumAndAverage", "a new copy
: is created: %d", isCopy);
: if (NULL == intArr) return NULL;

jsize len = (*pEnv)->GetArraylLength(pEnv, rets);
int 1i;

jint sum = 0;

jdouble average = 0.0;

for (1 =0; 1 < len; ++1i) {
: __android_log_print(ANDROID_LOG_INFO, "NativeArraySumAndAverage of ", "%d =
f%d", i, intArr[i]);
: sum += intArr[i];

ks

average = (jdouble)sum / len;

(*pEnv)->ReleaselIntArrayElements(pEnv, rets, intArr, 0);

jdouble outCArray[] = {sum, average};

% // Convert the C's Native jdouble[] to INI jdoublearray, and then return
: // allocate array[2]
jdoubleArray returnINIArray = (*pEnv)->NewDoubleArray(pEnv, 2);

if (NULL == returnINIArray) return NULL;
// copy outCArray to returnINIArray
(*pEnv)->SetDoubleArrayRegion(pEnv, returnINIArray, @ , 2, outCArray);

return returnJNIArray;

3

§ INIEXPORT jint JINICALL INI_OnLoad(JavaVM* pVm, void* reserved)
1
: INIEnv* env;
if ((*pVm)->GetEnv(pVm, (void **)&env, INI_VERSION_1_6)) {
return -1;
ks
ININativeMethod nm[4];
nm[@].name = "NativePlus";
nm[@] .signature = "(IIDI";

(Y]
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nm[@].fnPtr = NativePlus;

nm[1].name = "NativeMultiply";
nm[1].signature = "(IIDI";

nm[1].fnPtr = NativeMultiply;

nm[2] .name = "NativeSqgrt";
nm[2].signature = "(D)D";

nm[2].fnPtr = NativeSqrt;

nm[3].name = "NativeArraySumAndAverage";
nm[3].signature = "([I)[D";

nm[3].fnPtr = NativeArraySumAndAverage;

: jclass cls = (*env)->FindClass(Cenv, "com/example/NativeCalculation/
: MainActivity");

// Register methods with env->RegisterNatives.
(*env)->RegisterNatives(env, cls, nm, 4);

return JNI_VERSION_1_6;

§$ ndk-build

: Compile thumb : NativeCalculation <= NativeCalculation.c
! SharedLibrary : libNativeCalculation.so

! Install : libNativeCalculation.so =>
élibs/armeabi/libNativeCalculation.so

:$ 1s
éAndroid.mk NativeCalculation.c  NativeCalculation.h
:$ cd ..
:$ mv libs 1lib
©$ zip -r NativeCalculation.zip lib/
:  adding: lib/ (stored 0%)
adding: lib/android-support-v4.jar (deflated 14%)
adding: lib/armeabi/ (stored 0%)
adding: lib/armeabi/libNativeCalculation.so (deflated 47%)
: $ mv NativeCalculation.zip NativeCalculation.jar
:$ mn lib libs
i $ mv NativeCalculation.jar libs/

AmsunisasalusunsuNI®1aNN 928 Android Studio eisenlglausns Nativecalcula-
tion UU @NUNTOYINANUYUNDUAIL

Junaud 1: a35191Usidalnadae Android Studio
Lﬁamu‘g File -> New Project La26i9%® Application name 71 “NativeCalculation” uag

i 24
U

#1970 Package name 31 “com.example.NativeCalculation” ﬁﬂ'gﬂ
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M- Walc)

New Project

NEW
PROJECT

pplication name:
Module name:
Package name:

Project location:

arget SDK:

ompile with:

ISupport Mode:

Nacrrintinn

[NativeCalculation

|NativeCalculation

[com.example.NativeCaIcuIation

‘"Users/sriborrirux/Android studioProjects/NativeCaIcuIationProject-‘ D

Minimum required SDK: | API 7: Android 2.1 (Eclair) :
| API 16: Android 4.1 (Jelly Bean) 3
| API 18: Android 4.3 (Jelly Bean) 3
| Holo Light with Dark Action Bar 3

™ Create custom launcher icon
™ Create activity

|| Mark this project as a library
["] GridLayout

[_| Fragments || Navigation Drawer

SUTl 6.9 msstaeilusunsy Calculation NDK

Jundudl 2: Wndnlauss NativeCalculation 11193 TulUsRa

Tnensligwndaintaisnnes lbs/ warihunnsdlulusdanieldlawnnes src/main ¢

wanalugudnaang

[_] Action Bar

. NativeCaleulationProject
G Project = @ = & f | B aawiymainxml x | [ MainAcivity java x |
¥ .—'ﬂ‘_‘::::a'm|"i°"P'°j°“ (=/Android studioP 5 lage com.example.NativeCalculation;
» [Cigradle s
v [ZNativeCalculation simport ...
» Cibuild
Y ""f‘maml public class MainActivity extends Activity {
» Mjava
» Cires @0verride

“ AndroidManifest.xml
[é ic_launcher-web.png
= .gitignore
= build.gradle
I NativeCalculation.iml
-1 .gitignore
* build.gradle
=l gradiew
- gradiew.bat
Lillocal.properties
91 NativeCalculationProject.im|

‘enn

super.onCreate(savedInstanceState);
Move

£ protected void onCreate(Bundle savedInstanceState) {

Move directory /Users/sriborrirux/android-ndk-r7b/samples/NativeMethodsRegister/libs

To directory:

/NativeCalculationProject/Nati

| [Android studioProj

Use *Space for path completion

(¥ Search for references

alculation /src/main |+ ||

< settings.gradle 2) [ Cancel | ok [F1f
» 1l External Libraries
=NaNe) ;] MainActivity jeva — [NativeCaleulation] - NativeCalculation - [~ /Android studioProjects/ Native CalculationProject] - Android Studio (1/O Praview) 0.2.10
oo X5 & o i ERERT?
~ NativeCalculationProject = NativeCalculation
[ Project \ @ & @ 1| B acovity_mainaxmi ¥ € mamAcovityjava x| (B bulld.gradie x
v [iNativeCalculationProject (~/Android studic i
> [idea double[] results = this.NativeArraySumAndAverage(numbers);
p ,;z:‘:“;cnm“m this.tv.append("“\nSummation of Numbers (1-" + numbers.length + ") = " + results[0]);
> CIbuild this.tv.append("\nAverage of Numbers (1-" + numbers.length + ") = " + results[1]);
v Cisrc
v Dimain ] }
» Cljava
» [Clarmeabi private native int NativePlus(int a, int b);
» [ NativeCalculation private native int NativeMultiply(int a, int b);
- NativeCalculation.jar private native double NativeSgrt(double a);
B o ke private native double[] NativeArraySumAndAverage(int[] numbers);
! ic_launcher-web.png
|| .gitignore o} static {
+ build.gradle . " : T T
81 iaiheCalcaiaoncia System. loadLibrary("NativeCalculation");
= .gitignore = }
< build.gradle
=) gradlew 3
= o v . A ¢ . S
JUN 6.50 msundlasnves lib wazssusvazdentulild MainActivity java
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sunoud 3: uAlylWg build.gradle

melulusida azusinglidledn build.gradle Fadulwdldlunisderfnindnsunes
lna WL‘WIM task nativelibsTolJar, tasks.withType (Compile) La2 dependencies
LUl build.gradle Tivitoutnsanail

§ buildscript {
: repositories {
mavenCentral()
3
dependencies {
classpath 'com.android.tools.build:gradle:0.5.+'
S
1
: apply plugin: ‘'android’

. repositories {
: mavenCentral()

3

§ android {
compileSdkVersion 18
buildToolsVersion "18.1.0"

defaultConfig {
minSdkVersion 7
targetSdkVersion 16

3

: task nativelibsToJar(
: type: Zip,
description: 'create a jar archive of the native libs') {
destinationDir file("src/main/libs/NativeCaculation™)
baseName 'NativeCaculation'
extension 'jar'
from fileTree(dir: 'src/main/libs', include: '**/* so')
: into 'lib/’
1
. tasks.withType (Compile) {
: compileTask -> compileTask.dependsOn (nativelibsToJar)
L}
. dependencies {
: compile fileTree(dir: "src/main/libs/NativeCaculation”, include:

§ "NativeCaculation.jar")

YUADUN 4: WoULUTHASUNIEIAIT WD LANIIUAUNADINS

Embedded Android Development graunadnnmun



N

§ package com.example.NativeCalculation;
: import android.app.Activity;

: import android.os.Bundle;

: import android.view.Menu;

§ import android.widget.TextView;

. public class MainActivity extends Activity {
: private TextView tv;

@0verride

protected void onCreate(Bundle savedInstanceState) {
super.onCreate(savedInstanceState);
setContentView(R.layout.activity_main);
this.tv = new TextView(this);
this.tv =(TextView)findViewById(R.id.calculation_text);
callingNative(Q);

ks

@Jverride

public boolean onCreateOptionsMenu(Menu menu) {
// Inflate the menu; this adds items to the action bar if it is present.
getMenuInflater().inflate(R.menu.main, menu);
return true;

ks

private void callingNative() {
int a = 2342, b = 452;
double c = 2353.0;
int d = NativePlus(a, b);

this.tv.setText(a + "+" + b + "=" + d);

d = NativeMultiply(a, b);

this.tv.append("\n" + a + "x" + b + "=" + d);
double e = NativeSqgrt(c);
this.tv.append("\nSgrt(" + c + ")" + "=" + e);

int numbers[] = new int[10000];
for (int i=0; i < numbers.length ; ++i) {
numbers[i] = 1i;

ks
double[] results = this.NativeArraySumAndAverage(numbers);
: this.tv.append("\nSummation of Numbers (1-" + numbers.length + ") =" + re-
D sults[@0]);
§ this.tv.append("\nAverage of Numbers (1-" + numbers.length + ") =" + re-
s sults[1D);

}

private native int NativePlus(int a, int b);
private native int NativeMultiply(int a, int b);
private native double NativeSqgrt(double a);
private native double[] NativeArraySumAndAverage(int[] numbers);
static {
System.loadLibrary("NativeCalculation");
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wAlalwg activity main.xml Tnen1sifia android:id="@+id/calculation_text" wag

android:textSize="40dp"
android:text="No Message..."

§ <RelativelLayout xmlns:android="http://schemas.android.com/apk/res/android"
xmlns:tools="http://schemas.android.com/tools"
android:layout_width="match_parent"
android:layout_height="match_parent"
android:paddinglLeft="@dimen/activity_horizontal_margin"
android:paddingRight="@dimen/activity_horizontal_margin"
android:paddingTop="@dimen/activity_vertical_margin"
android:paddingBottom="@dimen/activity_vertical_margin"
tools:context=".MainActivity">
<TextView android:id="@+id/calculation_text"
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:textSize="30dp"
: android:text="No Message..." />
. </Relativelayout>

Junaudl 5: SulusunsuussendaiBenidlauss
nan135ulusunsy NativeCalculation Faflunsenldilandulunisuinas aaay w1310
Maes vInavluansd wagmAatevetarluesd uanwmaansaegUt1aanell

5554:MyAdndroid

" : ;
! NativeCalculation

2342+452=2794
2342x452=1058584
Sqrt(2353.0)=48.50788046780061
Summation of Numbers (1-10000) =
4.9995E7

Average of Numbers (1-10000) = 4999.5

SUT 6.51 Uananadnsn1s3ulusunIuAIMN AR Aans

A29819N15N MU ANDROID NDK MULTI-THREADING

Welin1svineuluszau Native code @m150fs@nEAIMNNIAIU multi-processing tech-

. a g dy o v A [ a wa = o‘g.J/ 1 v o . PR v
nique MduNuguaAyiAusEULUfURNAYNGAILsiuINAIEN15UN Posix Thread Wil
TUswaaunsauusuesnidunugess (thread) uduweniulssanana 958077 multi-
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360

threading programming Lﬁ@iﬁiﬂiLmsmszqﬂﬁmmmm aunsasenlyau posix thread 1o
Tneshognsdnaniazuanslidiuianisld mutex ilevildmsausazivhauldaonysyanls
Toudmdondddninenslunanionty  dawegeniswauluund 4 Tasnisihdilendu
othread mutex MAgITos e dragragy

............................................................................................................................................................................

§ int pthread_mutex_init(pthread_mutex_t *mutex, const pthread_mutexattr_t *attr);
§ int pthread_mutex_destroy(pthread_mutex_t *mutex);

Fan195enly mutex islmnsainluiduteululunisvenldnsnensveessuutiu Instnendu
Tsenlylanadl

int pthread_mutex_lock(pthread_mutex_t *mutex);

int pthread_mutex_unlock(pthread_mutex_t *mutex);

int pthread_mutex_trylock(pthread_mutex_t *mutex);

int pthread_mutex_lock_timeout_np(pthread_mutex_t *mutex, unsigned msecs);

b2 b2
U U U

TURBUNITHRIULUIUNTY native wazlusunsuUszand dTunaunal

TURDUN 1: @5719lUSUATH native Laraseilanduinge
a519lasnneste NativeThreadMutex wazlasnnasgesde jni/ Taldlunisiivlan

TUsunsu (c, .h) uag Android.mk TaeldAdasadl

. $ mkdir NativeThreadsMutex
§$ mkdir NativeThreadsMutex/jni
i $§ cd NativeThreadsMutex/jni

' $ vim NativeThreadsMutex.cpp
: #include <jni.h>

: #include <unistd.h>

: #include <pthread.h>

: #include "mylog.h"

% void jni_start_threads();
: void *run_by_threadl(void *arg);
: void *run_by_thread2(void *arg);

§ void jni_start_threads_dead();
: void *run_by_threadldead(void *arg);
§ void *run_by_thread2dead(void *arg);

% jint INI_OnLoad(JavaVM* pVm, void* reserved)

INIEnv* env;
if (pVm->GetEnv((void **)&env, INI_VERSION_1_6) != INI_OK) {



3

return -1;

ININativeMethod nm[2];

nm[@] .
nm[Q] .
nm[@] .
nm[1].
nm[1].
nm[1].

name = "jni_start_threads";

signature = "(OQV";

fnPtr = (void*)jni_start_threads;

name = "jni_start_threads_dead";
signature = "(OQV";

fnPtr = (void*)jni_start_threads_dead;

jclass cls = env->FindClass("com/example/NativeThreadsMutex/MainActivity");
// Register methods with env->RegisterNatives.

env->RegisterNatives(cls, nm, 2);

return JNI_VERSION_1_6;

§ //pthread_mutex_t muxl = PTHREAD_MUTEX_INITIALIZER;
. pthread_mutex_t mux1l;

i pthread_mutex_t mux2;

: void jni_start_threads() {

: pthread_t thl, th2;

int threadNuml = 1, threadNum2 = 2;

int ret;

pthread_mutex_init(&mux1l, NULL);
pthread_mutex_init(&mux2, NULL);

ret = pthread_create(&thl, NULL, run_by_threadl, (void*)&threadNuml);
ifCret) {

LOGE(1, "cannot create the thread %d thread: %d", threadNuml, ret);
ks

LOGI(1, "thread 1 started");

ret = pthread_create(&th2, NULL, run_by_thread2, (void*)&threadNum2);
ifCret) {

LOGE(1, "cannot create the thread %d: %d", threadNumZ, ret);
}

LOGI(1, "thread 2 started");

ret =

pthread_join(thl, NULL);

LOGI(1, "thread 1 end %d", ret);

ret =

pthread_join(th2, NULL);

LOGI(1, "thread 2 end %d", ret);
pthread_mutex_destroy(&mux1);
pthread_mutex_destroy(&mux2);

i int cnt = 0;
:int THR = 10;

: void *run_by_threadl(void *arg) {
: int* threadNum = (int*)arg;

while

% muxl first

(ent < THR) {
pthread_mutex_lock(&mux1);
while ( pthread_mutex_trylock(&mux2) ) {
pthread_mutex_unlock(&mux1); //avoid deadlock
usleep(50000); //1f failed to get mux2, release
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pthread_mutex_lock(&mux1);
ks
++cnt;
LOGI(1, "thread %d: cnt = %d", *threadNum, cnt);
pthread_mutex_unlock(&mux1);
pthread_mutex_unlock(&mux2);
sleep(l);

3

§ void *run_by_thread2(void *arg) {
: int* threadNum = (int*)arg;
while (cnt < THR) {
pthread_mutex_lock(&mux2);
while ( pthread_mutex_trylock(&mux1) ) {
pthread_mutex_unlock(&mux2); //avoid deadlock
: usleep(50000); //if failed to get mux2, release
i muxl first
: pthread_mutex_lock(&mux2);
ks
++cnt;
LOGI(1, "thread %d: cnt = %d", *threadNum, cnt);
pthread_mutex_unlock(&mux2);
pthread_mutex_unlock(&mux1);
sleep(l);

3

i void jni_start_threads_dead() {
: pthread_t thl, th2;
int threadNuml = 1, threadNumZ = 2;
int ret;
pthread_mutex_init(&mux1l, NULL);
pthread_mutex_init(&mux2, NULL);
ret = pthread_create(&thl, NULL, run_by_threadldead, (void*)&threadNuml);
if(ret) {

LOGE(1, "cannot create the thread %d thread: %d", threadNuml, ret);
ks
LOGI(1, "thread 1 started");
ret = pthread_create(&th2, NULL, run_by_thread2dead, (void*)&threadNum2);
ifCret) {

LOGE(1, "cannot create the thread %d: %d", threadNum2, ret);
ks
LOGI(1, "thread 2 started");
ret = pthread_join(thl, NULL);
LOGI(1, "thread 1 end %d", ret);
ret = pthread_join(th2, NULL);
LOGI(1, "thread 2 end %d", ret);
pthread_mutex_destroy(&muxl);
pthread_mutex_destroy(&mux2);
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: void *run_by_threadldead(void *arg) {
: int* threadNum = (int*)arg;
while (cnt < THR) {

pthread_mutex_lock(&mux1);
usleep(50);
pthread_mutex_lock(&mux2);
++Cnt;
LOGI(1, "thread %d: cnt = %d", *threadNum,
pthread_mutex_unlock(&mux2);
pthread_mutex_unlock(&mux1);
sleep(l);

cnt);

i void *run_by_thread2dead(void *arg) {

: int* threadNum = (int*)arg;

while (cnt < THR) {
pthread_mutex_lock(&mux2);
usleep(50);
pthread_mutex_lock(&mux1);
++cnt;
LOGI(1, "thread %d: cnt = %d", *threadNum,
pthread_mutex_unlock(&mux1);
pthread_mutex_unlock(&mux2);
sleep(l);

cnt);

: $ vim mylog.h

| #ifndef COOKBOOK_LOG_H
 #define COOKBOOK_LOG_H

! #include <android/log.h>

: #define LOG_LEVEL 4

é #define LOG_TAG "NativeThreadsMutex"

: #define LOGU(level,
: LOG_TAG, __
: #define LOGD(level,
: LOG_TAG, __
. #define LOGV(level,
: LOG_TAG, __
: LOG_TAG, __
i #define LOGI(level,
: LOG_TAG, __
i #define LOGW(level,
: LOG_TAG, __
: #define LOGE(level,
: LOG_TAG, __
: #define LOGF(level,
¢ LOG_TAG

[ —

...) if (level <=
VA_ARGS__);}
...) if (level <=
VA_ARGS__);}
...) if (level <=
VA_ARGS__);}
. #define LOGDE(level,

...) if (level <

VA_ARGS__);}
...) if (level <=
VA_ARGS__);}
...) if (level <=
VA_ARGS__);}
...) if (level <=
VA_ARGS__);}
...) if (level <=
VA_ARGS__);}

Embedded Android Development

LOG_LEVEL) {__android_log_print(ANDROID_LOG_UNKNOWN,
LOG_LEVEL) {__android_log_print(ANDROID_LOG_DEFAULT,
LOG_LEVEL) {__android_log_print(ANDROID_LOG_VERBOSE,
= LOG_LEVEL) {__android_log_print(ANDROID_LOG_DEBUG,
LOG_LEVEL) {__android_log_print(ANDROID_LOG_INFO,
LOG_LEVEL) {__android_log_print(ANDROID_LOG_WARN,
LOG_LEVEL) {__android_log_print(ANDROID_LOG_ERROR,

LOG_LEVEL) {__android_log_print(ANDROID_LOG_FATAL,

(Y]
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¢ #define LOGS(level, ...) if (level <= LOG_LEVEL) {__android_log_print(ANDROID_LOG_SILENT,
: LOG_TAG VA_ARGS__);}

y ——

D grendif

i $ vim Android.mk

! LOCAL PATH := $(call my-dir)

i include $(CLEAR_VARS)

: LOCAL_MODULE := NativeThreadsMutex

: LOCAL_SRC_FILES := NativeThreadsMutex.cpp
! LOCAL LDLIBS := -llog

. include $(BUILD_SHARED LIBRARY)

: $ ndk-build
ECompile++ thumb : NativeThreadsMutex <= NativeThreadsMutex.cpp
! SharedLibrary : libNativeThreadsMutex.so
: Install : libNativeThreadsMutex.so =>
g libs/armeabi/libNativeThreadsMutex.so
S cd ..
:$ mv libs lib
:$ zip -r NativeThreadsMutex.zip lib/
: adding: 1lib/ (stored 0%)
adding: lib/android-support-v4.jar (deflated 14%)
adding: lib/armeabi/ (stored 0%)
adding: lib/armeabi/libNativeThreadsMutex.so (deflated 49%)
: $ mv NativeThreadsMutex.zip NativeThreadsMutex.jar
:$ mv lib libs
: $ mv NativeThreadsMutex.jar libs/

Asun15as19lUsNTUN1¥I177 778 Android Studio Winisenlylausis NativeThreads-
Mutex YU @111509AIUIUNDUAIL

Junauil 1: d¥191Usdalnide Android Studio

\HonLuy File -> New Project efis®a Application name 31 “NativeThreadsMutex”

LazAIT® Package name 11 “com.example.NativeThreadsMutex”
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1.0.0,0 New Project

pplication name: NatlveThreadsMutex

Module name: NativeThreadsMutex

Package name: [com.example.NativeThreadsMutex |

Project location: irs/sriborrirux/Android studioProjects/NativeThreadsMutexProject [-]

Minimum required SDK: | API 7: Android 2.1 (Eclair) 3
arget SDK: | APl 16: Android 4.1 (Jelly Bean) v

Compile with: | API 18: Android 4.3 (Jelly Bean) 2
| Holo Light with Dark Action Bar s
™ Create custom launcher icon
™ Create activity
|| Mark this project as a library

Support Mode: || GridLayout [ | Fragments [ | Navigation Drawer | | Action Bar

Description

The package name must be a unique identifier for your application. It is typically not shown to
users, but it must stay the same for the lifetime of your application; it is how multiple versions
of the same application are considered the "same app". This is typically the reverse domain
name of your organization plus one or more application identifiers, and it must be a valid Java
package name.

SUT 6.52 mssaAnlusunsy NativeThreadsMutex NDK

j%4
U

YUADUN 2: YINNTSULUSUASY BAZASIAFOUNTNNURIUIUSLASY adb
WlaFulusunsy naansazuandagly logeat satuiioguadns axliends adb logcat M

v 1 dy

LN NAINNU
:$ adb logcat -v time NativeThreadsMutex:I *:S
§10—05 19:19:45.469 I/NativeThreadsMutex( 2836): thread 1 started
:10-05 19:19:45.469 I/NativeThreadsMutex( 2836): thread 2 started
:10-05 19:19:45.479 I/NativeThreadsMutex( 2836): thread 2: cnt = 1
: 10-05 19:19:45.479 I/NativeThreadsMutex( 2836): thread 1: cnt = 2
: 10-05 19:19:46.488 I/NativeThreadsMutex( 2836): thread 2: cnt = 3
g 10-05 19:19:46.492 I/NativeThreadsMutex( 2836): thread 1: cnt = 4
:10-05 19:19:47.489 I/NativeThreadsMutex( 2836): thread 2: cnt = 5
: 10-05 19:19:47.499 I/NativeThreadsMutex( 2836): thread 1: cnt = 6
: 10-05 19:19:48.490 I/NativeThreadsMutex( 2836): thread 2: cnt = 7
§10—05 19:19:48.499 I/NativeThreadsMutex( 2836): thread 1: cnt = 8
:10-05 19:19:49.489 I/NativeThreadsMutex( 2836): thread 2: cnt = 9
: 10-05 19:19:49.499 I/NativeThreadsMutex( 2836): thread 1: cnt = 10
£ 10-05 19:19:50.499 I/NativeThreadsMutex( 2836): thread 1 end 0
§10—05 19:19:50.499 I/NativeThreadsMutex( 2836): thread 2 end 0
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unii 7 nswenn Tusunsuiiiasuilszanauuseuy
anpanacae?

pag1en WL TUsunsuuuuasa Raspberry Pi

Tuuniazuansiognsnsssendnisinuszuvanemnailein  Taeidomludiuusnasidy
fogramsiaulusunsudmivuesaauesnailsiiaduuedailsuanuiounnlutiagtuie
Jvesa Raspberry Pi Faduvesaauenailsfivhwiihfimiioursufinmesawindn (Single-
board computer) fiamuilngute Eben Upton ?ﬁqﬁwaﬂua@ju‘%ﬁm Broadcom wagtduiinwamn
vannelfosinslaiuarmniilsiedn Raspberry Pi Foundation luusewnedangy led
Tnguszasdndnfedesnsaievedamituiniieduaiunisfounisasunedinemaiuay
ADUNILAOT UL

Fenussladuveslasins Raspberry Pi - Aouiodosmsiiosazvinduvesnlulas
aoulnsalaesntmasnadeiuuetn Arduino wiluiaaflddndulasenuuuimunlmniy
spivveianeufiumesvuadnuny  iedeanislinsuariiniEeuannsaaunlusunsuniely
vasn Raspberry Pi léviudl lnglidedldin3aspaufinmesidunios Host dmsuimunluswnsy
wileuvesaauasnailsdvily wnsesdng Raspberry Pi lévidannasanusiudionisdudnssou
AUUSEN Elementld wazu3ey RS Components G?fqLﬂuu%ﬁmﬁﬂwﬁlwﬁyjﬁﬂuﬂ’ﬁéﬁaqﬂﬂﬁaﬂ
Sidnvsedinduuvesoulat Welidudndnuazdunudmireuasa Raspberry Pi
swaviBeanisiunaiad

1. 19 System-on-Chip 31nfing Broadcom §u BCM2835 Faflmheuszanananans ARM1176JZF-S
AIUEIFYY IR 700 MHZ @wnsagn Over Clock lifie 1 GHz

2. Md3AUTT SDRAM vu1m 256 MB Tugu A wag SDRAM 512 MB Tusu B
3. gwnsauiuteyanazys Image file szuvyfuAnislaain sD Card

4. 1USB 2.0 Tl

5. dYpadeU Video wuu Composite RCA wag HDMI

6. IWIAN Audio WUIA 3.5 TaALUNT

7. 4 Ethernet 10/100

8. 1 GPIO 17 Wulwildau

9. fundsinelnidos +3.3 V uaz +5V

10. YUINVDIUDSIA 85.60 NadlMT x 53.98 LaaLAT

11. WAHN 45 A5Y

Embedded Android Development graunadnweu



367

RaspberryPi o

,,,,,,

CAMERA EXPANSION

HDMI/DVI

)" el L
USB PERIPHERALS < A
Mouse / keyboard —

| 1826382 ~ '

POWERED USB HUB

Expand v r 04341 s

JUN 7.1 uanspnuanunsaluniswensierugunsaineuensiegiuueia Raspberry Pi

Uasn Raspberry Pi aunsailousefugunsalindldmanevaindauanslusuinsun @
wnzdmsuTnRaussuvaNesnaladfilddeanisiedes Host wislilunsiaunlusunsuusas
anusaaunlusunsuselusunsy Arduino IDE wisldlumsTusunsunien C wiofulusunsy
ASuuas (rmware) dwsulilasaeulvsiaes ATMEL ldluvesa Arduino wislusunsuniwn
ﬁuq W N1IPython Aaelusunsy Python IDE anwlitsa (Perl) Awtudn (Basic) e nw
C++ 1 Judu

Updn Raspberry Pi fasesduszuvlfiinsiiduiitonegluilagiu fediadu szuy
U7jUAN15 Debian GNU/Linux, Fedora, FreeBSD, NetBSD, Plan 9, Raspbian OS, RISC OS wag

Slackware Linux wenanuuuesalidununziunisiluvszendrindunies Media server
139 Set-top-box duiuuNIAuTafilihe faRlog1elusian OpenELEC (Open Embedded
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Linux Entertainment Center) ##n1511ssuuyfjunisaund snusuusisldlusunsy XBMC
media center kaluAnAsluLBSA Raspberry Pi

n15Uszanaldeuuasa RaspBerry Pi

luAunsAnen vese Raspberry Pi anunsaldiduvesnasiausstumalaliiuin vie

U

tnfinw AdAuaulalunsihlvasialuvenau wieltlunismivaugunsalnieuensisle

5U# 7.2 m3th Raspberry Pi ll#lunsasunelulssdou

d1sun1sUsEeNAlUUAUERAMNTIL VB3R Raspberry Pi sflasuanuienlitdesannman
g ilesnnfianuBangulunmaidenldnwlsunsufiaviuniannlusunsuasniely
vasauazansaRnsslaus i iduiininacluly fegratu Uedn Data Acquisition (DAQ),
Mini Super Computer fagu¥19a19

I L

5U# 7.3 msth Raspberry Pi ludszgndlumsuszananasuy
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[ 1 o
LUINIINITWAIUIVUUDIA Raspberry Pi

fawaluednaudstagtuiivednavesnailsfadmiunsiouduaniuveinuszynd
(Evaluation Kit) senmnsiuauuining eulvgasdedinswieuedesnaufinges (Host) 13
Sniedesdmsufinne edesiiewmun cross-compiling toolchains uazyslUsunsudmsulEly
MsiunTlUsLNTseg  uenantursdonnieuaendauuuasaynsy (Serial cable)
Wledenretuuadaauainailsfriumeimasulya (console) LlelviaunsadhfeszuuUiuang
meluveinhuniivemeiitauaranunsafuignddinisteaeingg  ieertnlénlusunss
1

usigneRsmsdefindandneduitgiatserugsennlsidesiutiniannielvaiioas u
Sounfaganisunvesuedn Raspberry Pi vivlviiniannanmnsoimunlusunsunagyinisnon
Indlusunsueguuveiaauesnalaviuil lagiiesdiuesn Raspberry Pi wsiefiudeueilnes
Fduesn uazind Wi uenantudniaunfigiannsnyhing remote 9o (Remote
Desktop) H1uASosAauRinges (Host) Tagldlusunsy VNC (e ssh Tunsdl  text mode)
lUdauasa Raspberry Pi louriu danandlugudngans

1A5849 Host

| x86, x86_64
(Desktp OS)

Ethernet Hub

T 1 R
f ae LAN,}

uasaanaenaiena (Target)

ARM, PowerPC, MIPS
(Linux OS)

JUN 7.4 M3weusisaUnsaldmsun s seuvatasnailsiwuuily

uasa RaspBerry Pi (Target)

o

LASDIABNNILADST

Ethernet Hub

N

Remote Desktop (vnc)
Remote Login (ssh)

a8 RS-232
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nsngseuufuanisngly Raspberry Pi tulusunsa Secure Shell (ssh)

nsfnfakazilanisliay ssh (secure shell) Wunsasesnis@euna command line
srozlng Nun1sluslenoa ssh 11IN9ATOIABLUNILADS WazUasA Raspberry Pi 35n15ANAIY
Pl

$ sudo raspi-config

pi@raspberrypi: ~

File Edit Tabs Help

Raspberry Pi1i Software Configuration Tool (raspi-config)
Setup Options

1 Expand Filesystem Ensures that all of the SD card s
2 Change User Password Change password for the default u
3 Enable Boot to Desktop Choose whether to boot into a des
4 Internationalisation Options Set up language and regional sett
5 Enable Camera Enable this P1 to work with the R
6 Add to Rastrack Add this Pi to the online Raspber
7 Overclock Configure overclocking for your P
] - Configure advanced settings

9 About raspi-config Information about this configurat

<Select> <Finish>

UM 7.6 UANIN13AIAIU89 Raspberry Pi {1ueNde raspi-config

Ladeniuy SSH uansliiu ENABLE daly

nageudnnsdonsiaszerlnaaniasesdurnu ssh client lUuasn Raspberry Pi (IP Ad-
dress: 10.20.4.222 sederly pi)

(1nA399 Mac)s ssh 10.20.4.222 -1 pi

8.0 .0 /> baselab — pi@raspberrypi: ~ — sh — 78x12 o

sh-3.2# ssh 10.20.4.118 -1 pi
pi@l0.20.4.118's password:
Linux raspberrypi 3.6.11+ #474 PREEMPT Thu Jun 13 17:14:42 BST 2013 armv6l

The programs included with the Debian GNU/Linux system are free software;
the exact distribution terms for each program are described in the
individual files in /fusr/share/doc/*/copyright.

Debian GNU/Linux comes with ABSOLUTELY NO WARRANTY, to the extent
permitted by applicable law.

Last login: Tue Aug 6 20:36:12 2013 from 10.20.4.78
pi@raspberrypi ~ $ sudo su
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Uan1siwendeszezlnaaniaiesduniu ssh client lugsuasn Raspberry Pi selusunsy Putty

UUSEUUUHUANNT Windows

.- N
PuTTY Configuration l&j
Category:
= Sgssion Basic options for your PUuTTY session
T L.og?ing Specify the destination you want to connect to
?en'ng‘a'boa d Host Name (or IP address) Port
Bel 1020422 2
Features Connection type:
=} Window Raw Telnet () Rlogin @ SSH Serial
gzﬁ:j::grce Load, save or delete a stored session
Translation Saved Sessions
i Selection
i Colours [ Default Settings [ Load |
=I- Connection | 4
- Data | Save |
Proxy ; .
- Telnet | Delete
i Rlogin
+-SSH
o Close window on exit:
Always Never @ Only on clean exit
l About ’ | Open | | Cancel ‘
> |

JUN 7.7 mimlusun sy PUTTY Tudiuniiiuananisaaasnge

insldlefiueninaauasuasn Raspberry PI udidon Open anuuazinluinii
terminal 191715 login : pi wag password : raspberry ﬁiaﬁnﬂﬁuﬁ%lf’i’héwﬁﬂ terminal 989

Raspbian I@Sﬁﬂgﬁﬂj

' pi@raspberrypi: -— a'ﬁulﬁw

JUT 7.8 mihsinglusunsy Terminal lusgninanisdendudigssuy
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n1sngseuufuanisnglu Raspberry Pi fnulusunsy VNC (Remote Desktop)
BuAumENTAnAlUILATN VNC server 38731 tightvncserver aanluluuasn Raspberry

Pi AeAdInail

AmTULAIRIPRUNIADS TAviN1sAnnsluswnst VNC viewer (5a95unanessuuyufjusinig) uad
52U IP ¥8lA389 Raspberry Pi dauanslugutnaansil

e 00 VNC Viewer
| VNC® Viewer Ve
| VNC Server: |10.20.4.222:1 v
| Encryption: Let VNC Server choose B
\
| | About... | | Options... | | Connect |

pi's X dusktop (raspberrypii1) - VNC Viewsr

31J‘1'7i 7.9 U@nIn13 Remote Desktop WlUSsUasA Raspberry Pi
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GPIOs aaluuasa Raspberry Pl

P10 WunilslunmuasdAfivawiiuesn Raspberry Pi Walsiniaunanansaldauls wif
aaantivediiliasunieuveialulasaeulnsamefialuudfifismenazaiislusunsy
Uszandldunnune wsizduedn Raspberry Pi tastiudeanautifiannsnideulusunsliu
vasawilewniesnaufinnes Host Weuindunislianunsadnds GPIOs dneqlddre Adewinle
dniannfielminufsefunasazanuasierenisindiusunsuniodeulusunsuduetieg
Jailtuetn Raspberry Pi luBAnilsuesaildsuaaiomuogisgs

'
- o 8s
[
- - - 3. S
L A A A AR LA AR R 2. ™
"':‘ E i ....‘

n

LT
RERBEREEG S wwwn?

5U7 7.10 suwis GPIO uuuasn Raspberry Pi

Tnealu GPIO (General purpose 1/0) wasuasa Raspberry Pi agnsaduY (1) P1 Fal
FIUIUVDIVN 2x13 %39 26 U1 eV Iua b latiA GPIO Wigsagafen wadsznaulunie
SPI, 12C, serial UART, Tnided 3.3 V, t9lhdea 5 V wag GND

vazLdsn GPIO U9IUasA Raspberry Pi

-P1 19117 26 U1 UIzevringseninan 2.54 1. (100 mil)
“LINAYIVDUABLYY A8BE U 0-3.3V uazdunmlialsuinndl 3.3 V o
funmiidu 5 v msinnsasuiuuseiulndu 3.3V deudiduniiudumns
s 3.3 v ansnsadrenszualdlaiiu 50 mA

“iFes 5V anansadienszudldliifu 100 mA

-1ATmea BuUNR/DMM 8 U7

112C 2

-1 SPI 5 a1
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-3l UART 2 91
“Hundalulydnegeiios 6 U1

¥

ﬁugmmiﬂ’muﬂﬂmﬂwmmPython (Python)

msldaunasiaun GPIO uuuesa Raspberry Pi dauluaidunisdsals GPIO ﬁagjuu
vasaausaldauls liirendumsdsnuainmesiiva wiesndunsdeuldndany lnefid
Imgizwﬂﬁﬂ’amsﬁaguiwuaém Raspberry Pi 9819iu s2UUU{URNS Raspbian laww3ey
wA3eaile Python IDE W%fam?il}'ﬂ Python Cross complier ay C/C++ Cross complier L3lvLan
Fanwauanunsaldaulgiuiaglldedasidusunsy toolchains LR

A79E19N15HLDINAY GPIO 61l command line

ngsruudURnisnelu Raspberry Pi Tudwd super user weanmnsawd1fisnn GPIO 16

# echo “1” > /sys/class/gpio/gpio4/value < (éﬁiﬁ LED #n)
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f72987191155UA91NV1 GPIO #LU Push button #1U command line

JUN 7.11 mssnasiivesunisnaaindiuuesa Raspberry Pi

WngsruuduRnisnelu Raspberry Pi Tuaws super user eaunsawd1fian GPIO 16
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7981915898 1NAY GPIO ety LED

JUN 7.12 Mssie9asiivenluAu LED smeguesa Raspberry Pi

=Dy

451918 gpio out LED.py lneilsiuazidunlanms

import RPi.GPIO as GPIO

import time

GPIO.setmode(GPIO.BOARD)

GPIO.setup(12,GPIO.OUT)

while (1):
GPIO.output(12,GPIO.HIGH)
time.sleep(1)
GPIO.output(12,GPIO.LOW)
time.sleep(1l)

TunsaerFUluUNSTIURLNEEUITNY I08fiU 2 WUUAD
WUUT 1: GPIO.BOARD tun158198awneavu1 GPIO fiaguuuesa Raspberry Pi

LL‘UU‘VII 2: GPIO.BCM 1Jun15819899318tav21 GPIO vieUseanana Broadcom BCM2835
CPU

§98191W U GPIO.BOARD Winfusiuiusun ey 12 weaidy GPIO.BCM aztdusiiiia
WeLaY 18
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A29E19N1589L@IWAYY GPIO Taen133uannsnalu push button

GPIONS

JUN 7.13 mssierasiiesunsnaaindiiu 18

U

451918 gpio button.py lnadsgazidenlane

=De

. import RPi.GPIO as GPIO

: import time

. GPIO.setmode (GPIO.BOARD)

: GPIO.setup(12, GPIO.IN, pull up down=GPIO.PUD UP)
ichannel = 12

: def check_button():

: if (GPIO.input(channel) == GPIO.LOW):

: print ('Button Pressed.')
i while (1):

: check button()

time.sleep(1l)

nguauu dgldanulideinsnizdediiunuiierinng pull-up %58 pull-down @13190
W 58wes pull up down Tu GPIO.setup 16 L

N3AIAIN1INTIITUNISNAYY Tegmeriu 2 an1ue Ao 19ATBUNALUUANER (Active Low) uag
21995BUNALUUANSEY (Active High) eanunsaeulusunsy python tensiadule adl
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lf(GPIO . lnput ( channel) == GPIO.LOW) H (97’@’3\7@55%@97“1/1/?07//‘78‘9707 - ACf/V@ (OW)
: print ('Button Pressed.')

if (GPIO.input(channel) == GPIO.HIGH): (m’mwa‘éuwmwuﬁ’né@w-Act/ve high)
: print ('Button Pressed.')

fegalAnlusunsy gpio button.py fduaziluniseuaianiuznisnalulnenisiu
souiianguAEaugnne 1 Iundidhemaialnads (polling technique) usiogdlsfnuenaay
Timngdunmailuldnueds lewinenafinusgrduiiiusunsudesiving  ldiiesusiusou
LﬁaéﬂuamumaqmﬁﬂﬂﬂuLﬁmaémﬁm Fodumsinedndunessny (Interrupt technique)
Ffsudsuiuuululasroalnsiaesmly Sannzausnniuuumadalnads

#9011 Python anunsaasieilsntuludnwels threaded callback Liian1a3udye 0o
auns laen15Weulanlusunsuaiiag 19198

: def my_callback(channel):

: print('Button on press...')

: GPIO.add_event_detect (12, GPIO.FALLING, callback=my callback, bounce-
: time=200)

. import RPi.GPIO as GPIO

gimport time

: GPIO.setmode (GPIO.BOARD)

: GPIO.setup(1l2, GPIO.IN, pull up down=GPIO.PUD UP)

: channel = 12

gdef my callback(channel):

: print('Button on press...')

: GPIO.add_event detect(12, GPIO.FALLING, callback=my callback, bounceti-
: me=200)

gwhile (1l):
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Aa9g19M3Uszanduasa Raspberry Pi Ty Web Server

wonan@euldniusunsuvsoldmduiiodnds GPIO wesuasa Raspberry Pi wd niaw
faanunsndany GPIO umihusiees (Web Browser) fsazazmnsegldanuiloninatanga
HsvSoihAnauganuzvesgUnsaliiiedu GPIO wosueda Raspberry Pi ainszeglnals
fregemshlulssgnditu mad1ueda Raspberry Pi Wessorugunsalluihneluthu uén
annsadanuededdlniivteganiusiaedddlniriuuswesanivhau sy

A28819N15ANAY Web server asuasn Raspberry Pi

AnAalUsunsusan1suinAs (pip) wag Tusunsy Flask By web application frame-
work YUAGNTIgNIRILIIBATYT Python 591U Werkzeug WSGI toolkit ke Jinja2 engine

§$ sudo apt-get install python-pip
. $ sudo pip install Flask

: $ mkdir hello
§$ cd hello/
©'$ nano hello.py

from flask import Flask

app = Flask(__name )
@app.route(“/")
def hello():
return “Hello world!”
if  name == “ main ":
: app.run(‘0.0.0.0")
: $ python hello.py
: * Running on http://0.0.0.0:5000/

PMNUUTANTIUTIIIDTUULATOINDUNUADT LAINUN raspberrypi:5000 %99 URL

& C' # [ raspberrypi:5000

Hello World!

JUN 7.14 wadnsn1sSenling hello.py HIuntiusiwes Anesavaneiay 5000
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faegnamsialng HTML waz €ss wWrlululusunsa hello.py

alasnmeste “templates/” agaelulaisnmed hello/ ilotAulud HTML Fon
home.html Liiasainileddu home() Suazdumlng home.html ﬁagjmﬂulmﬂwa% tem-
olates/ uanantutngosnsly Css Adesasslasnmedifiniadein static/css/ ey
Tawsnmed hello/ Wiaviulud €ss

$ ed hello/
: $ mkdir templates
: $ mkdir static
:$ mkdir static/css
$ cd static/css

§$ nano main.css
: body {
i margin: 0;
padding: 0;
font-family: "Helvetica Neue", Helvetica, Arial, sans-serif;
i color: #444,
3
Ve
Lox Create dark grey header with a white logo
o*/
% header {
:  background-color: #2B2B2B;
height: 35px;
width: 100%;
opacity: .9;
:  margin-bottom: 10px;
3
§ header hl.logo {
: margin: 0;
font-size: 1.7em;
color: #fff;

text-transform: uppercase;
: float: left;
3!
: header hl.logo:hover {
i color: #fff;
:  text-decoration: none;
D}
P/*
: * Center the body content
*/
: .container {
width: 940px;
margin: @ auto;
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: div.jumbo {
:  padding: 10px 0 30px 0;

background-color: #eeeeee;

-webkit-border-radius: 6px;

-moz-border-radius: 6px;

: border-radius: 6px;
1
i h2 {
:  font-size: 3em;
margin-top: 40px;
text-align: center;
letter-spacing: -2px;

' h3 {

. font-size: 1.7em;
font-weight: 100;
margin-top: 30px;
text-align: center;
letter-spacing: -1px;
color: #999;

§$ nano layout.html
: <IDOCTYPE html>

§ <html>
i <head>

<title>Flask</title>
<strong><link rel="stylesheet" href="{{ url_for('static"',

% filename="css/main.css') }}"></strong>
</head>

<body>
<header>

<div class="container">
<hl class="1logo">Flask App</hl>

</div>
</header>

<div class="container">

{% block content %}
{% endblock %}

</div>
</body>

é </html>

uﬁhﬂﬂékmxnefﬂnﬂLﬁaSaﬁﬁ@ﬂuuﬂhﬂﬂéﬂayouthﬂnt
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: $ nano home.html
: {% extends "layout.html" %}
. {% block content %}
C «div class="jumbo">
<h2>Welcome to the Embedded System<h2>
<h3>This is the home page for the Home Automation<h3>
© o </div>
: {% endblock %}

TUABUAAYNEY YN INARFBULTANTIIUIIILES AT localhost:5000 BNATY

B

£ | & balhost «-C N Q Q

Welcome to the Flask app

3 the home page 1or the riask apnp

JUN 7.15 maansnsidmiusiwes Alnsiinue CSS Style 13

LATANN DN UINUFIUE11TU Android wag Arduino

Accessory Development Kit (ADK) Aan1sisiulsiousnvassnssamsutiniauiile
afasiay MdugasusulunmsGoudlunsimunlusunsuaisassdaieg Tansnidoudei
pUnsalialudmiuiededinsdnwinasuividnifiszuuuiiinisuounsesdld  dudugaFudy
ddnlunnsgunsnisdannmitanansoasfinmsaitsassddsndind ey

Fsmelunu Google 1/0 2011 msuismniAadldidaf ADK Juusn uazsesnuievly
gJyude RT Corporation lédwWmuiuesa RT-ADK @siieduduvesm Arduino
(http://www.arduino.co) fignuaneenan Tnsngluldlslnsaeulnsaias ATMega 2560 n3oa
fugndumesing  ilesesiumaluladilosiant usnantugasiuves Arduino Aoldgn
sonuuulaninsavenenslensioiuueinlugaduy M3enituesn Shield Wuuesn Ethemet
Shield Uasa WIFI Shield ua$n Bluetooth Shield LTusiu
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—ANALOG () INT= s
F OANTTOTA @ e

JUN 7.16 anansalunisensiegunsalnieusntiiu ADK kazuasn RT-ADK Juusn

duvulunsinredeansaviuwuu Android Open Accessory (AOA Protocol) Liiavinnis

o

aradaansnulanuaunsallaunsaes (Android Devices) Huaten siausio USB

) &

Android Open Accessory

Android Open Accessory légnitanniuiniieligunsniueunsesdannsndeuseriy
gunsalneuaniiume USB LUt USB Host vesgunsalnieuen usaunsalnieuenasly
anusalindsnulifiaingunsaiuounsesdld  fiugunsninisuondsdesdiunasinondaa
Ihvosiiosazdosdisyfunszualiidfosnin 500mA fAnnmsiedndlndih sv ielsianunse
doanstugunsniueunseedls  dwiuuedn Arduino sutinamnannsnideulusunslaeld
lUsunsu Arduino IDE (www.arduino.cc) #3elUsunsu ADK2012 IDE (US¥mniia)

TUswnsu ADK2012 IDE
“anaNANULManlUILNsy ADK2012 IDE 210 Android ADK La1viin1sfnsiadinsed
ADLNILADSIS8USY MTNA1URIUILASUALAANY Arduino IDE w@azdldiuvedlauisniemiy Us-

bAccessory figiialaiauisudiEnfanstuguteas Tunsaindniaudesnisadlauss
dadnfrilaleenisuaniildlavsisudifnaeniulilulasnynesasedn libraries
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ConnectWithWEP

384

ConnectWithWEP | ADK2012 IDE

while{true);

/¢ attempt to connect to Wifi network:

while { status != WL_CONNECTED) {
Serial.print("Attempting to connect
Serial.printIn{ssid);
status = WiFi.begin{ssid, keylIndex,
/¢ wait 18 seconds for connection:
de Loy {10008 ;

}

/4 once you are connected :
Serial.print{"You're connected to the
printCurrentNet{};
printWifiData();

¥

void loop() {
' check
delay (10608 );
printCurrentNet();

b

the network connection once every 18 seconds:

to WEP network, SSID: ");

key);

network" );

- on COM1

U7 7.17 nihenlUsunsy ADK2012 IDE

Uaguladinsimunuesa Arduino aenunsieiunangsunauanstunsedneans dadutn

WAWIAITYINANLTI51888LBEAMNLAINNTIVBIUDTAAE JULaETALILUTLATUL B ALY

Auasaulduldeguaniielinzauivnulssand

A1919 7.1 LLdn

33UAN99909 Arduino

3uUa3A Arduino

Arduino Uno

Arduino Duemilanove w/ ATmega328

Arduino Diecimila or Duemilanove w/ ATmega 168
Arduino Nano w/ ATmega328

Arduino Nano w/ ATmegal68

Arduino Mega 2560 or Mega ADK

Arduino Mega (ATmega1280)

Arduino Leonardo

Arduino Esplora

Arduino Micro

Arduino Mini w/ ATmega328

Embedded Android Development

Arduino BT w/ ATmega328

Arduino BT w/ ATmegal68

LilyPad Arduino USB

LilyPad Arduino w/ ATmega328

LilyPad Arduino w/ ATmegal68

Arduino Pro or Pro Mini (5V, 16MHz) w/ ATmega328
Arduino Pro or Pro Mini (5V, 16MHz) w/ ATmega168
Arduino Pro or Pro Mini (3.3V, 8MHz) w/ ATmega328
Arduino Pro or Pro Mini (3.3V, 8MHz) w/ ATmegal68
Arduino NG or older w/ ATmegal68

Arduino NG or older w/ ATmega8



Arduino Mini w/ ATmegal68

Arduino Ethernet

Arduino Fio

Arduino Uno

Arduino Due

Arduino Mega 2560

Arduino Leonardo

Arduino Robot Control

Arduino Robot Motor

Arduino GSM Shield
Arduino Robot

Arduino Ytn

Arduino Micro

LilyPad Arduino USB  LilyPad Arduino

Simple

) Arduino Mega ADK
Arduino Ethernet Shield

SimpleSnap

Arduino Wireless Proto

Arduino Fio Arduino Mini

Arduino Motor Shield LilyPad Arduino

Shield Arduino Nano

Arduino Esplora

385

Arduino Ethernet

DT

JUN 7.18 feeneuasa Arduino usiaiu

Arduino Wireless SD
Shield

LilyPad Arduino

Arduino Pro Mini

wann1svinauvedusunsuneluuesa Arduino Aaansluzudnedns tnsidiauasa Arduino 5y

vy 3w Taalusunsuneluilesidusiann setup () Azgnisentuasausn Jedruazilunisng

ANITYIUIRA UL LagN1TAIMUATIEazduANISINUlAAUNDIAR19Y)  RaIINUY
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TUsunsuazingilendugu loop () Tudumeuilusunsuaziwinauegnieluileidu loop()

Ao o

HluGeggauninazlimditionnisinauresussnlnudnasy (Arduino Reset)
e
Setup()

V

JUN 7.19 uanstumaunsvininunglulusunsy Arduino

A19819N15UBUABIZ1I19 Android AU Arduino #W1W ADK

AanaanAnelu ADK2012 IDE dwsuldlunisdoansenu ADK sevinuaunsounuag Ar-
duino HulalArata AndroidAccessory #aiis1eagidannieglundl

. class AndroidAccessory {
: private:

const char *manufacturer;
const char *model;

const char *description;
const char *version;
const char *uri;

const char *serial;

int getProtocol(byte addr);

void sendString(byte addr, int index, const char *str);

bool switchDevice(byte addr);

bool findEndpoints(byte addr, EP_RECORD *inEp, EP_RECORD *outEp);
bool configureAndroid(void);

public:
AndroidAccessory(const char *manufacturer,
const char *model,
const char *description,
const char *version,
const char *uri,
const char *serial);

void powerOn(void);
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bool isConnected(void);
int read(void *buff, int len, unsigned int nakLimit = USB_NAK_LIMIT);
int write(void *buff, int len);

HetdundnfinzGonldaneluiladdy setup) weldlunsda Android Accessory fia pow-
erOn(), read() wag write() Inafifauus buff duaglilumafudoyaiifesnisazdieenviosuii
snanilalusunsuneunsesdiyng USB asmiarsenivesteya (len) Tunsdlidunissu
dvfayauuuifiuarind (Full Speed USB) Tuileridu read() dusmuossn NAK asdunisuen
ArdnugngUnsaifiardedoyalidudlindeniiazdsndunieslufidoyaiazddilunani
uenanduissgrlflunmsudafoussmindgloutoualudueiosiuilififoyafiazddiu

)= 1 (3

fogetsaraduniseulusunsuiveyinnsiwauses ADK LLéJ’J’%J‘U"EJ/’eJﬂJUaVIﬂﬂmﬂJ’H]’]ﬂLLE]‘LJ.GﬁE)EJ@

: #include <AndroidAccessory.h>

AndroidAccessory acc("Google, Inc.",
"DemoKit",
"DemoKit Arduino Board",
"1.0",
"http://www.android.com",
"0000000012345678");

void Setup(){
acc.powerOn(); // axidalawu Android Accessory

}
void loop(){

if (acc.isConnected()) {
// 81uAiigndssanunann Android
int len = acc.read(msg, sizeof(msg), 1);

nsWeulUsuNSUdIULDUATOEA

lutlavesuaunsaeraglinarandnlauinaia UsbManager kagaana UsbAccessory #iiia
Tadaesou Al Un9uLan 1neTunDULSNTNWAILILADIES 191U SIAAYDILDUATDUATUNILA
IN1338YN358nlY UsbAccessory WlUTulWg AndroidManifest.xml Aahanan1uas

<application
android:icon="@drawable/icon"
android:label="@string/app_name" >

<uses-library android:name="com.android.future.usb.accessory" />
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g// vunasiavue Intent (Davdusdwsunisans L Swinsdisinag i aousa ADK
§ private PendingIntent mPermissionIntent;

: private static final String ACTION_USB_PERMISSION =

: "com.android.example.USB_PERMISSION";

§ private UsbManager mUsbManager;
§ private UsbAccessory mAccessory;

. @0Override
i public void onCreate(Bundle savedInstanceState) {
: super.onCreate(savedInstanceState);
mUsbManager = UsbManager.getInstance(this);
mPermissionIntent = PendingIntent.getBroadcast(this, @, new Intent(
: ACTION_USB_PERMISSION), @);
i // fAvua filter
:  IntentFilter filter = new IntentFilter(ACTION_USB_PERMISSION);
filter.addAction(UsbManager.ACTION_USB_ACCESSORY_DETACHED);
: // register s wnsasu intent 'l¢
: registerReceiver(mUsbReceiver, filter);
setContentView(R.layout.main);
: textView = (TextView) findViewById(R.id.textView);
i}

i /** Called when the activity is resumed from its paused state and
. immediately after onCreate(). */
: @0verride
. public void onResume() {
super.onResume();
if (mInputStream != null && mOutputStream != null) {

return; }
UsbAccessory[] accessories = mUsbManager.getAccessorylList();
UsbAccessory accessory = (accessories == null ? null : accessories[@]);
if (accessory != null) {

L // as1amaudnd lun1si13anldeu Accessory
if (mUsbManager.hasPermission(accessory)) {
openAccessory(accessory); // asilanasldu accessory
} else {
synchronized (mUsbReceiver) {
if (!mPermissionRequestPending) {
mUsbManager . requestPermission(accessory, mPermissionIntent);
mPermissionRequestPending = true;
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Log.d(TAG, "mAccessory is null");
3
P} .

D /** iip Application gnialusunsuazvinnisla Accessory */
. @0verride

: public void onPause() {

super.onPause();

closeAccessory();

L /** \jisTla Application az¥innis unregister Intent */
: @0verride

i public void onDestroy() {

: super.onDestroy();
unregisterReceiver(mUsbReceiver);

Y v 1 v v [ U a = 1 1 = IS
nlAndieg1atenulun1snsisdeuwardulaluuanisWensdesiy  USB  @amnins
A 1 ¥ 6 . 1 =3 o ¢ v A
WOUABIUNN189UDIA Arduino W1ua8 USB Aagyinluilendy openAccessory(accessory) i
dudanmsviauianigluagiinisaine Thread Tuun  Lileviinnsenudeyaiignadisanunain
U9¥A Arduino AegUtneEng

HelloWorld
Hello World, from Arduino!

JUN 7.20 wadnsn1siuteyaainuesa Arduino iiunesn USB

Aag1aN1TauazansdalWHInAule (EMG)

JUN 7.21 4an9nINTINvessEuy

dmsuimegeilildunmsanatedugranalenlasuanduwes EMG Nideunaiuuasa Ar-
duino udgnasloyasieludigunsaineunsesntiuany USB meu1ns1g1u AOA Protocol mdd
PNUUINNLILEAINA AN WUL AT INLEY FITLUININISNAUINI8TY 2 dIUR9L
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NUdUIUSUASUNIITUUUDIA Arduino wazn1saanuItuwas EMG

JUT 7.22 uansn1slieuseiues EMG fuuesa Arduino

pdnmsvhnuveaduwes EMG Aeusiu EMG agvhwrhidudethlwdidedldususrame
%Lﬁﬂﬁ@mmeﬁalﬁ/\IﬁwLﬂﬁauﬁlﬂmﬁMﬂﬁﬁmLﬁamaaiwaﬂwa Fouwdy  EMG  azvhnnsvens
Syaranslndinu "Lﬁagﬁ,uﬁ&aﬁuaﬁﬂ Arduino anunsansiaialdlaeaduanildeonuas
UUATSEAULSIRUNTERERTIVUIAYS O-5 Taan

Tudhuresuasa Arduino axUszneulusie fassdiuiivnausiudude duusnidudinves
AM381uA1 Analog Read Voltage (anfeea) drwfiasadunisifiouss ADK fugunsal An-
droid 91ntiuagrhin1seuAn Analog Liledstasafienulétin ADK lufsgunsal Android wleyn
Toyaluliasevisialy

JUT 7.23 uansn1silieuseliuwes EMG fuvesa Arduino

Tudruflagidun1s@eulusunsuuuuesa Arduino Wievinn1sila accessory mode ka8
Aussrunlaanwuges EMG Wsladayafasyinnisdadeyaluguwuy “E<ariauls>" s
W USB ludaeunsesanaly A elusinsugeansd

: #include <Wire.h>

: #include <Servo.h>

§ #include <Max342le.h>

: #include <Usb.h>

: #include <AndroidAccessory.h>
: #define LED3_RED 2
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. #define LED3_GREEN 4
. #define LED3_BLUE 3
! #define LED2_RED 5
. #define LED2_GREEN 7
i #define LED2_BLUE 6
: #define LED1_RED 8
. #define LED1_GREEN 10
| #define LED1_BLUE 9

: AndroidAccessory acc("Google, Inc.",

: "DemoKit",
"DemoKit Arduino Board",
"1.0",
"http://www.android.com",
"0000000012345678");

§ boolean sendData=false;
i void setup(Q);
: void loop(Q);

L void init_ledsO
: {
: digitalWrite(LED1_RED, 1);

digitalWrite(LED1_GREEN, 1);
digitalWrite(LED1_BLUE, 1);

pinMode(LED1_RED, OUTPUT);
pinMode(LED1_GREEN, OUTPUT);
pinMode(LED1_BLUE, OUTPUT);

digitalWrite(LED2_RED, 1);
digitalWrite(LED2_GREEN, 1);
digitalWrite(LED2_BLUE, 1);

pinMode(LED2_RED, OUTPUT);
pinMode(LEDZ2_GREEN, OUTPUT);
pinMode(LED2_BLUE, OUTPUT);

digitalWrite(LED3_RED, 1);
digitalWrite(LED3_GREEN, 1);
digitalWrite(LED3_BLUE, 1);

pinMode(LED3_RED, OUTPUT);

pinMode(LED3_GREEN, OUTPUT);
: pinMode(LED3_BLUE, OUTPUT);
-}

' byte bl, b2, b3, b4, c;
i int value=0;
g void setup()
i
: pinMode(@, INPUT);


http://www.android.com
http://www.android.com

Serial.begin(115200);
Serial.print("\r\nStart");
init_ledsQ);

c = 0;

acc.powerOn();

: void loop()

1

byte err;

byte idle;

static byte count = 0;

byte msg[5];

long touchcount;

if (acc.isConnected()) {
value = analogRead(0);
msg[@] 'E';
msg[1] = value;
acc.write(msg, sizeof(msg));
Serial.println("\f");
Serial.println(msg[0]);
Serial.println(msg[1]);

WaLdulUsuNSULIUATDEA

duilfunsdoulusunsuussgnduounsoss devhnsideuste ADK fuua$a Arduino
mnﬁuﬁﬂﬁagamLLamL‘fJuﬂi']wquwmaﬁq Tuiitageduneiieatunisadunsmidesiudionh
snuannaviuiifisulddeyaninuesn Arduino Tasmsuszandldlausnitedn Graphview s
annsnasienslldvanuusinnavhdu wagninlunis

int num = 150; // sqwauaasdaya
: GraphViewData[] data = new GraphViewData[num];
. double v = 0;
i for (int 1 = 0; 1 < num; i++) {
: VvV += 0.2;
// dumenluudazyafiazinns plot ns v
: data[i] = new GraphViewData(i, Math.sin(v));
1
§ GraphView graphView = new LineGraphView(this, "AndroidGraph");
: graphView.addSeries(new GraphViewSeries(data));
L // deAnvaans i Suduiiged 2 Tidaunavindy 40 dos
§ graphView.setViewPort(2, 40);
g // sedTdgmsn Scroll ‘lg
: graphView.setScrollable(true);

v
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: graphView.setScalable(true);
§ LinearLayout layout = (LinearLayout) findViewById(R.id.layl);
¢ layout.addView(graphView);

L // aeRnTdduuny X

. graphView.setHorizontalLabels(new String[] {"2 days ago", "yesterday", "today", "to-
§ morrow"});

§ // wadnldiuunu Y

: graphView.setVerticallabels(new String[] {"high", "middle", "low"});

lupsalndesmsiandudeyalnilvivinisaie GrapViewSeries nsianniulvinmsiiiadnlulunig Graph-
View #laadslinansuntgu

: // draw sin curve

:int num = 150;

: GraphViewData[] data = new GraphViewData[num];

: double v = 0;

for (int 1 =0; 1 < num; i++) {

: V 4= 0.2;

: data[i] = new GraphViewData(i, Math.sin(v));

1

g GraphViewSeries seriesSin = new GraphViewSeries(data);

i // draw cos curve

: data = new GraphViewData[num];

L v=0;

. for (int 1=0; i<num; i++) {

SV o+= 0.2;

¢ data[i] = new GraphViewData(i, Math.cos(v));

)

: GraphViewSeries seriesCos = new GraphViewSeries( data);

ntsuduieginisaiansmandeyadll  wilieswnnsuiAn EMG  unuanatiy
WunsuanIwuunaIase (Real-time) 393 1duassoaldinafinvaiuaunseen LAgIfuN1TIUTaU
A o v a A Yo v A v o Y
ievihnsuanansiiuiilslasudeyalvidiiadun Tegld Handler uag Runnable i
Feg1elARY9aNa
: // TAadptneduansaziiunisa31s Runnable Fuuniiiavinnisadressednaulyitesinnns plot nsw
: aaniuas1d Handler iipadnegulunisiunn 1 finddunii
§ Handler mHandler = new Handler();
: Runnable mTimerl;
: mTimerl = new Runnable() {
:  @0verride
public void run() {
graph2LastXValue += 1d;
exampleSeries2.appendData(new GraphViewData(graph2lLastXValue,
getRandom()), true);
mHandler.postDelayed(this, 1);

Embedded Android Development graunadnnmun



394

A = & o ° aa . o I o
Lmaﬂﬁﬂﬂuﬂzaﬁm1Saaiﬂﬁﬂﬂiwﬂﬂﬂu%aﬂﬂiWWVmﬁni pkﬂ:uUU Reabﬂnualmmamﬂﬂztﬂuﬂﬁiaiﬂﬂ

landunvinaukuy Async Task LiveyiNNI581UANNAINIUIMIT ADK FasI0ENs

L // WefguiDalden ADK wazadrs InputStream I LR R UL
§ private void openAccessory(UsbAccessory accessory) {
: mFileDescriptor = mUsbManager.openAccessory(accessory);
if (mFileDescriptor != null) {
mAccessory = dccessory;
FileDescriptor fd = mFileDescriptor.getFileDescriptor();
mInputStream = new FileInputStream(fd);
new receiveData().execute();
enableControls(true);

3

§ public class receiveData extends AsyncTask<Object, Void, Void> {
:  @0verride
protected Void doInBackground(Object... params) {
while (true) {
// vinnnssnudayauaz tiulilu array Buffer
ret = mInputStream.read(buffer);
/* sinnnssnudagauaz tivld anntulddvddudsasnaninly plot nsw */

JUT 7.24 uansn1slieusediuwes EMG fuuesa Arduino
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unastuazinaealil...

demitsunvemdsdeiduiduudalfunannusraunisaivesideufingrenumfvirusy
aﬁﬁmmﬁﬁugmﬁﬁﬁmmqﬂiumaamwmmwmaﬁu% sunedsldussiumalainannvdde
Textbook L‘Vialﬂ‘ﬁ Falgun Embedded Linux Primer A Practical Real World Approach, Pro
Linux Embedded Systems, Building Embedded Linux Systems, Embedded Android, An-
droid Native Development Kit Cookbook ﬁﬁﬂﬁﬁﬁlwﬁmmé’?ﬂaamﬂ%ﬁmﬁmwa@aaﬂ
il dunisdonwilveietnianneulne Jsegrstfosinasnefiazannsatiogauszniganny
Hulsnuiniaun ngliiuunlsanuddglumaluladssuvanesnatlsilaliinnides

TnefBouldsunuosdaruiiugususssuulfiRnedund ganiesdedmiutnimun
MU lUsuNTLNWIAeAAeades (C, C++, JAVA, Python) spimesusazaiuveanalulad
syuvauednailinuar MeazBunynumaiaitniannmsd deerevzddildaslunoaziden
Fadnundnwila  desnddeudesnsidenlosesAnnuiainmansiusisudninniEey
Sesogliluunusavunlsinsuiuanndigauiielsifewannsavianudhlalunsasdaulsingdn
Tatheiedesiusvuuanosnailasuazdmivdeuidesnsaziadutniammaduszuy
auasnailaiodnanisdaldflenmannaaddynmdsinsgiuussuulfoRnisaunduagssuy
UftRnsueunsend sivivhanudlalunmsesnuuuiamnniwivsunsuliduaeundedu

uaftganafidenuagseaziBeameiunaiiadmsunseanuuuiamsyuuatesnaild
fnauladnunnlaeannzmsiannieldssuul foRnsaynduuuilsfuarssuul foRnisuou
pseed  TvkuImInIseenuuLUesaaLenalisdniunulsynd  ifdeudalaliieg
wenenuSeuSesiodeuaduaudadlu Jeldun

. ﬂ’ﬁ‘ﬁwuﬂﬂﬂmﬁmL%ﬁéﬁﬂ%ﬂﬁsﬁuﬁﬁ
- M3UTuudadyndimesiuauay RaRIlULNTY Open Sources
. MsRRlUTuNsUlUI NS e mMSUST UL S TNe W Web Server, File Server 1Judu

. mMsaunlUsnsusEivaLiefasefussuua s

o ANSWRIUNLUSIATY Linux Kernel Module ﬂ’m’ﬁ‘U\‘ﬂ‘UUquJﬂm

. nMsulUsunsuiioenldlauss Native C/Cit

- MIwaulUsUnse Qt 5.2 dwsusuianvasgunsalviannm

- MsuLazUsuLas Android Framework

- nalnmsvhalusgdvaninelussuulfdfinisueunsessiity Android  IPC/Binder
Framework, Android Hardware Abstract Layer (HAL) 10usu

. N5WAIL Android NDK Application

. MINAUIUIKNINUITENAMEUDIAANBINAEAY 1 BeagleBone, BeagleBoard xM,
iMX53 QSB, PandaBoard ES, AM335x Starter Kit, ODROID-X2, RaspBerry Pi, Intel
Galileo 1Husu
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£19159U589101AINIAINTTU NN

ANIEIAINTTUANENS UNINISEYIN
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2553 - Jaqiu
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2553 - Uaqiu
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WnihfiideuasAnAueenwuussuudRastayawuulianuseninesatazaniil

2550 - 2551 | RFID Sensor Network wazluslaneadea1ssznined@anil RFID Sensor Network
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