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Chuwong 1
GIOI THIEU HE THONG NHUNG

1.Hé thong nhiing ( Embedded System):

Hién nay hé thong nhing da va dang tung budc phat trién & Viét nam, no thay cho cac hé
thong vi xu Iy trude day. Hé thong nhing duoc (ng dung rong rai trong nganh dién tir, may tinh
va vién thong nhu cac hé thong dién thoai, cac may do, cac h¢ thong diéu khién ty dong trong
cong nghiép, thuong mai va ngan hang. Tuy nhién ching ta van chua c6 mot dinh nghia cu thé
ve hé thong nhung. Thong qua qua trinh van hanh, xay dung va phat trién hé thong nhing ching
ta ¢ thé hiéu hé thong nhiing nhu sau:

Heé thdng nhiing 1 mot tng dung bao gom it nhat mot thiét bi 1ap trinh dugc nhu vi xir 1y,
vi diéu khién hay céc vi mach xur ly 6. N6 1a mot hé thong dya trén vi xu ly dé thuc hién mot
chirc ning hay mot diy chirc ning cu thé nao do.

Heé thdng nhung 14 mot tmg dung dugc tich hop ca phén cting va phan mém nham phuc vu
cac bai toan chuyén dung trong linh vuc cong nghi¢p, y té, quan su.

Mot may tinh PC 1a mot thiét bi c6 nhiéu chirc ning va ngudi sir dung c6 thé thay doi cac
chire nang thong qua viéc thém, xoa phan mém tng dung, trong khi d6 hé thong nhung dugc
thiét ke dé phuc vu mdt sd chirc ning cu thé, xac dinh. Chinh vi thé hé¢ thdng nhing duoc cac nha
phat trién toi wu hda né nham giam thiéu kich thudc va chi phi san xuét.

Cac thiét bi cam tay PDA ciing c6 ddc diém gidng hé thong nhung nhung ching khong
phai 1 hé thdng nhung vi chiing c6 nhiéu chtrc ning.

Dé thay doi chirc ning cua hé thong nhung thong thudng nguoi ta dua va cac cong cu phat
trién va cong viéc nay do cac chuyén gia phat trién hé thong nhang thue thién. Qua trinh xay
dung lai chtrc ning hé théng nhung giéng nhu qua trinh thay d6i chirc ning hé diéu hanh, thong
thuong nguoi ta thay doi, stra chira, thém, x0a cac trinh diéu khién, hoat dong cua h¢ thong sau
d6 tién hanh bién dich lai cho hé thong nhung.

Mot hé thong nhung duoc két ndi v6i mot hé thong may chu dé phat trién hé thong, qua
trinh phat trién hé thong hay 1ap trinh cho hé thong nhing duoc thuc hién trén mot may tinh c6
cac cong cu hd tro. Cac két qua cua cac qua trinh bién dich nhu: cac tap tin anh ctia hé diéu hanh,
cac tap tin thyc thi... dugc nap xuong hé thong nhing thong qua céac két ndi nhu: serial, usb,
ethernet..

Connections
Host Ij » i D ﬁ Target
Resident et N Pl Resident
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Hinh 1-1 Két ndi trong qua trinh phat trién hé théng nhing

Mot hé thong nhing thong thuong cé cac thanh phin sau:

- Vi xir ly: thong thuong la cac vixur ly 32 bit, cac vi xu ly dong vai tro bo xur ly trung tam
trong hé thong nhung, ngay nay véi sy phat trién ciia nganh cong nghiép dién tu, nhiéu hang san
xudt vi xtr 1y cho ra doi cac chip vi xtr Iy 32 bit voi nhiéu tinh ning tich hop phuc vu trong hé
thong nhiing nhu Renesas vdi cac chip ho SH, AMCC véi PowerPC, Cirrus Logic véi ARM7,
ARMY, Atmel...
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Q‘nnosoﬂ:

- B nhé: bao gdm bo nhé RAM, EEPROM hay Flash ROM.

- Céc ngoai vi bao gdm cac giao tiép IO nhu USB, Ethernet, PCL... Tuy vao myc dich, yéu
cau ciia moi hé thong khac nhau ma thiét ké cac ngoai vi khac nhau, trong d6 c6 mot sd ngoai vi
chung nhu ethernet, usb, serial. Cac ngoai vi nay vura 1a cac giao t1ep cua hé thong trong cac ing
dung vira 1am nhi¢ém vy truyén dir lidu trong qua trinh nap phan mém cho h¢ thdng hay g& r6i hé
thong.

Phan mém trong hé thong nhiing: Phan mém 1a chuong trinh diéu khiép hoat dong cua h¢
thong nhung, trong mot s6 h¢ thong nhing phan mém con dugc goi la hé diéu hanh nhing. No6
giong nhu mot hé di€u hanh chay trén mdy tinh nhung chiung dugc cac nha phat trién t6i uu sao
cho c6 thé van hanh hi¢u qua trén hé thong c6 bd nhd va toc do xur ly gidi han.

Mot s6 hé didu hanh chay trén hé thong nhung 13 Linux, ONX, Windows CE...

Trong cac hé thong nhiing sir dung hé diéu hanh Linux, b phan mém gdém cac phan nhu
sau:

e Bootloader, uboot, redboot: phin mém khoi dong hé thong
e Kernel: Nhan cta hé diéu hanh
e File system: Hé thong tap tin

Mot sfr),hé théng nhung quanh ta nhu cac thiét bi nghe nhin, céc thiét bi trong khoa hoc ky

thuat, cac thiét bi phuc vu trong doi song tinh than...

Hinh 1-2 M6t s6 hé théng nhiing
2.H¢ thong thoi gian thue (Real-time operating system_ RTOS):
Trong céc bai toan diéu khién chung ta hay bt gip cac thuat ngit “ Thoi gian thuc”.
Thot gian thyc khong phai 1a thoi gian phan anh mét cach trung thyc chinh xac thoi gian
hay yéu cau thoi gian hé thong phai trung véi thoi gian thue té.
Hé¢ théng thoi gian thuc duoc hiéu 1a cac hoat dong ctia hé thong phai thoa man vé tinh tién
dinh. Tinh tién dinh 13 hanh vi ctia hé thong phai duoc thuc hién dung trong mot khung thoi gian

cho trude hoan toan xac dinh, khung thoi gian nay duoc quyét dinh boi dic diém va yéu cau cia
hé thong.

Thuyc té cho thdy ring hau hét cic hé thong nhiing 1a cac hé thong thoi gian thuc va ngugc
lai hau hét cac hé thong thoi gian thyc 1a cac hé thong nhiing.

3.Dic diém cia hé thong nhiing:
H¢ thong nhiing c6 mét sé dic diém sau:
- D3 tin cdy cao.
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- C6 kha ning béo tri va nang cip.

- Hiéu qua vé thoi gian thyc hién.

- Kich thuédc, khéi luong nho.
4.Cic khai niém sir dung trong hé thong nhiing:
4.1 Qua trinh khéi dong hé thong:

- Image thyc thi chwong trinh dugc bién dich cho h¢ théng nhing c¢6 thé dugc truyén tir
cong cu phat trién hé thong nhing (Host) vao hé thong nhing (Target) qua trinh nay dugc goi la
“Loading the Image”.

- Image c6 thé dwoc load va h¢ théng nhiing thong qua cac cich nhwr sau:

e Load Image vao bd nhdé EEPROM hay Flash.

e Download Image truc tiép 1én bd nhd SRAM cuia hé théng nhiing thong qua cong ndi tiép
RS232 hay cong mang (ethernet) qué trinh nay doi hdi mot so trinh trng dung chay trén Host va
Target nhu Embedded Monitor, Embedded Loader, Target debug...

e Download Image thong qua JTAG.
r-

Boot Image

Loader

Boot ROM
e Target Monitor

BDM / JTAG

M‘/@

Socket i

ooooooon / ’
/

Hardware Wiring Jumper Pins

Hinh 1-3 Hé théng nhung co ban
- Embedded Loaderq: la ’m(f)t chuong trinh dugc nap vao hé théng nhiing dau tién,
Embedded Loader dugc hiu giong nhu BIOS cua may tinh. Embedded loader ¢6 dung lugng
nho nén thong thuong dugce nap vao ROM, trén cac h¢ thong vi xur Iy nhd, Loader dugc nap vao
mot vung riéng trén vi xur ly.

Microprocessor

Chuong trinh Embedded Loader ¢6 nhi¢ém vu két ndi véi Host trong qua trinh truyén file
anh (Image) xudng hé thong nhing.

Dé co thé truyén dit liéu giita Host va Target, giao thire truyén duoc xay dung sao cho cac
tién ich chay trén Host va Embedded Loader trén Target di€u hoat dong theo cac thong so cua
giao thirc nay.

Tuy theo mdi nha san xuat vi xir 1y s& c¢6 cac Embedded Loader riéng, vi du cac vi xir Iy
Atmel thi c6 Bootstrap va uboot, PowerPC thi st dung uboot, Cirrus Logic thi st dung redboot.
M0t s0 chip vi xur Iy khéc thi str dung bootloader.

- Embedded Monitor: la mjt phian mém ung dung trén hé thong nhing thong thuong
dugc cung cap boi cac nha san xuét. N6 cho phép cic nha phat trién hé thong co thé g& rdi h¢
thong, giong nhu mét chuong trinh boot, Embedded Monitor thyc thi khi h¢ thong duoc cép
nguon va thuc hién mot sé thao tac trén hé thong nhu sau:
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Gmosoﬂ:

o Khoi tao, thiét lap cho cac thiét bi ngoai vi nhu cong ndi tiép, bd dinh thoi chip, sé lan
lam tuoi RAM...

o Khoi tao b nhé hé théng chuan bi cho qua trinh download Image.

o Khoi tao chuong trinh diéu khién ngat, cai dat cac ngat hé thong.

- Embedded Monitor hd tro 1 cong cu giao tiép nguoi dung thong qua giao tiép ndi tiép

dén cac chuong trinh mé phong. Thong thudng thi nd hd trg cac 1énh diéu khién nhu sau:

o Download Image.
Doc va ghi cac thanh ghi hé thong.
Poc va ghi bo nhd hé thong.
Thiét lap va x6a céac break point.
Cho phép thyc thi ting 1énh dé go rdi hé thong.

0O O O O

Reset va reboot hé thong.
- Qua trinh boot ciia h¢ thong:

POWER/RESET Fetch & Execute
Memory Map
————————————————————————— 0x00000h
Execute the :
reset vector is at 0x0000h ROM
Reset Vector 0x0001Fh
¥ 0x00040h
Execute <+ v
Loader H
E code comes from FLASH 0x0103Fh
]
1
)\ 4 i
|
Initialize e
Hardware <

0x10000h

No Download Image
—— P | from Host Into RAM

l 0x103FFh

Image in
ROM/FLASH

Copy image from Initialize the Image in
ROM/FLASH to RAM RAM - Reuse RAM
Initialize code durig space

copy |

v
Execute the
New Image

Hinh 1-4 Qua trinh khoi dong hé thong

5.Hé diéu hanh thoi gian thue (Real-time Operating System)
- Heé diéu hanh thoi gian thyc 12 mdt chuong trinh 1ap lich cho cac hoat dong cua he thong
thi hanh chinh x4c theo thoi gian dinh trudc, quan 1y tai nguyén hé théng va cung cip mot sy
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thiét 1ap thich hop cho qué trinh phat trién ma ngudn ciia hé thong. Ma ngudn hé thong co thé
thay doi duoc.

- Trong mét 5O ung dung, RTOS bao gom mot kernel (nhan). Kernel 1a mot 16i mém gidm
sat hé thong, cung cap cac khoi logic, cac giai thuat 1ap lich, cac giai thuat quan ly tai nguyén.
Mobi mot hé thong thoi gian thyc déu c6 mot kernel. Mbi h¢ thong thoi gian thyc 1a mdt sy tong
hop ctia nhidu module trong do bao gom kernel, file system, network protocol stack, va cac
module khac tity thudc vao yéu cau chirc nang ciia hé thong.

Application

RTOS

Networking File Other
Protocols System Components
7 - T X
C/C++ Support / Kernel ) POSIX
Libraries M _~"  Support
Device Debugging Device
Drivers Facilities /O
BSP

Target Hardware

Hinh 1-5 T6 chirc trong hé thong nhiing

6.Scheduler (B¢ lap lich)

- Scheduler dwgc xem nhu trai tim ctia kernel. Mot scheduler cung cap cac giai thuat can
thiét dé xac dinh mot tac vu khi nao dugc phép thyc hi¢n.

- Cac gidi thuat lap lich (schedule Algorimth)
o Preemtive priority-based scheduling
o Round-Robin scheduling

- Céc nha san xuét RTOS cung cap cac giai thuat 1ap lich trén, tuy nhién trong mét 5O
truong hop cac nha phat trién hé thong co6 thé dinh nghia thém cac gidi thuat 1ap lich.

6.1 Preemtive Priority-Based scheduling.
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- Hau hét cac hé thong nhung st dung giai thuat nay nhu 1a mot giai thuat mac dinh. Trong
giai thuat ndy mot tas;k duogc thuc thi ¢ bat ky vi tri nao la task c6 muc uvu tién 16n nhat gitra cac
task khéc trong hé thong.

HIGH S I: Task Completion
Task3 | <—
\ | /
Task

Priority | Task2 Task2
[
Taski | Taski _p=spp

Low

Hinh 1-6 Giai thuat lap lich Preemtive Priority-Based scheduling

- RTOS Kernel cung cip 255 mirc uu tién trong d6 mirc 0 1a mirc wu tién thap nhat, 255 la
muc uu ti€n cao nhat. Mot so kernel thi dinh nghia ngugc lai, 255 1a muc vu tién thap nhat, 0 1a
muc uu ti€n cao nhat.

- Vi Preemtive Priority-Based scheduling, mdi task ¢ mot muc uu tién khac nhau, task
c6 muc uu tién cao nhat s€ thi hanh trudc. Néu mot task c6 murc uvu tién cao hon moét task dang
thi hanh ma task nay ¢ trang thai ready to run (yéu cau dugc thyc thi) thi kernel 1ap tirc luu task
hién hanh vao TCB (task control block) va chuyén sang thuc hién task c6 do uu tién cao hon.

- Mac du plSi task khi dugc tao ra s€ dugc gan mot gia tri uu tién, xong gia tri wu ti€n co
thé dugc thay d6i thong qua viéc str dung cac Iénh do kernel ho trg.

- Kha ning thay d6i mirc uu tién cac task dong cho phép cac ing dung trén hé thong nhiing
de dang hi¢u chinh céc su ki¢én xay ra, tao ra mot hé thong thoi gian thyc.

6.2 Round -Robin scheduling:

- Round-Robin scheduling cung cip mdi task mot khoang thoi than thyc hién ciia CPU.

- Round-Robin scheduling khong thé dap g cac yéu cau cua h¢ thdng thoi gian thyc boi
vi trong h¢ thong thoi gian thuc mot task c6 thé thyc hién ¢ nhiéu muc d§ uu tién khac nhau,
thay vao do preemtive priority scheduling c6 th€ tot hon n€u két hop véi Round-Robin, mdt giai
thuat sir dung cac khoang thoi gian bang nhau thuc hién cua CPU.

A
HIGH
Preemption Task Completion
Task /
e Time Slice
Priority | i Task4
| |
|
Low [ Taski [ Task2 | Task3 [ T1] T 4
>
Time

Hinh 1-7 Round-Robin va Preemtive priority-based scheduling
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7.Task (Tac vu):

- Mot phan mém ng dung don gian dugc thiét ké dat thu hoat dong tudn ty, mot 1énh dugc
thi hanh tai mot thoi diém, cac 1énh dugc thyc hién lién tiép nhau. M6 hinh nay tré nén khong
thich hgp trong hé thong nhtng, trong hé thong nhing thong thuong co nhiéu ngd vao va nhiéu
ngd ra, cac phan mém tmg dung cho hé théng nhung phai dugc thiét ké dé hoat dong dong thoi.

- Trong cac thiét ké dong thoi doi hoi cac nha phat trién phai phan tich tmg dung ra thanh
nhiéu don vi chuong trinh nhd hoat dong lién tiép nhau. Khi thyc hién phan tich xong, cac thiét
ké dong thoi cho phép hé thong da task vu c6 thé hoat dong dya trén yéu cau chét ché vé thoi
gian cho h¢ thong thoi gian thuc.

- Hau hét cac kernel cung cip cac task va quan 1y céc task dé thich hop cho cac thiét ké
dong thoi.

- Task la mét luéng ddc 1ap ctia qué trinh thuc hién, cac task gianh nhau qua trinh thuc
hién cua CPU. Nhu dé cd@p ¢ trén cidc nha phat trién chia ing dung thanh nhiéu task dé to61i wu hoda
cac quan ly xuat nhdp trong mét trong cac khoang thoi gian xac dinh.

- Mot task co thé gianh thoi gian thyc hién cuia CPU theo cac giai thudt 1ap lich do kernel
tao ra, task dugc xac dinh dya va cac thong so va cau truc dir licu riéng bi¢t cia nd. Moi task khi
duoc tao c6 mot tén, so hiéu (ID) va mirc wu ti€n khac nhau.

7.1 Cac trang thai cua task:

- Du la task hé théng hay task ung dung, tai mdi thdi diém, mdi task ton tai & mot trong
cac trang thai sau: ready, running hay block. Khi h¢ thong dang hoat dong céc task c6 thé chuyén
qua lai gitra cac trang thai.

Task is initialized and
enters the finite state
machine.

-

Task is unblocked
but is not the Task no longer has

highest-priority task the highest priority. Task has the
9 priority highest priority.

Task is unblocked

and is the
highest-priority
Blocked task

Task is blocked
due to a request
for an unavailable

- Ready state: Task sin sang thyc thi nhung khong thé vi mot task khac véi muc wu tién
cao hon dang thyc thi.

- Block state: Task goi yéu cau nhung khong dugc chap nhan, yéu cau dugc thi hanh phai
cho moét so su kién khac dién ra hay bi tri hoan trong mot khoang thoi gian.
- Running state: Task c6 muc vu tién cao nhat va dang dugc thi hanh.
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Chuwong 2
GIOI THIEU HE PIEU HANH NHUNG

1. h€ diéu hanh linux
1.1 Gi6i thi¢u h¢ diéu hanh Linux:
Linux 13 hé dleu hanh md phong Unix, Linux duoc xay dung dya trén phan nhan (kernel)

va cdc go6i phdn mém ma ngudn mé. Linux duoc cong bd dudi ban quyén cua GPL (General
Public Licence).

Unix ra doi gitra nhimg nam 1960, ban dau dugc phat trién boi AT&T sau d6 dugc ding
ky thuong mai va phat trlen theo nhleu dong vai cac tén khac nhau. Nam 1990, xu huéng phat
trién phan mém ma ngudén md xuat hién va duoc thiic day boi to chirc GNU. Mot sd Licence vé
méd ngudn mé xuét hién nhu BSD, GPL. Nam 1991, Linus Torvald viét thém phién ban nhén
V0.01(kernel) dau tién va dua lén cho cong dong nguoi ding dé st dung va phat trién. Nam
1996, nhan V1.0 chinh thirc cong bd va ngay cang dugc sy quan tdm cta nguoi dung. Nam 1999,
phién ban nhan V2.0 v6i nhiéu dic tinh hé tro nhiéu cho cac tmg dung server. Nam 2000, phién
ban V2.4 ra doi ho trg nhidu hon va Linux bt dau budc chan vao thi trudng ma chi yéu 1a trong
cac tmg dung mang, cac tmg dung cho cac thiét bi cim tay.

Céc phién ban ctia Linux 13 san pham dong goi kernel va cac gbi phan mém mién phi khéc.
Céc phién ban nay dugc cong bd dudi licence GPL.

Giéng nhu Unix, Linux gdm c6 3 phan chinh: Kernel, Shell va cau tric tap file.

Kernel la chuong trinh nhan, mot sb tai liéu con goi 1a nhan h¢ diéu hanh Linux. Kernel
chay cac chuong trinh hé thong va quan 1y hoat dong ctia hé thong.

Shell la méi truong cung cap cac giao dién cho ngudi st dung con duge mo ta nhu mdt bd
bién dich, Shell 1a cau ndi giao tiép giita nguoi su dung va nhén hé diéu hanh(kernel). Shell nhan
cac 1énh tir ngudi dung va goi cac 1énh dén nhan hé diéu hanh dé thyc thi. Hién nay chil yéu ton
tai 3 shell: Bourne, Korn, C Shell. Bourne dugc phat trién tai phong thi nghiém Bell. C Shell
duogc phat trién cho phién ban BSD cia Unix. Korn Shell 1a phién ban cai tién cua Bourne Shell.
Nhing phién ban hién nay ctia Unix bao gém Linux déu tich hop ca 3 shell trén.

Cau trac File hay hé thong file (file system) quy dinh cach luu trir céc file trén dia. File
duogc dat trong cac thu muc. M&i thu muc c6 thé chira File va cac thu muc con khac. Mot sb thu
muc 1 cac thu muc chuéan do hé théng su dung. Nguoi dung cé thé tao ra cac file hay thu muc
riéng va c6 thé thay doi cac file hay thu muc d6. Trong méi truong Linux/ Unix, ngudi ding con
c6 thé thay doi cac quyén truy cp trén céc file hay thu muc cho phép han ché quyén truy cap doi
voi mot ngudi ding hay mot nhém ngudi ding. Cac thu muyc trong Linux dugc to chtr hinh cay,
bat dau 1a thu muc gde (root), cac thu muc khac dugc phan nhanh tir thuy muc nay.

Kernel, Shell va hé théng File tao nén céu trac hé diéu hanh. V&i cac thanh phﬁn trén
ngudi ding c6 thé chay chuong trinh, quan 1y file va tuong tac véi hé thong.

1.2 Mt s6 phién ban ciia Linux:

Redhat va Fedora Core ban Linux c6 I 1a thinh hanh nhét trén thé gidi, phat hanh boi cong
ty Redhat. Tir nam 2003, Redhat Inc chuyén huéng kinh doanh. Ho dau tu phat trién dong san
phim Redhat Interprise Linux (RHEL) véi muyc dich thwong mai, nham vao cac cong ty, xi
nghiép. Déi voi nguoi dung binh thuong, ho mé mot dy an tén la Fedora. Redhat bo tién va mot
s0 k¥ su ctia minh hd trg cho dy an nay dong thoi kéu goi cac chuyén vién thiét ké trén khap thé
gi6i qui tu lai dé phat trién Fedora Core. Ban Linux ctia Redhat cudi ciing dimg & phién ban 9.0.
Version ciia Fedora Core duoc dém tir 1. C6 thé nghi dai khai 1a FC1 tuong duong Redhat 10,
FC2 twong duong Redhat 11. Thuc té thi khac nhiéu, ddc biét 1a tir FC2.
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WhiteBox Linux Béan clone ciia Redhat Enterprise Linux 3.0. Build trén source code cua
RHEL bdi mot nhom céc ki su & LA, Hoa Ky. Hién nay server Nhatban.NET dang dung ban
nay.

SuSE Linux duoc san xuét & Pire. Ban Linux cuc ky thiI}h ha‘mh\d chau Au va Bic M.
Nam 2003, cong ty SuSE bi 6ng 16n Novell mua. Novell dang doc sirc dau tu cho SuSE dé nham
vao cac nha doanh nghiép hong gianh lai thi phan tir tay Redhat. Ban SuSE mdi nhat hién nay la
9.1

Mandrake Linux Made in France. Cf,mg la m(f)‘g bér} Linux rét thinh hanh & chau Au, My, va
Viét Nam. Day cling 1a ban dugc vu ai nhat trong van dé Viét hod. Theo thong tin mdi nhat ngay
22/7/2004 thi qua trinh Viét hoa cho Mandrake Linux (MDK) da dat 85%. Ban MDK méi nhat
hién nay 1a 10.0

Turbo Linux Nbi tiéng & Nhat, Trung Qudc. Cong ty Turbo dang dau tu manh nham thong
tri thi trudng Linux Trung Qudc. Ban Turbo m&i nhit hién nay 1a 10F.

Debian Linuxm, mdt 6ng 16n nita trong lang Linux. Nhiéu nguoi co ¥ kién cho rang:
“ngudi khong chuyén nén dung Fedora Core dé c6 thé lam quen dwoc voi nhimg k§ thuat méi
nhét ctia Linux, con dan chuyén nghiép nén dung Debian vi sy 6n dinh tuyét voi cia n6”. Ban
méi nhat: 3.0R2

Vine Linux Cuc ky duoc wa chudng tai Nhat. Duoc phat trién trén nén Redhat 6.2. Dic
diém cuia ban nay 1a rat nhe (duy nhit 1 dia CD) va hd trg tiéng Nhat 100%. Vine Linux ciing
dugc tich hop thém mot sb tinh ning ciia Debian vi du nhu apt-get. Ban mdi nhat hién nay 1a
2.6R4. Ban 3.0 dugc tung ra trong thang 8/2004.

Knoppix Linux dugc san Xp.ét 0 Dbuc. Ban live Linux dugc wa chudng nhét hién nay. Khoi
dong tryc tiép tr CD ma khong can cai dat vao 6 cung. Phién ban mai nhat la 3.4.

Vietkey Linux dugc san xuat tai Viét Nam. Hoan toan khong c6 tiéng tam gi ngoai chuyén
duoc giai trong cudc thi TTVN 2003. Phat trién boi nhom Vietkey trén nén Redhat 7.2. Ciing
nén thir cho biét san pham doat giai nhat cia TTVN no ra sao.

vnlinuxCD Ban live CD by Larry Nguyen Nguyén tac cia vnlinuxCD gibng Knoppix
nhung duoc build trén nén Mandrake 9.2. Ho tro kha t6t cac van dé vé tiéng viét.

Céc phién ban khac con rat nhidu nha phan phdi khac. Cac ban ty tim hiéu thém co thé
check: Slackware, Gentoo, College, Yellow Dog, SGI, Momonga...

1.3 H¢ thong tap tin va thu muec trén Linux:

Trong méi truong Windows (vi du 2000 hay XP), mac du nguoi dung c6 toan quyén to
chire cau triic thu muc, nhung mot s6 quy dinh truyén théng van duogc tuan theo. Vi du cac tap
tin hé théng thuong nam trong thu myc :\Windows, cic chuong trinh thuong dugc cai dat vao
C:\Program Files, v.v. . . Trong Linux cling c6 mot céu trac thu muc kiéu nhu vay va tham chi
con nghiém ngat hon. Hon nita c6 mot ti€u chuén xac dinh ciu tric thu muc cho cac hé diéu
hanh dong UNIX. Tiéu chuén nay duoc goi 1a Filesystem Hierarchy Standart (FHS).

/bin: Thu muc nay gém chi yéu cic chuong trinh, phan 16n trong s6 chung can cho hé
thdng trong thoi gian khai dong (hodc trong ché d6 mot ngudi ding khi bao tri hé thdng). O day
¢6 lyu rat nhidu nhiing c4u lénh thuong ding ciia Linux.

/boot: Gom cac tap tin ¢d dinh can cho khoi dong hé thong, trong d6 c6 nhan (kernel). Tap
tin trong thu muc nay chi can trong thoi gian khoi dong.

/dev: Thu myc niy chira céc file thiét bi. Trong thé gidi Unix va Linux cac thiét bi phan
ctng dugc xem nhur lam mét file. Pia cing va phan viing 14 céc file nhu hdal, hda2. Bia mém la
£d0... Cac tap tin thiét bi nay dat trong thu muc /dev.

/ete: Thu muc nay chira cac file cAu hinh toan cuc cua hé théng. Co thé c6 nhiéu thu muc
con cua thu myc nay nhung nhin chung ching chira cac file script dé khoi dong hay phuc vu cho
muc dich cau hinh chuong trinh trude khi khoi dong.
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/home: Thu muc nay chira cac thur muc con dai dién cho mdi User khi ding nhap. Noi day
tya nhu ngdi nha cta nguoi dung. Khi nguoi quan tri tao tai khoang cho ngudi ding, ho cép cho
nguoi dung mét thu muc con trong /home. Nguoi st dung co thé sao chép, xda file, tao thu muc
con trong thu muc /home ma khong anh hudng dén cac nguoi ding khac.

Mib: thu muc nay chutra céc file thu vién .so hoac .a. Cac thu vién C va céac thu vién lién 16t
dong can cho chuong trinh khi chay va can cho toan hé thong. Thu muc nay twong ty nhu thu
muc SYSTEM32 ctia Windows.

Nlost + found: Thu muc nay dwoc dit tén hoi la nhung diing nghia ctia nd. Khi hé thong
khoi dong hodc khi chay chuong trinh fsck, néu tim thdy mot chudi dit liéu nao do6 bi thét lac
trén dia cliing khong lién quan dén céc tap tin, Linux s& gop chiing lai va dat trong thu muc nay
dé néu can ngudi dung c6 thé doc va giit lai dir liéu da mat.

/mnt: Thu muc nay chira cac thu muc két gan tam thoi dén cac 6 dia hay thiét bi khac.

/sbin: Thu muc nay chira cac file hay chuong trinh thuc thi ciia hé thong thuong chi cho
phép str dung bdi ngudi quan tri.

/tmp: Pay 1a thu myc tam ding dé chira céac file tam ma chwong trinh sir dung chi trong
qué trinh chay. Céc file trong thu muc nay s& duoc hé théng don dep néu khong con dung dén
nura.

/usr: thu muc nay chira rit nhiéu thy muc con nhu /usr/bin hay /usr/sbin. Mot trong
nhiing thu myc quan trong trong /usr la /usr/local. Bén trong thu myc local nay ban c6 du cac
thu muc con tuong tu ngoai thu muc géc nhu sbin,lib, bin... Néu ban nang cap h¢ thong thi cac
chwong trinh cai dat trong /usr/local van giit nguyén va khong so bi mat mat. Hau hét cac tmg
dung Linux déu thich cai dat vao /usr/local. Thu muc niy tuong tu nhu Program File trén
Windows.

/var: Thu myc niy chira cac file bién thién bat thuong nhu cac file dit liéu dot nhién tang
kich thugc trong mot thoi gian ngan sau do lai giam kich thudce xudng con rat nho. Dién hinh 1a
cac file dung lam hang dgi chira dir liéu can dua ra may in hodc cac hang doi chura mail.

1.4 Céc Iénh co ban trén Linux:
e Hién thi théng tin nguoi dung:
Lénh who am I, hay whoami
[rootdlocalhost ~]# who

root ttyT Z010-03-11 03:33 [:0]
raot prssl 2010-05-11 03:53 (:0.0)

root pLssE 2010-03-11 03:34 {:0.0)

root aR =W 2010-03-12 02:39 {:0.0)

root pEssd 2010-02-13 01l:45 (1922.1a8.1.2)
[rootllocalhost ~]# who am i

root prtasa 2010-03-13 01l:45 [(122.165.1.2)
[rootdlocalhost ~]# whoami

root

[rootdlocalhost ~]# l

e Tao tai khoan nguoi:
Lénh useradd
useradd [tén tai khoan]
Lénh cho phép tao mét tai khoan ngudi dung, ngudi dung co thé sir dung tai khoan nay dé
dang nhap vao hé thong ngay trén may Linux hodc tir caic may khéac thong qua mang.
Ban chi khi dang nhap vao hé théng v6i tai khoan root ban méi co thé tao tai khoan
nguoi dung, dang nhap hé thong véi tai khoan root c6 thé dang nhép truc ti€p trén may hodc
thong qua mot may khac trén mang.
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Sau khi tao tai khodn thanh cong, thu muc c6 tén tai khodn vira tao s€ dugc tao ra trong thu
muc /home /.
e Xoa tai khoin nguoi dung:
Lénh userdel
userdel [tén tai khoan]
e Thay d6i mét khiu diing nhip:
Lénh passwd
[rootllocalhost ~]# passwd
Changing password for user root.
New TNIX password:
BAD PASSWORD: it is too simplistic/systematic

Fetype new UNIX password:
passwd: all authentication tokens updated successfully.

Ban chu ¥ trong hé thong Linux, khi ban nhép password thi cac ky tu s€ khong dugce hién
thi ra man hinh duéi dang cac ky tu * nhu trong h¢ thong windows.
e Thay d6i tai khoin ding nhip:
Lénh su
Gia st ban ddng nhap vdi tai khoan 1a root. Sau khi dang nhap du nhic hé thong s& co
dang #.
Gi0 ching ta tao thém mdt tai khoan user c6 tén 1a user01 st dung 1¢énh useradd nhu sau:
useradd user(1
Chuyén dang nhap sang user01 nhu sau:
su user01
Lac nay dau nhéc hé théng c6 dang $
[tootflocalhost /]#
[rootllocalhost /1#
[rootidlocalhost /]# useradd userdl
[rootidlocalhost /]# su userdl
[user0lBlocalhost /15 [}
Thay d6i dang nhap bang tai khoang root:
[user0Ol@localhost /1% su root

Pazsword:
[tootBlocalhost /]# I

e Xem tro gitip vé Iénh:
Lénh man
Cu phap: man tén Iénh
Lénh man cho phép hé théng hién thi thong tin cua Iénh duogc chi ra trong I€énh man, day la
mot trinh trg gitip hi¢u qua cho ngudi st dung Linux.
Mot ) phim chirc ning trong lénh man:
iq Két thic
:b V& trang trudce
:(f VE trang sau
e Thay d6i thu muc hién hanh:
Lénh ed (change directory)
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$ cd <pathname>
_pathname = dudng dan twong ddi (tinh tir thu muc hién hanh) hodc tuyét déi (tinh tir thu
muc goc)
Thu muc dac biét:
Thu muc hién hanh: .
Thu muc cha: ..
Thu muc home: ~ hoac ~username

$cd /tmp (chuyén t&i thu muyc /tmp)

$cd ../home/a01 (chuyén t6i thu muc /home/a01)
$pwd

/home/a01

e Lié¢t ké ndi dung thu muc:
Lénh Is (listing directory):
Is [option] path_name
Vi du:
$1s
addr.c env.c fork.c lockf.c pipel.c a.out execl.c forkex.c lockf.h
-a ligt ké cac file an
-d chi liét ké tén ctua thu muc, khong li¢t ké ndi dung
-F liét ké céc file va cho biét kiéu cua file qua ky hidu ¢ cudi
Khong c6 ky hi¢u gi:  file thuong

< directories
¢ executable files
cc@” hnked ﬁles

-i cho biét s inode cua file
-1 liét ké day du thong tin vé file/thu muc
-R 1i¢t ké cac thu myc con d¢ quy
-t sép xép theo thoi gian cap nhat
e Tao thu muc:
Dung 1énh mkdir
mkdir path _name
Vi du:
$pwd
/export/home/a01
$mkdir examples
$ls —aF
./ .bash_logout .bashrc .emacs ex.tar .screenrc
../ .bash_profile Desktop/ examples/ .kde/ .wl
Vi du cén tao 3 thu muc a, b, ¢ nhwr sau a/b/c
Dung 3 Iénh mkdir
$mkdir a
$mkdir a/b
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1.5
Lénh

Vidu:

1.6

$mkdir a/b/c
Dung mét 1énh mkdir
$mkdir —p a/b/c
Lénh x0a file va thu muc:
rm
Xo4 thur muc rong (khong chira thu myc con hay file)
rmdir path_name(s)
Xo4 thur muyc khong rong
rm —r path_name(s)
Xoa file
rm —option file name(s)
Lénh Copy files:
cp [-option] from(s) to
Copy thu muc
cp -r from(s) to

$cp /etc/passwd.

$Scp p*.pas /tmp

$cp /ete/sysconfig/network-sripts /tmp

Di chuyén file va thu muc

Lénh mv (move):

my [option] filename dest _file

myv [option] directory dest _dir

my [option] filename dest_dir

Vidu:

$mv examples lab1
Tao file va nhap vao ndi dung
cat > name_of file
Sau khi nhap noi dung, g <Enter> dé xung dong.
An Ctrl-d d ghi noi dung soan thao vao file va két thic thao tac.
Vidu
$cat > test.txt <Enter>
this is my file <Enter>
Ctrl+D
$
Tao file rdng (0 bytes) bang 1énh touch
touch new_file
Tao file c6 ndi dung dai:
Lénh more:
more filename
Dau nhéc --More--(nn%) xuat hién bén dudi man hinh.
C6 thé dung cac phim diéu khién trong lic dang xem ndi dung file
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space bar  hién thi trang ké tiép
<RETURN> hién thi dong ké tiép
q thoat khoi lénh more
b vé trang trudc.

h xem trg giip

Hién thi n dong dau tién ciia mot text file, dung 1énh head
head -n filename
(néu n=10, c6 thé bod option —n di: head filename)
e Hién thi ndi dung file:
Hién thi n dong sau cung cua mdt text file, dung 1énh last
last -n filename
(néu n=10, c6 thé bod option —n di: last filename)
1.7 Tim kiém mdt file trong hé thong file (file system): ding I¢nh find
find pathname -name filename -print
(C6 thé dung wildcard dit trong dau nhay kép)
Vi du:
$find / -name “*.cpp” -print

Ciing co thé dir)h vi mot file bﬁng cac 1énh which, whereis, locate (luu y 1a cac 1énh nay chi
tim trong pham vi bién moi truong PATH hodc xxxPATH)

Vi du:
$ which find
$ locate Is
e Tim trong noi dung cua file:
Tim mot chudi ky tu trong mot text file béng 1énh
grep pattern filename(s)
pattern: chudi ky tu can tim kiém. Néu chudi c6 ky tu dic biét thi phai dit trong dau nhay
don.
Vi du:
$ grep UNIX /usr/man/man*/*
$ grep -n '[dD]on\'t' notes
$ grep a0l /etc/passwd
e Cic quyén trén file va thu muc:
Heé thong *NIX bao vé cac file va thu myc thong qua cac quyén thiét lap trén do.
C6 3 quyén:
r—read - doc
w—write —ghi
x—execute -thuc thi
Céc quyén dugc ap dung trén 3 nhom nguoi ding, ki hidu bang ba ki tu tuong tmg u, g, 0
u = owner user = chu s¢ hitu
g = group = nhirng nguodi cung nhoém véi chu sé hitu
0 = others = tat ca nhiing ngudi khac
e Phan quyén:
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Céc quyén 4p dung cho 3 nhom nguoi ding két hop lai thanh 9 bit nhur sau:
WX IWX  I'wxX
user  group other

C6 thé xem thong tin vé quyén truy cap bang lénh Is -1
Vi du:

$ls -1

-TWXTI-XI-X

Vi vi du trén:

Chu s hitu c6 quyén r (doc), w (ghi), va x (thuc thi).

Céc thanh vién ciing nhém véi chu sé hiru c6 quyén r va x.

Nhitng ngudi khac ¢é quyén r va x.

e Thay d6i quyén trén file va thuw muc:
Dung 1énh chmod.
chmod access_mode file(s)

Quyeén truy cp c6 thé thiét 1ap theo 2 dang
Dang dung ky hi¢u (symbolic): [ugo][+ -=][rwx]
Dang dung s6 bt phan (octal): [0-7][0-7][0-7]
1.8 Két gan 6 dia va thw muc:
Lénh mount
Lénh mount cho phép két gan cac phan vung hay thiét bi vat Iy nhu A, CD_ROM thanh
mot thu muc trong cay thu muyc thong nhat cia h¢ di€u hanh bat dau tur thu muc goc /. Lénh
mount don gian c6 ¢l phap nhu sau:
mount —t vfstype devicefile mdir

devicefile la duong dﬁr} dén file thiét bi (thuong luu trong thu myc /dev). Linux thuong
quy dinh 6 dia A 1a file thiét bi /dev/fd0. O dia CD-ROM la /dev/cdrom, cac phén vung la
dev/hdal, dev/hda2.... Tuy chon —t s& két gan theo kiéu h¢ thong file trén thiét bi do vistype quy
d,inh. mdir la d}rc‘mg dan can két gan yéo hé ‘thf)ng file cf{a Linux; Hién tai Linux c6 thé doc duoc
rat nhiéu hé thong file, vfstype c6 thé bao gom nhiing kiéu hé thong file thong dung sau:

Msdos la hé théng file va thu myc theo bang FAT16, FAT32 cia DOS. Linux doc dugc
moi kiéu dia va dinh dang cia DOS / Windows.

Ntfs Dinh dang hé théng file NTFS cua Windows NT

Ext2 Dinh dang hé théng file chuén cta Unix va Linux.

Nfs Dinh dang hé thdng file truy xuit qua mang (Network File System)

MIE(A’)H thao két gan co th,é s dung 1énh umount. Lénh umount chi yéu ca‘i’u tham sé la
dudng dan dén thu muc dang két gan. Sau khi thdo két gan ban khong con truy xuat vao thiét bi
duoc nira.

Vi du két gan 6 dia A vao thu muyc trong /tmp

mount — t msdos /dev/fd0 /mnt/mydrive

Doc ghi thu muc mydrive twong tmg vi doc ghi 6 dia a ciia hé thong
Théo két gan 6 dia A

umount /mnt/mydrive

e Dong goi cac tap tin:
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Dé dong goi cac file ctia chuong trinh, ta thuong nén chiing lai thanh mot file duy nhat véi
cac dang nén nhu .tar, .gz, .tgz. Thuong file TAR (tape archive) trudc day la mét file dang luu
trtr cia UNIX nén ti 1€ nén khong cao. Ban nén céc file lai thanh file .tar sir dung 1énh tar. Sau
nay thuat giai nén zip cho phép nén nhiéu dir liéu hon nén cac file .tar c¢6 thé duogc nén thém mot
14n nita bang trinh gzip (trén Windows 1a winzip).

Vi du:

Gid st trong thu muc hi¢n hanh cé cac file nhu sau: main.c, a.c, a.h, b.c b.h, Makefile.
Gi0 ta nén cac file lai va luu trong mét file nén c6 tén myapp.tar

tar cvf mayapp.tar main.c a.c a.h b.c b.h

[rootidlocalhost sonll# ls
a.¢ a.h b.c b.h mnain.c
[rootidlocalhost sonl]# tar ovE myapp.tar main.c a.c a.h b.c b.h
nain.c

a.c

a.h

b.c

b.h

[rootidlocalhost sonl]# ls

a.c a.h b.c b.h main.c myapp.tar

[rootidlocalhost sonl]# I

Két qua thu dugc tap tin nén myapp.tar trong cing mot thu myc.

Trinh gzip c6 thé cho kich thude file nho hon nhu sau:

gzip myapp.tar
[rootfdlocalhost sonll# geip wyapp. tar
[rootfdlocalhost sonl]l# ls

.

c a.h b.c b.h wmain.c myapp.tar.gz

[rootllocalhost sonl]# I

Két qua ta thu dugc tap tin nén myapp.tar.gz

Khi
nhu sau:

nhan dugc tap tin nén myapp.tar.gz. qua trinh giai nén nguoc lai ¢6 thé duoc tién hanh

- Gidi nén trd lai tap tin .tar

gzip —d myapp.tar.gz

- Giai nén tap tin .tar

tar xvf myapp.tar

Cu phép va tuy chon cta Iénh tar thuong dung:

Tar [option] [list of file]

Trong d6 option s& mang céc gia tri két hop sau:

C
f
t

v
X

Tao file tar moi

tén tap tin can dua dit lidu vao

Liét ké ndi dung hay danh sach file chira trong file tar
yéu cau lénh tar hién thi thong bao khi thyc thi 1énh
Bung céc file trong tap tin tar trd lai dia cling.

Thong thuong khi nén cac tap tin tao thanh file tar ta dung tuy chon evf. Nguoc lai khi giai
nén tap tin .tar ta dung tuy chon xvf.
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Chuong 3

LAP TRINH HE VO SHELL
1. Sir dung bién

Thuong ban khong can phai khai bao bién trueée khi st dung. Thay vao d6 bién sé
duoc tw dong tao va khai bao khi lﬁn df;lu tién tén bién xuét hién, chang han nhw trong
phép gan. Méc dinh, tat ca cac bién deu duoc khoi tao va chua trn kiéu chudi (string).
Ngay ca khi dit liéu ma ban dua vao bién 12 mot con so thi né ciing duoc xem la dinh
dang chudi. Shell va mot vai lénh tién ich s€ tw dong chuven chudi thanh sb dé thue hién
phep tinh khi c6 yéu cau. Tuwong tw nhu ban than hé diéu hanh va ngon ngtt C, cu phap
cua shell phan biét chit hoa chit thwong, bién mang tén foo. Foo, va FOO la ba bién khac
nhau.

Bén trong cac script ciia shell, ban c6 thé 1iy vé noi dung ciia bién bang cach ding
dau $ dat truée tén bien. P& hién thi ndi dung bién, ban 6 the dung lénh echo. Khi gin
noi dung cho bién. ban khong can phai st dung ky tu $. Vi du trén dong 1énh. ban c6 thé
gan ndi dung va hién thi bién nhu sau:

$ xinahao=hello

S echo Sxinchao

Hello

S xin chao= "I am here"

Secho $xin chao

I am here

S xinchao=12+]

$echo $xin chao

12+1

C6 thé sir dung 1énh read dé doc nhap liéu do ngudi ding dwa vao va giit lai trong bién
dé sir dung. Vi du:

$ read yourname

XYZ

$echo "Hello " Syourname

Hello XYZ
Lénh read két thuc khi ban nhan phim Enter (twong tu scanf cia C hay readln cua
Pascal).

2.Cac ky ty dac biét

Mot tlen trinh Unix/Linux bao gi& ciing gan lién véi cac dau xir 1i cac dong (stream) dir
liéu: dau vao chuan (stdin hay 0). thuong la tir ban phim qua chuc nang getty(): dau ra

chuan (stdout. hay 1), thuong 14 man hinh, va co s& dit liéu 16i hé thong (stderr, hay 2).
Tuy nhién cac huéng vao/ra c6 thé thay do6i dugc béi cac thong bao dac biét:
Ki hi¢u Y nghia ( ... twong trung cho dich doi hudbg)

10

Trang 17

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Q‘nnosoﬂ:

Live your dream

Dau ra huodng td1 ...

>> No1 vao nd1 dung cua ...

< L’“'w dau vao tir <

<< word Chu vao la ¢ day ..

2> d‘lu ra bao 101 s& hu’cmg Vao .

2>> dau ra bao 161 hudng va ghi them Vao ...

V1 du:

$date > login.time
Lénh date khong két xut ra dau ra chuan (stdout) ma ghi vao tep login.time. >a’ogm nme
khong phai la thanh ph‘m cua 1énh date, ma don gian mo ta tién trinh tao va géi két xuét &
dau (binh thuong la man hinh). Nhin theo cach xtt li thi nhw sau: ca cum lénh trén chira
hai phan 1énh date, tre chwong trinh thue thi, va thong dlep (>login.time) thong bao cho
shell biét két Ku‘l[ Ieénh s€ dwge xu li nhwe thé nao (khac véi mac dinh. Ban than date ciing
khong biét chuyén két xuét di dau, shell chon méc dinh).

V1 du:

$cat < filel ]
Binh thuong cat nhan va hién thi noi dung tép co tén (la doi dau vao). Vo1 lénh trén cat
nhan no6i dung tir filel va két xuat ra man hinh. Thuc chat khong khac gi khi gé:

$cat filel.
Hay xem:

$cat < filel > file2
Lénh nay thuc hién nhu thé nao ? Theo trinh trr sé nhuw sau: cat nhan no1 dung cua filel
sau do ghi vao tep co ten file2. khong dua ra stdout nhw mac dinh. Lenh cho thay ta c¢6
thé thay doi du va dau ra cho 1énh nhu thé nao. Nhimg 1énh cho phép ddi dau ra/vao goi
chung la qua trinh loc (filter).

3. Ongdin
Shell cho phep ket qua thye th1 mot Ienh (dau ra cua Ienh), ket hop truc tiep (ndi vao) dau
vao cua mot lénh khac, ma khong can xir i trung gian (luu la1 trude tai tép trung gian).

Vi du:

$who | Is -1
Dau ra (stdout) ctia who (dang 1& s& ra man hinh), s&la dai vao (stdin) cua /s /.
Vi du:

$ (date ; who) | Is -
Tom ftt:

cmd & dat 1énh emd chay nén (background)

cmdl ; emd2 chay emdl trudce, sau do chay cmd?2

(cmd) thuc hién cmd trong mot shell con (subshell)

‘emd’ dau ra ctia cmd sé thay cho dau ra ciia lénh trong dong lénh

cmdl | emd2 noi dau ra ciia cmdl vao dau vao ciia cmd?

4. Lénh ré nhanh
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Nén tang co ban trong tat ca ngdn ngix lap trinh. do la kha ning kiém tra diéu kién
va dua ra quyet dinh 1€ nhanh thich hop tuy theo diéu kién dung hay sai. Trude khi tim
hiéu cu triic diéu khién ciia ngdn ngit script, ta hiy xem qua cach kiém tra dié kién.

Mot script cua shell co the kiém tra ma 13i tra vé clia bat ky Iénh nao c6 kha nang
triéu goi tir dong Iénh, bao gbm 4 nhu'ng tap tin lenh script khac. DO la Iy do tai sao
ching ta thuong st dung 1énh exit & cudi mdi scipt khi két thuc.

Thuc té, céc script st dung 1énh [] hoac test dé kiém tra diéu kién boolean rat
thuong xuyén. Trong hau hét cac hé thong UNIX va Linux thi[ | vatestcoy nghla tuong
tw nhau, thuong 1énh [ ] duoc dung nhiéu hon. Lénh [ ] tréng don gian, dé hidu va rat gan
va1 cac ngtr lap trinh khac.

Trong mot sé shell ciia Unix, lénh test c¢6 kha ndng la mot 1oi triéu goi dén
chuwong trinh bén ngoadi chir khong phai lénh néi tai ciia ngén ngir script. Boi vi
test it khi duoc diing va hau hét cdc Idp trinh vién cd thoi quen thuong tao cdc
chuong trinh voi tén test, cho nén khi thir Iénh test khong thanh céng bén trong
script, thi hay xem lai ddy dé bén trong hé thong cé mét chuong trinh tén la test
khdc biét nao dé dang ton tai. Hay thir dimg lénh which test, Iénh ncy sé tra vé
cho ban dwong ddn dén thu muc test duoc triéu goi. Chang han /bin/test hay
/usr/bin/test.

Dude day la cach swr dung lénh test don gian nhét. Dung 1énh test dé kiém tra xem
file mang tén hello.c c6 ton tai trong hé thng hay khong. Lénh test trong trwong hop nay
cocu phap nhu sau: fest -f <mename>. trong script ta c6 thé viét 1énh theo cach sau:

if test -f hello.c
then

fi

Cling c6 thé st dung [ ] dé thay thé test
if [-fhello.c ]

then

fi
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Mo 16i va gid tri tra vé ciia lénh ma test kiém tra sé quyét dinh diéu kién kiém tra
la diing hay sai.

Luu ¥, phdi ddt khodng tring giita lénh [ ] va biéu thire kiém tra. Dé dé nho thé
xem [ ] twong duong véi lénh test, va di nhién giita mot lénh vé tham s6 truyeén
cho Iénh phdi phdn cdch nhau bang khodng trdng dé trinh bién dich c6 thé hiéu.

. Néu thich dat tw khoa then chung mot dong vo1 leénh if, ban phai phan cach then
bang dau cham phay (;) nhw sau:
if [ -f hello.c | ; then

fi
Piéu kién ma 1énh test cho phép kiém tra c6 thé roi vao mot trong 3 kiéu sau:

So sanh chudoi

So sanh Két qué

stringl = string2 frue néu 2 chudi bang nhau (chinh xac timg ky tw)
tringl != string2 true néu 2 chudi khong bang nhau

-n stringl true néu string] khong réng

-z stringl true néu string] rdng (chudi null)

So sanh todn hoc
So sanh Két qua
expressionl -eq expression2 frue néu hai biéu thitc bang nhau
expression] -ne expression2 #rue néu hai biéu thire khong bang nhau

expressionl -gt expression2 frue neu bieu thitc expressionl 1ém hon expression2

expreesion] -ge expression2 frue néu bicu thirc expressionl 16n hon hay béing
expre5510n2

expressionl -t expression2  frue néu biéu thirc expression] nhoé hon expression2

expressionl -le exprebbion2 #rue néu biéu thirc expression]l nhé hon hay bing

expres510n2

lexpression true néu biéu thirc expression 1a false (toan tir not)
Kiém tra diéu ki¢n trén tdp tin ,

-d file true néu file 1a thu muc

-e file frie néu file ton tai trén dia

-ftile frie neu file la tdp tin thong thuong

-g file frue néu set-group-id duoc thiét 1ap trén file

-1 file true neu tile cho phep doc

-s file frue neu kich thuge file khac 0

-u file frie neu set-ser-1d dwoc ap dat trén file

-w file frue neu tile cho phéep ghi

-x file frue néu file duoc phép thuc thi

Liu ¥ vé mat lich s thi tuy chon -e khong kha chuyén (portable) va -f thuong duoc st
dung thay thé.

4.1 Lénh if

Lénh if tuy don gian nhung duoc sir dung nhiéu nhat. if kiém tra diéu kién dung
hodc sai dé thue thi biéu thite thich hop
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if condition
then

Statements
else

Statements

Vi du, doan script sau st dung 1f tuy vao cau tra 101 ciia ban ma dua ra o1 chao thich hop

#1/bin/sh

echo nhap a=

read a

echo nhap b=

read b

if [ Sa -gt Sb ] ; then echo 'a>b°
elif [ Sa-eq Sb] ;then

echo 'a=b°

else echo 'a<b®

Str dung for deé lap lai mot s6 1an véi céc gid tri xac dinh. Pham vi lap co the mm
trong mot tép hop chudi chi dinh twong minh béi chuong trinh hay 14 két qua tra vé tir

fi
5. Vong lap
mot bién hoic biéu thirc khac.
Cu phap:
for variable in values
do
statemens

done

#!/bin/sh

dem=0

echo "ban nhap vao mot chuoi"
read word
echo "tach tu:"
foriin Sword
do
dem="$((Sdem+1))"
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echo "Si"
done
echo "tong so tu la:Sdem"
exit 0

Méc du I¢nh for cho phép lap trong mot tap hop gia tri biét truée, nhung trong
trvong hop mot tap hop 16n hodc so lan lap khong biét trucdc, thi for khong thich hop. Vi
du .

forfoom12345678910111213 141516

do

echo $foo

done

Lénh while cho phép thue hién [&p vo han khi diéu kién kiém tra van con dung.

Cu phap cua while nhu sau:
while condition do
statements
done )
Vi du sau s€ cho thay cach while lién tuc kjém tra mat khau (password) ctia nguoi ding
cho dén khi dung bang chudi secret. méi chap nhén.

#!1/bin/sh

echo "Enter password"
read trythis

while [ "S$trythis"™ != "secret" ]; do
echo "Sorry, try again"
read trythis

done

exit 0

6. Lénh CASE
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Lénh case co cach st dung hoi phic tap hon cac lénh da hoc. Ca phap cua 1énh
case nhu sau:

case variable in

pattern [ | partten] . . . ) statements,;

pattern [ | partten] . . . ) statements, ;

esac

Méc du mo1 nhin hot kho hiéu, nhung lénh case rat linh dong. case cho  phép thuc
hién so khép noi dung cia bién véi mot chudi mau pattern nao d6. Khi mot mau duoc so
khop, thi (lenh) statement twong umg s€ duoc thuc hién. Hay luu v dat hai dau chim nhav

;3 phia sau mo1 ménh & so khép paﬁer ., shell ding dau hiéu nay dé nhan dang mau
pattern so khép tiép theo ma bién can thuc hién.

#1/bin/sh
echo "Is it morning? Please answer yes or no"
read timeofday
case "Stimeofday" in

"yes") echo "Good Morning";;

0" ) echo "Good Afternoon";;

"y" ) echo "Good Morning";;

n" ) echo "Good Afternoon";;
*) echo "Sorry, answer not recognised";;

esac

exit 0
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7. Lénh s6 hoc

Danh shell AND cho phég thue thi mdt chudi lanh ké nhau. 1énh sau chi thuc hién

khi 1énh trude da thue thi va tra vé mé 101 thanh cong. Ct phap st dung nhw sau:
) Statement]l && statement2 && statement3 && . . )

Bét dau tir bén trai statement! s€ thuc hién trude, néu tra vé frue thi statement? ti€p tuc
dwoc goi. Néu statement?2 tra vé fulse thi shell chim dut danh shell AND nguoc lai
statement3 s& dwoc goi ... Toan tu && dung dé kiém tra két qiia tra vé clia statement
trude do. . o .

Keét qua tra ve cua AND s¢€ la frue néu tat ca cac lénh statement déu duoc goi thuc
thi. Ngugc lai la fafse

Hay xét vi du sau, dung lénh touch file_one (de kiém tra file one ton tai hay chua,
néu chua thl tao mo1) tiép dén mm file two. Sau cung danh shell AND sé& kiém tra xem
céc file c6 dong thoi ton tai hay khong dé dua ra thong bao thich hop.

#!1/bin/sh

touch file one
rm —-f file two

if [ -f file one ] && echo "hello" && [ -f file two ] && echo
"there"
then
echo -e "in if"
else
echo —-e "in else
fi
exit 0O

Danh shell OR cling twong tw vd1 AND la thuc thi mot day cac lénh, nhung néu
c6 mot 1énh tra vé true thi viéc thu'c thi ngtmg lai. C phap nhu sau:

statementl || statement2 || statement3 && .
Bit dau tir bén trai, statement] duge goi thuc hlen néu statementl tra vé false thi
statement?2 dwugc goi, neu statement? tra vé true thi biéu thitc 1énh chim dir, nguoc lai
statement3 dugc gol. Ket qua sau cung cua danh shell OR chi dung (true) khi c6 mot
trong cac statement tra ve true. Néu && goi Iénh tiép theo khi cac 1énh trude dé rrue, thi
nguoc lai || go1 Iénh uep theo khi Iénh trudce do false.
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#1/bin/sh

rm —f file_one

if [ -f file one ] || echo "hello" || echo
then
echo "in if"
else
echo "in else"
fi
exit 0
8. Express
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"there"

Lénh expr tinh cac d6i dau vao nhu mot biéu thic. Thuong expr dugce dung trong

viéc tinh toan céc két quia toan hoc khi doi gia tri tir chudi sang sb. Vi du :
x= 12"
x='expr$x + I'

Két qua x=13. Luu V. cdp ddu © © boc biéu thite expr khong phai & dau nhay don (Ky tu
nay la phim nam dudi phim ESC va bén trai phim 1, chung v6i phim . Cac toan hang va
toan tir phai cach nhau bang khoang trang. O day $x va I cach ky tu + khoang trang. Neu

dé chiing sat nhau, khi dién dich shell sé béao 161 biéu thirc.
Dudi day la mot so bieu thirc wéc Irong ma expr cho phép:

Biéu thirc
axprl | expr2
axprl & expr2

exprl = expr2
exprl >expr2
exprl >= expr2
exprl < expr2
exprl <= expr2
exprl != expr2
exprl + expr2
exprl - expr2
exprl * expr2
exprl / expr2
exprl % expr2

Y nghia

Két qua la exprl néu exprl khic 0 nguoc lai la
expr2
0 néu mat trong hai biéu thic 1a zero nguoc lai két
qua la exprl
Bang
Loén hon .
Lén hon hay bang
Bé hon .
B¢ hon hay bang
khong bang
Cong
Trr
Nhan
Chia
Modulo (1ay sb du)

Trong cac shell méi sau nay Iénh expr duoc thay thé bang cti phép $ ( (. .

hiéu qua hon va s& d& cap ct phap nay & phan sau.
9.Lay két qua
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Khi viét 1énh cho script chiing ta thuong c6 nhu cau 1ay vé két xuat hay két qua
cua mot lenh dé dung cho 1énh tiép theo. Vi du. ta goi thue thi mot lénh va muon lay két
qu'1 tra vé cua lénh lam noi dung luwu trit vao bién. Ta c6 thé lam diéu nay dua vao 1énh c6
cl phap $(command) (chung ta di gap & vi du khi minh hoa Iénh set). Cu phdp nay con
¢6 thé ding & dang khac 13 “command (luu ¥ vé dau nhfly la phlm nam chung voi ky tw
~ chir khéng phéi la nhay don thong thuong, dau nay duoc goi la diu bao nguoc -
backquote).

Két qua cia $(command) don gian chi 1a két xuat ciia command. N6 khong phai
la ma 161 tra vé cua lénh.

#!/bin/sh

echo Current directory is $PWD
echo It contents $(ls —a) files
exit 0

Néu dang & thu muc /root va thu muc nay cé céc the bash_profile, use_command.sh, thi
két qua két xuét s& nhw sau:

$ /use_command. sh

Current directory 1s /root

It contents $ (Is -a) .bash_profile use command.sh files.
Céch chwong trinh lam viéc ' i

Lénh Is -a dung liét ké no1 dung thu muc /root. Két qua tra ve duoc dat trong $ ()
s& duoc dién dich théph né1 dung:

$ (Is -a). ch ket qua: $ ( bash profile use conunand.sh)
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Chuong 4
LAP TRINH TREN LINUX

RAt nhiéu ban nghi réng 1ap trinh trén Unix , Linux ludén ludén phai dung ngdén ngir C. Diéu
nay hoan toan dung bdi vi nguyén thily Unix dugc viét tir C va phan lon cac tmg dung cho Unix
ciing dung C dé viét. Mic du vay C khong phai 13 mot lwa chon duy nhit va bat budc. Ngoai
ngodn ngit C con ¢ thé str dung nhiéu ngon ngit khac dé 1ap trinh nhu Pascal, Assembler hay
Perl, Fortran, Prolog...

Tuy nhién C/C++ va Pascal 13 hai ngon ngir ¢6 kha ning bién dich manh va gan giii voi
chﬁr}g ta ’nh@t. Trinh bién dich C va Pascal trén Linux hoan toan cé kha nang bién dich cd ma
nguodn viet bang ngdn nglt Assembler.

Chuong trinh ung dung trén Unix, Linux ton tai & 2 dang: dang thuc thi (tap tin nhi phan)
va dang thong dich script. Tap tin chuong trinh thyc thi & dang nhi phén tuong ty nhu tap tin
.exe cia DOS. Script 1a nhitng chi thi 1énh bang van ban dién dich va thuc thi boi shell hay trinh
thong dich nao do. Céc file script tuong ty nhu céc file.bat ciia DOS.

Hau nhu script hay chwong trinh ma may déu c6 kha ning va sttc manh ngang nhau. Ban
kho phén biét dau 1a Iénh goi chuong trinh nhi phan dau chuong trinh goi Iénh script trong Unix
va Linux trir khi xem ndi dung cua chiing. Chuong trinh nhi phén va chuong trinh goi Iénh script
c6 thé hoan do6i cho nhau. M6t chuong trinh script néu thich ban ¢ thé chuyén thanh chuong
trinh nhi phan bang ngdn ngtr bién dich C hay Pascal.

~ Khi lan dau tién dang nhap vao h¢ thong Linux va goi mdt chuong trinh tir dong 1énh, hé
diéu hanh Linux s€ tim duong dan dén noi chira tép tin chuong trinh trong bién moi trudng
PATH. Thuong thi bién mdi truong nay s€ chura cac duong dan co ban nhu: /bin, /user/bin,
/usr/local/bin

Cac thanh ph?}n cong cu hd tro hé diéu hanh thuong dugce cai dat vao thu muc /opt. Linl}x
khong tim duong dan chuong trinh trong thu muc hién hanh trir khi ban thém ky tu (.) vao bién
moi truong PATH.

Luu ¥ 1a Unix, Linux str dung ky tu: dé phan cach cac duong dan trong bién moi truong
PATH trong khi DOS sur dung ky tu ; Vi du:

PATH= /bin:/user/bin:/usr/local/bin
4.1 Chuong trinh helloworld.c

Hello World 1a chuong trinh kinh dién d6i voi hau hét cac 1ap trinh vién khi tim hiéu mot
ngdn ngtr 18p trinh mdi. Trong phan nay s€ giup cac ban hiéu v€ cac bude tién hanh 1ap trinh mot
ung dung bang ngdn ngit C, bién dich va thyuc thi tng dung trén moéi trudng linux.

Trude hét, mo cua s Terminal. Terminal la giao dién dong 1énh cho phep ngudi dung
tuong tac véi h¢ thong thong qua cac 1énh diéu khién, n6 tuong ty nhu ban nhép cac 1énh trong
cua s0 cmd cua windows.

C6 nhiéu cach khoi dong ctra s6 Terminal. Trong cc phién ban RedHat, chung ta chi can
C}ick phai le:n Destop, chon menu 1énh Terminal. Trong céc phién ban khic nhu Fedora Core,
dé mé cua s6 Terminal Chon menu Applications / System Tools / Terminal

[rootidlocalhost ~]#

[rootdlocalhost ~]#
[rootidlocalhost ~]#

Dau nhac trong ctra s6 Terminal

Tao mdt file c6 tén helloworld.c. Cé nhiéu cach dé tao mot tap tin ma nguén. Ban c6 thé
tao tryc ti€p trén ctra s6 1énh cua Linux, hodc c6 thé tao bang cac chuong trinh ho trg trén

Trang 27

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Windows va sao d6 chép sang may Linux (phan nay s& huéng dan cu thé sau). Trong phan niy
s€ hudng dan tao mot tap tin ma nguon truc tlep trén Linux.

Str dung trinh soan thio vi nhu sau:

vi helloworld.c

Trong trudong hop tap tin chi dinh trong 1énh khong tdn tai, trinh soan thao vi tu hiéu phai
tao mdt tap tin méi co tén chi ra trong Iénh, nguoc lai néu nd s€ md tap tin cho phép ngudi dung
thay doi.

L?}n dau tién vi mo tap tin, dé c6 thé chén ndi dung vao tép tin, ban nhén phim I dé chuyén
sang ché d¢ insert, Nhap ndi dung nhu sau:

#include<stdio.h>

int main ()

{
printf (“Hello World”) ;

exit(0) ;
} , 9 , \ ,
Thoat khoi ché dg INSERT va chuyén sang ché do 1énh bang cach nhan ESC .
Dé Iwu lai ndi dung tap tin nhan to hgp phim :w
Dé thoat khoi trinh vi nhan t6 hgp phim :q
Litc nay trong thu muc hién hanh s& tao ra tap tin c¢6 tén helloworld.c

beé bién dich tap tin ma nguon .c trén Linux st dung trinh bién dich gee. Trudc hét ban can
ki€ém tra su ton tai va phién ban cua trinh gee trén may Linux ctia ban. Thong thudng khi cai dat
h¢ di€u hanh Linux thi gcc dugc cai dat san. D€ xem thong tin vé trinh bién dich b, tai dong 1énh
ban nhép 1énh gee —v.
Mot loat cac thong tin trong d6 dang chtl y la phién ban cta gee:
[root@localhost sonl]#
[rootllocalhost sonl]# goo -w
Using built-in specs.
Target: iZ86-redhat-limuax
Configured with: ../ confiqure --prefix=/usr --mandir=susr/share/man --infodir=
—-—-gnable-threads=posix --enable-checking=release --with-systen-zlibh --enahle-
-ehable-Jjava-awt=gtk --disable-dssi --enable-plugin --with-java-homne=/usr/lib/
r=/usr/share/javaseclipse-ecj.jar --disable-libjawva-multilib --with-cpu=generi
Thread model: posix
goo version 4.3.0 20080428 (Red Hat 4.3.0-8) [GCC)
[rootidlocalhost sonl l# I

Bién dich tap tin ma ngudn:
gcc helloworld.c —o helloworld

[tootflocalhost sonl]# goc helloworld.c -o helloworld
helloworld.c: In function Zmaind:
helloworld.c:d: warning: incompatible implicit declaration of built-in function &exité
[tootfAlocalhost 2onll# ls
helloworld.c
[tootflocalhost sonl]# I

Sau khi qua trinh bién dich thanh cong, tap tin thyc thi helloworld s& dugc tao ta. Pé goi
tap tin nay chay trén moi truong Linux, ¢ thé goi truc tlep nhu sau:

./helloworld
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[rootllocalhost sonl]l# . helloworld

Hellao World
[tootllocalhost sonl]# I

Két qua khi chay 1énh printf (“Hello World ») s& hién thi thong tin ra cia so.

Trinh bién dich gce yéu cau file chira ma nguén,C trén tham sd dong 1énh dé bién dich. O
day ta cl}i diqh helloworld.c & d61 s6 dong 1énh thir nhat. Tuy chon —o yéu gﬁu trinh bién dich tao
ra file két xuat (file chuong trinh thyc thi) mang tén helloworld (ban c6 thé chi dinh mét tén file
két xuat khac véi file ma nguon). Néu ban khong chi dinh tuy chon —o thi trinh bién dich s& tao
ra file thyuc thi véi tén a.out. Khi do6 thay vi goi helloworld trén dong 1énh ban phai goi a.out
4.2 Chwong trinh trén Linux:

Vi tu cach 1a nha phat trién chuong trinh ban can ndm rd mot sd vi tri dat tai nguyén dé
xay dung chuong trinh nhu trinh bién dich, file thu vién, céc file header khai bdo ham cau trac
dir li¢u, céc file chuong trinh sau khi bién dich s& dugc dat ¢ dau..

Trinh bién dich gce thuong dugce dat trong thu muc /usr/bin hodc /usr/local/bin. Tuy
nhién khi bién dich gcc can dén nhiéu file hd trg nim trong cac thu muc khac nhu cac file C
header thuong dugc dat trong thu muc /usr/include hay /usr/local/include. Cac file thu vién lién
két thuong duoc gee tim trong thu muc /lib hodc /usr/local/lib. Cac thu vién chuan cia gec
thuong dat trong thu muc /usr/lib/gcc-lib

Chuong trinh cua ban sau khi bién dich ra c6 thé dat ¢ bat ky noi déu trong hé thong,
mién 14 h¢ diéu hanh c6 thé tim thay trong bién moi trudng PATH hodc trén duong dan tuyét dbi
khi ban goi chuong trinh tir dong Iénh.

Cac file header trong C thuong dinh nghia ham va khai bao cac hang cong voi cau tric
dir liéu can thiét cho qua trinh bién dich. Hau hét cac chuong trinh trén Linux khi bién dich st
dung céc file header trong thu muc /usr/include hodc cac thu muc con bén dudi thu muyc nay.
Vi du nhu /usr/include/asm, /usr/include/sys. Trong cic chuong trinh C sau nay c6 thé ban sé&
gdp céc khai bao nhu:

#include<sys/types.h>

Trinh bién dich lic nay s€ tim file header mang tén types.h trong thu muc con sys ctua
fusr/include. Mot s6 thu muc chira file header duoc cac trinh bién dich do tim mic dinh nhu
fusr/include/x11 d6i voi cac khai bao ham lap trinh dd hoa X-Window. Hodc thu muc
/usr/include/g++ -2 dbi vé6i trinh bién dich GNU g++.

Vi du viét mot chuong trinh giai phuong trinh bac 2 bang ngén ngit C, bién dich va chay
trén Linux.
#include<stdio.h>
#include<math.h>
int main()
{
float a,b,c,x1,x2,delta;
do{
printf("\nNhap vao he so a \n") ;
scanf("%f",&a) ;
}
while(a==0) ;
printf("\nNhap vao he so b \n") ;
scanf("%f",&Db) ;
printf("\nNhap vao he so ¢ \n") ;
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scanf("%f",&c) ;
delta = b*b - 4*a*c

if (delta<0)

printf("\nphuong trinhh vo nghiem") ;

else if (delta==0)

printf("\nphuong trinh co nghiem kep x= %f ",-b/(2*a));
else

printf("\nPhuong trinh co nghiem \n x1=%f \nx2=%f");

exit(0);

b

Bién dich chuong trinh
gcc main.c main
./main

4.3 Tién trinh (process)

Mot thé hién dang chay cua mot chuong trinh duge goi 1a mot tién trinh (process). Vi du
chung ta ¢6 2 ing dung cira s6 terminal trén man hinh ching ta xem nhu c6 2 tién trinh dang
chay. Méi cira s6 terminal dang thuc thi mot shell. Mbi shell 1a mot tién trinh khac nhau. Khi
nhap mot l€nh vao tu moi shell, chuong :[rmh s& thuc thi mot tién trinh mai, khi tién trinh méi
nay keét thic thi tién trinh shell lai dugc ti€p tuc.

Lap trinh trén Linux thuong sir dung nhiéu tién trinh trong mét ing dung dé cho phép ung
dung c6 thé thuc thi nhiéu cong viéc hon nham lam gia tang tinh hi¢u qua cta tmg dung.

Hau hé't‘ cac ham xu ly cac tién trinh mo ta trong phan nay twong ty nhu trong cac hé thong
Unix khéac. Hau hét dugc khai bdo trong tap tin unistd.h

4.4 S6 hiéu cia tién trinh (process IDs):

M3i tién trinh trong hé thong Linux dugc xac dinh boi mot sd hiéu duy nhat. Thong sd nay
con dugc goi la pld S6 hiéu tién trinh 1a mot s6 nguyén 16 bit duoc cip lién tuc boi hé thong
Linux khi mét tién trinh mé1 dugc tao.

Mbi tién trinh c6 mot tién trinh me (parent process) ngoai trir cac tién trinh dac biét nhu
init process. Vi thé cac tién trinh trong hé thong Linux dugc x€p theo hinh cdy voi tién trinh init
1a goc. parent Process ID hay ppid don thuan 14 cac sb hiéu ctia céc tién trinh me.

Khi thao tac voi cac process ID trong cac chuong trinh viét bang C/C++ chiing ta thuong
sir dung cac ki€u dir liéu da dinh nghia san pid_t trong thu vién <sys/types.h>. Mot chuong trinh
c6 thé doc mot s6 hiéu ciia mét tién trinh dang chay bang cach goi ham h¢ thong getpid(). Tuong
tu cling c6 thé lay so hiu cua tién trinh me bang cach goi ham hé thong getppid().

Vidu:
#include <stdio.h>
#include <unistd.h>
int main ()
{
printf (“The process ID is %d\n”, (int) getpid (),
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printf (“The parent process ID is %d\n”, (int) getppid ());

return 0;

/
4.5 Tao tién trinh:

C6 2 k¥ thuat chung duoc dung dé tao méi mot tién trinh. K§ thuat thir nhit hau nhu don
gian nhung tinh hiéu qua khong cao do khong an toan. Ky thuét thir 2 thi phic tap hon nhung ¢
kha nang mém déo hon, nhanh hon va an toan hon.

4.5.1 Str dung system:

Ham system trong thu vién chuan cua C cung cép 1a cach thirc don gian dé thyc thi mot
lénh tr bén trong mot chu:o’pg trinh, twong ty nhu mot 1énh du:gc nhdp vao tu ctra so shell. Thuc
t¢ ham system tao mdt tién trinh phu cl}ay trong shell chuan Bourne (/bin/sh). Vi du doan
chuong trinh sau s€ goi thuc thi 1énh Is hién thi ndi dung cta cay thu myc goc tuong tu nhu khi
ban go Is —I trong mdi trudong shell.

#include <stdlib.h>
int main ()

{

int return_value;
return_value = system (“Is -1/7);
return return_value;

/

Ham system tra veé trang thai két thuc cua 1énh thyuc thi shell. Néu shell khong thuc hién
1énh no s& tra vé gia tri 127, néu mot 16i khac xay ra, ham system s€ tra vé gia tri-1.

Bé&i vi ham system st dung shell dé goi 1énh cua ban nén no 1¢ thudc vao dac diém, gidi
han va luat bao mat cua shell hé théng. Ban khong thé dwa vao bét ky kha nang nao cua cac
phién ban riéng biét ciia Bourne shell. Trong nhiéu h¢ théng Unix /bin/sh 13 mot lién két dén
mot shell khac. Vi duy trong hau hét céc hé théng GNU/UNIX /sbin/sh tré dén bash shell. Nhiing
phién ban phan phdi khac cia GNU/UNIX thi sir dung nhiing phién ban khac nhau ciia bash
shell. Cy thé 13 mot chwong trinh v6i mdt quyén root, véi ham system di nhién 13 cé nhiéu
két qui khac nhau trén cic hé thong GNU/UNIX khéac nhau. Chinh vi didu d6 ma sir dung
fork va exec dé tao mgi mot tién trinh.

4.5.2 Sw dung fork va exec:

DOS va API trén Winddows bao gom ho cac ham SPAWN. Thong s ctia cac ham nay 1a
tén cia mdt chuong trinh dé chay va tao mot tién trinh méi thé hién cua chuong trinh d6. Linux
thi khong bao gdm mot ham don dé xur 1y tat ca trong mot bude. Thay vao d6 Linux cung cip
mdt ham fork, nd c6 thé tao mot tién trinh con nhu mot sao chép chinh xac tién trinh me. Dé tao
mdt tién trinh trude tién st dung 1énh fork dé tao mot ban sao cua tién trinh hién tai. Sau d6 sir
dung ham exec dé chuyén d6i mot trong nhiing tién trinh nay thanh thé hién ctia chuong trinh ma
ban mudn tao tién trinh.

Khi chuong trinh goi 1énh fork, mot ban sao cia tién trinh con duoc goi la tién trinh con
(child process) dugc tao ra. Tién trinh me tiép tuc thyc hién chuong trinh tur vi tri fork dugc goi.

Giira 2 tién trinh khac nhau nhu thé nao? Trudc hét tién trinh con 1a mét tién trinh méi vi
thé nd c6 mot sd hiéu (ID) moi khac biét véi s6 hiéu cua tién trinh cha. Mot cach khac dé chuong
trinh c6 thé nhan ra d4u 1a tién trinh cha va dau 1a tién trinh con 1a goi ham gefpid. Tuy nhién
ham fork cung cép gia tri tra vé khéc nhau cho tién trinh cha va tién trinh con khi duoc tao. Gia
tri tra vé cua tién trinh cha 13 s6 hiéu cua tién trinh con, gia tri tra vé cua tién trinh con la zero
boi vi khong co tién trinh nao c¢6 s6 hiéu bang zero.
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Vi du st dung 1énh fork dé tao mot tién trinh con. Cha v rﬁng trong khdi diu tién cua phat
biécu if chi (,iuzqc thuc thi trong tién trinh cha, trong khi phat biéu trong ménh de else lai dugc thuc
thi trong tién trinh con.

#include <stdio.h>
#include <sys/types.h>
#include <unistd.h>
int main ()
{
pid_t child_pid;
printf (“the main program process ID is %d\n”, (int) getpid ());
child_pid = fork ();
if (child_pid !=0)
{
printf (“this is the parent process, with id %d\n”, (int) getpid ());
printf (“the child’s process ID is %d\n”, (int) child_pid);
/
else
printf (“this is the child process, with id %d\n”, (int) getpid ());
return 0;

/

Ham exec ddt mot chuong trinh dang chay trong mot tién trinh véi mot chwong trinh khéc.
Khi mdt chuong trinh goi ham exec, tién trinh d6 ngay lap tirc dung chuong trinh dang thyc thi
va bat dau thyc thi mot chuong trinh méi tir d6 gia sir rang goi ham exec khong phat sinh ra 16i.
Mot s6 cac ham exec thong dung nhu sau:

Céc ham bao gdm ky tu p sau tén cua exec (execvp, execlp) nhan vao tén chwong trinh va
tim chuong trinh thong qua tén ctia nd trong dudng dan ctua chuong trinh thuc thi hién hanh.
Ham khong bao gom ky tu p phai duge cung cap duong dan day du cua chuong trinh dé thuc thi.

~ Céac ham bao gom ky tu v sau tén exec (execv, execvp, execve) nhin vao danh sach cac doi
s0 cho chuong trinh méi nhu 1a mgt mang khac NULL cua con tré chudi. Cac ham bao gom ky
tu 1 (execl, execlp va execle) nhian vao danh sach cac do6i s6 su dung co ché ctiia ngon ngit C.
~ Céc ham bao gdm ky tw e (execve, execle) nhan vao cac doi sd truyén thdng, mot méng céc
bién moi truong. Cac doi sO phai 1a mdt mang khac NULL con tro téi chuoi ky tu, moi chuoi ky
tu c6 dang “VARIABLE=value”

Mot cach chung nhit dé chay mot chuong trinh con bén trong mot chuong trinh két hop
goi Iénh fork va exec nhu vi du sau:

#include <stdio.h>
#include <stdlib.h>
#include <sys/types.h>
#include <unistd.h>
/* Spawn a child process running a new program. PROGRAM is the name
of the program to run; the path will be searched for this program.
ARG _LIST is a NULL-terminated list of character strings to be
passed as the program’s argument list. Returns the process ID of
the spawned process. */
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int spawn (char* program, char** arg_list)
{
pid_t child _pid;
/* Duplicate this process. */
child_pid = fork ();
if (child_pid !=0)
/* This is the parent process. */
return child_pid;
else {
/* Now execute PROGRAM, searching for it in the path. */
execvp (program, arg _list);
/* The execvp function returns only if an error occurs. */
Jfprintf (stderr, “an error occurred in execvp\n”);
abort ();

/
/
int main ()
{
/* The argument list to pass to the “Is” command. */
char* arg list[]] = {
“Is”,  /* argv[0], the name of the program. */
“p”,
“wm
NULL  /* The argument list must end with a NULL. */
5
/* Spawn a child process running the “Is” command. Ignore the
returned child process ID. */
spawn (“Is”, arg_list);
printf (“done with main program\n”);
return 0;
} r
4.6 Tuyén (thread):

Tuyén (thread) la mot phan clia tuyén trinh s¢ hitu riéng ngan xép va thyc thi doc lap ngay
trong ma 1énh cua tién trinh. Néu nhu mot h¢ diéu hanh c6 nhiéu tién trinh thi bén trong moi tién
trinh, ban c6 thé tao ra nhiéu tuyen hoat dong song song véi nhau twong tu nhu céc tién trinh
hoat dong song song bén trong hé diéu hanh. Uu diém cia tuyén 1a ching hoat dong trong cung
mot khong gian dia chi cua tién trinh. Tap hop mot nhom cac tuyén cé thé chia sé chung vung
nhé cia mot tién trinh va do d6 co thé str dung chung bién toan cuc, ving nhé heap... cua tién
trinh. Co ché lién lac giira cic tuyén don gian va hiéu qua hon co ché lién lac giita cac tién trinh.

4.6.1 Tao tuyén:

Mbi tuyén trong mot tién trinh duoc dinh nghia bdi mdt sb hiéu (thread ID). Khi tuong tac
V01 cac sO higu cua tuyén trong lap trinh C, C++ ta c6 thé st dung ki€u cau trac da dinh nghia
trudc pthread._t.
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Mbi tuyén thyuc thi mot ham cua tuyén. Ham nay ciing gidng nhu cac ham thong thudng
khac, n6 bao gdm cac doan ma chuong trinh ma tuyén phai thuc thi. Khi ham nay tra vé gia tri,
tuyén s€ dugc két thiic. Trong cac hé thong Unix, ham tuyén chi bao gom thong sé con tré void*,
kleu gi4 tri tra vé void*. Chuong trinh sir dung thong so dé truyen vao mot tuyen khi tao mot
tuyén méi. _Tuong tu chuong trinh cling c6 thé sir dung gia tri tra vé cta tuyén dé truyén dir liéu
tir mot tuyén da két thiic vé chuong trinh tao no.

Ham pthread_create tao mot tuyén méi, ching ta co thé sir dung voi cac thong so nhu
sau:

Con tro dén kiéu dir liéu pthread_t ma trong d6 sb hiéu cua tuyén méi tao dugc luu trir.

Con tré dén d6i tugng thudc tinh ciia tuyén. Doi tugng nay diéu khién viéc tuyén tuong tac
nhu thé nao V0i cac thanh phan khéc ctia chuong trinh. Néu truyén vao con trdé NULL cho thudc
tinh cua tuyen, tuyen s€ duoc tao voi thudc tinh mac dinh.

Con tro dén ham cia tuyén, day 14 con tro ham thong thudng c6 dang sau:
void* (*) (void*)
. Gia tri’déi sd cua tuyén co kiéu void*. Téc ca nhitng gi truyén vao cho tuyén thyc chat 13
truyen tham so cho ham cua tuyén khi tuyén dugc tao.
Vi du chuong trinh sau tao mdt tuyén va goi tuyén thyc thi:
#include <pthread.h>
#include <stdio.h>

void * display(void* unused)

{
while(1)
fputc('x',stderr);
return NULL ;
}
int main ()
{
pthread t thread id ;
pthread create(&thread id,NULL,&display,NULL) ;
while(1)
fputc('o',stderr) ;
return O ;
}

Dat tén tap tin chuong trinh test.c. Bién dich chuong trinh trén dong 1énh nhu sau:

gec test.c —o test —Ipthread

Thuc thi chuong trinh trén dong 1énh:

Jtest.

Két qua ban s€ théy caickytuxvao xuét hién trén man hinh, 1énh putc truyén mot ky tu ra
vung dém xuat stderr.
4.6.2 Hiy tuyén:

Ham pthread_exit() duoc dung dé cham dat mot tuyén hién hanh. Thuong ham nay chi
dugc dung khi mudn thoat ra khoi tuyen bat ngd giita qué trinh thyc hién 1énh. Lénh nay khong
can dat ¢ cudi mdi ham thyc thi tuyén. pthread_exit() ciing c6 thé dung dé tra dir liéu vé noi da
goi tuyén.

Trang 34

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Q‘mlsoft

Chuong 5
PHAN CUNG HE THONG NHUNG

Hé thong nhing ciing 1a mot hé théng vi xtr ly dam nhiém mot chirc nang riéng biét nao
do. Tuy nhién khi thiét ké h¢ thong nhung thi doi hoi phai quan tam nhiéu yéu t6 hon mot hé
thong vi xu ly thong thuong. Mot he thong nhung thong thuong 1a mot he thong dua trén vi xu ly
ma chu yéu 1a cac vi xir 1y 32 bit két hop vai bo nho, cac ngoai vi can thiét phuc vu cho chirc
nang cua hé thong. Vi diéu khién ARM thuong 1a Iya chon t6i wu cho hé théng nhing boi ching
hd tro nhidu. Céc hé thong nhung sir dung ARM co thé 1am giam céc ngoai vi, lam cho hé thdng
don gian nhung van dap tng duoc yéu cau. Hién nay ARM duoc nhiéu hang nghién ctru va san
xuét véi tinh nang ngay cang vuot troi.

Mot hé théng nhiing co ban c6 thé xem bao gdm céc phan clmg nhu vi xir 1y, vi diéu
khién, bd nho, cac ngoai vi.

Trong tai liéu nay s& gi6i thiéu phan ctmg hé thong nhing dua trén nén vi diéu khién
ARM9 AT91Sam9260 cua Atmel.

Hinh 5. 1 So d6 khdi mot hé thdng nhung ctia Atmel

5.1 Vi xir 1y, vi diéu khién:
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Q‘nnosoﬂ:

Live your dream

Vi xur 1y, vi diéu khlen 1a thanh phan quan trong trong hé thong nhiing, cac vi diéu khién,
vi xr 1y phai dam bao vé tdc do xir 1y, kha nang giao tiép va mé rong cac ngoai vi dé dap ung
yéu cau hé thong.

(Phan nay 1én mang gidi thiéu chung cac ho vi xir Iy ctia cac hiang ndi tiéng nhu Renesas,
Samsung, Cirus Logic, Atmel).

Kién triic ciia mot vi diéu khien ARM AT91SAM9260 cta Atmel co ban nhu sau:
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Hinh 5.2 cAu tric AT91SAM9260 cuia Atmel

~ AT91SAM9260 la mot mach tich hop by xur Iy ARM926EJ-S, by nhé, mot s6 10 va hé
thong bus.

B xtr Iy ARM926EJ-S 1a mot trong ) cac ARMDY, thude ho céc vi xtr Iy da muc ’dicl} cua
Atmel. B xur ly ARM926EJ-S bao gom mot kién trac ARM phién ban 5STEJ dugce thiét ké cho
cac ung dung da tac vu v6i bo quan ly bo nhe (MMU), toc do xtr 1y cao, kich thudt bé va ti€u tan
nang lugng thap.

AT91SAM9260 c6 mdt s6 dic diém nhuw sau:

- Bo xtr Iy ARM926EJ-S, 8Kbyte by nhd dém 1énh, 8 Kbyte bd nhd dém dir li¢u.
- Bus giao tiép bd nhd ngoai 32 bit hd trg 4 bank SDRAM/LPSDR, static Memory,
CompactFlash, Nand Flash véi EEC.
- 4 kbyte b nhd SRAM ndi, 32 Kbyte bo nhd ROM noi dé chira bootstrap.
- Ma tran bux AHB 6 16p 32 bit véi tdc d6 90Mhz
22 kénh DMA
Boot tir Nand Flash, Sdcard, DataFlash, SiralDataFlash,
On-chip Power-on Reset
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- 4bd ADC 10 bit
- USB device va USB host
- 4bd USART, 2 UART
- 10/100Mbps ethernet.
- Giao tiép SPI, SSC, 2 wire...
5.2 Chwong trinh khéi dong vi diéu khién AT91SAM9260 (boot program):
Chuong trinh khoi dong tich hop mét chuong trinh ¢6 kha nang dowload hay upload mot
chuong trinh khac 1én mot ving nhé khéc cia vi diéu khién.
Trude hét nd khoi dong don vi g& rdi qua céng ndi tiép va thiét bi USB. Tiép theo d6
chuong trinh khoi d(f)r}g tgén Dataqush du:gc thuc thi, no tirp mot cach lién tuc trong 8 vector cla
cac dataFlash dugc két noi dén vi di€u khién thong qua chuan SPIL

Néu mdt vector hop 1€ dugc tim the‘iy, ma chlg:ong trinh s€ duogc dowload vao bén trong
SRAM ngi, chuong trinh s€ anh xa by nhé va nhdy dén dia chi dau tién cia SRAM

Néu khong c¢6 mot vector hop 1¢ nao dugc tim thay, chuong trinh khoi dong trén DataFlash
s€ dugc thyc thi trén chan chon chip tha 2(NPCS1).

Néu khong c6 mét Vector hgp 1€ nao dugc tim théy trén ca 2 chan chon Serial DataFlash,
chuong trinh khoi dong trén NAND Flash s€ dugc thuc thi. Tuong ty chuong trinh s€ tim 8
vector hop 1€, néu mot vector hop 1¢ dugc tim théy, ma chuong trinh s€¢ dugc download 1én
SRAM, chuong trinh s€ 4nh xa by nhé va nhay dén dia chi dau tién cia SRAM.

Néu khong ¢ vector hop 1& nao duoc tim :[héy trén NAND Flash, chuong trinh SAM-BA
Monitor s& dugc thuc thi va chd qué trinh truyén dit li¢u chuong trinh trén cac cong USB va
JTAG.
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Luwu dd chuwong trinh khéi dong hé thong dwoc biéu dién nhw sau:

Start
< Internal RC Oscillator e Main Oscillator Bypass Yo
No - No -
Large Reduced Input Frequency
Crystal Table Crystal Table Table

: Yes Download from
< P! DataFiash Boot DataFlash (NPCS0) | Run |

No -
Yes Download from
<sp. DataFlash Boot DataFlash (NPCS1) | Aun |
No -+
Yes Download from
< NAND Flash Boot NAND Flash | Aun |
No -+

No

USB Enumeration
Successful ?

Character(s) received
on DBGU ?

Run SAM-BA Monitor | Run SAM-BA Monitor |

Hinh 5.3 Qua trinh khoi dong

5.3 Bus giao tiép b nhé ngoai:

LI
—( VY=
/NN

DataFlash Boot
DataFlash Boot

NandFlash Boot

SAM-BA Monitor

Bus giao tiép bod nh6 ngoai (External Bus Interface) duoc thiét ké dé hd trg qua trinh
truyén dir liéu gitta mQt soO thi€t bi ngoai vi bén ngoai vdi bo nhd bén trong kién traic ARM. Bo
nh¢ tinh (static memory), SDRAM, EEC cling dugc dua ra trinh quan ly bd nhé trén bus giao
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tiép bo nhd ngoai. Céc trinh quan 1y bo nhé ngoai ndy c6 kha ning giao tiép mot sb loai bd nhé
nhu SRAM, PROM, EPROM, EEPROM, Flash va SDRAM.

EBI ciing hé tro giao tiép v0i nand Flash va CompactFlash. EBI quan 1y truyén dit liéu véi
hon 6 thi€t bi ngoai vi va dugc thiét ké 6 vung nh¢ do trinh quan 1y b nh¢ nhing bén trong dinh
nghia. Dt li€u truyén co6 thé dugc thuc hién 16 bit hay 32 bit, bus dia chi 1én dén 26 bit, 8 dudng

chon chip NCS[7..0].

[9-1. Organization of the External Bus Interface

Bus Matrix

AHB

External Bus Interface

v

SDRAM
Controller

Static
Memory

P Contoller | u——p

Address Decoders

e
A
= P
CompactFlash
Logic
B P
NAND Flash
Logic
—> £CC
Controller
Chip Select
Assgnor
User Interface

!

MUX
Logic

PIO

oodoooooooooobooooboooboooooboooboooaoaoa

—r

APB

Hinh 5.4 Bus giao tiép bo nhd ngoai

Vi du thiét ké v6i b nhé SRAM ngoai nhwr sau:
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D[15:0]
AOINBSO
AVNWR2/NBS2
AN15:2], A[20:18]
A16/BA0

A17/BA1

NCS0

NCS1/SDCS
NRD/CFOE
NNRO/NWE/CFWE
NWR1/NBS1/CFIOR
NNVR3I/NBS3/ICFIOW
SDCK

SDCKE

RAS

CAS

SDWE

SDA10

A21/NANDALE
A2/NANDCLE

NANDOE
NANDWE
NCSINANDCS
0(31:16]
N25:23)
CFRNW
NCS4/CFCS0
NCS5/CFCS1
NCS2, NCS6, NCS7
NWAIT

CFCE1

CFCE2
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50031 .
Fae——\, 2M x 8 2M x 8
soex [N] SDRAM o SDRAM
E'E;:’_,J‘.: ] —Jur — noow
PR m—
W &
a1 EEE:I 3555;'_}\ Anhg, A1 u::f:.:: 413 Aceaz ill.:: .ﬂ.?:.‘-:ll.:: 413
B0 MOE ™, zan[ ATS ; EETT
wEONE [N a1 [T -~
. >
2419
k ™
Az
41701 N /
PEEED .
2Mx 8 2M x 8
015023 | o SDRAM — SDRAM
MEED
NCEVEDCE
Eii ADaE, AT ”'Zjifllj' =2 Adz 411
NES4 A0 e A1) AZ811.413
MOSE e 2a0) £DA10
- =
N BRET
>
R i j
[ [ /

128K x 8 12BK % 8
SRAM SRAM
AT D07 AR 1S Al-AT7 I BodT A-AAE W14 T
= ce
N = o

FECEEE MW A1 MEE

Hinh 5.5 két nbi by nhd SRAM ngoai
5.4 Static memory Controller:

Static memory Controller (SMC) tao ra cac tin hiéu diéu khién truy xuat dén ving nhé cac
thiet bi ngoai hay cac ngoai vi két ndi bén ngoai chip. N6 bao gom 8 chan tin hiéu chon chip vaéi
bus dia chi 26 bit. Bus dir liéu 32 bit c¢6 thé duoc cau hinh véi d rong 8 bit, 16 bit, 32 bit. Cac
tin hiéu diéu khién doc va ghi doc lap cho phép truy xuat vung nhdé truc tiép dén cac thiét bi.

SMC két noi dén bd nhé tinh nhur sau:

Trang 40

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

~ ! '
Y g Y
/NN

D0-D31 )
N
M,U’:‘;'.’:ﬁ,fg N 128K x 8 128K x 8
NWR1/NBS1 —\\ oo o7 SRAM D8.D15 SRAM
AUNWRZNBS? [ Do-D7 | D0-D7
NARINESS [————\
cs cs
AD- Ate |R2-ATE AD - Ate |R2ATE
NCS0 \ NRD oE NAD oF
NCS1
NCS2 N\ _MWRONWE |, o nwif1/Bst | e
NCS3
NCS4  d
NCSS N
NGSE /s
NCS7?
L 4 9
/
128K x 8 128K x 8
D16- D23 SRAM D24-D31 SRAM
A2 - A2E— Do- D7 | Do-D7
cs cs
Az-A18
AZ-A1B
AD - A16 AD - A16 f——l
N
NAD NRD
OE | OE
_ N_AtNWR2NES2| | o Nwi3/NBSS |, o
Static Memory
Controller \
N / /

Hinh 5.6 Két nbi bo nhé tinh

SMC cung cap dén 26 dudng dia chi, cho phép mdi chan chon chip c¢é thé 1én dén 64Mbyte
bo nho.

A[25..0] dugce sir dung khi giao tiép bo nho 8 bit, A[25..1] duge st dung khi giao tqiép bd
nh¢ 16 bit, A[25..2] duge sir dung khi giao tiép b nhd 32 bit. Dieu nay gitip ching ta hiéu hon
cac thiét ke cua hé thong nhiing sau nay.

SMC két ndi véi 8 thiét bi mé rong nhu sau:

NCS[0] - NCS[7]

NCS7
| Memory Enable
NRD NCS6 |
SMC | Memory Enable
NWE NCS5
AR5:0] Memory Enable
' NCS4 } Memory Enable
D[31:0] NCS3
{ Memory Enable
NCS2
I Memory Enable —
NCS1
| Memory Enable [ |
NCSO
Memory Enable —
Qutput Enable —
Write Enable —
A[25:0] -
8 or 16 or 32
L oo D[31:0] or D[15:0] or|]—]
D[7:0]

Hinh 5.7 Két ni voi céc thiét bi mé rong
K&t ndi bd nhé 512K x 8bit sir dung tin hiéu chon chip NCS2:
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D[7:0]

A[18:2]
AO
SMC A1

NWE
NRD

NCS[2]

Hinh 5.8 Két ndi bo nhg 512K X 8

SMC

D[7:0]

A[18:2]
A0
A1

Write Enable
QOutput Enable

Memory Enable

Két ndi bd nhé 512K x 16 bit sir dung tin hiéu chon chip NCS2:

D[15:0]
A[19:2]

Al

NBSO

NBS1
NWE

NRD
NCS[2]

Hinh 5.9 Két nbi bo nhé 512 X16

CuuDuongThanCong.com

D[15:0]
A[18:1]

A[O]

Low Byte Enable
High Byte Enable

Write Enable
Qutput Enable

Memory Enable

Két ndi 2 bd nhé 512 x 16 bit nhw by nhé 32 bit sir dung tin hiéu chon chip NCS2
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D[31:16]
D[31:16]

D[15:0] D[15:0]

A[20:2] A[18:0]
SMC NBSO Byte 0 Enable
NBS1 Byte 1 Enable
NBS2 Byte 2 Enable
NBS3 Byte 3 Enable

NWE Write Enable
NRD Qutput Enable
NCS[2] Memory Enable

Hinh 5.10 Két n6i 2 bo 512 X16

5.5 B0 nhé:

B nh¢ trong hé thong nhiing thudng bao gdm 2 bd nhé chinh: bd nhd chwong trinh va bo
nh¢ dir liéu. Khac voi cac hé thong vi xtr Iy thong thuong, hé thdng nhing thuong c6 mot hé
thong phan mém diéu khién phirc tap hon nén bd nhé cting phurc tap hon. Trong cac hé thong
nhing thi b nhé chuong trinh ¢6 nhiém vu luu trir cac phan mém khéi dong (Boot program) anh
hé diéu hanh (OS image) va hé thong tap tin (Flle System). Trong tai li¢u nay s€ trinh bay mot s6
thiét ké bo nhé cua hé théng nhing dua trén vi diéu khién ARMO ciia Atmel.

5.6 B¢ nh¢ Serial DataFlash.

Serial DataFlash la cac IC nh¢ dang Flash str dung giao t1ep ndi tiép SPL Chuan giao tiép
SPI 1a chuén giao tiép thong dung nhét hién nay n6 cho phép truyén thong voi téc do cao, Serial
data Flash duoc sir dung dé luu trit chwong trinh khai dong cho hé théng. Khi hoat dong chuong
trinh khoi dong nay s€ dugc bd xtr 1y doc va ghi [én SRAM sau dé méi thuc thi. Trinh khoi dong
c6 nhiéu tén goi khac nhau cho cac hé thong nhing khac nhau, xong ban ¢6 thé hinh dung ching
gibng nhu chuong trinh CMOS trén hé thong may tinh ma ban dang sir dung. Trong cac hé thong
nhing str dung cac vi diéu khién cia Atmel, AMCC véi Power PC thi 1a u-boot, hay Ciruss
Logic thi sir dung tén goi Red boot, mot s6 khac lai goi tén 1a boot loader..

Hé théng phat trién AT91SAM9260 six dung Serial Data Flash cia Atmel, AT45DB041D,
dung lugng 4 Mbit,

Mot bd nhd ndi tiép cling dugc st dung trong h¢ théng do 1a thé nho SDCard, thé nhé co
dung lugng 16n duoc sir dung dé Iuu trit hé thong tap tin (File System) cho hé théng nhiing.
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V3
R37
470K 3
MNS
e Ve i—I cs2
—_— 5 100NF
ggﬁ —< NN B %K GND —{
NRST[ > i RESET WP |2 -
SERIAL DATAFLASH 8%
WRITE PROTECT
3;4;3 _| NORMALLY OPEN
R42 R43
OR 10K

13 __FPS009

A = =\
g ]
o > V3I0—e :i ———
— 2 ]
2R3 i —
DAT2 1 CB8 T0ONF g4l L2 % 1
l_i = SD CARD /MMC CARD
DATAFLASH CARD INTERFACE

Hinh 5.11 két ndi giao tiép bd nhé nbi tiép

AT45DB041D c6 bo nhé Flash duoc chia thanh nhiéu trang, moi trang co thé cau hinh 256
byte hay 264 byte, tan s6 xung clock truy xuit 1én dén 66Mhz sir dung chuén giao tiép SPI mode
0 va 3. Bac biét khac véi cac chip nhd khac AT45DB041D c6 2 ving nhé d€m SRAM 256 /264
byte, diéu nay gitp cho qua trinh giao tiép truyén dir li¢u nhanh hon.
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SCK
CS
RESET
lele
GND

FLASH MEMORY ARRAY

BUFFER 1 (256/264 BYTES)

YYYYY

i

BUFFER 2 (256/2684 BYTES)

Y

i

O INTERFACE

T

]

Hinh 5.12 CAu tric bén trong bd nhé ndi tiép

5.7 B6 nhé NAND Flash
Nand Flash 1a mét dang ctia bd nhé Eeprom dugce st dung dé luu trir anh cua hé diéu hanh,

tuy nhién khac voi cac bd nhé EEPROM théng thuong, NAND Flash da hop cdc tin hi¢u dia chi
hang va cot ciia ma trdn cac 6 nhé 1am han ché cac dudng dia chi giao tiép. Cong nghé ché tao
cac NAND Flash str dung cac MOSFET két hop tuong tu cac cong Logic NAND cho phép tbc
do truy xuét cao. Hinh duéi trinh bay mot so dd khdi ctia mot NAND Flash.

Vcc
Vss

Trang 45
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Command
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ALE
NANDOE
NANDWE
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5.8 B nhé SRAM:
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A s WE 1103 22 = WE 1103
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! 100NF I
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Hinh 5.14 Giao tiép NAND Flash

Bo nhd SRAM 14 bd nhd dir liéu chinh trong hé théng nhing, Cac SRAM cé dung lwong
tir vai chuc Mbyte tily theo cac hé théng khic nhau, tuy nhién bd nhé SRAM quyét dinh dén
nhiéu van dé vé phan mém trong hé théng nhing vi bat ky mot ing dung nao trude khi thyc thi
déu dugc load xudng SRAM. Hé thdng phat trién hé thong nhiing dua trén vi diéu khién ARM9
AT91SAM9260 st dung SDRAM cua Micron c¢6 dung luong 256Mb.

SDRAM

apaa >

DE. 3]

gl B e o o e o e P

a1a

_NwR1 [

be_nes: >
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So d0 khdi ciia mét SDRAM dwge md ta nhw sau:

'
\
CKE—o——]
LK —p—o
'
st —wO— CONTROL
1} =
N, 5% LOGIC
, s
CASH —mdd—ro] g§
H
RASH—wO—ro ¥
v
'
'
H
: )
. | | ReFRESH 33
: MODE REGISTER 1 | counter —
! ' ADDRESS
: !.,zt ' MUX
' LI
' B
' i 14
L}
'

A12:0)

ADDRESS [
REGISTER |—

BANKD
ROWV-
ADDRESS
LATCH
&
DECODER

BANKZ

|

BANK
CONTROL
LoGIC

BANKD
MEMORY
ARRAY
B192x512x 18)

SENSE AMPLIFIERS

8132

FO GATING
DOM MASK LOGIC
READ DATA LATCH

WRITE DRIVERS

512
— H—'MS

COLUMMN-

ADDRESS

COUNTER/
LATCH

-

Hinh 5.16 Cu tric bén trong mot SDRAM
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v DQMH
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DATA
G QUTPUT '
REGISTER H
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18 DQl15:0]

¥
H
DATA H
3 INPUT '
REGISTER H
H
'
L}

MT48LC16M16A2P la SDRAM 256Mb cong ngh¢ CMOS, bén trong dugce thiét ké 4
bank DRAM, voi giao ti€p dong ba.
5.9 Giao tiép ngoai vi:

Hé thong nhing thong thuong duge thiét ké voi cac ngoai vi phuc vu cho chirc ning hé
thong nhing nhu ADC, Graphic LCD, USB, PWM.. Tuy nhién mot s6 ngoai vi dugc thiét ké
chung cho ca ing dung dong thoi hd trg cho qua trinh phat trién hé thong.

Ethernet PHY DM9161A cho phép hoat dong 100BASE-TX , 10BASE-TX, giao tiép
mang tryc tiép str dung cap xodn doi UTP5 cho 100BASE —TX Fast Ethernet, UPT5/UTP3 cho
10BASE-TX ethernet. DM9161A déng vai tro 16p vét 1y trong qua trinh giao tiép mang.
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Hinh 5.17 Giao tiép PHY Ethernet

Giao tiép ethernet duoc s dung dé load h¢ diéu hanh, file System xudng hé thong trong
qué trinh phat trién hé thong, ddng thoi con sir dung trong cac tmg dung mang cho hé thong

nhing.

USB host va device: USB host cho phép xdy dung cac ung dung giao tiép USB nhur
Camera...

USB device con ¢6 nhiém vy giao tiép may chu dé load phian mém xudng cho hé thong

nhu u-boot, bootstrap...

Serial Port ho trg giao tiép may chu dé hién thi thong tin trong qua trinh hé thong hoat dong.
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Hinh 5.18 Giao tiép USB va RS232

Trang 49

CuuDuongThanCong.com

https://fb.com/tailieudientucntt

~ ! '
Y g Y
/NN

osoft

Live your dream


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

s

your dream

SPEC kit KM9260

N7

REyCE AT

SRR, v

Cac thanh phan trén board bao gom:

No. Name Function

1 I3 USB Host Connector (Type A)

2 I7 USB Device Connector (Type Mini B)

3 U2 MT48LC16M16A2, SDRAM 256Mb (32MB) 133Mhz
4 J17 SCI Interface (I2S) Extension Connector

5 J10 BD9 Male Connector (DBU, RS232)

6 Us K9F2G08UOM, NAND Flash (256MB)

7 I5 JTAG ICE Interface

8 U9 Serial dataflash (512kB)

9 Ul AT91SAMO9260. 16/32 bit ARM926EJ-S 180Mhz
10 J12 SVDC Power Connector

11 us DMO9161EA., Ethernet 10/100 Full-Duplex

12 RJ1 Integrated Transformer Ethernet Connector (RJ45)
13 S1.S2, S3, S4 | Wake Up, Reset, User Button 1. User Button 2

14 uU10 MicroSD Card Socket

15 Ull 12C EEPROM

16 J12 Power Switch

17 J16 Uart, TWI, ADC Extension Connector

18 J14 SPI Extension Connector

Trang 50

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Chuong 6
PHAN MEM HE THONG NHUNG

6.1 Céu tric phin mém trong h¢ thong nhiing:

Tuong tuy nhu mot he thong may tinh don gian, mot hé thong nhung 1a mot sy két hop chat
ché giira phan cing va phan mém, khac vdi cac hé thong vi xir Iy thong thudng khac, hé thong
nhing c6 mot hé thong phan mém diéu khién phirc tap hon. Chung ta hay hinh dung h¢ thong
phan mém trong mot may tinh. Khi ban mua mdt may tinh mot phan meém da dugc cai dat san
trong h¢ thong d6 13 CMOS. Chuong trinh nay lam nhiém vu giao tiép giita nguoi s dung voi
phan cing va thuc hién cac thao tac tlep theo. Sau d6 ban tuy thich cai hé diéu hanh ma ban
muon sau khi c6 hé diéu hanh cac tmg dung lai duoc Iya chon dé phuc vu nhu cau cta ban. Phan
mém trong hé thong nhung ciing twong tuy nhu mot h¢ thong may tinh. H¢ diéu hanh trong cac hé
thong nhing ciing turong ddi phong phu. Hién nay c6 nhiéu hé diéu hanh cho h¢ thong nhing nhu
Window CE, Linux...Tuy nhién Linux la dugc lga chon nhiéu do mi nguon m& va nhiéu tinh
nang nhu da nhiém, da ngudi dung... Ngoai ra Linux con cho phép tai bién dich nhan hé diéu
hanh trén ngay chinh hé diéu hanh. Viéc phat trién hé théng nhung st dung hé diéu hanh Linux
dugc thyc hién trén mot may tinh sir dung hé diéu hanh Linux, day cling la 1y do ma cac chuong
truge tai liu da hudng dan cdo thao tic va cach 1ap trinh trén hé thong Linux. Mot hé thong
nhiing st dung hé diéu hanh Linux thong thuong c6 3 16p phan mém nhu sau:

Boot Loader 1a tén goi chung mot phﬁn mém duoc cai dat trudc vao hé thong, phﬁn mém
nay c6 nhi¢m vu khoi tao hé thong va thuc hién giao tiép gitta hé thong v6i nguoi st dung. Co
nhiéu phién ban ciing nhu nhiéu loai bootloader khac nhau. Cac bd xir Iy ciia Ciruss Logic nhu
EP9315...thi sit dung red boot, AMCC véi Power PC va cic ARMY cua Atmel thi st dung u-
boot, mdt s6 bo sir 1y khac thi ding ludn tén Boot Loader. Trong tai lidu nay s& trinh bay mot to
chirc phan mém trong mot hé thong nhing str dung bd xir Iy ARM9 cia Atmel. Trong cic hé
thong nhung str dung bo xtr 1y ciia Atmel thi phan boot loader bao gdm 2 phan Bootstrap va U-
boot, phan hé diéu hanh Linux 13 kernel linux dugc cdu hinh cho pht hop, phan file system duoc
sir dung mot s6 file system ciia linux nhu Amstrong, Debian...

BootStrap
U-boot

Kernel

File System

6.1.1 BootStrap va U- boot:

- BootStrap 1a mot chuong trinh khéi dong dugc nap xudng trude tién cho cac vi diéu khién
dong ARM 9 cua Atmel.
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- BootStrap 13 mét module rng dung, né dugc sir dung dé thwe hién cac chirc ning sau:
o Khdi tao phan cimg nhu tan s6 xung clock, thiét 1ap cac PIO (programmable Input
Output).

o Thiét lap cac ngoai vi nhu PIO, PCM, SDRAMC...

o Thyc hién céc thuat todn truy xuét vat ly cac ngoai vi nhu DataFlash, NANDFlash,
Paralell Flash..

o bibu khién céac tap tin hé théng nhu JFFS2, FAT..
o  Thuec thi cac tng dung nhu ELF, Linux.

BootStrap co thé duoc dit trong ving bootLoader, cu thé 1a duoc dit trong ving DataFlash.
BootStrap dugc chép 1én RAM ndi badi trinh SAM-BA Boot. BootLoader thyc hi¢n khoi tao vi
xu 1y (PLL, PIO, SDRAMC, SPI).

- BootStrap thuc hién load U-boot tir DataFlash 1én SRAM va tro dén thuc hién chuong
trinh U-Boot.

- U-boot (universal bootLoader) 13 mot tip md ngudn mé, hd tro bootLoader cho nhiéu
kién tric nén khac nhau. U-boot hd tro cac 1énh tuong tac, cac bién moi truong, cac lénh thuc thi
va boot hé thong tir cac thiét bi media bén ngoai. U-boot hd tro nhiéu loai CPU va cac ho CPU
thong dung hién nay. U-boot hd trg cac board phat trién trén nén cac vi xir Iy thong dung hién
nay.

- U-boot thyc hién ciu hinh cac khbi phén cing trong mot board va dit ching vao trang thai
hoat dong. N6 c6 thé load va thyc thi hé diéu hanh mot cach ty dong (auto- boot) hodc ngugc lai
n6 cho phép nguoi dung khoi dong hé diéu hanh thong qua cac 1énh giao tiép ma u-boot hd trg.
Tap 1énh chuan cia u-boot cung cap kha ndng cho phép nguoi sir dung thao tic trén bo nhg,
mang va nhiéu thao tac khac khi hé thong khai dong.

- Thong thudng u-boot duge dat trong phan ving dau tién cta Flash, bat dau tir sector hay
block nao duge dinh nghia bdi vi xu Iy. U-boot khoi tao CPU va mdt vai phén cing trén board,
tao mot vai cau trac dir liu dé cho kernel stir dung va load no6 1én phan vung dau tién cia bg nhd.
- Khi quyén diéu khién duoc chuyén dén cho u-boot, n6 s& khoi tao cac ngit va cac thiét bi
ngoai vi. Sau d6 u-boot chd nhép cac Iénh tir nguoi dung. Néu u-boot nhan dugc 1énh boot anh
cua kernel hodc néu nod duogc s dung dé boot kernel truc ti€p thi u-boot s€ giai nén kernel
image, load kernel 1én bo nhé va chuyén diéu khién dén kernel. Kernel s€ thuc thi ma khong co
su tuong tac voi u-boot.

- U-boot cung cép, cac ham chuan dé hiéu chinh qud trinh khoi dong va khoi tao kernel.
Thuong thi n6 cung cap cac thao tac dudi dang cac Iénh (command-line).

- U-boot c6 nhiéu phién ban, tuy nhién tir phién ban 1.3.4 tr& di thi méi hd trg bo xur 1y
AT91SAM9260 ctia Atmel.

- Chu trac the muc cua U-boot.

[ uwboot ]

[ board | [common| [ cpu | [ disk | [[drivers] [inciude] [ b ] [ net |

- E == G E 6B
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Nam 1 kién trac cac thanh phan trong u-boot gilip nguoi phat trién hé thong bién dich va
cau hinh u-boot cho tuong thich véi cac phan cu:ng khéc nhau.

Thu muc board xac dinh nhiéu kién trac nén khac nhau cua cac hang khac nhau nhu Philip,
AMCC, Atmel, davici, Cirus Logic... thu muc board ciing bao gdm cac ham khdi tao cac board.
Céc ham nay co thé goi tur thu vién lib_<arch>/board.c

Thu muc board / <boardname> xac dinh thong tin chi tiét cho hé théng, thu muc nay
chua céac tap tin khoi tao can thiét cho moi hé thong bao gom céc tdp tin nhu asm_init.S,
congif.mk, flash.c

Thu muc common chura tip tin dinh nghia cac 1énh cia uboot, cic bi€én moi trudng nhu
cmd_boot.c, cmd_date.c, environment, env.c, main.c...

Thu muc CPU bao gém cac tap tin xac dinh cac thong s6, khoi tao céac ngét, bd nhé dém...
cho CPU nhu cpu.c, cpu_init.c, interrupts.c, cache.s, start.s...

Thu muc disk chira cic tap tin phan ving va thong tin thiét bi cho & dia.

Thu myc driver chira cac tap tin thiét bi nhu ethernet, usb, sirial...

Thu muyc include bao gdm nhiéu tip tin header nhu console.h, version.h, usb.h, pci.h.
Trong tép tin version.h dinh nghia phién ban cua u-boot #define u-boot_ VERSION “xxx”.
Include/congifs chira cic cau hinh cho nhiéu board.

Thu muc lib_generic cac thu vién chung nhu bzlib.c vsprintf, string.c...

Thu myc net chira céc tap tinh Ethernet nhu eth.c, net.[ch], nfs.[ch], bootp.c [ch].

Thu muc fs chira cac file hé théng nhu fat, fdos, jffs2

Thu muc bao gdm céc tap tin hd trg chi dong hd thoi gian thuc rte date.c, mpe8xx.c, etc.

Thu myc tools cac thu muc va cac tép tin hd tro bién dich, g0 r6i nhu env, gdb, logos,
scripts, mkimage.c

Thu muc post bao gom céc tap tin va thuy muc nhu post.c codec.c, cache.c, memory.c,
uart.c, etc.

6.1.2 Bién dich lai u-boot:

_ Sau khi thiét ké mt h¢ thong nhing méi, qua trinh bién dich lai u-boot dé thyc thi trén hé
thong moi 1a hét sire can thiét. Qua trinh nay hay con goi bang mot thuat ngir porting. Porting
u-boot la qua trinh tao ra mot u-boot voi cac thong s6 phu hop cho bo xur ly va cac thiet bi ngoai
Vl Mot cach chung nhat dé 'Ehl.l’C hién van d€ nay la tao ra tir cac u-boot c6 san tur cac board c6
cau hinh gan giong vaéi h¢ thong ma ban dang thiét ke.

Trude hét tao mot sb tap tin va thu muc phuc vu cho viéc c4u hinh hé théng:

u-boot/board/<boardname>

u-boot/include/configs/<boardname>.h

u-boot/Makefile

Chép céc tap tin va thay doi makefile va kién trac nén cho board nhu include, cpu,
lib_arch, va board.

Trong thu myc include, tip tin config/<boardname>.h s& bao gdm céc tap tin cau hinh
phan ctng cho hé thdng nhu anh xa bd nhé va cac ngoai vi. Céu hinh bo xtr ly, cau hinh b6 nho
khoi dong, cdu hinh Nor hay Nand flash, cdu hinh bd nhé SDRAM, cac giao tlep ndi tiép,
ethernet va network...tdp tin <core>.h nhu arm926ejs.h bao gém cic dinh nghia can thiét cho
bd xur Iy nhu dia chi cac thanh ghi...

Trong thu myc cpu bao gdm céc tap tin nhur cpu.c chua cac khai bao cho bd xir 1y, cac
hoat dong doc va ghi IO, Reset CPU, cho phép hay khong cho phép hoat dong cua bd nhd dém
1énh va by nh¢ dém dir li€u, khdi tao ngan xép cho cac ngét. Thu muc interrupt.c bao g@)m cac
ham phuc vu cho ngit va timer, nhur cho phép ngit hay khéng cho phép ngit, cac ham lién quan
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dén bo dinh thoi. Tap tin start.S 1a chuong trinh khoi dong cho 18i ciia bd xur 1y. Tap tin <
boardname >/flash.c chira cac ham lién quan dén bd nhd flash nhu khéi tao flash, cac ham
reset, x0a, doc va ghi bd nh¢ flash.

Sau khi tao ra mot tdp ma nguén cta u-boot, budc cubi cung la bién dich u-boot tao ra tap
tin thue thi u-boot.bin.

Tai li€u s€ trinh bay céc budce bién dich u-boot phién ban 1.3.4 cho hé thdng nhing sir
dung vi diéu khién ARM91SAM9260 ctua Atmel.

Trudc hét download mi ngudn u-boot dudi dang tap tin nén vé tir mot sb trang web nhu
http://www.denx.de/wiki/U-Boot/SourceCode. ban duoc file u-boot-1.3.4.tar.bz2

Chép vao thu myc trén may Linux. Vi du /sontruong. Ching ta c6 thé download ma ngudn
truc tiép trén mot may Linux két ndi voi mang internet, thuc hién cac thao tac trén mdt may tinh
chay hé didu hanh Linux. Tuy nhién trong thuc té thi nhidu nha phat trién phan mém lai ding
méy tinh v6i hé diéu hanh Windows XP. Vista. Diéu nay hoan toan thich hop vi sy théng thao
cling nhu quen thao tac trén hé¢ diéu hanh Windows. Linux chi ¢6 nhiém vu bién dich ma nguén
ma thoi. Chinh vi thé ma ngudi ta thuong két ndi mot may Linux véi nhidu may Windows dé
cung lac nhidu ngudi ¢ thé phét trién hé thdng nhung, nhidu ngudi c6 thé truy cap va may Linux
tai mot thoi diém do Linux 1a mot hé diéu hanh da nhiém, da nguoi dung. Cac mdy tinh trén
Windows c6 thé giao tiép va truy xuat vao may Linux thong qua mot sb phan mém ho trg nhu
SSH client..

LAN SSH server

TFTP client

Developer

SSH server
TFTP server
Toolchains

Workstation

Developer

LAN

Developer

Trén may tinh sir dung hé diéu hanh windows, viéc chép mot tap tin tir giita 2 may tinh
dugc thuc hién mdt cach don gian thong qua viéc kéo thé cac tap tin, thu muc.

Sau khi cai dat SSH secure File Transfer, thuc hién két ndi dén may Linux thong qua tén
user, dia chi IP, Port
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64| - defaultsftp - SSH Secure File Transfer
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qlnn

- [B]X]

“ File Edit View Operation Window Help

=M A= IR Y=Y

EERIT

|| &) Quick Connect (2 Profiles ‘

Cadd | Gy

|| o aa | ek x| 3|
2 ize Tune

o o ok x| =) as

<

Local Name R ern -
QMY Documents Connect to Remote Host
3 My Computer
"3 My Network Places = ) Host Name: |1 92.168.1.41 | Connect I
2] Recycle Bin 3;
@ Internet Explarer User Name: l root Cancel |
Alcohol 120% ot Nanber [22
BitDefender Antivirus 2009 .
Cambridge Learner's Diction... Authentication Method: >
CodeVisionaYR C Compiler T
English Pronouncing Dictionary 1,709 Shortcu
Foxit Reader 883 Shortce
LAC YIET mtd9 EVA 2,219 Shortcu
[H mikroC PRO for AYR 947  Shortce
Mozilla Firefox 1,602 ShorteL
< | > K<) R/
Transfer | Queue |
/ l Source File l Source Directory I Destination Directory ] Size | Status [ Speed [ Time [
|

Not connected - press Enter or Space to [

Ctra s0 bén tréi 1a cac thy muyc va tap tin trén may Windows, bén phai 1a cac tap tin va thu

muyc trén may Linux

[ca]192,168.1.41.- defau e c File T uy|gl
Fle Edt View Operation Window Help
= ¥ B S % T 2% e
& Quick Connect _| Profiles
& 4  ef [ D:ELECTRONICIARM PROCESSORIHE THONG NHUNG} ~| A @ 4 2 ef [i ~] add
Local Name: ’ Size Type Modified Remote Name ’ Size Type Modified Attributes
()SON Download File Folder ~ 02/08/2011 12:55:... bin Folder 03/11/2010 02:43:...  drwxr-xr-x
tftpdsz File Folder  02/08{2011 12:55:... boot Folder 01/21{201007:21:...  drwxr-xr-x
arm-linux-gcc-3.4.3.tar.bz2 164,538,... WInRAR ... 04/10/2006 09:20:... Didev Folder 01/01/2002 11:42:...  drwr-xrx
u-boot-1.3.4.tar.bz2 7,714,456 WinRAR ...  02/22/2010 01:43:... Detc Folder 01/01/2002 11:54:...  drwxr-xr-x
home Folder 01/06{2011 05:35:...  drwxr-xr-x
Dlib Folder 01/21/2010 09:58:...  drwxr-xr-x
(Dlost+found Folder 0121j2010 07: B —
Dimedia Folder 01/01/2002 11:44:...  drwxr-xrx
mnt Folder 02/23/2010 08:59:...  drwxr-xr-x
opt Folder 01/21{201008:3%:...  drwxr-xr-x
Dproc Folder 01/01/2002 11:41:...  dr-xr-xr-x
oot Folder 01/01/2002 11 drwr-x---
Dshin Folder 01212010 10: drwxrxr-x
selinux Folder 01/01/2002 11:41:...  drwxr-xrx

Giai nén go6i ma ngudn u-boot biang dong 1énh: Tar —xjvf u-boot-1.3.4.tar.bz2

Ta thu duoc thu muc u-boot-1.3.4 nhu hinh dudi.
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u-hoot-1.3.4 u-hoot-1.3.4.tar.bz2
[rootflocalhost sontruongl# cd u-boot-1.3.4
[rootflocalhost u-boot-1.3.47# 1=

api cpu 1lib_blackfin 1lib_sparc nioz_config.mk
api_examples CREDITS lihfdt mAlk_confidg. mk onenand_ipl
arm config.mk disk lib_generic MAINTAINERS post
avriZ_config.mk doc lib_1i386 ppc_config.mk
blackfin config.mk drivers lib_m6&k Makefile README

bhoard examples lib_microblaze mnicroblaze config.mk rules.mk
CHANGELOG = lib_mip= nips_ confidg.mk sh_config. mk
CHANGELOG-before-U-Eoot-1.1.5 1386 _config.mk 1ib_nios sparc_config.mk
COMMOT include lib_nios2 nand_spl tools
config.mk 1ib_arm lib_ppc net

COPYING lib_awvr3i2 lib_sh niozZ_config.mk

[rootflocalhost u-boot-1.3.47# I

Bién dich uboot cho ARM khong str dung trinh bién dich gee co san trén may tinh cai
linux. Trudc hét ban can cai goi phan mém bién dich arm-linux-gec. Dé cai dat goi phan mem
bién dich, download g6i phin mém arm-linux-gee-3.4.3.tar.bz2 vé va giai nén vao thu muc goc
ctia may Linux.

Goi phﬁn mém bién dich ban c6 thé tai vé tir trén mang.

Trude khi bién dich, can thiét lap bién moéi truong vé dudng dan cho trinh bién dich, vi du
nhu sau:

PATH=/usr/local/arm/3.4/bin:$PATH

Trong d6 thu muc PATH=/usr/local/arm/3.4/bin chira cac trinh bién dich nhu arm-linux-
gee...

Bién dich uboot cho hé théng:
Make clean: x6a hét cac cAu hinh bién dich trude do.

Make at91sam9260ek_config: khai bio bién dich uboot cho hé théng board
at91sam9260ek.

[rootfilocalhost u-boot-1.3.4]# PATH=/usrs/localsarm/3.4,/bin: 5 PATH

[root@localhost u-boot-1.3.4]# make clean

make: Warning: File °*/sontruong/u-boot-1.3.4/board/atmel /fat?lsan?260ek/configq.mk' has modification time
Z.1e+08 5 in the future

Generating include /fautocont.nk. dep

nmake: Warning: File °/sontruong/u-boot-1.3.4/hoard/atmel fat9lsand260ek/config. k' has modification time
2.1e+08 = in the future

Fenerating include/autocont.mk. dep

make: Warning: File "/sontruong/u-boot-1.3.4/board/atmel /fatflsand260ek /config.mk' has modification time
2.1e+08 5 in the future

Fenerating include/autocont.mk.dep

make: warning: Clock skew detected. ¥our build mavy be incomplete.

[rootflocalhost u-boot-1.3.4]# make at31sam9260ek_config

make: Warning: File °*/sontruong/u-boot-1.3.4/board/atmel /fat?lsan?260ek/configq.mk' has modification time
Z.1e+08 5 in the future

Generating include /fautocont.nk. dep

nmake: Warning: File °*/sontruong/u-boot-1.3.4/hoard/atmel fat9lsand260ek/config. k' has modification time
2.1e+08 = in the future

Fenerating include/autocont.mk. dep

Configuring for at9lsamn9260ek board...

nake: warning: Clock skew detected. ¥Your build may be inconplete.

[rootflocalhost u-boot-1.3.4]# I

Make all
Néu qua trinh bién dich thanh cong trong thu muc u-boot-1.3.4 s& ton tai file u-boot.bin

6.1.3 Cac thao tac trén u-boot:
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- Sau khi U-boot da duoc load vao hé théng. Bootstrap thuc thi, khéi tao cac thong sb cho
b, load uboot va thuc thi uboot. Khi uboot thuc thi, u-boot command cho phép ngudi s dung
c6 the giao tiep voi hé thong thong qua cac 1€nh u-boot ho trg.

- Trude hét can thiét 1ap cac thong s6 moi truong cho hé thong.

- Dé thiét lap cac thong s6 moi truong ching ta sir dung command setenv nhu sau:

Thiét lap dia chi IP cho board: setenv ipaddr <dia chi IP cho board>

Thiét lap dia chi IP cho host: setenv serverip <dia chi host>

Thiét 1ap dia chi ethernet(MAC): setenv ethaddr <MAC address>

Thiét 1ap mat na: setenv netmask <submask net>

O O O O O

Luu lai cac bién moi truong vao dataflash: save
bé xem lai c4c bién moi truong tai dong 1€énh ban nhép I¢nh prinenv

U-Boot>

U-EBoot> printenv

bootdelay=3

baudrate=115Z00

ethact=machi

bootcd=nand read 0xZ0000000 0x0 Ox200000; hooti Ox20000000
ipaddr=192Z.165.1.35

Serverip=192.1658.1.34

ethaddr=00:11:22:33:44:55

netmask=Z55.Z55.255.0

hootargs=console=tty30, 115200 root=/dev/tochlk0Opl rootdelay=5
stdin==serial

stdout=serial

stderr=serial

Environment size: 294/16892 bytes
U-Boot>

- Chuan bi kernel cho hé théng.
- Tai command line uboot cua:
X6a ving nhé NAND FLASH dé chuin bi cho kernel:
. nand erase offset length
. nand erase 0x0 0x200000

. Lénh trén cho phép x6a 2 Mbyte bo nhd Nand Flash ¢ dia chi offset 1a 0. (ving nhé dau
tién cia NandFlash)

Chép ulmage tur may tinh vao SRAM ¢ dia chi 0x20000000
. Tftp 0x20000000 ulmage
. Dé c6 thé chép thong qua giao thirc tftp thi trén may tinh host phai cai dat va chay dich vu
tftp, file ulmage duoc luu trong thuc muc cua tftp server.

. U-boot s& do trong bién méi truong xem dia chi cua server 1 bao nhiéu va né sé 1én sever
nay tim file c6 tén ulmage va chép vao bo nhé SRAM tur dia chi 0x20000000.

Thuec thi kernel
. Bootm 0x20000000
. Hé théng s& chuyén dén dia chi SRAM 0x20000000 dé boot Umage:
* Trong trudong hop nay lér} sau khi m¢ dién ndi dung trén SRAM s& mét di. Dé co thé
sir dung ulmage cho céc lan khéi dong sau ching ta can chep ulmage 1én NandFlask.
= Nand write 0x20000000 0x0 0x200000

Trang 57

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Chep 2 Mbyte tur dia chi SRAM 0x20000000 1én nandflash c6 dia chi offset 1a 0
(vung dau tién cia NandFlash)

Céc 1an khoi dong sau sé chép ulmage tir Nanflash xuéng SRAM va thyc thi né trén

SRAM

Nand read 0x20000000 0x0 0x200000

Ban chil ¥ cac thao tac chép ulmage tir Nandflash xuéng SRAM va thyc thi n6 dugc
thiet lap trong bién mdi truong uboot dé thuc hién mdt cach tu dong.

Bang tong hop céc Iénh ciia u-boot:

autoscr
base
bdinfo
bootm
bootp
bootd
cmp

cp
crc32
echo
erase
flinfo
go

help
iminfo
loadb
loadc
loadg
loads
loop
md
mm
mtest
mw
nm
printenv
protect
rarpboot
reset
run
saveenv
setenv
sleep
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run script from memory

print or set address offset

print Board Info structure

boot application image from memory

boot image via network using BootP/TFTP protocol
boot default, i.e., run 'bootcmd'

memory compare

memory copy

checksum calculation

echo args to console

erase FLASH memory

print FLASH memory information

start application at address 'addr’

print online help

print header information for application image
load binary file over serial line (kermit mode)
load binary file over serial line (ymodem-c mode)
load binary file over serial line (ymodem-g mode)
load S-Record file over serial line

infinite loop on address range

memory display

memory modify (auto-incrementing)

simple RAM test

memory write (fill)

memory modify (constant address)

print environment variables

enable or disable FLASH write protection

boot image via network using RARP/TFTP protocol
perform RESET of the CPU

run commands in an environment variable

save environment variables to persistent storage
set environment variables

delay execution for some time
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tftpboot boot image via network using TFTP protocol and env
variables ipaddr and serverip

version print monitor version

? alias for 'help'

6.2 Bi¢n dich nhan h¢ diéu hanh Linux cho h¢ thong:

Hé théng nhung sir dung bo xir Iy ARM9 cta Atmel sir dung hé diéu hanh Linux c6 phién
ban tir 2.6.27. Bién dich nhan h¢ diéu hanh cho hé thong 1a qua trinh thay ddi cdu hinh cta nhan
h¢ diéu hanh Linux sao cho tuong thich vo1 hé thong, qué trinh nay thong thuong mot phan duoc
thyc hién boi cic nha san xuat, mot phan dugc thyc hién boi cac nha phat trién hé thong.
Download phién ban Linux 2.6.27 v€ mdy tinh dudi dang géi tdp ma nguon linux-
2.6.27.tar.bz2. Copy goi mi ngudn Linux vao may Linux dé thyc hién bién dich. Trudc khi bién
dich, download trinh bién dich cross Compiler vé va cai vao may Linux.

arm-2009q3-67-arm-none-linux-gnueabi-i686-pc-linux-gnu.tar.bz2 chira cic trinh bién
dich can thiét phu vu cho qué trinh bién dich nhan hé diéu hanh Linux. D6i tén goi lai thanh
arm-kernel_compiler.tar.bz2.

Giai nén goi vira méi doi tén tar —xjvf arm-kernel-compiler.tar.bz2

Trudc khi tién hanh bién dich ta phai khai bao duong dan dén trinh bién dich, néu qua trinh
nay bi bo qua, trinh make s€ khong tim thay trinh bién dich dé goi, chuong trinh ban sé& bi 101.
Gid st thu muc arm-kernel-compiler dugc ban chép vao thu muyc /sontruong. Sau khi bién dich
thu muc arm2009q3 dugc tao ra. Nhu vay céc trinh bién dich nam trong thu muc:

/sontruong/arm2009q3/bin
Tién hanh thém dwong din dén trinh bién dich nhw sau:
Export PATH=$PATH:/sontruong/arm2009q3/bin

uboot-mkimage.tar.bz2 la chuong trinh tao ra anh cta nhén hé diéu hanh duoc chép vao
trong thu muc may Linux, qua trinh cai dat c6 thé dugc tién hanh nhu sau:

# tar —jxvf uboot-mkimage.tar.bz2
# cd uboot-mkimage

# make clean

# make

# chmod 777 mkimage

# cp mkimage /bin

Giai nén linux-2.6.26.tar.bz2
# tar —jxvf kernel-2.6.27 .tar.bz2
#cd linux-2.6.27

[ronotllaocalhoat zontruongl# la

arm-200%g3 linux-2.6.27.tar.bz? uboot-mkimage
arm-kernel -compiler.tar.bz? wu-bhoot-1.3.4 uboot -mkimage . tar.hz2
linux-2.6.27 u-hoot-1.3.4.tar.hz2?

[rootflocalhost sontruongl# od linux-z2.6.27
[rootfdlocalhost linux-2.6.27]# 13

arch crypto f= Fbuild Makefile EREPORTING-EUGE sound
hlock Documentation include kernel Tm samples uUsY
COPYING drivers init lib net scripts virt
CREDIT: firmmare ipc MATNTAINER: FELDME security

[rootflocalhost limwm-2.6.271# ]
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Thay d6i cac cau hinh cuia hé théng, sir dung: #make menuconfig

X

E A T - - - - -

.config - Limax Kernel w2.6.27 Configquration
S (g [ g g s g g g g s g L (g [ g ([ gu g (g [ [ g s v g g s s fw s [ g s g s [ g o g g s g g [ s gu L (S us (S e
lygguggqagayqqaqqaygqy Linux Eernel Configuration gqogguaqqqoqqqoqqqaqqaygak

Arrow keys navigate the menu. <Enter’> selects submenus ---I-.
Highlighted letters are hotkevs. Pressing <¥> includes, <N-

excludes, <M+ modularizes features.

Prezsz <Ezc><Ezc> to exit, 2=

for Help, </> for Search. Legend: [*] built-in [ ] excluded
i (s (s (s (s e e (s (e (s (ais (s (s (s{ogs(s (Sp(s{s (s (s (sys eiupu(s(s{ugs s s (u(ugugsispuls(uiuys (sfugu(s(uugs (s (Spu(s s (ui.4

b4 General setup ---X> x
e [*] Enable loadable module support ---> X
b4 -*- Ehable the block layer ---- X
* Processor type and features ---- x
* Power management options ---X x
4 Bus options (PCI ete.) ---> e
b4 Executahle file formats / Emulations ---- x
4 -%— MNetworking support ----= X
X Device Driwvers ---> x
X Firmware Driwvers ---= x
e File gystems ---> X
b4 Eernel hacking ---> X
* Security options ----= x
* -*- Cryptographic API ---3- x
4 [*] Virtualization ---> e
4 Library routines ---> X
b -—- x
b4 Load an Alternate Confiquration File x
b4 rave an Alternate Configuration File x

X

E I - T R A - - - - - -

Mot menu hién ra cho phép thiét 1ap céc tuy chon thich hop nhu bd xtr ly, bd nhé SDRAM,
Flash, ethernet, giao ti€p cac ngoai vi. Sau khi thuc hién cau hinh thich hgp chon save d¢é luu lai.

Viéc chon cac ciu hinh trong cira s6 menuconfig tiy thugc vao phan cing hé thong ma
chung ta dang thiét ké, né doi hoi nhiéu kién thirc vé thiét ké phan cing. Tai liéu khong di trinh
bay chi :[iét’ céc tiry chon. Nguoi bién dich phan mém doi hoi phai nam cac thiét ké phan cing hé
thong dé cau hinh cho dung.

Vi du cdu hinh cho bo xt 1y.

.config -

Limpc Fernel w2.6.27 Configuration

Arrow keys navigate the memu. <Enter> selects submenus

Linux Kernel Configuration
---»>. Hichlighted letters are hotkeys. Pressing <V> includes, <Il» excludes, <M> wodularizes features.
<Escr<Escr to exit, <zx for Help, </> for Search. Legend: [*] built-in [ ] excluded <M module < > module capable

Press

MMM oM MO N XX KKK KKK KKK KN M KK KKK KKK KK KKK

BB MMM MM NN N NN NN ON MMM NNNNNNNNNN

General setup ---3
[*] Enable loadable module support --->
_*- Fnable the block layer —-->
r r type and fe res  ---3|

us options (PCI etc.j ---3

Executable file formats / Emulations ---

-*- Networking support --->
evice Drivers --->

Firwware Driwvers --->
File systems ---3>
Kernel hacking --->
Security options --->

-*- Cryptographic APT --->

[*] Virtualization --->
Library routines --->

Load an Alternate Configuration File
Save an Alternate Configuration File

R R R R R

MMM OMOM NN XX KK KK KK HH KKK KKK KKK KKK KKK KR

< Exit >

< Help >
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~ ! Ve
;,, JS0O[
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lggaoggagagodqddqgdadagdgdy Processor family goqaqadododggdodogqgaggadgok

®* Uze the arrow keys to navigate this window or press the hotkey of %
¥ the item wou wish to zelect followed by the <3PACE BAR>. Presz:z X
¥ =?» for additional information about this option. X
¥ logggauqqoaqqqaqqyqqaqqaaqqaaqqqqauaqadqqaqyqqaqqqqqqaaqqqqqyqaqqqqqygl =
XX X X
XX X X
¥ ox { ) BE6/ES/oxGE/E6xE6/0xaalT ¥ ox
XX { ¥ Pentium-Claszic XX
XX { ¥ Pentium-MMX XX
XX (X)y Pentium-Pro XX
b 1L s g L TR o o g g s s g g = g o o g o e e o e e e g

L [ [ [ (5 [ {5 {5 [ {8 {8 fu [ v g g pw pw g g g g g 0 s s i (5 (s (6 {5 6 6 [ [ [ {5 {5 0 £ 15 [ 8 g g g o g g o s s (w6 (S (S G 6 R R 5 2
® Lhelects < Help = x

gy efeeefeefey e efeyeepef ey efefeefef e cpefeefefefefef cpefefepef e fefeyeefef ey ey fef ey effeyd

~ Trong menu h¢ thépg~chua c6 loai vi xtr Iy twong thich v6i hé tl}éng’ban, diéu nay ciing dé
hiéu, ,Linux duogc thiét ké ho trg nhi€u phan C}'J:ng khac nhap, ban mu?)n cau hinh Linux chq mot
hé théng riéng ctia ban doi hoi ban phai co }(ién thirc t”hét tot \{é hé thong va hé dieéu hanh d§: lam
duoc ﬁiéu d6. Ban phai tao ra cac tap tin dé Linux hiéu ,hé thong cl”la ban khi bién dich. @6i yc’yi
h¢ thong nhung sir dung ARM9 cua Atmel, nha san xuat da lam san cho ban céc thay doi bang
cach tao ra cac bang va nhan hé diéu hanh linux.
Download cac ban va
2.6.xx-at91.patch.gz , 2.6.xx-at91-exp.patch.gz
Chay cac ban va
zcat 2.6.xx-at91.patch.gz | patch -pl
zcat at91-exp. patch.gz | patch -pl
Download tip tin ciu hinh at91sam926yek_defconfig
Chép tap tinh ciu hinh vao thu muyc config trong thu muc Linux. Sau d6 thyc thi config
cp at91sam926yek defconfig .config
make ARCH=arm oldconfig
~ Trong ’qué trinh thuc hi¢n oldconfig, trinh bién dich s€ yéu cAu ban xac nhan mot s6 théng
s0 cho h¢ thong.
Thuwe thi menuconfig
make ARCH=arm menuconfig
Lic nay menuconfig xuét hién cho phép ban tién hanh céc cai dat cho hé théng.
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General setup b
[*] Enable loadable module support ----=
-%— Enable the block layer ----=

Systen Type ---=

Bus support ----

KEernel Features ---X>

Boot options ----

Floating point emulation --->

Userzpace binary formats --->

Power managemnenht options --->
[*] MNetworking support --->

Device Driwers ----

File avstems --->

Eernel hacking --->

Security options --->=

< » Cryptographic API --->»

Library routines ----

Load an Alternate Configuration File
Save an Alternate Configuration File

Trong myc chon System type:

Trang 62

BFM zystem Lype (Atmel ATIL) --->
**% Boot optiohs *+%
FFE Power management FFF
Atmel AT9]1 System-on-Chip
**% Processor Type **%
[*] Support ARMO9Z6T processor
**% Processor Features ##%%
Support Thumbh user bhinaries
Disable I-Cache [(I-bit)
Disable D-Cache (C-bit)
Force write through D-cache
Found robin T and I cache replacement algorithm
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[ S N T |
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Atmel AT91 Processor [(AT913AM9Z60 or ATS9135AMS
wF% ATO1SAMOZ60 Variants #%%
[ 1 ATS13AMYXE
wFF ATY1SAMOZ60 / AT913AM9XE Eoard Type *%%
[*] Atmel ATI1SAMOZ60-EE / AT913AMOKE Ewvaluation Eit
[ ] EwikEyte EE2260 (CAMAO) board
[*] Dlimex 3AMI-LIZE0 board
[*] CALAO USE-ADZE0
[*] CALAO QIL-A9Z260 board
#*% AT9]1 Board Options **%
[ ] Enable DataFlash Card support
[*] Enable l&-bhit data bus interface to NAND flash
#*% ATO] Feature 3elections #%%
[*] Programmable Clocks
(100} Eernel HZ (jiffies per second)
Select a UART for early kernel messages (DEGU) --->

Dua vao thiét ké hé théng, ching ta cé thé thay ddi mot sd thong s6 dua vao viéc chon cac
menu trong menuconfig.
Bién dich Linux image
make ARCH=arm CROSS COMPILE=arm-none-linux-gnueabi- ulmage

Sau khi bién dich thanh cong, tap tin dnh ciia nhan hé diéu hanh dugce tao ra trong thu muc
arch/ arm/ boot.

Trong phan nay tai lidu trinh bay mot s6 khai niém vé phan mém hé thdng nhung, cac budc
bién dich u-boot cho hé théng nhung, mot s6 thao tac trén moi truong uboot. Cac budc thao tac
dé bién dich nhan h¢ diéu hanh. Phan File System ching ta c6 thé tiiy chon tiy thuc vao mot sd
ddc diém cta hé théng nhu bd nhd, toc do xur 1y. Viéc phat trién trén hé théng nhung rt da dang,
ngudi phat trién tuy thugc vao muc dich va yéu cau cua hé thong c6 thé thay ddi trong u-boot,
ciing co thé thay d6i cac tap tin diéu khién thiét bi trong kernel, hodc c thé xay dung cac
chuong trinh gidng nhu cac ing dung chay trén hé diéu hanh. Tuy nhién cho du ban phat trién hé
thopg nhiing & muc d6 nao thi qua trinh bién dich, cac kién thirc vé u-boot, kernel ludn 13 can
thiet.
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Vi du thiét ké bai tip giao dién dong 1énh trén kit KM9260
Phan 1: viét code chuong trinh hello va bién dich trén linux

1. Cai dat trinh bién dich chéo trén linux
2. Khai bao duong dan cho trinh bién dich

PATH=$PATH:/root/km9260/arm-2009q3/bin/
3. Bién dich chuong trinh
arm-none-linux-gnueabi-gcc -o hello hello.c

Phén 2: chép code qua kit

Budce 1:

Dat dia chi trén PC(window): 192.168.1.2 netmask 255.255.255.0
default gw 192.168.1.1

Dat dia chi trén kit:

ifconfig eth0 192.168.1.60 netmask 255.255.255.0

route add default gw 192.168.1.1 ethO

Trong trudng hop may chua thiét 1ap MAC ta vao U-Boot thiét 1ap

U-Boot> setenv ipaddr 192.168.1.35 (ip cua board)
U-Boot> setenv serverip 192.168.1.34 (trung ip cua may tinh)
U-Boot> setenv ethaddr 00:11:22:33:44:55

U-Boot> setenv netmask 255.255.255.0

U-Boot> save

Budc 2: Nap hello xudng Kit bang 1énh TFTP

Trén may tinh serser m¢ tftpd32 va browse t&1 thu muc chira tép tin hello
Trén man hinh putty dang & man hinh root cua Linux cua KIT
SAM9260-EK ta danh 1énh sau:

# tftp -g -1/ -1 hello 192.168.1.2 & day IP cua may server

S3: Géan thugc tinh thyuc thi (1énh trén putty)

# chmod 777 hello

S4: Chay chuong trinh trén board (I€nh trén putty)

# ./hello
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Cach 2:
1. Cai dat trinh bién dich chéo trén linux

2. Khai bao dudng dan cho trinh bién dich

PATH=$PATH:/root/km9260/arm-2009q3/bin/
3. Bién dich chuong trinh
arm-none-linux-gnueabi-gcc -o hello hello.c

3. Chép file sang kit

scp hello root@192.168.1.60:/home/root/baitap/

4. truy cap kait:

=> ssh 192.168.1.60

User: root; pass: 1234567

Chuy:

néu ssh yéu cau add key:

=>tao file config trong thu muc:~/.ssh/

ndi dung file config:

Host 192.168.1.*

StrictHostKeyChecking no

UserKnownHostsFile=/dev/null
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Chuong 7 ]
LAP TRINH GUI SU DUNG QT

Exercises Lecture An introduction to Qt

Install the Qt SDK

Visit http://qt-project.org/downloads , and download the LGPL version of Qt SDK
suitable for your system. Then proceed to install the SDK. This gives you a Qt Creator
icon on your desktop and in your program menu. Please refer to the platform specific
tips and tricks below if you are experiencing any issues with this.

Windows

If altering the installation path of the Qt SDK, make sure to use a path without spaces.
Spaces can in some situations confuse the build tool-chain.

Mac 0S X
Installation should be straight forward.

Before you can develop Qt applications, you must make sure you have installed the
developer tools from the DVD that came with your Mac.

Unix/Linux X11

Before you can develop Qt software, you must ensure that you have a C++ toolchain
installer. This usually means GCC with support for C++. This comes as a part of your
distribution and you must install it to be able to use the SDK.

If your Linux distribution has a prepackaged version of Qt Creator and the Qt
development libraries, it is often better to use those libraries. This course has been
developed with Qt 4.6+ and Qt Creator 1.2+ in mind.

If you choose to use the installer downloaded from the web, you must make the installer
executable before you can run it. You can either do this by setting the executable bit
(sometimes just X-bit) of the file through your file manager, or by running chmod from a
command prompt.

chmod u+x qt-sdk-linux-*.bin

When running the installer, make sure that you have write access to the directory where
you chose to install the SDK.
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To ensure that the SDK has been properly installed, please try to build and debug some
of the examples shipped with Qt. On the welcome screen of Qt Creator, make sure that
you are on the “Getting Started” page shown below. From the list of Qt examples, pick
the “Animated Tiles” example from the “Animation Framework” group.

[0 Qt Creator

S )

File Edit Build Debug Tools Window Help

Qt Creator

Tutorials Explore Qt Examples
D QtCreator - A quick tour | choose an example... < |[_open |
Choose an examok... p

J  Creating an address book Animation Framework 7

Animated Ties =
2 Understanding widgets Appchooser

Easing Curves
¥ Buiding with gmake Moving Blocks

tnumbe

»  Wiriting test cases

> Feedback

Help us make Qt Creator even better

58 Build Issues

3 Application Output JlEY] compile Output

Having opened the project, ensure that you are in edit mode (Ctrl+2), then look for
main.cpp in the Sources folder. Understanding the source code is not the purpose of this
exercise, so leave that for later. Instead, try pressing the run button (Ctrl+R) to start the
example. This will trigger Qt Creator to first build the example, then run it. When the
example has been built, you should see a window with the demo running.
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Having run the project, you have verified that the compiler and linker work. The next
step is to test the debugging features.

To find a point in the code to insert a break point at, we will use the locator. The locator
lets you search within your project. It can be used to look for classes, methods and files
within or outside your project. In this case, you are looking for the mousePressEvent in the

main.cpp file. To locate a method, start your search with a dot followed by a space “.”.

Then start typing mousePressEvent until you find the method in the list, then press
enter to go there.

** ensure the GNU Lesser General Public License version 2.1 !

e.mou;ePressEvem:(QGraphicsSceﬂeMousaEvent"J Button lgp:
e. mouseReleaseEvent(QGraphicsSceneMouseEvent *) Button

erc:
PL 1
n tl

main; ple:

O~ mouse| Build Issues Search Results Application Qutput Compile Output

Having located the Button::mousePressEvent in the source code, you will see something like
the image below. Try setting a break point as shown below (by clicking just left of the
line number or right clicking on the line number and picking “Set Breakpoint” from the
pop-up menu).

Breakpoint e

To start debugging click the debugging button (F5) just below the run button. This will
start a debugging session. The example program will start as expected, but as soon as
you click one of the buttons, the program execution will break and the editor will show
the current callstack, breakpoint and so on.

4 I.'c'_'_ mousePressEvent (QGraphicsSceneMouseEvent ¥)
{

emit pressed():
updace () ;

o R LT R T = il
5 Lwhig  acls Windes s

Resume I

Lewel Funciian File Line | | Loos srd maichers | Sesipois | Tres:
-0 Buanmouse.  mainaap o Thrmad 12 Adzrem Fusctizn Fim
1 Qlinphickem:. qgephicitem... 655 5
QGAphiaWing.. qraphicsadge. 1131 @
Qiphicabean.. qoraphicmcan . 1 3
n 1

.. qupplctiznope
m C eorespplicatio . T
1 _. qroomspplicatio.
b =3 ered Spar apabcatin cpe 52
bES Inphicwiess.. qorashceaews..

1
b
@ Qfwclppitio. quovcopplidiv . B10

hdnoss
=
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To resume execution, press the resume button on the debugging bar. Exiting the
example program will end the debug session.

When you have run and debugged this example, you have verified that your
development setup is in order and you are ready to continue.

Create a Hello World project

To create a project of your own, go the the welcome screen using the top-left button
(Ctrl+1), pick the page “Develop” and click “Create New Project...”.

[ main.cpp - animatedtiles - Qt Creator

=@ =

File Edit Build Debug Jools Window Help

]

Getting Startad
Resume Session

D default (cu

| Manage Sessi

Open Recent Project
[ Mew Project.. ol
4 Version Control
CVS Checkout
ubves
4 Projects
B Import of Makefile-based Project
B QML Application
B Import of existing QML directory
L Empty Qt4 Project
L Q14 Gui Application
B Q14 Console Application
@ Cov Library
L Q4 Designer Custom Widget
Code less.
Create more.
Deploy everywhere.
Creates an empty Qt project.

4 Build [ssues P3| Search Results i)

From the dialog that pops up, create an “Empty Qt4 Project”, then specify a location for
your project. Notice that Qt Creator will create a sub-directory with your project's name,
so if you choose to name the project helloworld and create it in /home/user/code, your source
files will end up in /home/user/code/helloworld.

If you have other projects open (from earlier exercises), make sure to either close them
(right click on the project node and choose “Close Project ...” from the menu) or ensure
that you are working with your project by right clicking on your project in the projects

tree view and pick your project as the current run configuration. Your project should be
marked as bold as shown below.
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Now, right click on your project and choose “Add New...” from the menu. In the following
dialogs, create a “C++ Source File” and name it main.cpp. In the file, enter the following
code and save it.

#include <QApplication>
#include <QLabel>

int main(int argc, char **argv)

QApplication a(argc, argv);
QLabel I("Hello World");
|.show();

return a.exec();

Now, run the application (Ctrl+R) and try stretching and moving the resulting window
about.

[ 57 helloworld e B[]

ello World
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Lecture 2 - The Qt Object Model and Signal Slot Mechanism
Exploring Inheritance

Start by creating a new, empty Qt 4 project in Qt Creator. Add the following to your
project:

4 A C++ class, ValueObject, inheriting from QObject
4 A C++ source file, main.cpp

In main.cpp, create a main function and include the valueObject header file. In your main
function, implement the following function body.

ValueObiject o;
/I Insert code here

return O;

}

Using the function Qobject:inherits(const char *className), Write gqDebug statements testing if o
inherits QObject and ValueObject.

Note! If using Qt Creator on Windows, you might have to run your code in
the debugger to see the gDebug printouts!

Try commenting out the @_0BJECT macro from the valueobject.h header file. Discuss and

explain the results. Remember to re-enable the @_0oBJECT macro after having tested this.

Now, try testing a QFile object. Does it inhert QiODevice, QDataStream, QObject OF QTemporaryFile?
Can you find this information in the documentation as well as through testing?

Properties
For this step, we keep the class that we created in the previous step.
Start by adding two member functions to the VvalueObject class:
A setvalue, setting an integer value of the object
A value, returning the set integer value of the object
These methods set and get an int value. You will have to add a private int member

variable to keep that value. Do not forget to initialize the private value in the constructor.
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Now, modify your main function to look like this.

int main(int argc, char **argv)

{
ValueObiject o;

gDebug("Value: %d = %d", o.value(), o.property("value").tolnt());
o.setValue(42);

gDebug("Value: %d = %d", o.value(), o.property("value").tolnt());
o.setProperty("value", 11);

gDebug("Value: %d = %d", o.value(), o.property("value").tolnt());

return O;

}
You will have to include the Qvariant header file as well for the property calls to work.

Run the code, discuss and explain the results.

Now, add a @_PROPERTY macro defining the value property with a READ and a WRITE
function. Add the macro just after the @_0BJECT macro in the class declaration.

Re-run the code, discuss and explain the different result.

Memory Management

Continuing from the previous step, we now add a gDebug statement in the constructor

along with a destructor with a gqDebug statement. Make sure that the destructor is virtual.

The gDebug statements should inform you when an object is constructed and when it is
destructed. In the destructor, add a reference to the Qobject::objectName property as well.

Replace the property setting and debugging from the last step with the following line.

o.setObjectName("root");

Running the code should now yield an output looking something like this.

ValueObject constructed.
ValueObiject root destructed.

Now, add the following code just after the setting of the object name of of o.

ValueObiject *c1 = new ValueObject();
c1->setObjectName("child 1");
ValueObiject *c2 = new ValueObject();
c2->setObjectName("child 2");
ValueObject *c1c1 = new ValueObject();
c1c1->setObjectName("child 1 of child 1");
ValueObject *c2c1 = new ValueObject();
c2c1->setObjectName("child 2 of child 1");
ValueObiject *c = new ValueObject();
c->setObjectName("child");

Run the code and evaluate the result. The code is leaking memory.

Trang 72

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Now, provide a parent pointer to the constructors of c1, c2, c1c1 and c2c1 so that the
ownership tree looks like the illustration below.

root
child 1 child 2
child 1 child 2
~f AhilA 1 ~f AhilA 1

Finally, assign c2 as the parent of c using the Qobject::setParent method.

Run the code and verify that all objects are properly destructed. Discuss and explain the
order of destruction, as well as why having the root object on the stack instead of the
heap simplifies the situation.

Signals and Slots

Again, building on the results from the last step, we will now add signals and slots to our
ValueObject class.

Set functions are natural slots, and are also natural points for adding signals tracking
the value of the property being set. Update the valueObject class declaration with these
changes.

A Move setvalue to the public slots section
A Add a signal called valueChanged carrying an integer argument

Alter setvalue so that it prints the new value and emits the valueChanged signal upon the
value changing.

Now, replace the contents of your main function with the following code.

int main(int argc, char **argv)
{
ValueObject 01;
ValueObject 02;

o1.setValue(1);
02.setValue(2);

/I Connect here
gDebug("01: %d, 02: %d", o1.value(), 02.value());

o1.setValue(42);
gDebug("o1: %d, 02: %d", o1.value(), 02.value());

02.setValue(11);
gDebug("o1: %d, 02: %d", o1.value(), 02.value());

return O;

}
Running the code shows that o1 and o2 are completely independent.
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Now, establish a connection from o1 to 02, making the value of o2 follow o1.
Run the code, discuss and explain the behavior.

Now establish another connection from o2 to o1, making the two ValueObject instances
follow each other.

Run the code, discuss and explain the behavior.

If the program hangs here, setting the same value over and over again,
you have forgotten to add a check in your setvalue. If the value isn't
changed, the setvalue slot should simply return.

Try to come up with situations in a user interface where the two connection relationships
are useful, i.e. one object following another, versus two objects following each other.

The Signal Mapper

This step uses the calculator project as the base. Please open the project in Qt Creator
and familiarize yourself with the components of the project.

.

'EI CalculatorInterface = | E] ]
TextLabel
Z 8 g AC
4 g 5 C
1 Z 2
0 = = i

The project is divided into three parts.
A main.cpp, containing a boilerplate main function
A The class calculatorinterface, providing a user interface for a basic calculator
A The class calculator, providing a trivial calculator engine implementation

In the file calculatorinterface.cpp, you will find the constructor shown below.

Calculatorinterface::Calculatorinterface(QWidget *parent) :
QWidget(parent),
ui(new Ui::Calculatorinterface),
m_calculator(new Calculator(this))

ui->setupUi(this);
/I Add code here

m_calculator->allClear();

}

The user interface, made available through the ui variable, holds the following set of
widgets:

A buttonZero A buttonOne
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buttonTwo
buttonThree
buttonFour
buttonFive
buttonSix
buttonSeven
buttonEight
buttonNine
buttonClear
buttonAllClear
buttonAdd
buttonSubtract
buttonCalculate

entryLabel
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The Calculator class, object m_calculator, holds the following slots:
A numEntered(int) — the number provided has been entered (0-9)
A clear() - clear the current entry
A clearAll() - clear the calculator state completely
A additionMode() - switch to addition mode, calculates before switching mode
A subtractionMode() - switch to subtraction mode, calculates before switching mode
A calculate() - calculate the next result, clears the current entry

The class also provides a signal, displayChanged(QString), used to update any display
showing the status of the calculator.

In the cCalculatorinterface constructor, make all the connections you can see fit. Run the
code and discuss the result.

Extending the Calculator

The Calculator class is far from perfect. The interested student can extend the
calculator in various ways:

A Add more operations (e.g. multiplication and division)

A Add support for entering negative numbers

A Add memory operation (M+, M-, MC, MR)

4 Add support for larger numbers (the current limit is the size of int)
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Solution Tips

Step 1 - Inheritance

Test if the object o inherits from Qobject using the following line.

gDebug("ValueObject inherits QObject: %s",
o.inherits("QObject")?"yes":"no");

Step 2 - Properties

The class declaration looks like this when the member functions and private variable
have been added.

class ValueObject : public QObject

{
Q_OBJECT
public:
explicit ValueObject(QODbject *parent = 0);

void setValue(int value);
int value() const;

private:

int m_value;
|5

The property declaration to be added at the end of the exercise reads like this.
Q_PROPERTY(int value READ value WRITE setValue)

Step 3 - Memory Management
The constructors need to be called with the following parent pointers.

ValueObject *c1 = new ValueObject(&o);
ValueObject *c2 = new ValueObject(&o);
ValueObject *c1c1 = new ValueObject(c1);
ValueObject *c2c1 = new ValueObject(c1);

The parent of ¢ is assigned using the following line.

c->setParent(c2);
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Step 4 - Signals and Slots

The class declaration looks like this when the slot and signal have been added.

class ValueObject : public QObject
{
Q_OBJECT
Q_PROPERTY(int value READ value WRITE setValue)
public:
explicit ValueObject(QObject *parent = 0);
virtual ~ValueObject();

int value() const;

public slots:
void setValue(int value);

signals:
void valueChanged(int);

private:
int m_value;

I

The connections for interconnecting o1 and o2 look like this.

QObject::connect(&o1, SIGNAL(valueChanged(int)),
&02, SLOT(setValue(int)));

QObject::connect(&02, SIGNAL(valueChanged(int)),
&o1, SLOT(setValue(int)));

The implemented slot looks like this.

void ValueObject::setValue(int value)

if(m_value == value)
return;

m_value = value;
gDebug("Value set to %d", m_value);
emit valueChanged(m_value);

}
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Hwéng dan cai dat QT Everywhere trén KIT FriendlyArm

- Cai dat Qt SDK trén may tinh Linux, cho phép phat trién ung dung chay trén Desktop.

- Cai dat thu vién Qt Everywhere (hay Qt Embedded), cho phép phat trién img dung chay
trén KIT FriendlyArm (Embedd Linux).

- Huéng dén nay thyc hién déi voi phién ban Qt 4.7.2

- Qt 1a mét framework phat trién ung dung da nén tang, bao gémz
+ a cross-platform class library (Thu vién cac 16p hudng d6i tuong)
+ integrated development tools (Cac cong cu phat trién tich hop)
+ a cross-platform IDE. (Mbi trudng phat trién (mg dung)

- Qt cho phép viét img dung mot 1an va bién dich chéo trén nhiéu nén tang hé diéu hanh khac
nhau ma khong phai viét lai ma. Tuy nhi€én, ma ngudn can dugc

bién dich trén nén tang ma mudn g dung dugc thuc thi. Qt dwgc phat trién boi cong ty
Trolltech tir ndm 1994, dén 2008 dugc sat nhap vao hang Nokia va

duoc goi la Qt Software.
- Lap trinh Qt theo chuan C++.

- Hinh du6i chi ra cac thanh phﬁn cua bo cong cu lap trinh Qt SDK
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QtSDK =

Qt modular class library & » Qt development tools

Cross-platform IDE D

; o » GUI Designer Help System
"
Opentl Benchmarking Internationalization Tools Cross-Platform Build Tool J

Desktop Qt cross-platform support Embedded/Mobile
[ivions 3]
Flexible Licensing Qt Services
GPLD LGPLO Commercial® Support@ TrainingD@ Consultingd

- Bo cai QT SDK cho Desktop
- Bo cai QT Everywhere

C6 thé phat trién tmg dung Qt trén 3 nén tang may tinh khac nhau: Linux, Windows, hodc Mac.
Trong hudng dan nay chi tap trung vao cai dit Qt trén may tinh

Linux X86.
2.1. Cai dat Qt SDK trén may tinh X86 Linux (Ubuntu)
Buée 1.Chuén bi file cai dat qt-sdk-linux-x86-opensource-2010.05.1.bin

Download ttr trang chu http://qt.nokia.com/downloads (chon phién béan thich hgp cho X86 Linux
32 bit), hodc copy vao may.

Budc 2.Di chuyén dén thu muc chira file cai dat, cap quyén thyc thi cho file néu can. Ding 1énh:

$ chmod u+x gt-sdk-linux-x86-opensource-2010.05.1.bin

Buwdc 3. Thuc thi file cai dat tr dong 1énh:
$ ./gt-sdk-linux-x86-opensource-2010.05.1.bin

Doi qua trinh cai dat dién ra thanh cong, mic dinh thu muc cai dat chira tai SHOME/qtsdk-
2010.01/qt/bin

Sau khi cai dat xong Qt SDK, cong cu Qt Creator cho phep phat trién Gmg dung véi lra chon mic
dinh bién dich trén mdy tinh Linux. D€ bién dich chéo ung dung
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thyc thi trén KIT FriendlyArm (Embedded Linux) can cai dat Qt Everywhere
2.2. Cai dat Qt Everywhere trén host Linux

Pé g dung viét bang Qt chay trén KIT FriendlyArm c6 thé sir dung man hinh touchscreen ciia
KIT, can cai mot thu vién ho tro touchscreen goi 1a tslib, trudc khi

cau hinh cai dit Qt Everywhere.

2.2.1. Cai dat va build tslib

Trudce tién can cai dat mot sb cong cy hd tro bién dich tslib néu may tinh chua co san.
sudo apt-get install autoconf

sudo apt-get install libtool

Download tslib:

$ cd ~

$ mkdir tslib-arm

$ cd tslib-arm

$ apt-get source tslib

Configure tslib:

$ cd tslib-1.0

$ ./autogen.sh

$ ./configure --prefix=$HOME/tslib arm/ --host=arm-none-linux-gnueabi
Trong file config.h, stra dong sau (approx. line 185)

#define malloc rpl malloc --> /* #define malloc rpl malloc */

Sau do, bién dich (cross-compile) tslib:

$ make

$ sudo make install

Doi cho qua trinh bién dich va cai dat két thic thanh cong. (Néu c6 18i can kiém tra 18i va thuc
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hién lai). Thu vién tslib d3 sén sang sir dung (s& duoc cau hinh sir

dung khi cai dat Qt Everywhere).

2.2.2. Cai dat Qt Everywhere trén host

Budre 1. Chuén bi file nén goi cai dit qt-everywhere-opensource-src-4.7.2.tar.gz

C6 thé download tir trang chu http:/qt.nokia.com/downloads (chon phién ban thich hop), hoac
copy trén may tinh. (D¢ tai thu muc nguoi dung SHOME)

Buwdére 2. Giai nén file cai dat

MG cira s6 1énh, di chuyén dén thu muc chura file cai dit trén va tién hanh giai nén.
Dung [énh:

gunzip gt-everywhere-opensource-src-4.7.2.tar.gz

tar xf gt-everywhere-opensource-src-4.7.2.tar

Két qua giai nén ra mdt thu muc cung tén file tar.

Budre 3. Cau hinh va bién dich goi cai dat

Di chuyén vao thu muyc da giai nén cta goi cai dat:

cd gt-everywhere-opensource-src-4.7.2

Thém bién mdi truong dén dudng dan trinh bién dich Qt (M file ~/.bashre, thém bién moi
truong SHOME/qt-everywhere-opensource-src-4.7.2)

Stra file cdu hinh bién dich qmake.conf chira tai SHOME/qt-everywhere-opensource-src-
4.7.2/mkspecs/qws/linux-arm-g++/qmake.conf nhu sau.

#

# gmake configuration for building with arm-linux-g++

#

include(../../common/g++.conf)
include(../../common/linux.conf)
include(../../common/gws.conf)
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# modifications to g++.conf
OMAKE CC = arm-none-linux-gnueabi-gcc
OMAKE CXX = arm-none-linux-gnueabi-g++

QMAKE LINK

arm-none-linux-gnueabi-g++

OMAKE LINK SHLIB = arm-none-linux-gnueabi-g++

# modifications to linux.conf
OMAKE AR = arm-none-linux-gnueabi-ar cgs

OMAKE OBJCOPY = arm-none-linux-gnueabi-objcopy

OMAKE STRIP arm-none-linux-gnueabi-strip

QMAKE INCDIR  += /opt/tslib/include

QMAKE LIBDIR  += /opt/tslib/lib

Load (gt _config)

(Chii y: Bién moi trudng c6 thé duoc thém khong chinh xac hodc khong thanh cong, trong
trudng hop do6 trong file gmake.conf trén nén dit duong dan tuyét d6i dén cac trinh bién dich)

Sau do, tién hanh cdu hinh thu vién Qt Everywhere 4.7.2 trudc khi cai dat

$ cd
$ cd gt-everywhere-opensource-src-4.7.2

./configure --prefix=/opt/qte -embedded arm -xplatform gws/linux-arm-g++ -qt-
mouse-tslib -little-endian -no-gt3support -fast -no-largefile -gt-sgl-sglite
-nomake tools -nomake demos -nomake examples -no-webkit -no-multimedia -no-

javascript-jit

(Qué trinh c4u hinh dién ra mot thoi gian), chd dén khi thong bao thanh cong. Tién hanh dich thu

vién:
$ make

(Qua trinh make dién ra ~hour phu thudc vao céc option hra chon khi configure & trén). Trong
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trudng hop thét bai (xuét hién thong béo 15i), can thyc hién lai:
make confclean, cdu hinh lai véi option thich hop va make lai.
Doi qua trinh make thanh cong, go 1énh cai dat:

$ sudo make install

Doi qua trinh cai dat thanh cong, kiém tra két qua cai dat tai /opt/qte nhu da cAu hinh & trén.
2.2.3. Cai dat Qt Everywhere trén target (KIT)

Thu vién Qt Everywhere cai trén host Linux cho phép bién dich tmg dung Qt dé chay trén KIT
FriendlyArm. Tuy nhién, can copy mét s6 file thu vién co ban, va font xuéng KIT dé ung dung

c6 thé thuc thi.

Thu vién Qt Everywhere (Libraries): Copy tdi thiéu 3 file thu vién sau (Copy qua nhiéu s& ton
bo nho)

- 1ibQtCore.so0.4
- 1ibQtGui.so0.4
- libQtNetwork.so0.4

Trén KIT dat vao thu muc /opt/qte/lib (néu chua c6 can tao thu muc nay, giéng nhu thu muc

trén host)

Fonts:Copy thu muc fonts xuéng KIT chura ¢ /opt/qte/lib/fonts

Thu vién tslib: Copy toan bo thu muc /opt/tslib trén host xudng KIT tai thu muc /opt/tslib
2.2.4. Thiét 1ap dé chay \ng dung Qt trén KIT.

Tit Qtopia

- Mac dinh khi khoi dong KIT véi hé diéu hanh Linux nhung da cai dat, thu vién Qtopia 2.0
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duoc khai dong. (Cac ing dung viét dé chay trén thu vién ndy can dugc build lai cing Qtopia

2.0). Bé chay mg dung Qt truc tiép, can tit Qtopia dé tranh xung dot. Thuc hién nhu sau:

- Trén KIT, dung vi mé file cdu hinh /ete/init.d/rcS, disable dong Qtopia.

Chinh sira cAu hinh dé sir dung touchscreen trén KIT

- Dung vi mo file céu hinh /opt/tslib/etc/ts.conf, bo cht thich dong 1énh module raw input

- Thém bién moéi truong dé sir dung thu vién tslib, ding vi sira file /ete/profile, thém ndi dung

nhu sau (dung lib copy 1én KIT):

export

export

export

export

export

export

export

export

export

export

export

TSLIB TSEVENTTYPE=INPUT

TSLIB ROOT=/opt/tslib
TSLIB_TSDEVICE=/dev/input/eventO

LD_LIBRARY PATH=$TSLIB ROOT/lib:$LD LIBRARY PATH
TSLIB_FBDEVICE=/dev/fb0

TSLIB PLUGINDIR=$TSLIB ROOT/lib/ts

TSLIB CONSOLEDEVICE=none

TSLIB CONFFILE=STSLIB ROOT/etc/ts.conf
POINTERCAL FILE=/etc/pointercal
TSLIB_CALIBFILE=/etc/pointercal

QWS _MOUSE_PROTO=TSLIB:/dev/input/event0

Qua trinh cai dit dén day thanh cong, tng dung viét bang Qt c6 thé dugc bién dich va

nap 1én KIT d¢ thyc thi.

Buwoéc 1.

Chon tab Project, mé giao dién Build Settings twong tng Project dang cau hinh.
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Trén cua s nay, m¢ muc Manage

) Build Settings

— Edit build configuration: Debug 2| Add ~v | Remove
S
-
Ooslgn General
& i
Debug Configuration name: | Debug
Qversion: QMini2440 :
Rt Tool chain:
(2 Shadow build: v
Help
Build directory: /homefthuan/code/Helloworld Browse...
Build Steps
qmake: gmake HelloWorld.pro -r -spec gws/inux-arm-g++ CONFIG+=debug Details v
Make: make -w in /homethuan/code/Helloworld Details v
; » Add Build Step v
Debug Flanm Chana

Budre 2.Click nat Add (+) dé thém m&i mot nén tang bién dich chéo.

Tao 1 cau hinh bién dich méi, dat tén Mini2440, tro téi Qmake da cai dit ¢ phan trudc (ndm
trong /opt/qte/bin/qmake)
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[ Filter |

Environment
| Text Editor

m FakeVim

@ Debugger

x Designer
Version Control
@ Code Pasting

~ ! e
(Y-
(Znnosoft

Live your dream

Name gmake Location

< Auto-detected
Qtin PATH <not found>

< Manual
Qt 4.7.0 OpenSource /home/thuan/qtsdk-2010.05/qt/bin/gmake
QtMini2440 Jopt/qte/bin/gmake

0|l

1>)

Version name: | QtMini2440

gmake location: [Iopthte/bimmake

| [ Browse...

Debugging helper: v | Show Log | | Rebuild

Found Qt version 4.7.2, using mkspec qws/linux-arm-g++ (Desktop)

| Apply || Cancel || oK

Budre 3. Bién dich img dung v6i cau hinh bién dich da thiét 1ap & trén.
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Budce 1. Khéi dong IDE Qt Creator, tao mot Project
Giao dién Start Page (nhu hinh duéi) cho phép:

— M6 Project mau (Choose an example)
- Xem tai liéu huéng dan 1ap trinh (Tutorials)
— Mo project da c6 (Open Project)

—  Tao Project méi (Create Project).
file Edt Buid Debug Tools Window Help

_ @ Qt Creator

Getting Started
Tutorials Explore Qt C++ Examples
) The Qt Creator User interface Choose an example... v

) Building and Rurning an Example
| ) Cresting a Qt C++ Application
) Creating a Mobile Application

Did You Know? < >

If you add external libraries to your project, Ot
Creator will automatically offer syntax highlighting
and code completion

b i Open Propct o Create Propct
> Feedback | Help us make Qt Creator even better L

Chon Create Project dé tao mot du 4n méi:
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Choose a template:

Projects

Qt C++ Project
Other Project
Project from Version Control

[} Qt Gui Application

@ Movile Qt Application
[l ot Console Application

Creates a Qt application for the desktop.
Includes a Qt Designer-based main window.

Preselects a desktop Qt for building the
application if available.

~ '0 .
= ( —_—
qj_nn

Chon Qt C++ Project/Qt GUI Application, thuc hién tiép cac budc theo huéng dan Wizard cia
Qt Creator.

Luu ¥ chon céu hinh nén tang bién dich di thiét lap dé bién dich mg dung chay trén KIT
FriendlyArm (hodc bién dich chay trén desktop).

Budrc 2. Tai Form chinh thiét ké mot giao dién co ban nhw sau:
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g Horizontal Spacer
=] F vertical spacer
tar '— g

2 =
textidn & QTextEat
QMenuBar

menuBar
. mainToolBar QToolBar
8. oS "

MainWindow : QMalnWindow

ensbled @
+ geometry ((0, 0), 363 x 253]

» sizePolicy [Preferred, Preferred, 0, 0]
+ minimy... 0x0

-
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- Kéo mot TextEdit va 2 Pushbutton, mét nuat tén 1a Display va mét nut tén la Clear.

- Chudt phai vao nut display, chon Go to slot ... ->> chon Clicked() ... ->> OK

Thém dong I€nh sau cho sy kién click cuia pushbutton display:

ui->textEdit->setText (QString ("Hello World!"));
- Chudt phai vao nut Clear, chon Go to slot ... ->> chon Clicked() ... -=>> OK.

Thém dong 1€nh sau cho sy kién click cua pushbutton Clear:

ui->textEdit->setText (QString (" "))

Buéc 3. Build Project

Chii y trong cira s6 Build Settings, chon cu hinh bién dich qmake cho nén tang Qt FriendlyArm
(phién ban tuong ung voi Qt Everywhere da cai dat)

Chon Build/Build AllL Ung dung duoc build thanh cong, két qua dugc file thyc thi (trong thur
muc Project) s€ chuyén lén KIT dé chay. Vi du nay la file HelloQt).
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 Maiowindow Quainwindow
- 1§ centralWidget Qwidget
pushButton = QPushButton
pushButton_2 (=) QPushButton
textEdn & QTextEat
r QMenuBar
- . mainToolBar QRoolBar
statusBar QStatusBar
- - -
MainWindow ainWindow
Used Text : 2
objectN... MainWindow
enabled -
+ geometry [(0, 0), 363 x 253)
*| » sizePolicy [Preferred, Preferred, 0, 0]
, | Action Editor  Signals & Slots Editor + minimy... 0x0
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Bai tip: LAP TRINH CHUONG TRINH CALCULATOR SU
DUNG QT

1. Giao dién ciia hé thong

Complex Calculr'g:or Complex Calculator
12+45 T
0 57
& Real & Real

Clex | ) = CE Clex ) = CE
7 8 9 / + 7 8 9 / +

4 5 6 3 4 5 7] *

1 2 3 - 1 2 3 -

0 + 0 +

2. Hoat dfong
> Khi ta thyc hién cac phép tinh cong trir nhan chia cac s6 thyc thi ta check
vao option “Real”
> Khi ta thyc hién cac phép tinh cong trir nhan chia ca sé thyuc 1an sé phirc thi
ta check vao option “Clex”
> Sau khi thyc hién xong 1 phép tinh thi két qua tai khung nhap va thé hién
phép tinh & khung trén, ta c6 thé chinh sira cac phép tinh & khung & phép
trén va bam déu bang ciing cho ra két qua.
> Chuong trinh dugc viét trén Qt creator
3. Code chwong trinh calculator
+ calculatorwin.cpp

#include"calculatorwin.h”
#include<QDebug>
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CalculatorWin: :CalculatorWin()
:mathString("" ), item( "0" ), isRealMode( true )

//initialize mian window

setupUi( this ),

engine = new Engine();

timer = new QTimer();
mainLineEdit->setText( "0" ),
mainLineEdit->setMaxLength( 9 );
mainLineEdit->setReadOnly( true ),
expandLineEdit->setReadOnly( true ),
realRadioButton->setChecked( true );
complexButton->setEnabled( false );
timer->start( 100 ),

//connect signals with slots

connect( zeroButton, SIGNAL( clicked() ), this, SLOT( zeroButtonClicked() ) );
connect( oneButton, SIGNAL( clicked() ), this, SLOT( oneButtonClicked() ) ),
connect( twoButton, SIGNAL( clicked() ), this, SLOT( twoButtonClicked() ) );
connect( threeButton, SIGNAL( clicked() ), this, SLOT( threeButtonClicked() ) ),
connect( fourButton, SIGNAL( clicked() ), this, SLOT( fourButtonClicked() ) ),
connect( fiveButton, SIGNAL( clicked() ), this, SLOT( fiveButtonClicked() ) ),
connect( sixButton, SIGNAL( clicked() ), this, SLOT( sixButtonClicked() ) ),
connect( sevenButton, SIGNAL( clicked() ), this, SLOT( sevenButtonClicked() ) ),
connect( eightButton, SIGNAL( clicked() ), this, SLOT( eightButtonClicked() ) );
connect( nineButton, SIGNAL( clicked() ), this, SLOT( nineButtonClicked() ) );
connect( dotButton, SIGNAL( clicked() ), this, SLOT( dotButtonClicked() ) );
connect( clearButton, SIGNAL( clicked() ), this, SLOT( clearButtonClicked() ) ),
connect( realRadioButton, SIGNAL( clicked() ), this, SLOT( setRealMode() ) );
connect( complexRadioButton, SIGNAL( clicked() ), this, SLOT( setRealMode() ) ),
connect( complexButton, SIGNAL( clicked() ), this, SLOT( complexButtonClicked() ) );
connect( backButton, SIGNAL( clicked() ), this, SLOT( backButtonClicked() ) );
connect( addButton, SIGNAL( clicked() ), this, SLOT( addButtonClicked() ) );
connect( subButton, SIGNAL( clicked() ), this, SLOT( subButtonClicked() ) );
connect( signButton, SIGNAL( clicked() ), this, SLOT( signButtonClicked() ) );
connect( mulButton, SIGNAL( clicked() ), this, SLOT( mulButtonClicked() ) );
connect( divButton, SIGNAL( clicked() ), this, SLOT( divButtonClicked() ) );
connect( frontBracketButton, SIGNAL( clicked() ), this, SLOT(

frontBracketButtonClicked() ) );

connect( backBracketButton, SIGNAL( clicked() ), this, SLOT(

backBracketButtonClicked() ) );

connect( equalButton, SIGNAL( clicked() ), this, SLOT( equalButtonClicked() ) );
connect( upButton, SIGNAL( clicked() ), this, SLOT( upButtonClicked() ) ),

connect( downButton, SIGNAL( clicked() ), this, SLOT( downButtonClicked() ) ),
connect( clsHistoryButton, SIGNAL( clicked() ), this, SLOT( clsHistoryButtonClicked() ) ),
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connect( timer, SIGNAL( timeout() ), this, SLOT( setUpOrDownButtonEnbled() ) ); //set a
timer to check the stack of history

/

//slots to response button clicked event
void CalculatorWin::zeroButtonClicked()
{
if( item == "0")
mainLineEdit->setText( item ),
else if( (item = "0" ) && (item.at( item.length()-1) !="1"))
{
item = item + "0";
mainLineEdit->setText( item );
/
/
void CalculatorWin::oneButtonClicked()

{
dealWithNonZero( "1" );

/
void CalculatorWin::twoButtonClicked()

{
dealWithNonZero( "2" ),

/
void CalculatorWin: :threeButtonClicked()

{
dealWithNonZero( "3" ),

void CalculatorWin::fourButtonClicked()

{
dealWithNonZero( "4" ),

/
void CalculatorWin:.fiveButtonClicked()

dealWithNonZero( "5" ),

ioid CalculatorWin: :sixButtonClicked()

! dealWithNonZero( "6" ),

/

void CalculatorWin::sevenButtonClicked()
}{ dealWithNonZero( "7" ),

void CalculatorWin: :eightButtonClicked()
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dealWithNonZero( "8" ),
/

void CalculatorWin: :nineButtonClicked()

{
dealWithNonZero( "9" ),

/

void CalculatorWin::dotButtonClicked()

{
if( isRealMode )

{

if( ( litem.contains(".") ) && ( item.at( item.length() - 1 ) I= i" ) && ( item.at(

item.length() - 1 ) |="+") && (item.at( item.length()-1)!=""))
{
item = item + ".";
mainLineEdit->setText( item );
}
}

else

{

if( (item.count(".") < 2 ) && ( item.at( item.length() - 1 ) I= 1" ) && ( item.at(
item.length() - 1 ) |="+") && (item.at( item.length() - 1 ) |="-") && ( item.at( item.length()

-1)!1=""))
{
item = item + ".";
mainLineEdit->setText( item );
/
/
/

void CalculatorWin::complexButtonClicked()
/ if( litem.contains(""i") )
{
item = item + "i";
mainLineEdit->setText( item );
/
/

void CalculatorWin::dealWithNonZero( QString number ) //function to deal with non-zero

number input

{
if( item =="0")

{
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item = number;
mainLineEdit->setText( item );

/

else if( (item = "0" ) && (item.at( item.length()-1) !="1"))

{

item = item + number;
mainLineEdit->setText( item );
/
/

{
mainLineEdit->setText( "0" ),
expandLineEdit->setText( "" ),
item = "0";
mathString = "";

/

{
if( realRadioButton->isChecked() )
{

complexButton->setEnabled( false ),

isRealMode = true;

item = "0";
mainLineEdit->setText( "0" ),
/
else
{

complexButton->setEnabled( true );
isRealMode = false;
item = "0";
mainLineEdit->setText( "0" ),
/
/

void CalculatorWin::backButtonClicked()
{
mainLineEdit->backspace();
item = mainLineEdit->text(),
if( item.isEmpty() )
{
item ="0";
mainLineEdit->setText( item );
/
/
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void CalculatorWin::addButtonClicked()
{
item = mainLineEdit->text(),
if( ( !mathString.isEmpty() ) && ( mathString.at( mathString.length()- 1) ==")") )
{
mathString = mathString + "+";
item ="0";
expandLineEdit->setText( mathString ),
/
else
{
if( isRealMode )
{
mathString = mathString + item + "+";
item = "0";
expandLineEdit->setText( mathString ),
/
else
{
if( litem.contains( "+" ) )
{
if( litem.contains( "-" ) )
{
item = item + "+";
mainLineEdit->setText( item );

/
else if( ( (item.count("-") ) == 1) && (item.at(0) =="") )
{
item = item + "+";
mainLineEdit->setText( item ),
/
else
{
mathString = mathString + "(" + item + ")" + "+";
item ="0";
expandLineEdit->setText( mathString ),
/
/
else
{
mathString = mathString + "(" + item + ")" + "+";
item = "0";
expandLineEdit->setText( mathString ),
/
/
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/
/

void CalculatorWin::subButtonClicked()
{

item = mainLineEdit->text(),
if( ( !mathString.isEmpty() ) && ( mathString.at( mathString.length()- 1) ==")") )
{
mathString = mathString + "-";
item ="0";
expandLineEdit->setText( mathString ),
/

else
{
if( isRealMode )
{
mathString = mathString + item + "-";
item = "0";
expandLineEdit->setText( mathString ),
/

else

{

if( ( ( litem.contains("-") ) || ( (item.at(0) == "") && (item.count("-")) ==1))
&& ( litem.contains("+") ) )
{
item = item + "-";
mainLineEdit->setText( item );

/

else

{
mathString = mathString + "(" + item + ")" + "-";
item = "0";
expandLineEdit->setText( mathString ),

/

/
/

/

void CalculatorWin::signButtonClicked()
{
item = mainLineEdit->text(),
if( item !="0")
{
if( item.at(0) !="-") //insert a '+' before the begin of string
item.insert( 0, "+");
/fexchange '+' with "-'
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item.replace( "+", "a" ),
item.replace( "-", "s" ),
item.replace( "a", "-" ),
item.replace("s", "+" ),
if( item.at(0) == "+') //delete '+' before the begin of string
item.remove( 0, 1 );
mainLineEdit->setText( item );
/
/

void CalculatorWin::mulButtonClicked()
{
item = mainLineEdit->text(),
if( ( !mathString.isEmpty() ) && ( mathString.at( mathString.length()- 1) ==")") )
{
mathString = mathString + "*";
item ="0";
expandLineEdit->setText( mathString ),
/

else
{
if( lisRealMode )
{
if( item.at( item.length() - 1 ) == "+'|| item.at( item.length() - 1 ) =="-")
item.remove( item.length() - 1, 1 );
mathString = mathString + "(" + item + ")" + "*";
item = "0";
expandLineEdit->setText( mathString ),
/

else

{
mathString = mathString + item + "*";
item = "0":
expandLineEdit->setText( mathString ),

/

/
/

void CalculatorWin::divButtonClicked()
{

item = mainLineEdit->text(),
if( ( ImathString.isEmpty() ) && ( mathString.at( mathString.length()- 1) =="") )
{

mathString = mathString + "/";
item ="0";
expandLineEdit->setText( mathString ),
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/

else
{
if( lisRealMode )
{
if( item.at( item.length() - 1 ) == "+'"|| item.at( item.length() - 1 ) =="-")
item.remove( item.length() - 1, 1 );
mathString = mathString + "(" + item + ")" + "/";
item = "0";
expandLineEdit->setText( mathString ),
/
else
{
mathString = mathString + item +"/";
item = "0";
expandLineEdit->setText( mathString ),
/
/
/

void CalculatorWin: . frontBracketButtonClicked()

{
if( ImathString.isEmpty() )
{

if( mathString.at( mathString.length() - 1 ) == '"+' || mathString.at( mathString.length() -
1 ) == "“"|| mathString.at( mathString.length() - 1 ) == '"*" || mathString.at(

mathString.length() - 1) =="/")
{

mathString = mathString + "(";
expandLineEdit->setText( mathString ),
/
/
else
{
mathString = mathString + "(";
expandLineEdit->setText( mathString );
/
/

void CalculatorWin::backBracketButtonClicked()
{

item = mainLineEdit->text(),

if( mathString.count( "(" ) - mathString.count('")" ) ) //check the number of bracket
{

if( mathString.at( mathString.length()- 1) !=")")
{
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if( lisRealMode )

{
mathString = mathString + "(" + item + ")" + ")";
item = "0";
expandLineEdit->setText( mathString ),
/
else
{
mathString = mathString + item +")";
item = "0";
expandLineEdit->setText( mathString ),
/
/
else
{

mathString = mathString +")";
expandLineEdit->setText( mathString );

/
/
/
void CalculatorWin::equalButtonClicked()
{
item = mainLineEdit->text(),
if( mathString =="")
{
mathString = item;
expandLineEdit->setText( mathString ),
*engine = mathString, //transfer the expression to engine
result = engine->calculate(); //calculate the expression and return the result
/
else if( ( mathString.at( mathString.length() - 1 ) == ")" ) || ( ( mathString.at(

mathString.length() - 1 ) >="0") && ( mathString.at( mathString.length() - 1 ) <="9") ) )
{

correctError(); //correct the errors in expression
*engine = mathString, //transfer the expression to engine
result = engine->calculate(); //calculate the expression and return the result

/

else

{
if( lisRealMode )
{
mathString = mathString + "(" + item + ")";
item = "0";
expandLineEdit->setText( mathString ),
correctError(); //correct the errors in expression
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*engine = mathString, //transfer the expression to engine

result = engine->calculate(); //calculate the expression and return the result

/

else

{
mathString = mathString + item;
item = "0";

expandLineEdit->setText( mathString ),

correctError(); //correct the errors in expression

*engine = mathString, //transfer the expression to engine

result = engine->calculate(); //calculate the expression and return the result

/
/
if( lengine->isError() ) //if no errors in result, display result
{
displayResult();
mathStackl.push( mathString ); //save current expression in stack
mathString = "";  //clear current expression
/
else
{

mainLineEdit->setText( engine->getMassage() ), //display error massage

mathString = "";  //clear current expression

/

void CalculatorWin: :displayResult() //function to display the result

OString real;
OString imag;
OString resultStr;

if{ result.isZero() )
{

resultStr = "0";

5f( result.getReal() != 0.0 )

/ real = real. number( result.getReal(), 'g’, 3 ),
resultStr = resultStr + real;

5f( result.getlmag() != 0.0)

{

imag = imag.number( result.getImag(), '¢’, 3 );

if( imag.at(0) =="-")
resultStr = resultStr + imag +

.
1
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else
resultStr = resultStr + "+" + imag + "i";
/

mainLineEdit->setText( resultStr ),

/

void CalculatorWin::correctError() //function to correct the errors in input string
{

mathStVl'ng.replace( "+_H, "_ u);

mathString_replace( ”_i_l'l!’ u_i_]l.,,);

mathString.replace( ™", "-1i" );

mathString.replace( "(i", "(1i" );
/

void CalculatorWin::upButtonClicked() //slot to load the last expression

{
if{ ImathStackl.isEmpty() )

{
mainLineEdit->setText( "0" ),
item = "0";
mathString = mathStackl.top();
mathStackl.pop();
mathStack2.push( mathString );
expandLineEdit->setText( mathString ),

/

/

void CalculatorWin::downButtonClicked() //slot to load the next expression

{
if( ImathStack2.isEmpty() )

{
mainLineEdit->setText( "0" ),
item = "0";
mathString = mathStack2.top();
mathStack2.pop();
mathStackl.push( mathString );
expandLineEdit->setText( mathString ),

/

/

void CalculatorWin::clsHistoryButtonClicked() //slot to clear current expression and the
history of expression
{

mainLineEdit->setText( "0" ),

expandLineEdit->setText( "" ),

item = "0";

Trang 102

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

mathString = "";
while( !mathStackl.isEmpty() )
mathStackl.pop();
while( !mathStack2.isEmpty() )
mathStack2.pop();
/

void CalculatorWin::setUpOrDownButtonEnbled() //slot to set up or down button enbled

{
if{ mathStackl.isEmpty() )

{
upButton->setEnabled( false ),
/

else

{
upButton->setEnabled( true ),
/

if{ mathStack2.isEmpty() )

{
downButton->setEnabled( false ),
/

else

{

downButton->setEnabled( true ),
/

/

void CalculatorWin::keyPressEvent( QKeyEvent *event ) //function to response keyboard
event

{
switch( event->key() )

{

case Qt::Key 0:
zeroButton->click();
break;

case Qt::Key 1:
oneButton->click(),
break;

case Qt::Key 2:
twoButton->click(),
break;

case Qt::Key 3:
threeButton->click(),
break;

case Qt::Key 4.
fourButton->click(),
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break;

case Qt::Key 5:
fiveButton->click(),
break;

case Qt::Key 6:
sixButton->click(),
break;

case Qt::Key 7:
sevenButton->click(),
break;

case Qt::Key 8:
eightButton->click(),
break;

case Qt::Key 9:
nineButton->click();
break;

case Qt::Key Period:
dotButton->click();
break;

case Qt::Key Plus:
addButton->click();
break;

case Qt::Key Minus:
subButton->click();
break;

case Qt::Key Asterisk:
mulButton->click();
break;

case Qt::Key Slash:
divButton->click();
break;

case Qt::Key I:
complexButton->click();
break;

case Qt::Key Equal:
equalButton->click(),
break;

case Qt::Key Enter:

case Qt::Key Return:
equalButton->click(),
break;

case Qt::Key Control:
if( isRealMode )

complexRadioButton->click(),
else
realRadioButton->click();
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/

break;

case Qt::Key C:
clsHistoryButton->click(),
break;

case Qt::Key Delete:
clearButton->click(),
break;

case Qt::Key Backspace:
backButton->click(),
break;

case Qt::Key ParenLeft:

frontBracketButton->click();

break;
case Qt::Key ParenRight:

backBracketButton->click(),

break;

case Qt::Key PageUp:
upButton->click(),
break;

case Qt::Key PageDown:
downButton->click(),
break;

default:
break;

/

+ Comlex.cpp
#include"complex.h"

Complex::Complex( double realNum, double imagNum )
:real (realNum ), imag (imagNum )

{

const Complex Complex::operator + ( const Complex &right ) //overloading operator '+'

{

/

const Complex Complex::operator - ( const Complex &right ) //overloading operator "-'

{

//the body of funtion is empty

Complex result;

result.real = this->real + right.real;
result.imag = this->imag + right.imag;

return (‘result ),

Complex result;
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result.real = this->real - right.real;
result.imag = this->imag - right.imag;
return (‘result ),

/

const Complex Complex::operator * ( const Complex &right ) //overloading operator '*'
{

Complex result;

result.real = this->real * right.real - this->imag * right.imag;

result.imag = this->real * right.imag + this->imag * right.real;

return (‘result ),

/

const Complex Complex::operator / ( const Complex &right ) //overloading operator "/’
{

Complex result;

result.real = ( this->real * right.real + this->imag * right.imag ) / ( right.real * right.real
+ right.imag * right.imag ),

result.imag = ( this->imag * right.real - this->real * right.imag ) / ( vight.real * right.real
+ right.imag * right.imag ),

return (‘result ),

/

const Complex &Complex::operator = ( const Complex &right ) //overloading operator '=',
achieve a complex assignment to a complex
{

this->real = right.real;

this->imag = right.imag;

return ( *this );

/

const Complex &Complex::operator = ( const QString &right ) //overloading operator '=',
achieve a string assignment to a complex

{
QChar ch;

OString partOfRight;
OString rightStr;

int size = right.size();
int indexOfi = 0;
bool isReal = true;

rightStr = right;
for(inti=0;1i<size; i++)

{
ch = rightStr.at(i);
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ifl ch=="1")

{
isReal = false;
indexOfi = i;
/
/
if( isReal )
{

this->real = rightStr.toDouble();
this->imag = 0.0;

/
else
{
for(int i =indexOfi- 1;i>= 0, i--)
{
ch = rightStr.at(i),
i;’((ch =="+") [l (ch==""))
partOfRight = rightStr.mid( i, indexOfi - i ),
rightStr.remove( i, indexOfi -i + 1 );
break;
/
/
if( partOfRight.isEmpty() )
{
partOfRight = rightStr.mid( 0, indexOfi );
rightStr.remove( 0, indexOfi + 1 ),
/

this->imag = partOfRight.toDouble(),

if( IrightStr.isEmpty() )
this->real = rightStr.toDouble();
else
this->real = 0.0;
/
return( *this ),

/

bool Complex::isZero() //determine whether the number is zero
{
if( (this->real == 0.0 ) && ( this->imag == 0.0) )
return true;
else
return false;
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/

double Complex::getReal() //get the real part of complex
{

return (‘real );

/

double Complex::getlmag() //get the imag part of complex
{

return (imag );
/
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Chuong 8
LAP TRINH DRIVER

BAI 1
DRIVER VA APPLICATION

TRONG HE THONG NHUNG

I. Khii quat vé hé thong nhing:

Hé thdng nhiing (embedded system) duoc ting dung rat nhiéu trong cudc séng ngay
nay. Theo dinh nghia, hé thong nhiing 1a mot hé thong xir Iy va diéu khién nhiing tac vu
dic trung trong mot hé thdng 1on vai yéu cau tde do xir 1y thong tin va do tin cay rat cao.
N6 bao gébm phan ctng va phan mém cung phédi hop hoat dong voi nhau, tiy thude vao
tai nguyén phan cing ma hé thdng s& co6 phan mém diéu khién pht hop. Péi khi chung ta
thuong nham 1in hé thong nhung v4i may tinh ca nhan. Hé thong nhing ciing bao gdm
phan cimg (CPU, RAM, ROM, USB, ...) va phin mém (Application, Driver, Operate
System, ...). Thé nhung khac v6i may tinh ca nhan, cac thanh phan nay da dugc rat gon,
thay d6i cho phu hop véi mot muc dich nhét dinh cua tng dung sao cho tdi uu hoa thoi
gian thyc hién dap Gmg yéu cau vé thoi gian thyc (Real-time) theo timg mirc do.

Bai ndy s& di siu vao tim hiéu cau tric bén trong phan mém ciia hé thong nhiing nham
muc dich hiéu duoc vai trd cta driver va application, phan phdi nhiém vu hoat dong cho
hai 16p nay sao cho dat hiéu qua cao nhét vé thoi gian.

I1. Céu tric ciia hé thong nhing:

Hé thng nhung thong thuong bao gdm nhiing thanh phan sau: Phan cing: Bo vi xir
ly trung tam, by nhd, cac thiét bi vao ra; Phan mém: Cac Driver cho thiét bi, Hé diéu
hanh va cac chuong trinh tng dung.

MGéi lién hé giita cac thanh phan dugce minh hoa trong so @b hinh 3-2.

Thanh phan thir nhat trong hé thong nhung 1 phan ctimg. Day 1a thanh phan quan
trong nhat trong hé théng. Lam nhiém vu thuc té hoa nhitng dong 1énh tir phan mém yéu

cau. Phan ctng cia hé thong nhung thuong bao gdm nhiing thanh phan chinh sau:
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e B0 xu ly trung tam, lam nhiém vu tinh toan thyc thi cac ma Iénh dugc yéu cau,
dugc xem nhu bd ndo cua toan hé théng. Cac bo xir 1y trong hé théng nhing, khong
gidng nhu hé théng may vi tinh c4 nhan 14 nhitng con vi xtr Iy manh chuyén vé xtr 1y dix
liéu, 1 nhirng dong vi diéu khién manh, duoc tich hop sin cac module ngoai vi giup cho
viéc thuc thi 1€nh cta hé théng duoc thuc hién nhanh chong hon. Hon nita tap 1énh cua vi
diéu khién ciing tr& nén gon nhe hon, it ton dung luong ving nhd hon phi hop voi dic
diém cua hé thong nhung. Vi nhiing vi diéu khién d tich hop sin nhiing ngoai vi manh,
da dang thi kich thuéc mach phan ctmg trong qua trinh thi cong s& giam rat nhiéu. Day l1a

uu diém cua h¢ thong nhung so vdi cac hé thong da nhiém khac.

T Chwong trinh g dung
| (Application SW)
o Hé diéu hanh
Phan mem | Operating System
sw | #
| Cac driver thiét bi
| Device Drivers
Phan Cl"’"9| Vi xt Iy trung tam Cac thiét bi lwu triv Cac thiét bj 10
HW v (Microprocessor) Memory Device 1/0 Devices

Hinh 3-2- So' do cdu triic hé thong nhiing

e Thanh phan thir hai 1a cac thiét bi Iuu trir: Cac thiét bi luu trit bao gdm c6 RAM,
NAND Flash, NOR Flash, ... mac du bén trong vi diéu khién da tich hop san ROM va
RAM, nhung nhirng ving nhé nay chi 1a tam thoi, dung luong cia ching rat nho, giup
cho viéc thuc thi nhitng 1énh cli nhanh hon. DPé luu trit nhitng ma 1énh 16n nhu: Kernel,
Rootfs, hay Application thi doi hoi phai co nhirng thiét bi lwu trit 16n hon. RAM lam
nhi¢m vu chira chuong trinh thuc thi mot cach tam thoi. Khi mot chuong trinh dugc tri¢u
goi, ma Iénh ctia chuong trinh dugc chép tur cac thiét bi luu trit khac vao RAM, tur day

tirng cau 1énh dugc bién dich sé& 1an lugt di vao ving nhé cache bén trong vi xir 1y dé thuc
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thi. Cac loai ROM nhu NAND Flash, NOR Flash, ... thuong c6 dung lwong 16n nhét
trong hé théng nhing, dung dé chta nhiing chuong trinh 16n (hé diéu hanh, rootfs,
bootstrapcode, ... ) 1au dai dé sir dung trong nhitng muc dich khac nhau khi nguoi dung
(hé diéu hanh va user) can str dung dén. Chung twong tu nhu 6 dia cing trong may tinh
ca nhan.

e Céc thiét bi vao ra: Pay 1a nhitng module duoc tich hop sin bén trong vi diéu
khién. Chung co thé 1a ADC module, Ethenet module, USB module, ... cac thiét bi nay co
vai tro giao tiép giita hé thong v6i méi trudng bén ngoai.

Thanh phan quan trong th{r hai trong mot hé thong nhung 1a phan mém. Phan mém
ctia hé thdng nhung thay doi theo céu trac phan cing. Hé thong chi hoat dong hiéu qua
khi phdn mém va phan cimg c6 sy twong thich nhau. Di tir thip 1én cao thong thuong
phan mém hé théng nhung bao gdm cac 16p sau: Driver thiét bi, hé diéu hanh, chuong
trinh ing dung.

o Cdc driver thiét bi (device driver): Pay 13 nhitng phan mém dugc viét sin dé truc
tiép didu khién phan cting hé thong nhing. Mdi mot hé thdng nhung dugc cau tao tir
nhimg phan cing khac nhau, nhitng vi diéu khién v6i nhitng tap 1énh khac nhau, nhiing
module khac nhau cua céc hing khac nhau c6 co ché giao tiép khac nhau, device driver
1am nhiém vu chuan hoa thanh nhiing thu vién chung (c6 mi 1énh giéng nhau), phuc vu
cho hé diéu hanh va ngudi viét chuong trinh lap trinh dé dang hon. Chang han, nhiéu hé
thdng c6 giao thirc truy xuat dir liéu khac nhau, nhung device driver s& quy vé 2 ham duy
nhat mang tén read va write dé doc va nhap thong tin cho hé thng xir 1y. Dé phan biét
giita cac thiét bi voi nhau, device driver s& cung cidp mot ID duy nhit cho thiét bj d6
nham muc dich thuin tién cho viéc quan ly. **Device driver s€ dugc trinh bay rt 1o
trong nhitng bai khac.

o H¢ diéu hanh: bay cling 1a mot phﬁn mém trong hé théng nhung, nhi€ém vu ctia n6
1a quan 1y tai nguyén hé thong. Bao gébm quan 1y tién trinh, thoi gian thuc, truy xuat ving
nhd 4o va vung nho vat ly, cac giao thirc mang, ...

o Chuong trinh ung dung: Céc chuong trinh ing dung 14 do nguoi dung lap trinh.

Thong thudng trong hé théng nhing, cong viéc lap trinh va bién dich thong thudng
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khong ndm trén chinh hé théng d6. Nguoc lai thuong duoc nam trén mot hé théng da
nhi¢m khac, qué trinh nay goi 1a bién dich chéo (cross-compile). Sau khi bién dich xong,
chuong trinh da bién dich dugc chép vao bén trong ROM luu trit phuc vu cho qué trinh
sir dung sau nay. Cac chuong trinh s& str dung nhitng dich vu bén trong hé diéu hanh (tao
tién trinh, tao tuyén, tri hoan thoi gian, ...) va nhitng ham dugc dinh nghia trong device
driver (giao tiép thiét bi dau cudi, truy xuat IO, ...) dé tic dong dén phan cimg cua hé
théng.

**¥Quyén sdch nday chii yéu trinh bdy sdu vé phan mém hé thong nhing. Trong phan
dau ching ta dd nghién ciu so luoc vé cdch ldp trinh vmg dung, lam thé nao dé tri hodn
thoi gian, tao tién trinh, tao tuyén, ... Phan nay sé di sdu vdo 16p cudi ciing trong phan
mém la Device driver.

III. Mobi quan hé giira Device drivers va Applications:

Application (chuong trinh Gmg dung) va Device drivier (Driver thiét bi) c6 nhiing
diém giéng va khac nhau. Tiéu chi dé so sanh dua vao nguyén Iy hoat dong, vi tri, vai tro
ctia ting loai trong hé thdng nhiing.

Application va Device driver khac nhau cin ban ¢ nhiing diém sau:

Vé cach thirc mdi loai hoat dong, da s6 cac Application don nhiém vira va nhé hoat
dong xuyén sudt tir cau 1énh dau tién cho dén cau 1énh két thiic mot cach tuan tir ké tir khi
duogc goi tr nguoi st dung. Trong khi d6, Device driver thi hoan toan khac, chung dugc
lap trinh vé&i theo dang tirng module, nham muc dich phuc vu cho viéc thuc hién mdt thao
tac ctia Application duoc gon nhe va d& dang hon. Mdi module c6 mot hay nhiéu chic
nang riéng, duoc lap trinh cho mat thiét bi dic trung va duoc cai dit san trén hé diéu
hanh d& san sang hoat dong khi duoc goi. Sau khi duoc goi, module sé thyc thi va két
thiic ngay lap tirc. Mot cach khai quat, ching ta co thé xem: Néu Application & chuong
trinh phuc vu nguoi dung, thi Device driver la chuong trinh phuc vu Application. Nghia
la Application la nguoi dung cua Device driver.

Mot diém khac biét giita Application va Device driver 13 van dé an toan khi thuc thi
tac vu. Néu mot Application chi don gian thyc thi va két thuc, thi cong viéc ciia Device

driver phuc tap hon nhiéu. Bén canh viéc thuc thi nhirng I¢nh duoc 1ap trinh n6é con phai
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dam bao an toan cho hé théng khi khong con hoat dong. Néi cach khéc, trudc khi két
thiic, Device driver phai khoi phuc trang thai trude d6 ctia hé thong tra lai tai nguyén cho
cac Device driver khac str dung khi can, tranh tinh trang xung dot phan ctng.

Mot Application c6 thé thyc thi nhitng 1énh ma khéng can dinh nghia trude do, cac
1énh nay chwra trong thu vién lién két dong cua h¢ diéu hanh. Khi viét chuong trinh cho
Application, chiing ta s& tiéc kiém duoc thoi gian, cho ra san phdm nhan hon. Trong khi
d6, Device driver mudn sir dung 1énh nao thi doi hoi phai dinh nghia trude do. Viée dinh
nghia nay dugc thyuc hi¢n khi ching ta dung khai bdo #include <linux/library.h>, nhiing
thu vién nay phai thuc sy ton tai, nghia 1 con ¢ dang ma 1énh C chua bién dich. Cac thu
vién nay chira trong hé thdng ma ngudn ctia hé diéu hanh trude khi duoc bién dich.

Mot chuong trinh Application dang thuc thi néu phét sinh mot 13i thi khong con hoat
dong duoc nita. Trong khi @6, khi mot tac vu trong module bi 161, né chi anh hudng dén
ciu Iénh goi ma thoi (nghia 1a két qua truy xuat s& khong dung) cac 1énh tiép theo sau van
c6 thé tiép tuc thyc thi. Thong thuong luc ndy ching ta s& thoat khoi chuong trinh bing
1énh exit(n), dé dam bao dir liéu xur 1y 1a chinh xéc.

Chung ta c6 hai thuat ngtr méi, user space (khong gian nguoi dung) va kernel space
(khong gian kernel). Khong gian ¢ ddy chung ta nén hiéu 1a khong gian bo nhd 4o, do hé
thdng Linux dinh nghia va quan ly. Cac chuong trinh Gng dung Application duoc thyc thi
trong user space, con nhittng Device driver khi dugc bién dich thanh tap tin .ko sé duoc
lwu trit trong kernel space. Kernel space va User space lién hé nhau thong qua hé diéu
hanh (operating system).

Trong khi hau hét cic 1énh trong ting tién trinh va tuyén duoc thuc hién tuan ty nhau,
két thic 1énh nay roi méi thuc hién 1énh tiép theo, trong user space; Thi cac module trong
device driver co thé cing mot luc phuc vu dong thoi nhidu tién trinh, tuyén. Do d6
Device driver khi lap trinh phai dam bao giai quyét dugc van dé nay tranh tinh trang xung
d6t viing nh¢, phan ctng trong qua trinh thuc thi.

IV.Két luan:

Chung ta di tim hiéu so luoc vé cdu tric tong quat trong hé thong nhung, hiéu duoc

vai tro chtic ning cia ting thanh phan. Bén canh d6 chung ta ciing da phan biét dugc
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nhimg dic diém khac nhau giita chuong trinh trong user space va Device Driver trong
kernel space. Nhiing kién thirc nay rat quan trong khi buéc vao lap trinh driver cho thiét
bi. Chung ta phai biét phan cong nhiém vu giita user application va kernel driver sao cho
dat hiéu qua cao nhéat.

Bai tiép theo chung ta s& di vao tim hiéu céac loai driver trong hé thong Linux, cach

nhén dang ting loai, cling nhu cac thao tac can thiét khi lam viéc voi driver.
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BAI 2
PHAN LOAI VA NHAN DANG DRIVER
TRONG LINUX
L. Tong quan vé Device Driver:

Mot trong nhitng muc dich quan trong nhat khi sir dung hé diéu hanh trong hé thong
nhung 1a lam sao cho nguoi st dung khong nhan biét dugc su khac nhau gitra cac loai
phan cing trong qua trinh diéu khién. Nghia 12 hé diéu hanh s& quy nhiing thao tac diéu
khién khac nhau cta nhiéu loai phan ctng khac nhau thanh mét thao tac diéu khién chung
duy nhat. Vi du nhu, hé diéu hanh quy dinh tit ca nhiing 6 dia, thiét bi vao ra, thiét bi
mang déu dudi dang tap tin va thu myc. Viéc khai dong hay tat thiét bi chi don gian l1a
dong hay mé tap tin (thu muc) d6 con sau khi thao tic dong hay mé hé diéu hanh lam gi
do6 1a cong viéc cua device driver.

Trong mdt hé thong nhiing, khong phai chi cd6 CPU mdi c6 thé xir Iy thong tin ma tat
ca nhirng thiét bi phan ctmg déu c6 mot co cau diéu khién dwogc 1ap trinh sin, dic trung
cho timg thiét bi. Mdi mot thé nhd, USB, chudt, USB Camera, ... diéu la nhitng hé théng
nhung doc lap, chung c6 tung nhiém vu riéng, ddm trach mot cong viéc xu ly thu théap
thong tin cu thé. Mdi bo diéu khién cua cac thiét bi d6 diéu chira nhitng thanh ghi 1énh va
thanh ghi trang thai. Va dé diéu khién dugc thi chung ta phai cung cip nhiing sé nhi phan
can thiét vao thanh ghi 1énh, doc thanh ghi trang thai cho biét trang thai thuc hién. Tuong
tu khi muén thu thap dir liéu, chung ta phai cung cdp nhitng ma can thiét, theo nhiing
budc can thiét do nha san xuat quy dinh. Thay vi phai lam nhiing cong viéc nham chén
d6, chiing ta s& giao cho device driver dam trach. Device driver thuc chat 1a nhitng ham
duoc 1ap trinh sin, nap vao hé diéu hanh. C6 ngd vao 1a nhitng giao dién chung, ngd ra 1a
nhirng thao tac riéng biét diéu khién timg thiét bi cta device driver do.

Linux cung cip cho chiing ta 3 loai device driver: Character driver, block driver, va
network driver. Character driver hoat dong theo nguyén tic truy xuat dir liéu khong cé
vung nhé dém, nghia 13 thong tin s& di chuyén lap tirc tir noi giri dén noi nhéan theo timg

byte. Block driver thi khac, hoat dong theo co ché truy xuét dit liéu theo vung nhé dém.
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C6 hai ving nhé dém, dém ngd vao va dém ngd ra. Dit liéu trude khi di chuyén vao (ra)
hé théng phai chta trong ving nhd dém, cho dén khi ving nhd dém day thi méi dugc
phép xuit (nhap). Nghia 1a dir liéu di chuyén theo ting khéi. Network driver hoat dong
theo mot cach riéng dang socket mang, chii yéu dung trong truyén nhan dir liéu tir xa giira
cac may v6i nhau trong mang cuc b hay internet bang céc giao thirc mang phd bién.

**Trong subt phan nay chung ta chu yéu nghién cru vé character driver. Muyc tiéu 1a
6 thé ty minh thiét ké mot character driver don gian;

II.  Cac dic diém ciia device driver trong h¢ diéu hanh Linux:

Chung ta da biét nhu thé nao 1a device driver, dic diém cua tung loai device driver.
Thé nhung cac loai driver nay dugc hé diéu hanh Linux quan 1y nhu thé nao?

Bét ky mot thiét bi nao trong hé diéu hanh Linux cling dugc quan 1y thong qua tap tin
va thu muc hé thong. Chung duoc goi 1a cac tap tin thiét bi hay 1a cac tap tin hé thong.
Nhiing tap tin nay diéu chtra trong thu muyc /dev. Trong thu muc /dev ching ta thyc hién

1énh Is —1, hé thdng s& cho ra két qua sau:

CrW—Irw—Irw-— 1 root root 1, 3 Apr 11 2002 null
Crw———-———- 1 root root 10, 1 Apr 11 2002 psaux
Crw——————-— 1 root root 4, 1 Oct 28 03:04 ttyl
CYW—Trw-rw-— 1 root tty 4, 64 Apr 11 2002 ttysO
Crw—rw-—-—-— 1 root uucp 4, 65 Apr 11 2002 ttysSl
Crw—-—w-———-— 1 vcsa tty 7, 1 Apr 11 2002 wvcsl
Crw—-—w-———-— 1 vcsa tty 7, 129 Apr 11 2002 wvcsal
CTW—TrW-—YwW-— 1 root root 1, 5 Apr 11 2002 zero

Cot thir nhét cho chiing ta thong tin vé loai device driver. Theo thong tin trén thi tat ca
déu 1a character driver vi nhitng ky tu dau tién diéu 1a “c”, twong tu néu 1a block driver
thi ky tu dau 1a “b”. Chiing ta chii y dén cot thir 4 va 5, tai ddy c6 hai thong tin cach nhau
bang dau “,” hai s nay dugc goi 1a Major va Minor. Mdi thiét bi trong hé diéu hanh déu
c6 mot sd 32 bits riéng biét dé quan 1y. S6 nay dugc chia thanh hai thong tin, thong tin
thi nhat 13 Major number. Major number 14 s6 c6 12 bit, dung dé phan biét timg nhom

thiét bj voi nhau, hay noéi cach khac nhitng thiét bj cing loai s& c6 chung mot sé Major.
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Céc thiét bi cung loai ¢6 cung sé Major dugc phan biét nhau théng qua thong tin thir hai
13 s6 Minor. S6 Minor 1a sb c6 chiéu dai 20 bit. Vi hai s6 Major va Minor, tong cong hé
didu hanh c6 thé quan 1y sé thiét bi téi da 1a 2'**#2*° twong duong vai 2°°.

Trong lap trinh driver, d6i khi chung ta mudn thao tac v&i hai thong tin Major va
Minor numbers. Kernel cung cp cho chung ta nhitng ham rat hiru ich dé thuc hién nhiing
cong viée ndy. Sau ddy 12 mot s6 ham tiéu biéu:

#include <linux/types.h>

#include <linux/kdev_ t.h>

int MAJOR (dev_t dev);

int MINOR (dev_t dev);

dev_t MKDEV (int major, int minor);

Trude khi st dung nhiing ham nay, ching ta phai khai bao thu vién phu hgp cho
chung. thu vién <linux/types.h> chira dinh nghia kiéu dit lidu dev_t, bién kiéu nay dung
dé chira s6 dinh danh cho thiét bi. Thu vién <linux/kdev_t.h> chira dinh nghia cho nhiing
ham MAJOR(), MINOR(), MKDEYV, ...

Ham MAJOR (dev t dev) ding dé tach s Major cua thiét bi dev_t dev va Iuu vao
mot bién kiéu int;

Ham MINOR (dev_t dev) dung dé tach s6 Minor cua thiét bi dev_t dev va luu vao
mot bién kiéu int;

Ham MKDEV (int major, int minor) ding dé tao thanh mot s6 dinh danh thiét bi kiéu
dev t tu hai s6 int major, va int minor;

Dbi voi kernel 2.6 tro di thi s6 device driver dev_t c6 32 bit. Nhung ddi véi nhiing

kernel doi sau do thi dev tcé 16 bit.
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1. Két luén:

Trong bai ndy ching ta di di vao tim hiéu mot cach khai quat vai tro ¥ nghia cia timg
loai device driver trong hé thong Linux, mdi device driver déu c6 nhitng wu va nhugc
diém riéng va dong gop mot phan dé lam cho hé thdng chay on dinh. Chung ta ciing da
biét cach thirc quan 1y thong tin thiét bi cia Linux théng qua thu muc /dev, mdi thiét bi
trong Linux déu c6 mot sé dinh danh, tily vao timg hé thong ma sd nay c¢é bao nhiéu bit,
sd dinh danh c6 thé dugc tao thanh tir hai sé riéng biét Major va Minor bang ham
MKDEV() hoic c¢6 thé tach riéng mot sd dinh danh dev t thanh hai s6 Major va Minor
bang hai ham MAJOR() va MINOR (). Nhitng ham nay rat quan trong trong lap trinh
driver.

Trong gidi han vé thoi gian, quyén sach nay chi trinh bay cho cac ban cach 1ap trinh
mot character driver. Trén co s¢ d6 cac ban s& tuy minh tim hiéu cach lap trinh cho cac
loai driver khac. Bai sau chiing ta s& tim hiéu sau hon vé character driver, cau trac di liéu

bén trong, cac ham thao tac khoi tao character device, ...
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BAI 3
CHARACTER DEVICE DRIVER

I. Tong quan character device driver:

Character device driver 1a mot trong 3 loai driver trong hé thong Linux. Py 1a driver
d& va phd bién nhat trong cac tmg dung giao tiép vira va nho dbi véi lap trinh nhing.
Character driver va cic loai driver khac déu duoc hé diéu hanh quan 1y dudi dang tap tin
va thu muc. Hé diéu hanh str dung cac ham truy xudt tap tin chuan dé giao tiép trao d6i
thong tin gitta nguoi lap trinh va thiét bi do driver diéu khién. Chang han nhirng ham nhu
read, write, open, release, close, .. dugc dung chung cho tAt ca cac
character driver, nhirng ham nay con dugc goi la giao dién diéu khién gitra hé diéu hanh
(dugc nguoi lap trinh ra Iénh) va device driver (dugc hé diéu hanh ra 1énh). Hoat dong
bén trong giao dién nay 13 nhimng thao tac cla timg device driver ddc trung cho timg thiét
bi do. Cong viéc lap trinh cac thao tac nay goi la 1ap trinh driver.

Mot character driver mudn cai dat va hoat dong binh thuong thi phéi trai qua nhiéu
budc 1ap trinh. Dau tién 1a dang ky s6 dinh danh cho driver, s6 dinh danh 13 s6 ma hé
diéu hanh linux cung cap cho mdi driver d&& quan Iy. Tiép theo, mé ta tip l1énh ma driver
hd trg, chiing ta c6 thé xem tap 1énh 1a nhiing thao tic hoat dong bén trong cia driver
dung dé diéu khién mot thiét bi vat 1y. Sau khi dd mo ta tap 1énh, chung ta s& lién két cac
tap 1énh nay véi cac giao dién chuan ma hé diéu hanh linux hd trg, nham muc dich giao
tiép gitta hé diéu hanh va cac thiét bi ngoai vi vat Iy ma driver diéu khién. Tiép theo
chung ta dinh nghia lién két cac giao dién nay véi cdu trac mo ta tap tin khi thiét bi dugc
mo. Cubi cung chung ta thuc hién cai dit driver thiét bi vao hé théng thu muc tip tin
linux, thong thudng nam trong thu muyc /dev.

Trong phan nay chung ta s& tim hiéu mot cach chi tiét cac budc 1ap trinh driver da
néu.

II. S6 dinh danh character driver:

Thé nao 1a sb dinh danh, dic diém va vai tro cta sb dinh danh cta character driver

cling hoan toan twong ty nhu device driver khac ma ching ta da nghién ctru rat ki trong
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bai trude. Ching ta ciing da biét nhitng ham réat quan trong dé thao tic voi sé dinh danh
nay. O day khong nhéc lai ma thém vao dé la 1am thé nao dé tao lap mot s6 dinh danh
cho thiét bi nao d¢6 ma khéng sinh ra 15i.

1. Xdc dinh so6 dinh danh hop Ié cho thiét bi mdi theo cdch théng thwong:

Mot trong nhirng cong viéc quan trong ddu tién can phai lam trong driver 1a xac dinh
s6 dinh danh cho thiét bi. C6 hai thong tin can xac dinh 1a s Major va sb Minor.

Trudce hét chiing ta phai biét sb dinh danh nao con tréng trong hé thng chua duoc cac
thiét bi khac st dung. Thong tin vé s dinh danh dugc linux sir dung chira trong tap tin
Documentation/devices.txt. Tap tin ndy chira s6 dinh danh, tén thiét bi, thoi gian tao lap,
loai thiét bi, ... da duogc linux st dung hay s& dung cho nhitng muc dich dic biét nao do.
Poc ndi dung trong tap tin ndy, chiing ta s& tim dugc sé dinh danh phu hop, va cong viéc
tiép theo 1a dang ky s6 dinh danh d6 vao linux.

Linux kernel cung cap cho chiing ta mot ham dung dé dang ky sb dinh danh cho thiét
bi, ham do¢ la:

#include <linux/fs.h>

int register chrdev region (dev_t first, unsigned int count,

char *name) ;

Dé sir dung dugc ham, chung ta phai khai bao thu vién <linux/fs.h>. Tham sb
thir nhat dev t first la s dinh danh thiét bi du tién muén dang ky véi sé Major 1a s6
hop 1é chwa dugc sir dung, Minor thong thuong cho bang 0. Tham sd th hai unsigned
int count la s6 thiét bi mudn ding ky, chang han mudn ding ky 1 thiét bi thi ta nhap 1,
luc nay chi c6 mot thiét bi mang s6 dinh danh 1a dev t first dugc dang ky. Tham )
thit ba char *name 1 tén thiét bi mudn dang ky.

Ham register chrdev region () tra vé gia tri kiéu int 1a 0 néu qua trinh dang
ky thanh cong. Va tra vé sb ma 16i am khi qué trinh dang ky khong thanh cong.

Tat ca nhiing thong tin khi ding ky thanh cong s& duoc hé diéu hanh chira trong tap
tin /proc/devices va sysfs khi qua trinh cai dat thiét bi két thuc.

Céch dang ky s dinh danh trén c6 mot nhugc diém 16n 1a chi ap dung khi ngudi ding

ky dong thoi 1a ngudi 1ap trinh nén driver d6 vi thé ho s& biét rd s6 dinh danh nao 1a con
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tréng. Khi driver dugc sir dung trén nhitng may tinh khac, thi sé dinh danh duoc chon ¢
thé bi trung voi cac driver khac. Vi thé viéc lya chon mét s6 dinh danh dong 13 can thiét.
Vi 86 dinh danh dong s& khong tring vai bat ky sé dinh danh nao ton dang ton tai trong
hé thdng.

Vi dy, néu muén dang ky mot character driver c6 tén 1a “1cd dev”, s6 lugng 1a 1, s6
Major ddu tién 1a 2, chung ta tién hanh khai bdo ham nhu sau:

/*Khai bdo bién lwu trit md 16i trd vé ciia ham*/

int res;

/*Thuc hién dang ky thiét bi cho hé théng*/

res = register chrdev region (2, 1, “lcd dev”);

if (res < 0) {

printk (“Register device error!”);

exit (1);

2. Xdc dinh sé dinh danh cho thiét bj theo cdch ngdu nhién:
Linux cung cap cho ching ta mot ham dang ky s6 dinh danh dong cho driver thiét bi
moi.
#include <linux/fs.h>

int alloc chrdev region (dev_t *dev, unsigned int firstminor,

unsigned int count, char *name);

Cing twong ty nhu ham register chrdev region (), ham
alloc chrdev region () cling lam nhiém vu dang ky dinh danh cho mdt thiét bi
méi. Nhung c6 mot diém khac biét 1a sé Major trong dinh danh khong con ¢d dinh nita,
sd nay do hé thong linux tu dong cip vi thé s& khong trung voi bat ky sé dinh danh nao
khac da ton tai.

Tham sd tht nhat cua ham, dev t *dev, la con trd kiéu dev t dung dé Iuu trix sb
dinh danh dau tién trong khoang dinh danh dugc céip néu ham thuc hién thanh cong;

Tham s6 tht hai, unsigned int first minor, 13 s§ Minor dau tién cua khoang

dinh danh muon cap;
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Tham s6 tht ba, unsigned int count, la sb lurgng dinh danh mudn cép, tinh tir sb
Major duoc cp dong va s6 Minor unsigned int first minor;

Tham s6 thtr tu, char *name, 13 tén cta driver thiét bji mudn dang ky.

Vi du khi muén dang ky thiét bi tén “1cd dev”, s Minor dau tién 1a 0, s6 thiét bi
mudn dang ky 1a 1, s6 dinh danh khi tao ra dugc luu vao bién dev t dev_id. Liic nay ham
alloc chrdev region () khaibdo nhu sau:

/*Khai bdo bién dev_t dé luu gid tri dinh danh dau tién tra vé ciia ham*/

dev t dev id;

/*Khai bdo bién lwu md 16i trd vé ciia hé thong*/

int res;

/*Thuee hién dang ky thiét bi véi dinh danh dong*/

res = alloc chrdev region (&dev_id, 0, 1, “lcd dev”);

/*Kiém tra md 16i trd vé*/

if ( res < 0) {

printk (“Allocate devices error!”);
return res;

}

Tuy nhién viéc ding ky sé dinh danh dong cho thiét bi d6i khi cling c6 nhiéu bét loi.
Gia str s6 dinh danh cua thiét bi can duoc st dung cho nhiing muc dich khac, vi thé sb
dinh danh lu6n thay doi khi mdi 1an cai dat driver s& sinh ra 15i trong qua trinh thuc thi
lénh. Dé két hop wu diém cia 2 phuong phép, chung ta sé& ding ky driver thiét bi theo
cach sau:

/*Khai bdo cdc bién can thiét*/

int lcd major; //Bién luu trit s6 Major

int lcd minor; /Bién luu trit s6 Minor

dev t dev id; //Bién luu trir s6 dinh danh thiét bi

int result; //Bién luu mad l6i

/*Néu so Major hop 16, da ton tai*/

if (lcd major) {
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dev = MKDEV (lcd major, lcd minor); //Tao sé6 dinh danh
/*Dang ky thiét bi véi s6 dinh danh c6 dinh*/
result = register chrdev region (dev, lcd nr devs,
"lcd dev");
} else {
/*Néu sé Major chua ton tai, thuc hién tim kiém sé Major dong™*/
result = alloc chrdev region(&dev id, lcd minor, lcd nr devs,

"lcd dev");

/*Cdp nhdt lai s6 Major déng can sir dung trong nhitng lan sau™/

lcd major = MAJOR (dev_id);

}

/*Kiém tra két qua thuece thi cua hai lénh trén™/

if (result < 0) {

printk (KERN WARNING "led: can't get major $d\n",
lcd major);
return result;

}

Nhu vay ta c6 thé cap nhat lai sb dinh danh dong khi vira tao ra dé su dung cho nhiing
chuong trinh lién quan bang k¥ thuat nhu trong doan ma 1énh trén.

Character driver bao gdm c6 nhiéu thanh phan, dang ky sé dinh danh chi 1a mét trong
nhirng thanh phan d6. Bén canh sb dinh danh character driver con c6 nhitng bo phan nhu:
Céu trac dir liéu (data structure) dugc goi 1a file operation, cau tric nay chira nhiing tap
lénh dugc nguoi lap trinh driver dinh nghia; Cau trac mé ta tap tin (file) chtra nhiing
thong tin co ban cua tap tin thiét bi; CAu trac tip tin chira thong tin quan 1y tap tin thiét bi
trong hé thong linux.

Phan tiép theo chung ta s& tim hiéu cach gan cac hanh vi cho character device driver
thong qua viéc thao tac véi file _operations.

III.  Ciu tric Iénh caa character driver:

Céu tric 1énh cta character driver (file operations) 1a mot cau trac dung dé lién két

nhirng ham chtra cac thao tac cua driver diéu khién thiét bi v&i nhitng ham chuan trong hé
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diéu hanh giup giao tiép gita ngudi 1ap trinh ung dung véi thiét bi vat Iy. Cau tric
file_operation dugc dinh nghia trong thu vién <linux/fs.h>. Mdi mot tap tin thiét bi
dugc mo trong hé diéu hanh linux déu dugc hé diéu hanh danh cho mot vung nhé mo ta
cAu tric tap tin, trong cAu trac tap tin co rat nhiéu thong tin li€n quan phuc vu cho viéc
thao tac véi tap tin d6 (ching ta s& nghién ctru ky trong phan sau). Mot trong nhiing
thong tin ndy 1a file operations, ding mo ta nhitng ham ma driver thiét bi dang duoc mo
hd tro. CO thé ndi mot cach khac mdi tap tin thiét bi trong hé théng linux tuwong ty nhu
mot vat thé va file operation 1 nhimg cong dung cta vat thé do.

Céu tric file operations 13 mot thanh phan trong cau tric file structure khi tip tin
thiét bi dugc ma. Mdi thanh phan trong file operations bao gdm nhimng 1énh cin ban theo
chuan do hé diéu hanh dinh nghia, nhung nhitng 1énh nay chua dugc dinh nghia thao tac
cu thé, day 1a nhiém vu ctia ngudi lap trinh driver. Chung ta phai lién két nhing thao tic
mudn 1ap trinh v6i nhitng dang ham chuan nay.

Sau day chung ta s& tim hiéu mot s nhing thanh phan quan trong trong ciu triic
file structure:

struct module *owner

Pay khong phai 1a mot 1énh trong driver ma chi 1a con tré cho biét tén driver ndo quan
Iy nhitng 1énh dugc lién két. Thong tin nay duoc thiét lap thong qua macro
THIS MODULE dinh nghia trong thu vién <1inux/module.h>.

ssize t (*read) (struct file *, char user *, size t, loff t

*); . n : :

Ham chuan nay ding dé yéu cau nhan dir liéu tir thiét bi vat 1y. Nhan dit liéu nhu thé
nao s& do ngudi 1ap trinh quyét dinh, phu hop véi quy dinh cia timg thiét bi. Tham s thi
nhit, struct file *,1a con tré dén cau trac tap tin dang mo trong hé didu hanh, ding
dé phan biét thiét bi nay voi thiét bi khac. Tham s6 thw hai, char  user *, 1a con trd
duoc khai béo trong user space, chira thong tin doc duogc tir thiét bi. Tham sb thir ba,
size_t 13 kich thudc dir liéu mubn doc (tinh bang byte). Tham sb thir tu, 1off t *, la
con tré chi vi tri dir li¢u trong thiét bi can doc vé, néu dé tréng thi mic dinh 1a vi tri dau

tién. Ham co6 gia tri tra vé 1a kich thudc dit liéu doc vé thanh cong.
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ssize t (*write) (struct file *, const char  user *, size t,

loff t *);

Ham nay dung dé ghi thong tin ctia nguoi dung vao thiét bi vat Iy. Cac thao tac ghi cu
thé s& do nguoi lap trinh quyét dinh tury theo timg thiét bi phan cting. Tham sd thir nhat,
struct file *,la con trd dén cdu trac tip tin dang mé trong hé diéu hanh, dung dé
phan biét thiét bi nay vai thiét bi khac khi sir dung nhiéu thiét bi. Tham sd thir hai, char
__user *, 14 con tré dugc khai bao trong user space, chira thong tin mudn ghi tir nguoi
sir dung. Tham sb thtr ba, size t 14 kich thuéc dir liéu mudn ghi (tinh bang byte).
Tham s thir tw, 1of£ t *,1a con trd chi dia chi dir liéu trong thiét bi can ghi thong tin,
néu dé tréng thi mic dinh 13 vi tri dau tién. Ham c6 gia tri tra vé 1a kich thuée dit liéu ghi
thanh cong.

int (*open) (struct inode *, struct file *);

Pay 1a ham ludn dugc thuc thi khi thao tac voi driver. Ham duoc goi khi ta sir dung
1énh mo tap tin driver thiét bi sir dung. Chung ta khong can thiét phai 1ap trinh thao tac
cho 1énh nay. Trong cdu triic 1énh c6 thé dat gia tri NULL, nhu vay khi d6 driver s& khong
duoc canh bao khi thiét bi dugc md. Mic du khong quan trong nhung ching ta nén khai
béo 1énh open_device trong chuong trinh dé sir dung ma 15i tra vé khi can thiét.

int (*release) (struct inode *, struct file *);

Ham chuan nay duogc thuc thi khi driver thiét bi khong con st dung, thoat khoi hé
thdng linux. Ciing twong ty nhu ham open, ham release c6 thé khong can khai béo trong
cau tric tap 1énh file operation. Tuy nhién dé thuan loi trong qua trinh lap trinh, chiing ta
nén khai bao ham release_device trong driver dé c6 thé tra vé ma 15i néu can thiét.

int (*ioctl) (struct inode *, struct file *, unsigned int,

unsigned long);

joctl 1a mot ham rat manh trong cau truc tap lénh file operations. Ham nay co
thé tich hgp nhiéu ham khac do nguoi 1ap trinh driver dinh nghia. Nhitng ham khac nhau
duoc phan biét théng qua cac tham sé ctia ham ioctl. Tham s6 thi nhat, struct inode
*1a cAu trGc tap tin trong hé thdng thu muc linux (chung ta s& nghién ciru trong phan

sau). Tham s6 thtr hai, struct file *, I cdu triic tip tin dang mé trong hé thong
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linux. Tham sb tht ba, unsigned int, 13 sb unsigned int phan bi¢t nhitng 1&€nh
khéc nhau, c6 thé goi day la s6 dinh danh 1énh. tham sb thir ba, dang unsigned long,
1a tham s6 ctia ham twong tng véi sé dinh danh 1énh. Chiing ta s& nghién ctru sdu cac s
dung ham trong nhitng bai sau.

Sau day 1a mot vi du cho thdy cach gan chirc niang cho cic ham sir dung trong tap 1énh
cua character device driver.

/*Khai bao cdu tric 1énh cho driver®/

struct file operations lcd fops = {

/*Tén cua module so hitu tap lénh nay*/

.owner = THIS MODULE,

/*Gan lénh doc lcd read vao ham chuan read*/

.read = lcd read,

/*Gadn ham ghi div liéu vao ham chudn write*/

.wWwrite = lcd write,

/*Gan ham led ioctl vao ham chudn ioctl*/

.loctl = lcd ioctl,

/*Gan ham khoi ddng thiét bi vao ham chudn, cé thé ddt gid tri NULL*/

.open = lcd open,

/*Gdn ham thodt thiét bi vao ham chudn, cé thé dat gid tri NULL*/

.release = lcd release,

}s

Tiép theo chung ta s& nghién ctru cdu tric khac 16n hon trong character device driver.
Céu trac nay chira nhirng thong tin thao tac tap tin can thiét khi tap tin dang mé trong d6
c6 cau trac tap l1énh file operations.

IV. Céu triic md ta tap tin ciia character driver:

Céu trac mo ta tap tin (file structure), dinh nghia trong thu vién <linux/fs.h> la
ciu triic quan trong tht hai trong character device driver. Ciu triic ndy khong xuét hién

trong h¢ théng thu muc tap tin cia Linux. Ma chi xuét hién khi tap tin dugc ma, sir dung
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trong hé théng. Khi mot tap tin duoc ma, linux s& cung cip mot khong gian ving nhé luu
trlt nhitng thong tin quan trong phuc vu cho qué trinh 1dp trinh st dung tap tin. Nhiing
thong tin do la:

mode t f mode;

Thong tin nay quy dinh ché do truy xuét tap tin thiét bi. Mot tap tin khi dwoc mo trong
hé thdng s& co thé chi duge phép doc, chi duoc phép ghi, hay ca hai bang cach st dung
cac bit c& FMODE READ va FMODE WRITE. Ching ta nén kiém tra ché do truy xut ctia
tap tin thiét bi khi str dung ham ioclt hay open. Nhung khi sir dung ham read va write thi
khong can thiét. Vi trude khi thuc thi cac ham nay hé théng s& tu dong kiém tra cac cd
hop 1¢ hay khong, néu khong hé thdng sé bo qua khong thyc thi.

loff t £ pos;

La thong tin Iuu vi tri truy cap tap tin, phuc vu cho thao tdc read va write. Pay Ia
sd ¢6 64 bits, kha nang truy xuét rat rong. Ngudi 1ap trinh driver c¢6 thé tham khao thong
tin ndy dé biét vi tri hién tai ctia con tr truy cap tap tin. Tuy nhién nén han ché thay do6i
thong tin nay. Dé thay d6i thong tin ndy, ching ta c6 thé thay doi truc tiép bang cach thay
d6i tham s6 filp -> £ pos hodc c6 thé sir dung nhitng ham chuan trong linux.

unsigned int f flags;

Pay 14 nhitng co thé hién ché do truy cap tap tin, bao gdbm nhiing gia tri c6 thé nhu,
O_RDONLY, O NONBLOCK, O_SYNC trong nhitng thong tin nay thi © NONBLOCK dugc sir
dung nhiéu nhit dé kiém tra l1énh thuc hién co phai 1a Iénh truy xuét theo block hay
khong. Con nhiing thong tin truy xuat khac thong thudng duoc kiém tra théng qua
f mode. Céc dinh nghia cho gia tri bit cd chira trong thu vién <linux/fcnt.h>

struct file operations *f op;

Thong tin ndy chira dinh nghia cac tap 1énh twong tng cta ting tap tin thiét bi. Thong
tin nay da duoc giai thich rd trong phan trén.

void *private data;

Pay 1a con tré6 dén ving nhd danh riéng cho nguoi st dung driver. Ving nhd nay
duoc xoa khi tap tin dugc mo, nhung van ton tai khi tap tin dugc dong, vi thé chung ta

phai tién hanh giai phong ving nhd nay trudce khi thoat.
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struct dentry *f dentry;

Chura thong tin veé tap tin nguén duoc md, mdi tap tin dugc mé trong hé théng linux
déu bat ngudn tir mot tap tin nao d6 luu trong bd nhd. Nguoi viét driver thuong ding
thong tin nay hon 1a thong tin vé i_node cua thiét bi dé quan 1y vi tri tap tin thiét bj dugc
mé trong hé théng.

Trong thyc t& mot tap tin tong quat dugc md trong hé thong co thé co nhiéu hon
nhimng thong tin néu trén. Nhung dbi vi tap tin driver thi nhitng thong tin d6 khong can
thiét. Tt ca nhitng driver diéu thao tac trén co s nhitng cau tric tap tin duoc xay dung
san.

V. Céu tric tip tin caa character driver:

CAu tric tap tin (inode structure) duoc kernel sir dung dé dic trung cho mot tap tin
driver thiét bi. C4u triic ndy hoan toan khic vé&i ciu tric file structure dugc giai thich
trong phan trude, diéu nay c6 nghia 1a c¢6 thé ¢ nhiéu file structure biéu thi ciu trac tap
tin dang mé nhung tit ca nhiing file structure nay diéu c6 ngudn gdc tir mot inode
structure duy nhat.

Kernel dung cAu trac file structure nay dé biéu dién mot tap tin thiét bi trong cAu trac
hé thdng cia minh (hay noi cu thé hon 1a ciu tric cy thu muc). Ching ta c6 thé md tap
tin nay v&i nhidu ché do truy xuat khic nhau, mdi ché d6 truy xuit s& tuong duong voi
mdt ciu trac file structure. Cau tric inode structure chtra rat nhiu thong tin vé tap tin
thiét bi, trong céng viéc 1ap trinh driver chung ta chi quan tdm dén nhiing thong tin sau
day:

dev t 1 rdev;

MJdi mét ciu trac inode structure dai dién cho mot tap tin thiét bi, thong tin nay trong
inode structure chira s6 dinh danh thiét bi ma ching ta di tao trong phan trudc.

struct cdev *i cdev;

struct cdev la kiéu cau triic luu trit thong tin ctia mot tap tin luu trit trong kernel.
Va thong tin i _cdev 1a con tré dén cau tric nay.

Linux cung cip cho ching ta hai ham chudn dé tim sé dinh danh Major va Minor cua

thiét bi biéu thi bﬁng inode structure. Hai ham do¢ la:
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unsigned int iminor (struct inode *inode);

unsigned int imajor (struct inode *inode);

Chung ta nén dung ham nay dé lay thong tin vé sd dinh danh thiét bi bén canh viéc
truy cap truc tiép thong tin dev_t i rdev trong cau tric inode structure.

VI Cai dit character device driver vao hé thong Linux:

Sau khi ding ky sé dinh danh thiét bi, thiét 1ap lién két voi file operations, gan
file operations véi file structure, va dinh nghia moét inode_structure, chung ta da hoan
thanh co ban mot character device driver. Cong viéc cudi cung la tién hanh cai dat
character driver nay vao hé diéu hanh va sir dung. Phan nay sé& trinh bay cho chung ta
cac bude dé cai dat nhitng ciu tric trén vao kernel tré thanh mot character driver hoan
chinh.

Nhitng ham dugc giéi thi¢u sau day dugc dinh nghia trong thu vién
<linux/cdev.h>.

Trudce khi cai dat thong tin vao kernel chiing ta phai khai bao cho kernel danh ra mot
khong gian vung nho riéng, chuén bi cho qua trinh cai dat. Co hai cach thuc hién cong
vi€c nay.

e Cdch I: Khai bao cau trac trudce khi dinh nghia thong tin.

struct cdev *my cdev = cdev alloc();

my cdev->ops = &my fops;

(Tuong tu cho nhitng trudng khéac)

Pau tién chung ta khai bdo con trd cdu tric dang struc cdev dé chtra con tro struct
cdev tréng do ham cdev alloc() tra vé. Tiép theo, dinh nghia timg thong tin lién
quan cho cdu tric vira tao ra. Chang han, trong cdu 1énh trén, chiing ta cap nhat con tro
cdu trac 1énh cho cdev nay bang 1énh gan co ban my cdev->ops = &my fops; trong
dé smy fops la cAu trac 1énh d3 dugce tao thanh tir trude duge gan vao truong ops cua
cau tric my cdev.

e Cdch 2: Thyc hi¢n dinh nghia thong tin trudc khi khai bao cho kernel.

struct cdev *my cdev;
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my cdev->0ps = &my OpS;

(Tiép theo cho nhiing trudng khéc)

cdev_init ( my cdev, my ops);

Nhu vdy, sau khi dinh nghia xong céac trudng can thiét cho cau tric struct cdev, chiing
ta tién hanh goi ham cdev init (); dé thong bao cho kernel danh ra mot ving nhé
riéng luu trit cdev moi vira tao ra.

Céu tric ciaham cdev _init () nhu sau:

void cdev _init(struct cdev *cdev, struct file operations
*fops) ;

Véi struct cdev *cdev 1a con tré cdu trac luu thong tin driver dd duogc khai bao,
struct file operations *fopslécéuhﬁct&)ﬁnhcﬁadﬁvm:

Sau khi khai bao cho kernel danh mot viing nhé luu trit ciu tric driver, cong viée cudi
cung 13 triéu goi ham cdev add () dé cai dit cau tric ndy vao kernel. Cau triic cua
ham cdev_add nhu sau:

int cdev _add(struct cdev *dev, dev t num, unsigned int count);

Trong d6, struct cdev *dev la con tro cau tric driver can cai dat. dev t num la
s6 dinh danh thiét bi dau tién mudn cai dit vao hé thdng, sé dinh danh nay dugc xac dinh
pht hop v6i hé théng thong qua cac ham dic trung. Tham sb cudi cing, unsigned int
count, 1a s6 thiét bi muén cai dit vao kernel.

Ham nay sé& tra vé gia tri 0 néu qua trinh cai dat driver vao kernel thanh cong. Nguoc
lai s& tra vé ma 161 am. Kernel chi c6 thé goi duoc nhitng ham trong driver khi n6 dugc
cai dat thanh cong vao hé thong.

D6i khi chung ta mudn thio bo ciu trac device driver ra khoi hé thdng, linux cung cap
cho chiing ta him cdev_del () dé thuc hién cong viéc nay. Cau triic cia ham nhu sau:

void cdev del (struct cdev *dev);

Véi cdev *dev 4 cu tric driver mudn théo bo, khi driver dugc thdo bo, thi kernel
khong thé st dung nhitng ham dinh nghia trong kernel duoc nira.

VII. Tong két:
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Trén day ching ta di tim hiéu rit k¥ nhitng thanh phan c4u tao nén mot character
driver do hé thong linux dinh nghia va quan ly. Chung ta ciing da biét cach két ndi nhiing
truong cé lién quan trong timg cdu trac véi nhitng ham duoc dinh nghia va cach cai dat
nhiing cau trac d6 vao kernel.

Pé tim hiéu hon vé nguyén tic giao tiép giita driver va user, trong bai sau ching ta s&
ban vé cac giao dién chuan trong cAu trac 1énh cta character device driver, d6 1a cdc ham

read(), write() va ioctl1();
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BAI 4
CAC GIAO DIEN HAM TRONG DRIVER

L. Tong quan vé giao dién trong cdu tric 1énh file_operations:

Céu truc 1énh file operations 13 mot trong 3 cau tric quan trong ciia character device
driver, bao gdm mot s6 nhimg ham chuan gip giao tiép giita chwong trinh tng dung
trong user va driver trong kernel. Chuong trinh ing dung chira nhitng yéu cau thyc thi tir
nguoi dung chay trong moi truong user(user space). Driver chita nhitng ham chirc nang
diéu khién thiét bi vat Iy duoc lap trinh sén chay trong méi truong kernel(kernel spcae).
Dé nhitng yéu ciu tir user duoc nhan ra va diéu khién dugc phan thiét bi vat 1y thi can
phai c6 mot giao dién diéu khién. Nhitng giao dién diéu khién nay thyc chat 1a nhimng
ham read (), write (), va ioctl (), ... dugc linux dinh nghia san, ban than n6 khong
¢6 chirc ning cu thé, chiic nang cy thé duoc dinh nghia bai ngudi lap trinh driver. Ching
han, ham read () ¢ chitc ning tong quat 1a doc thong tin tir driver dén mot ving nhé
dém trong user (cia mot chuong trinh tng dung dang chay), nhung driver mudn lay dugc
thong tin cung cap cho user thi phai qua nhiéu thao tic diéu khién cac thanh ghi 1énh
thanh ghi dir lidu cua thiét bi vat Iy dugc viét bai ngudi 1ap trinh driver, dir lidu thu dugc
khong thé truyén qua user mot cach tryc tiép ma phai thong qua cac ham hd tro trong
giao dién khac nhu copy to user().

Trong phan nay, ching ta s& tim hiéu nguyén Iy hoat dong cuia nhirng giao dién nay,
1am co s& dé viét hoan chinh mot character driver trong nhimg bai sau.

I1. Giao di€n read () & write():

Do ham read () va write () noi chung déu co cung mot nhiém vu 1a trao doi thong
tin qua lai gitta user (application) va kemel (driver). Néu ham read () dung dé chép dir
liéu tur driver qua applcation, thi nguoc lai ham write () dung dé chép dir li€u tu
application sang driver. Hon nita hai ham nay déu c6 nhitng tham sé tuwong ty nhau. Vi
thé chung ta s& nghién ctru hai ham nay cung lic.

1. Céu triic Iénh:
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ssize t read(struct file *filp, char  user *buff, size t
count, loff t *offp);

ssize t write(struct file *filp, const char  user *buff,
size t count, loff t *offp);

2. Giadi thich:

Trong ca hai ham trén, £ilp la con tro tip tin thiét bi mudn truy xuét dit liéu; count
1a kich thuéc mudn truy xuét tinh bang don vi byte. buf £ 13 con tré dén 6 nhé khai bao
trong application dé luu dit liéu doc vé trong truong hop 13 ham read (), trong trudng
hop 1a ham write () thi chinh 1a con tré dén ving nhé réng can ghi dir lidu dén. Cubi
cung of fp la con tr6 dang long offset Iuu vi tri con tré hién tai cta tap tin dang duoc truy
cap. Sau day ching ta s& tim hiéu k¥ hon ting tham s trong ham.

Con trd const char _ user *buff trong ham read(...) va write(...)
déu 1a nhitng con trd tré6 dén mot ving nhé trong user space do ngudi 1ap trinh khai bao
dé Iuu dir liéu truy xuat tir driver thiét bi. Hon nita driver hoat dong trong mdi truong
kernel. Giita user space va kernel space c6 nhiing nguyén tic quan 1y bd nhé khac nhau.
Do @6, driver, hoat dong trong mdi trudng kernel, khong thé giao tiép véi con tré nay,
hoat dong trong moi truong user, mot cach tryc tiép ma phai thong qua mot sb ham dic
biét.

Nhitng ham giao tiép nay duoc linux dinh nghia trong thu vién <asm/uaccess.h>.
Céc ham nay la:

¢ unsigned long copy to user (void  user *to, const wvoid
*from, unsigned long count); Cong dung cua ham la chép dir li€u tor kernel
space sang user space; Trong d6, void  user *to la con tro tré dén ving nhé trong
user space luu dur li€u chép tur kernel space; const void *from la con tro chira dit
liéu trong kernel space mudn chép qua user space; unsigned long count la sb bytes
dir liéu mudn chép.

¢ unsigned long copy from user (void *to, const wvoid _ user
*from, unsigned long count); Cong dung cua ham la chép dir li€u tur user space

sang kernel space; Trong d0, void *to la con trd tro dén ving nhé trong kernel space
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luu dir liéu chép tir user space; const void  user *from la con trd tro chira dit li¢u
trong user space muon chép qua kernel space; unsigned long count la so bytes dit

liéu muon chép.

Hai ham déu c6 gid tri tra vé kiéu unsigned long. Trudc khi truyén dit liéu chiing
kiém tra gia tri con tré ving nhd c6 hop 1¢ hay khong. Néu khong hop 1¢, thi qua trinh
truyén dit liéu khong thé thyc hién va ham s& tra vé ma 16i ~-EFAULT. Néu trong qua trinh
truyén dir liéu, gia tri con tro cap nhat bi 161, thi qua trinh truyén ding ngay tai thoi diém
d6, va nhu thé chi mot phén dir liéu dugc chép. Phén dit liéu truyén thanh cong sé duogc
thong bao trong gia tri tra vé dudi dang sd byte. Chung ta cin clr vao gid tri nay dé truyén
lai thong tin néu can thiét. Néu khong c6 15i xdy ra, ham sé& tra vé gia tri 0.

Chung ta s& minh hoa nguyén tic hoat dong ctia ham read () va write() thong

qua so d6 hinh 3-3:

ssize_t dev_read(struct file *file, char *buf, size_t count, loff_t *ppos);
dev_write

struct file write() 3
Buffer Buffer
el (nthedriver) | < copy_from_user() fin the
f_flags i application :
f_mode or 1ibe)
-
f_pos copy_to_user()
read()
goi
Kernel Space User Space e
(nonswappabie) (swapnabie) )
SESITSS SeSsTISSD TTTTTY TTTY O TeASYTY T OSRYTT O YITTRRD TTTTSS YTt TNt T sttt U Y Imou D O ‘lay

copy from user () dé giao tiép trao d6i thong tin giira hai ving dém nay. Pong
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thoi cap nhat nhiing thong tin can thiét phuc vu theo ddi qua trinh truyén dir liéu.

Cong viéc nay duoc thyc hién bdi nguoi lap trinh driver.

III.  Giao dién ioctl():

Trén day chung ta da tim hiéu hai giao dién read () va write () ding trao ddi dir
liéu qua lai gitta user space va kernel space, hay ndi dung hon 1a giita driver thiét bi vat
Iy va chuong trinh ing dung. Thé nhung trong thuc té, ngoai viéc trao doi dit liéu, mot
driver thiét bi con phai thuc hién nhiéu cong vi¢c khac vi du: cdp nhat cac thong sb giao
tiép (tbc d6 baund, sb bits dit liéu truyén nhén, ...) ctia thiét bi vat 1y, diéu khién truc tiép
cac thanh ghi 1énh phan ctng, dong mé cong giao tiép, ... Linux cung cip cho mot giao
dién chuan khac phuc vu cho tAt ca cac thao tac diéu khién trén, dé la giao dién
ioctl ().

Nhu vay, ioclt() co thé thuc hién nhiing chic nang cia ham read() va
write (), thé nhung chi hiéu qua trong truong hop sé luong dir liéu can truyén khong
cao, mang tinh chat roi rac. Trong truong hop dir liéu truyén theo timg khéi, lién tyc thi
st dung ham read () vawrite () la mét lya chon khon ngoan.

1. Céu triic Iénh:
Ham ioctl () ¢6 ciu triic nhu sau:
#include <linux/ioctl.h>

int (*ioctl) (struct inode *inode, struct file *filp, unsigned

int cmd, unsigned long arg);
2. Giadi thich:

Nhu trén di phan tich, tit ca nhimng giao dién trong character device driver déu khong
¢6 nhirng chtrc nang cy thé. Nhitng tham s6 1énh chi mang tinh tong quat, ngudi 1ap trinh
driver phai hiéu rd ¥ nghia ting tham sé sau d6 s& dinh nghia cu thé chiic ning tirng tham
sd nay dé dua vao sir dung tiy theo yéu cau trong thuc té. Sau day ching ta s& tim hiéu
cac tham s6 trong ham ioctl.

e struct inode *inodeva struct file *filp la con trd inode structure va
file structure tuong tmg voi ting thiét bi dwoc mé trong chuong trinh. Hai tham s nay

déu chtra trong sb mo ta tap tin (file descriptor) goi tat 1a fd, dugc tra vé khi thyc hién mo
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thiét bi thanh cong boi ham open (). (**Theo nguyén tic, trude khi thue hién giao tiép
Véi cdc thiét bi trong hé thong linux, chiing ta phdi truy cdp dén cdu triic inode ciia tdp
tin thiét bi trén bg nhé, kich hoat khéi dong thiét bi bang ham open (), ham ndy sé quy
dinh ché do truy xudt tdp tin thiét bi nay, sau khi kich hoat thanh cong ham open () sé
tra vé s6 mé ta tdp tin fd, mang tit ca théng tin cua thiét bi dang dwgc mé trong hé
thong).

e unsigned int cmd, la sé unsigned int do ngudi lap trinh driver quy dinh. Mdi
1énh trong ioctl dugc phan biét nhau théng qua sé cmd nay.

S6 unsigned int cmd c6 16 bits dugc chia thanh 2 phan. Phan dau tién c6 8 bits
MSBs dugc goi 1a s6 “magic” dung phan biét 1énh cta thiét bi nay voi thiét bj khac. Phan
thir hai c6 8 bit LSBs dung dé phan biét nhitng 1énh khac nhau cta cing mot thiét bi. S6
dinh danh 1énh nay twong tu nhu s dinh danh thiét bi, phai duoc dinh nghia duy nhat
trong hé thong linux. Dé biét duge sé dinh danh 1énh nao con trong, chung ta s& tim trong
tap tin Documentation/ioctl-number.txt. Tap tin nay chira thong tin vé cach sir dung ham
ioctl () vathong tin vé sd dinh danh 1énh da duoc st dung trong hé théng linux. Nhiém
vu cua ching ta 13 ddi chiéu so sanh dé loai trir nhitng sé dinh danh nay, tim ra sé dinh
danh tréng cho thiét bi cua minh. Sau khi tim ra khoang s6 dinh danh 1énh cho minh,
chung ta nén ghi rd khoang dinh danh d6 vao tip tin ioctl-number.txt dé sau nay thuin
tién cho viéc lap trinh driver moi.

Do ham ioctl () ton tai trong ca hai méi truong, giao dién trong user space va
nhiing thao tac 1énh hoat dong trong kernel space nén cac s dinh danh 1énh nay phai quy
dinh chung trong ca hai méi trudng. Ddi véi cac chuong trinh application va driver c¢6 st
dung giao dién ioctl, viéc dau tién trong doan ma chuong trinh 1a dinh nghia sé dinh
danh 1énh, mdi s6 dinh danh 1énh c6 mot ché do truy xuat dir liéu khac nhau. Nhirng ché
dd nay duoc giai thich trong tap tin tai liéu Documentation/ioctl-number.txt.

S6 dinh danh thiét bi duoc dinh nghia theo dang thirc sau:

/*Dinh nghia sé magic cho sé dinh danh 1énh la ‘B’ trong bdang md ascii la 66 thdp

phan®/
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/*Phan dinh nghia s6 dinh danh thiét bi dwoc dat dau moi chuwong trinh hodc bén
trong mot <tdp tin.h> thw vién*/

#define IOC_GPIODEV MAGIC 'B'

/*Pinh nghia lénh thir nhdt tén GPIO _GET, véi md s6 lénh trong thiét bi la 10, ché
dé truy xuat la _10%/

#define GPIO GET _ IO (IOC_GPIODEV MAGIC, 10)
#define GPIO SET _ IO (IOC_GPIODEV MAGIC, 11)
#define GPIO CLEAR _ IO (IOC_GPIODEV MAGIC, 12)
#define GPIO DIR IN _ IO (IOC_GPIODEV_MAGIC, 13)
#define GPIO DIR OUT _ IO (IOC_GPIODEV MAGIC, 14)

Céu tric dinh nghia s6 dinh danh 1énh c6 dang:

<ché d6 truy xudt lénh>(<sbd magic thiét bi>, <sb ma lénh thiét
bi>)

- <ché dbd truy xudt 1énh>:ioctl co 4 trang thai Iénh: (Quy dinh boi 2 bits
trang thai)

10 Iénh ioct1 khong c6 tham sd;

_I0W lénh ioctl chira tham sé dung dé nhan dir liéu tir user (twong dwong chirc
ndng cia ham copy from user());

_ IOR lénh ioctl chira tham sé dung dé giri dit liéu sang user (twong duwong chirc
ndng clia ham copy to user());

_IOWR Iénh ioctl chura tham ) dung cho hai nhiém vy, doc va ghi dir li¢u cua user.

- <sb magic thiét bi>: La sd dic trung cho ting thiét bi do nguoi dung dinh
nghia.

- <sb md lénh thidt bi>: Lasb dic trung cho ting 1énh trong moi thiét bi.

Can ctr vao s6 dinh danh 1énh nay, nguoi lap trinh driver s€ lya chon 1énh nao s€ duoc
thuc thi khi user goi ham ioctl. Cong viéc lya chon Iénh dugc thuc hién béng cAu trac
switch...case... nhu sau:

Day 1a doan chwong trinh mau cho ham ioctl () duoc khai bao st dung trong driver

gpio dev mang tén gpio ioctl;
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static int
gpio ioctl(struct inode * inode, struct file * file, unsigned
int cmd, unsigned long arg)
{
int retval = 0;
/*Thwc hién lwa chon lénh thuc thi bcfng [énh switch vé&i tham sé lua chon la sé dinh
danh lénh cmd*/
switch (cmd)

{
case GPIO GET:

/*Ham thao tac cho lénh GPIO GET*/
break;
case GPIO SET:
/*Ham thao tac cho lénh GPIO_SET*/
break;
case GPIO CLEAR:
/*Ham thao tac cho lénh GPIO _CLEAR™*/
break;
case GPIO DIR IN:
/*Ham thao tac cho lénh GPIO_DIR _IN*/
break;
case GPIO DIR OUT:
/*Ham thao tdac cho lénh GPIO_DIR _OUT*/
break;
default:
/*Trd vé md 16i trong trieong hop khéng cé 1énh thiee thi phit hop*/
retval = -EINVAL;
break;

}

return retval;

Trang 138

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

e unsigned long arg, la tham sb 1énh twong tng voi s6 dinh danh 1énh, tham s
nay co vai tro 12 bd nhé dém chira thong tin tir user hay thong tin dén user tuy theo ché do
cta 1énh dugc dinh nghia ¢ diu chuong trinh driver. Trong truong hop 1énh khéng cé
tham sd, chung ta khong can thiét phai st dung tham sé nay trong user, chuong trinh
trong ioctl van thyc thi ma khong c6 16i. Trong trudng hop ham can nhiéu tham sd, chiung
ta khai bao str dung tham s nay nhu 1a mét con tré dir liéu.

IV. Téng két:

Nhu vay vi nhiing giao dién chinh trong character device nhu read (), write () va
ioctl (), open (), ... chung ta co thé giao tiép gilta user va kernel rat thuan loi. Piéu
nay ciing c6 nghia rang: Giira nguoi sir dung va thiét bi vat 1y c6 thé giao tiép trao do6i
thong tin v6i nhau dé dang thong qua hoat dong cua driver véi sy hd tro clia giao dién.
Bén canh nhiing giao dién trén, /inux con hd tro rat nhiéu giao dién khac, tng dung cua
nhimng giao dién nay khong nam trong cac driver duoc nghién ctru trong gido trinh cho
nén chung s& khong duoc dé cap dén. Bdi véi nhitng driver 16n, s& co rat nhiéu giao dién
khac nhau xuat hién, nhiém vu cua ching ta la tim hiéu nguyén 1y hoat dong cua giao
dién d6 dya vao nhiing kién thirc da hoc. Py ciing chinh 1a muc dich cudi cing ma nhom
bién tap mudn thyc hién trong cudn giao trinh nay.

Trudce khi bude vao viét mot driver hoan chinh, chiing ta s& tim hiéu céc céu trac dé

viet mot driver don gidn trong bai sau.
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BAI 5
TRINH TU VIET
CHARACTER DEVICE DRIVER

Lap trinh driver 1a mdt trong nhitng cong viéc quan trong ma mot nguoi 1ap trinh h¢
thdng nhung can phai nim vimg. Dé mot chuong trinh tng dung hoat dong ti wu, ngudi
lap trinh phai biét phan cong nhiém vu giita driver va application sao cho hop 1y. Trong
mdt ung dung diéu khién, néu driver dam trach nhiéu chirc nang thi chuong trinh trong
application s& trd nén don gian, nhung bu lai tai nguyén phan cing sé& dé bi xung dot,
khong thuan loi cho céc driver khic dung chung tai nguyén. Nguoc lai néu driver chi
thue hién nhirng coéng viéc rat don gian, thi chuong trinh trong application trd nén phirc
tap, viéc chuyén qua lai giita cac tién trinh tré nén kho khan. Viéc phan chia nhiém vu
nay doi hoi phai c¢6 nhiéu kinh nghiém 1ap trinh thyc té voi hé thdng nhiing méi co thé
dem lai hi¢u qua t61 uu cho hé théng.

Vi nhirng kién thirc tong quét d trinh bay trong nhitng phan trudc vé driver ma chi
yéu 1a character device driver, chung ta da c6 nhitng khai niém ban dau vé vai tro cua
driver trong hé thong nhiing, cach thirc di¢u khién thiét bi vat 1y, cac giao dién giao tiép
thong tin gitta user space va kernel space, ... trong phan nay ching ta s& di vao cac bude
cu thé dé viét hoan chinh mot character device driver.

Cong viéc phat trién mot tng dung diéu khién méi thuong tién hanh theo nhimng budc
sau:

> Tim hiéu nhu cdu diéu khién ngoai thyc té: Tir hoat dong thuc tién hay don dat

hang xac dinh yéu cau, thoi gian thuc hién, gia ca chi phi, ...

> Phan tich yéu cau diéu khién: Tir nhiing yéu cau giéi han vé thoi gian, chi phi,

chat lugng, ngudi 1ap trinh tim ra phuong phép t6i uu hoa hé thong, lwa chon cong
nghé phu hop, ...; Lap danh sach cic yéu ciu can thyc hién trong hé thong diéu
khién;

> Phan cong nhiém vu diéu khién gitta application va driver dé hé thong hoat dong

t01 uu;
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> Lap trinh driver theo nhiing yéu cau duoc 1ap;

> Lap trinh application st dung driver hoan tat chuong trinh diéu khién;

> Chay kiém tra d¢ tin ciy hé thong;

> Giao cho khach hang sir dung, bio tri sira chira khac phuc 15i khi thuc thi;

Chung ta dang tap trung nghién ciru budc 1ap trinh driver, khi da c6 nhiing yéu cau cuy
thé. Trong budc ndy, cé rat nhidu cach thuc hién, tuy nhién nhin chung déu c6 nhiing
thao tac can ban sau:

1. Viét luu d6 hodc may trang thai thuc thi cho dirver;

Lap trinh ma 1énh;
Bién dich driver;
Cai dat vao hé théng linux;

Viét chuong trinh ing dung kiém tra hoat dong driver;

A i

Néu dat yéu cu gan ¢ dinh vao ciu tric kernel linux, bién dich lai nhan dé driver
hoat dong lau dai trong hé théng; Néu khong tién hanh chinh sira, kiém tra cho dén
khi hoan thién;

Trong d6 cac budce 1, 5, 6 chiing ta da c¢6 dip nghién ciru trong phan I 14p trinh nhiing
cin ban hodc trong céc tai liéu chuyén nganh khac. Phan nay chiing ta s& tim hiéu chi tiét
cac budc 2, 3, va 4;

I. Lap trinh ma 1énh trong character driver:

C6 rat nhiéu cach viét character driver nhung ciing gidng nhu chuong trinh ing dung
application, character driver cling c6 nhitng cu trac chung, chuan, tir d6 s& tiy bién theo
ting yéu cau cu thé. O ddy, ching ta s& tim hiéu hai dang ciu tric: CAu trac dang 1, va
cau truc dang 2;

Cdu triic dang 1: Bao gdm nhimg thao tac co ban nhat, nhung da sé nhimng thao tac
kiém tra 181, 1y s6 dinh danh 1énh, s dinh danh thiét bi, ... nguoi 1ap trinh driver phai ty
minh thuc hién. C6 mot wu diém 14 nguoi 1ap trinh ¢6 thé tuy bién theo yéu cau cua Gng
dung, c6 kha ning phat trién driver. Nhung bu lai, thoi gian thuc hién hoan chinh driver

dé co thé chay trong linux 1au hon.
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Cdu triic dang 2: Nhimng thao tac co ban trong viéc thanh 1ap céc thong sb cho driver
nhu: Liy s dinh danh 1énh, thiét bi, khai bao cai dit driver vao hé thdng, ... duoc goi gon
trong mot cau l1énh duy nhét. Uu diém 1a thoi gian thuc hién hoan chinh mot driver nhanh
hon, don gian hon, cac dich vy kiém tra 18i dugc hd tro san, gitp tranh xay ra 15i trong
qua trinh st dung. Thé nhung viéc tily bién cta ngudi ding nam trong mot gigi han cho
phép.

Thong thuong ching ta nén dung cau trac dang 2 cho nhiing driver don gian, va
nhimng kha ning trong cau triac nay hau hét ciing twong ty nhu trong cau tric dang 1, ciing
da cho chung ta thuc hién tat ca nhitng thao tac diéu khién khac nhau.

Sau ddy chung ta s& tim hiéu chi tiét timg cdu trac dé c6 cai nhin cy thé hon vé nhiing
vu va nhuge diém néu trén. Cac chuong trinh driver ciing c6 ciu trac twong tu nhu cac
chuong trinh trong C, chi khac 1a chiing c6 thém nhitng ham chuén dinh nghia riéng cho
viéc giao tiép diéu khién giira user space va kernel space va con nhiéu dic diém khac
nira, s& dugc chiing ta dé cap trong mdi phan cau tric;

1. Céu tritc chwong trinh character device driver dang 1:

/*Buoc 1: Khai bao thu vién cho cdac ham dung trong chuong trinh, thw vién dung

trong kernel space khac voi thu vién dung trong user space. Thw vién trong driver la

nhitng ham, bién, hang s6, ... dwoc dinh nghia san va hau hét dwoc heu trong thw muc
linux/ trong cdu triic md nguon cua linux. Do d6 khi khai bdo, ching ta phdi chi ré
dwong dan dén thir muc nay */

#include <linux/module.h> //Thu vién thir nhat trong thu muc linux

#include <linux/fs.h>

#include <linux/cdev.h>

#include <asm/uaccess.h>

/*Bueée 2: Pinh nghia nhitng hang sé can ding trong chwong trinh driver®/

#define
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/MNNOSOoIt

/*Buée 3: Khai bdo sé dinh danh thiét bi (Device number); Céu triic (file structure);

Cdu triic (file operations); */

int device devno; //Khai bdo bién luu s6 dinh danh thiét bi
struct cdev device cdev; /Khai bdo bién heu cdu tric tap tin

struct file operations device fops; /Khai bdo bién heu cdu tric
lénh

/*Buéc 4: Khai bdo nhitng bién, cdu triic can ding trong chwong trinh driver®/
unsigned int variable 0; //Nhitng bién ndy dwoc dinh nghia twong tw
trong

unsigned long variable 1;/md lénh C, va C++

struct clk *device clock 0;/

/*Buoc 5: Khai bao, dinh nghia nhitng ham con, chwong trinh con dwoc sw dung
trong driver*/
/*Chwong trinh con thir nhat, ¢6 hai tham s6 parameter 0 va parameter 1 ciing
kiéu int*/
void sub program 0 (int parameter 0, int parameter 1) {
/*Nhitng lénh thao tac cho chwong trinh con™/
1énh O;
1énh 1;
1énh 2;

/*Ham thir nhdt, trd vé kiéu int, hai tham sé con tré parameter 0 va parameter 1
kiéu int*/
int func 0 (int *parameter 0, int *parameter 1) {
/*Cac thao tac lénh cho ham*/
1énh O;
1énh 1;
1énh 2;
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/*Buoc 6: Dinh nghia ham init cho driver, ham init la ham dwoc thuc thi dau tién khi

thuce hién cai dat driver vao hé thdng linux bcing lénh shell insmod driver name.ko™*/
/*Hdam init ¢6 mdt vai tro quan trong trong ldp trinh driver. Ban dau ham sé goi
thuc thi cde ham xdc dinh sé dinh danh thiét bi; Cdp nhat cac thong s6 cua cdu
triic tdp tin, cdu triic lénh; Dang ky cdc cdu triic vao hé thong linux; Khdi tao cdc
théng sé diéu khién ban dau cho cdc thiét bi ngoai vi ma driver diéu khién*/
/*Ham init ¢6 kiéu dit liéu trd vé dang int, static trong trieong hop ndy nghia la

ham init chi dung riéng cho driver so hitu™/

static int  init at9ladc init (void) {

/*Khai bdo bién lwu gid tri tra vé cia ham*/
int ret;
/*Xdc dinh s6 dinh danh déng cho thiét bi, tranh truong hop bi triung khi cdi ddt
Véi cde driver thiét bi khéc da cé trong hé thong*/
//Chi dén dia chi bién lwu sé dinh danh dau tién tim dwoc;
ret = alloc chrdev region ( &device devno
0, //S6 Minor dau tién yéu cau;
1, //Sé thiét bi yéu cau;
“device name” ) ;/Tén thiét bi muon dang ky;
/*Kiém tra md 16i khi thuc thi ham alloc_chrdev region()*/
if (ret < 0) {
//In théng bdo 16i khi thuwc hién xdc dinh sé dinh danh thiét bi;
printk (KERN INFO “Device name: Device number

allocate fail”);
ret = —-ENODEV; //Trd vé md l6i cho bién ret;
return ret; /Trd vé md l6i cho ham init;
}
/*Khéi tao thiét bi véi s6 dinh danh da xac dinh, yéu cau hé théng danh mot vung

nhé luu driver thiét bi scfp duoc tao ra; */
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/NNOsorlt

cdev_init ( &device cdev, //Tré dén cau triic tdp tin da dwoc dinh
nghia,
device devno, //S6 dinh danh thiét bj da dwoc xdc dinh;
1); //S6 thiét bi mudn ding ky vao hé thong;
/*Chdp nhdt nhitng théng tin can thiét cho cdu triic tdp tin vira dwoc hé thong
danh ra*/
device cdev.owner = THIS MODULE; /*Cdp nhdt nguoi so hitu cu tric
tap tin*/
device cdev.ops = &device fops; /*C@pnhdtcéuleckﬁﬂldﬁd%pt
dinh nghia*/
/*Dang ky thiét bi vao hé thong */
ret = cdev add ( &device cdev, //Tré dén cdu tric tdp tin dd duoc khoi
tao;
device devno, /S6 dinh danh thiét bj da dwoc xdc dinh;
1 ); //S6 thiét bi muon dang ky;

/*Kiém tra 16i trong qud trinh ddng ky thiét bi vao hé thong*/
if (ret < 0)

{

//In théng bdo khi 16i xudt hién

printk (KERN INFO "Device: Device number allocation

failed\n");
ret = —ENODEV; /Trd vé ma léi cho bién;
return ret ;/Trd vé md l6i cho ham;

}

/*Thuc hién cac cong viéc khoi tao thiét bi vat ly do driver diéu khién*/

//Trd vé ma 16i 0 khi qud trinh thuwc thi ham init khéng cé 16i;

return O;
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/*Buoc 7: Khai bdao va dinh nghia ham exit, ham exit la ham dwoc thuc hién ngay
triede khi driver diege thao gé khdi hé thong bang 1énh shell rmmod device.ko; Nhitng
tac vu bén trong ham exit dwoc lap trinh nham khoi phuc lai trang thai hé théng truoc
khi cai dét driver. Chang han nhw gidi phéng viing nhé, timer, vé hiéu héa cdc nguon
phat sinh ngdt, ...*/

static void  exit device exit (void) {

/*Cac lénh giai phong vung nho sw dung trong driver*/
/*Cdc lénh gidi phong nguon ngdt, timer, ...*/

/*Thdo thiét bi ra khéi hé thong bang ham*/
unregister chrdev region( device devno, /*S6 dinh danh dau
tién nhom thiét bi;*/
1); /S thiét bi can thdo g,
/*In théng bdo driver thiét bi di dwoc thdo ra khéi hé thong*/

printk (KERN INFO "device: Unloaded module\n");
}

/*Bucc 8: Khai bao ham open, day la ham duoc thuc thi ngay sau khi lénh open trong
user space thuc thi. Nhitng lénh chira trong ham nay thong thwong dung cap nhat dir
liéu ban dau cho chwong trinh driver, khoi tao moi truong hoat dong ban dau dé hé
théng lam viéc on dinh*/
static 1int device open (struct inode *inode, struct file
*filp)
{

/*Noi lgp trinh cac lénh khoi tao hé théng*/

return 0;
}
/*Bucc 9: Khai bao va dinh nghia ham release, day la ham dwoc thuc thi ngay trudc

khi driver bi dong boi ham close trong user space™/
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static int device release (struct inode *inode, struct file
*filp)
{

/*Noi thuwe thi nhitng lénh trudc khi driver bi dong, khong con sur dung™*/

return O;

/*Buée 10: Khai bdo cdc ham read(), write(), ioctl() trong hé thong khi can sir dung*/
/*Ham read() doc thong tin tir driver qua chwong trinh trong user*/
static ssize t device read (struct file *filp, char _ iomem
*buf, size t bufsize, loff t *f pos) {
/*Pinh nghia cdc tdc vu hoat dong trong ham read, dé truy cdp ldy thong tin tir
thiét bi vit 1y*/

/*Ham write() ghi thong tin tir user qua driver™/
static ssize t device write (struct file *filp, char _ iomem
*buf, size t bufsize, loff t *f pos) {

/*Pinh nghia cdc tac vu hoat dong trong ham write(), dé truy cdp ldy théng tin tir

chuong trinh wng dung trong user™/

/*Ham ioctl dinh nghia cac trang thai lénh thuc thi theo s6 dinh danh lénh tir
chuong trinh ung dung bén user®/
static int
gpio ioctl (struct inode * inode, struct file * file, unsigned
int cmd, unsigned long arg) {

/*Khai bdo bién liu ma 16i trd vé cho ham giao dién ioctl()*/

int retval = 0;

/*Chia triwong hop thuc thi lénh™*/
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switch (cmd) {
case LENH O:

/*Lénh 0 dwoc thuce thi*/

break;
case LENH 1:

/*Lénh 1 dwoc thuce thi*/
break;

default:

/*C6 thé thong bdo, khong c6 1énh ndo dé thuc thi*/
retval = -EINVAL;
break;

}

return retval;

/*Bucoc 11: Gan cac con tro ham giao dién chuan vao cau truc lénh file structure™/

struct file operations gpio fops = {
.read = device read,
.write = device write,
.loctl = device ioctl,
.open = device open,
.release = device release,

}s

/*Buéc 12: Gan cdc ham exit va init vao hé thong driver®/

module init (device init); /*Ham device_init() thuc hién khi driver duoc
cai dat*/

module exit (device exit); /*Ham device exit() thuc hién khi driver
dwoc go bo™/

/*Buéc 13: Khai bdo cdc théng tin lién quan dén driver*/
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MODULE AUTHOR ("Tén ngudi viét driver");

MODULE DESCRIPTION ("M&6 ta nhiém vu cua driver");

MODULE LICENSE ("GPL") ; /Ban quyén cia driver la GPL

2. Céu tritic chwong trinh character device driver dang 2:

Céu trac chuong trinh character device driver dang 2 ciing tuong tu nhu dang 1,

nhung diém khac biét 14 k¥ thuat tao va dang ky thiét bi méi vao hé thong. Dé thuan tién

cho viéc tham khao ching t6i khong ngai nhac lai nhitng budc twong tu va giai thich

nhitng dieu mai khi ti€p xuc voi cau 1énh.

/*Buée 1: Khai bdo nhitng thw vién can thiét cho cdc lénh ding trong chwong trinh
driver®/

#include <linux/module.h>

#include <linux/errno.h>

#include <linux/init.h>

#include <asm/uaccess.h>

#include <asm/atomic.h>

#include <linux/miscdevice.h>
/*Buée 2: Dinh nghia nhitng hdng sé can ding trong chwong trinh driver*/

#define ...

/*Buéc 3: Khai bao sé dinh danh thiét bi, cdc bién phuc vu déng bo hoa dir lieu™/
/*Bién lieu s6 major ciia thiét bi*/

static int dev major;

/*Khai bdo bién atomic_t diing dong bé héa tai nguyén driver thiét bi*/

/*Cdch dong bé héa tai nguyén cua thiét bi:

Trude khi mé thao téc véi driver thiét bi, ky thudt atomic sé kiém tra xem thiét bi dd
dwoc mo hay chua, néu thiét bi da dwoc mo (nhdn biét bang sé counter) thi khéng cho
phép truy cdp dén thiét bi nay, théng bdo 16i cho nguoi sir dung. Nguwoe lai, cho phép
mé thiét bi, thuc thi nhitng cau lénh tié’p theo trong hé thdng. Cu thé la:

- Ban dau cho bién kiéu atomic_t bang 1, nghia la thiét bi chua dwoc mé;
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- Khi thiét bi dwoc md, ching ta giam bién kiéu atomic_t mét don vi, liic ndy gid tri
bién kiéu atomic_t bang 0. Trong qud trinh mé, hay déng déu phdi c6 sw so sanh
bién atomic t.

- Chi déng driver thiét bi khi bién kiéu atomic t bang 1. Chi mé khi bién kiéu
atomic_t bang 0.

- Dong thiét bi, thuc hién tang bién kiéu atomic_t. Mo thiét bi, thuc hién giam bién
kiéu atomic_t.%/

static atomic t device open cnt = ATOMIC INIT(1);

/*Buéc 4: Khai bdo cdc bién ding trong chirong trinh driver*/

/*Buéc 5: Khai bdo va dinh nghia cdc ham, chwong trinh con can sir dung trong qud

trinh ldp trinh driver™®/

/*Bucc 6: Khai bao va dinh nghia ham open, la ham dwoc thuc thi khi thuc hién lénh
open() trong user application™/
static 1int device open (struct 1inode *inode, struct file
*file) |
/*Khai bdo bién liwu md 16i tra vé*/
int result = 0;
/*Khai bdo bién lwu sé minor cua thiét bi, déng thoi cdp nhat $6 minor cua thiét bi
trong hé thong*/
unsigned int device minor = MINOR (inode->i rdev);
/*Thuee hién kiém tra bién atomic_t trong qud trinh mé thiét bi nhiéu lan*/
if (!atomic dec and test(&device open cnt)) {
/*Téng bién kiéu atomic_t*/
tomic inc (&device open cnt);
/*In ra théng bdo thiét bi muén mé dang ban*/

printk (KERN ERR DRVNAME ": Device with minor 1ID

o°
0.

already inuse\n", dev minor);

/*Tra vé ma loi ban*/
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return -EBUSY;
}

/*Thuee hién nhitng cong viéc tiép theo néu mé tdp tin thiét bi thanh cong*/

/*Trd vé md 16i cudi cing néu qud trinh thuce thi khong bi 16i*/
return result;
}
/*Bucc 7: Khai bao va dinh nghia ham close(), dwoc thuc hién khi thuc thi ham close
trong user application™/
static 1int device close (struct inode *inode, struct file
*file) |
/*Thwc hién déng bo hoa counter trueoc khi tang*/
smp mb before atomic inc();
/*Téng bién dém atomic khi dong tdp tin thiét bi*/
atomic inc(&device open cnt);
/*Trd vé md 16i 0 cho ham close()*/
return 0;
}
/*Buée 8: Khai bdo va cdp nhdt cdu triic 1énh file_operations cho thiét bi*/
struct file operations device fops = {
/*Gdn ham device_read ciia thiét bi vao giao dién chudn, néu sir dung*/
.read = device read,
/*Gdn ham device write ciia thiét bi vao giao dién chudn, néu sir dung*/
.write = device write,
/*Gdn ham device_open ciia thiét bi vao giao dién chudn open™/
.open = device open,
/*Gdn ham device_release ciia thiét bi vao giao dién chudn release™/
.release = device release,
}i

/*Buoc 9: Khai bao va cap nhdt cau tric tdp tin thiét bi theo kiéu miscdevice™/
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static struct misdevice device dev = {
/*Thwee hién ky thudt ldy s6 minor déng cho thiét bi bang hang sé dinh nghia san
trong thu vién linux/miscdevice.h™*/
.minor = MISC_ DYNAMIC MINOR,
/*Cép nhdt tén cho thiét bi*/
.name = “device”,
/*Cdp nhat cau tric lénh da dwoc dinh nghia*/
.fops = device fops,
}i
/*Buoc 10: Khai bao dinh nghia ham init thuc hién khi cai dat driver vao hé th(fng*/
/*Twong tw nhu trong dang 1, tuy nhién voi ky thudt moi nay, trong ham init chung ta
khéng can phdi ldy s6 dinh danh thiét bi, khéi tao vimg nhé cho driver, cdi dat driver
vao hé théng. Tat ca nhitng cong viéc nay dwoc thuc hién boi mot ham duy nhat dé la
misc_register()*/
static int  init device mod init (void) {

/*Nhitng lénh can thuc hién khi cai dat driver vao hé théng*/

/*Thwee hién dang ky driver vao hé thong, két hop tra vé ma 16i*/
return misc register (&devive dev);

}
/*Buoc 11: Khai bao va dinh nghia ham exit()*/
static void  exit device mod exit (void) {

/*Thuc hién nhitng cong viéc khoi phuc hé théng truwoce khi driver bi thao go*/

/*Théo gé thiét bi mang tén la device dev*/

misc deregister (&device dev);
}
/*BuGe 12: Gan cdc ham exit va init vao hé thong driver*®/
module init (device mod init);

module exit (device mod exit);
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/*Buoc 13: Cap nhdt cac thong tin ca nhan cho driver®/

MODULE LICENSE ("Ban quyén driver thdéng thudng la GPL");

MODULE AUTHOR ("Tén ngudi viét driver");

MODULE DESCRIPTION ("M6 ta khai quat thdéng tin vé driver") ;

II.  Bién dich driver:

Sau khi lap trinh dirver, cong viéc tiép theo 14 bién dich driver bién tap tin ma ngudn
C thanh tap tin ngdn nglt may driver trudc khi cai dat vao hé diéu hanh. Sau day 1a cac
budc bién dich driver.

Bién dich driver c6 2 dang, dau tién bién dich driver khi tap tin ma ngu@)n driver thudc
mot bo phén trong ciu tric ma ngudn mé cua kernel, khi d6 driver duge bién dich cung
lac véi kernel, cach nay chi ap dung khi driver da hoat dong 6n dinh, hon nita chung ta
khong can cai dat lai driver khi khoi dong lai hé théng. Phuong phap thir hai la bién dich
driver khi nd ndm ngoai cAu trac ma nguén mé cia kernel, driver c6 thé dugce bién dich
trong khi kernel dang chay, wu diém ciia phuong phap nay 1a thoi gian thyc hién nhanh,
thich hop cho viéc thir nghiém driver méi, thé nhung mdi 1an hé théng khoi dong lai,
driver s& bi mat do d6 phai cai dat lai khi khoi dong. Khi driver da hoat dong on dinh
chung ta mai bién dich driver theo cach 1.

Bién dich driver hoan toan khac véi bién dich chuong trinh ing dung. Chuong trinh
{mg dung c6 nhiing thu vién chuan trong hé théng linux, nén khi bién dich ta chi viéc
chép tap tin chuong trinh vao trong mot thu muyc bét ky trong ciu trac root file system va
goi 1énh bién dich. Nhung dbi véi driver, nhiing thu vién sir dung khéng nam sén trong
hé théng, ma nam trong cdu tric ma ngudn mo cia kernel. Vi thé truéc khi bién dich
driver ching ta phai giai nén tdp tin ma ngudn mo cia kernel vao cau trac root file
system. Sau d6 tao tap tin Makefile dé dung 1énh make trong shell bién dich driver. Cau
trac Makefile da duoc huéng dan k¥ trong phan 1ap trinh hé thong nhung cian ban. Trong
phan nay chung ta chi tao ra Makefile v6i ndi dung can thiét dé c6 thé bién dich dugc
driver.

Bién dich driver duogc tién hanh theo cac budc sau:
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1. Chép tap tin driver ma ngudn C vao thu muc nao d6 trong cau tric root file
system.

2. Tao tap tin c6 tén Makefile nam trong cung thu muc véi tap tin driver ma
ngudn C. Tap tin Makefile c6 ndi dung nhu sau:
/*Thong bao cho trinh bién dich biét loai chip ma driver sé cai dat*/
export ARCH=arm
/*Khai bdo chwong trinh bién chéo la nhitng tdp tin cé tén dau tién la arm-
none-linux-gnueabi-... */
export CROSS COMPILE=arm-none-linux-gnueabi-
/*Tai ddy tap tin ma nguén driver sé dwoc bién dich thanh tdp tin .ko, co
thé cai dat vao linux*/
obj-m += <tén tép tin driver md ngudn C>.o
/*Tuy chon all, thuc hién chuyén dén cdu triic ma nguén mo cua kernel, tai
dady driver sé dwoc bién dich thong qua lénh modules */
all:
make -C <dudng dan dén thu muc chtta cdu tric ma& ngudn
md cua kernel>M=$ (PWD) modules
/*Tity chon clean, thuwc hién chuyén dén cdu triic md nguon mé cua kernel,
thuc hién xoa nhitng tdp tin .o, .ko dwoc tgo thanh trong lan bién dich
truoc*/
clean:
make -C / dudng ddn dén thu muc chtta cdu truc m& ngudn
md cua kernel>M=$ (PWD) clean

3. Tai thu muc chira ma ngudn driver, dung 1énh shell: make clean all
Luc nay hé théng linux s€ xo6a nhirng tap tin c6 duoi .o, ko, ... tao thanh
trong nhitng 1an bién dich trudc.Tiép theo, bién dich tip tin ma ngudn
driver thanh tép tin .ko, tap tin nay co thé duoc cai dit vao hé théng linux
thong qua nhiing thao tac s& duoc hudng dan trong phan sau.

III.  Cai @it driver vao hé thong linux:
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Trong phan I, chung ta di trinh bay hai cdu trac chung dé viét hoan chinh mot

character device driver, moi cau trac déu c6 nhitng uu va nhuoc diém riéng. Nhitng vu

va nhugc diém nay con dugc bi€u hién rd trong viéc cai dat driver vao hé thong.

Sau khi da bién dich thanh cong driver, xuét hién tap tin .ko trong thu muc chwra tap

tin ma ngudn, ching ta dung nhitng cau 1énh trong shell dé hoan tit cong doan cudi ciing

dua driver vao hoat dong trong hé théng, tién hanh kiém tra chtrc nang. Tuy theo k¥ thuat

ap dung lap trinh driver ma s€ c6 nhiing thao tac cai dat khac nhau:

1.

IVv.

Cai dgt driver khi dp dung céu tric dang 1:

Tién hanh theo cac budc sau:

Di chuyén dén thu muc chira tap tin .ko vira bién dich xong;

Tai dong Iénh shell, thuc thi: insmod <tén driver>.ko;

Vao tap tin /proc/devices tim tén thiét bi vira cai dat vao hé théng, xac dinh sb
Major va sb Minor dong cua thiét bi;

Str dung cau Iénh trong shell: mknod /dev/<tén thiét bi> c <Sbé
Major> <S6 Minor>, tao inode trong thu muc /dev/, lam tap tin thiét bi str dung
cho nhiing chuong trinh rng dung;

Cai dgt driver khi dp dung cdu triic dang 2:

Di chuyén dén thu muc chira tap tin .ko vua bién dich xong;

Tai dong I¢nh shell, thuc thi Iénh: insmod <tén driver>.ko;

Khi do, cau trac inode tu dong duoc tao ra trong thu muc /dev/ lién két v6i s6 dinh
danh thiét bi luu trong tap tin /proc/devices ma khong can phai thong qua nhiing
cau 1énh shell khac nhu trong cach 1. Nhu vay, vdi cau triic dang 2 thoi gian cai
dit driver vao hé théng duoc rat gon dang ké.

Téng két:

Tir nhirng kién thirc 1y thuyét nén tang trong nhirng bai trude, ching ta da rat ra dugc

nhing budc téng quat dé 1ap trinh hoan chinh mot character device driver. Co nhiéu cach

de viet ra moQt character driver, trong bai nay chi dé cap 2 cach can ban lam nén tang cho

cac ban nghién ctru thém nhitng cach khac hiéu qua hon ngoai thuc té.
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Trong bai sau, chung ta s& thuc hanh viét mot character device driver mang tén 1a
helloworld. Driver ndy sé& ap dung tat ca nhirng k¥ thuat da duoc hoc. Néu can thiét, cac
ban c6 thé xem lai 1y thuyét cii trudc khi qua bai sau dé nam dugc nhitng van dé cbt 15i

trong 1ap trinh driver.
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BAI 6
HELLO WORLD DRIVER

I.  Mé diu:

Pén day, chung ta da c6 dugc nhiing kién thirc gan nhu day da dé ty minh viét mot
character device driver. Cac ban da biét thé nao 1a character driver, sb dinh danh 1énh,
sd dinh danh thiét bi, cdu tric inode, file structure,...cling nhu nhirng 1énh khéi tao va cap
nhat chung. Vi nhiing yéu cau cua ting 1énh, chung ta da rit ra duoc hai ciu triic chung
khi mudn viét mot driver hoan chinh, di duoc tim hiéu trong bai trude. Ty vao ting ciu
triic ma c6 cac bude cai dat driver khac nhau. Thé nhung, ching ta chi méi ding lai cac
thao tac trén giéy, chua thuc su lap trinh ra duoc mét driver nao. Trong bai nay, ching ta
s& viét mot dy an c6 tén helloworld nhim muc dich thuc té héa nhitng thao tic 1énh da
duoc trinh bay trong phan driver.

V61 muc dich la dem nhiing thao tac 1énh da dugc hoc vao thuc té chuong trinh, du
an nay bao gdm c6 hai thanh phan can hoan thanh d6 Ia driver va user application. Driver
trong du 4n sé& ap dung 3 giao dién chinh dung dé trao doi thong tin dit liéu va diéu khién
qua lai gitra hai 16p user va kernel, d6 1a cac giao dién ham read(), write() va ioctl() cung
véi cac ham dong mo driver nhu open() hay close(). Chuong trinh Ung dung
(Application) s& 4p dung nhitng ham vé truy cp tp tin, ... dé truy xuét nhitng thong tin
trong driver, hién thi cho ngudi dung. Ngoai ra, driver va application déu c6 nhiém vu
xudt thong tin ¢6 lién quan dé nguoi 1ap trinh biét méi truong niao dang thuc thi.

Theo nhitng yéu cau trén, dau tién chung ta s& phan coéng tic vu cho driver va
application trong muc II sau d6 1ap trinh theo nhiing tdc vu da phan cong trong muc III.
Nguoi lap trinh s€ bién dich, cai dat chuong trinh vao hé théng linux, thuc thi va quan sat
két qua. Tl d6 giai thich rat ra nhan xét.

II.  Phan cong tac vu giira driver va application:

helloworld 13 mot du an bao quat tat ca nhiing k¥ thuat lap trinh driver dugc nghién
ctru trong nhitng ndi dung trude. Nhiém vu chinh la dung ham printf () va printk ()

xudt thong tin ra man hinh hién thi theo mot quy luat phu hop, tir d6 nguoi lap trinh co
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thé hiéu nguyén 1y hoat dong cuia timg ham su dung dé ap dung vao truong hop khac.
Driver va Application déu c6 nhiém vu riéng, tiy vao ting giao dién str dung ma yéu cau
ctia ting vi du s& khac nhau, sao cho toat 1én dugc ¥ nghia cdt 16i ciia giao dién ham. Sau
day 1a chi tiét tng yéu cau cua du an helloworld.

1. Driver:

a. Giao dién read():

Giao dién read () dugc sir dung dé chép thong tin tir kernel space sang user space.
Thong tin duge luu trong driver 1 s6 khoi tao ban dau khi driver dugc mo chira trong
mot bién cuc bo. Tai thoi diém goi giao dién read (), thong tin ndy s& duoc chép qua
user space, chita trong bién khai bao trong user application thong qua ham
copy to user().

Sau khi chép thong tin cho user, driver thong bao cho ngudi 1ap trinh biét qué trinh
chép thanh cong hay khong.

b. Giao dién write():

Giao dién write () dung dé chép thong tin tir user space qua kernel space. Thong tin
tir user 13 dit liéu kiéu sé do nguoi dung nhéap vao chuyén qua kernel thong qua giao dién
write () luu vao mot bién trong kernel, bién nay ciing 13 noi luu thong tin duoc chuyén
sang user khi giao dién read () duogc goi.

Sau khi nhan dir li€u tUr user, driver thong bao cho nguoi lap trinh qua trinh chép
thanh cong. Nguoc lai s& tra vé ma 16i.

c. Giao dién ioctl():

ioctl () la mot giao dién ham da chiic ning, nghia 13 chi can mot dang cau 1énh ma
c6 thé thuc hién duoc tat ca nhiing chtrc niang khac. Dé thé hién duoc nhimng chirc ning
nay cua ham, chung ta l1ap trinh mot vi du sau:

Xay dung giao dién ioctl () thanh mdt ham toan hoc, thuc hi¢n cac phép toan cong,
trtr, nhan, chia. Cac tham s dugc truyén tur user, sau khi tinh toan xong, két qua dugc gui
nguoc lai user. Cac phép toan duoc lua chon thong qua cac s6 dinh danh 1énh.

2. Application:
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Chuong trinh trong user, st dung k¥ thuat tiy chon trong hAm main () dé kiém tra tat
ca nhitng chirc ning do chuong trinh trong driver hd trg. Moi chiic ning s& duoc thuc
hién do nguoi st dung lya chon.

Trude khi di vao viét chuong trinh cu thé, chung ta s& tim hiéu hé diéu hanh linux
thuc hién tuy chon trong ham main () nhu thé nao:

Ham main () 1a ham dugc thyc hién dau tién khi chuong trinh tng dung dwoc goi
thyc thi. Tir ham ndy, nguoi 1ap trinh sé& tién hanh tat ca nhimg chirc ndng nhu tao 13p tién
trinh, tuyén, goi cac chuong trinh con, ... Thong thuong ham main () dugc khai bao nhu
sau:

volid main (void) {

/*Cdc 1énh do nguoil 1dp trinh dinh nghia*/

}

V6i cach khai bao nay thi ham main () khong c6 tham sb ciing nhu khong c6 dir liéu
tra vé.

Ngoai ra linux con hd trg cho ngudi 1ap trinh cach khai bdo ham main () khac co
dang nhu sau:

int main (int argc, char **argv) {

/*Cdc 1énh do nguoi 1dp trinh dinh nghia*/

}

V6i cach 1ap trinh ndy haim main () c6 thé duoc nguoi sir dung cung cap cac tham sd

trong khi goi thuc thi. Cti phap cung cép tham sd trong cau 1énh shell nhu sau:

./<tén chuong trinh> <tham sé 1> <tham s 2> <...> <tham sb n>

Ham main () c¢6 hai tham sé:

- Tham s6 tha nhit int argc 1a s6 int luu sé luong tham sb khai béo trong cau
lénh shell trén, bao gdm ca tham sé dau tién la tén chuong trinh chira ham
main ().

- Tham s6 thtr hai char **argv 1a mang con trd Iuu ndi dung timg tham s6 nhap

trong cau Iénh goi chuong trinh thuc thi trong shell;
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Nhu vy tén chuong trinh chira hdm main () s& thudc vé tham s dau tién c6 ndi dung
luu trong argv[0]. Tuwong ty <tham s 1> la tham s6 tht hai chtra trong argv[1],
...Tuong tu cho cac tham sd khac. Téng quat néu co n tham sb trong cau 1énh shell thi
trong ham main ¢c6: argc = n+l; argv([0], argv[l], argv[2], ...,
argv[n] luu ndi dung cua tirng tham sd.

Trong chuong trinh Ung dung user application cua du an helloworld, ham main ()
duogc khai bao c6 dang tuy chon nhu trén. Khi nguoi dung nhap: “add”, “sub”,
“mul”, “div”, “read”, “write”, thi cau lénh tuong Ung s€ thuc hién goi cac
giao dién ham can thiét thuc hién chirc nang cong, trir , nhan, chia, doc va ghi duogc lap
trinh trong dirver. Thao tac cu thé s& dugc chung toi cha thich trong ting dong 1énh cia
dirver va application.

III. Chuwong trinh driver va application:

1. Chwong trinh driver: Chuong trinh driver mang tén helloworld dev.c

(Ma lénh va giai thich chwong trinh driver chua trong CD dinh kem)

2. Chuwong trinh application: Chuong trinh application mang tén
helloworld app.c

(Ma lénh va giai thich chwong trinh application chita trong CD dinh kem)

3. Thuwec thi chwong trinh:

Cdc budce bién dich va két qua thuec thi dy an chiea trong CD dinh kem

IV. Téng két:

Nhu vay ching ta di hoan thanh cong viéc viét hoan chinh mot driver don gian dua
vao cac budc miu trong bai hoc trude. Cac ban ciing dd hiéu nguyén 1y hoat dong cia
ham main ¢ tham sd, cach lua chon tham sb hoat dong trong timg trudong hop cu thé theo
yéu cau.

Vi nhitng thao tac trén, cac ban co6 thé ty minh viét nhiing dirver don gian trong xtr
Iy tinh toan, xudt nhap thong bao, ... Thé nhung, trong thuc té, driver khong phai chi
dung trong viéc truy xuat nhimg ky tu thong bao. Nhiém vu chinh cta né 1a diéu khién

cac thiét bi phan cung thong qua cic ham giao tiép véi cac cong vao ra, truy xudt thanh
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ghi 1énh, dir liéu, ...cta thiét bi, thu thap thong tin luu vao ving nhd dém trong driver chd
chuong trinh trong user truy xuat. Dé co thé giao tiép véi cac thiét bi phan cing thong
qua cic cong vao ra, trong bai sau chiing ta s& nghién ctru cac ham giao tiép gpio do linux

ho tro san.
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BAI 7
CAC HAM HO TRQ GPIO
I. Toéng quan vé GPIO:

GPIO, viét tit ciia cum tir General Purpose Input/Output, 1a mot thu vién phan mém
diéu khién cac cong vao ra tich hop trén vi diéu khién hay cac ngoai vi 10 lién két voi vi
diéu khién d6. Hau hét cac vi diéu khién déu hd trg thu vién nay, giup cho viéc 1ap trinh
céc cong vao ra trd nén thuan tién hon. Céc tap lénh vao ra va diéu khién, cach quy dinh
s6 chan, ... hau hét twong ty nhau so véi cac loai vi khién khac nhau. Piéu nay lam ting
tinh linh hoat, giam thoi gian x4y dung hé thong.

Theo nhu quy dinh chuan, mdi mot chan IO trén vi diéu khién s& twong tng v4i mot
s6 GPIO cua thu vién ndy. S6 GPIO dugc quy dinh nhu sau: Ddi véi vi didu khién
ARM9260, sb cbéng vao ra 1a 3x32 cong, twong tng véi 3 ports, d6 1a cac Port A, Port B,
va Port C. Méi chan quy dinh trong GPIO theo quy luét sau:

BASEx32+PIN;

e Trong d6 BASE la sb co s& cua Port. Port A ¢6 co sé 1a 1, Port B 1a 2, Port C 1a 3.
PIN 1a s6 tht tu cua tung chan trong Port. Chan 0 ¢6 gia tri PIN 1a 32, 1 1a 33, ... Viduy,
chan tht 2 cua Port A c¢6 s6 GPIO 1a 33; Chén tha 2 ctia Port B ¢6 s GPIO 1a 65, ...
tuong ti cho cac chan con lai trén vi diéu khién. Dbi véi cac vi diéu khién khac co sd
Port 16n hon ta chi viéc tuan theo quy luat trén dé tim s GPIO phu hop.

GPIO cho cic loai vi diéu khién khac nhau diéu cé chung nhiing tinh chat:

e MGJi chan trong GPIO déu c6 thé co hai ché do input va output, tiiy vao loai vi diéu
khién ma GPIO dang str dung.

e Trong ché d6 input, cac chan GPIO c6 thé lap trinh dé tré thanh ngudn ngit hé
théng.

e Va nhiéu chitc nang khac nita, trong quyén sach nay chung ta chi tim hiéu nhiing
chtrc nang phd bién nhat phuc vu giao tiép vdi cac chan IO trong cic chuong trinh (mg

dung.
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Mot trong nhirng thao tac dau tién dé dua GPIO hoat dong trong hé¢ théng la xac dinh

GPIO can dung bang ham:
gpio request(); //Yéu cdu truy xudt chan GPIO

Tiép dén, chung ta cau hinh chan GPIO 14 ngd vao hay ngd ra bang hai ham:

int gpio direction input (unsigned gpio);
int gpio direction output (unsigned gpio, int value);

Cong viéc cudi cung 13 dua dir liéu dén chan GPIO, néu 1a ngd ra; hoic doc dit liéu tir

chan GPIO, néu la ngd vao; ta st dung hai ham sau:

int gpio get value (unsigned gpio); //Poc did 1iéu;

void gpio set value(unsigned gpio, int value); //Xudt di
1iéu;

Ngoai ra con c6 nhiéu ham chire ning khac s& dugc trinh bay trong muc sau.

**¥C6 nhiéu cdach thao tdc véi gpio. Hodc thao tdc véi giao dién thiét bi trong cdu triic
root file system (ddy la nhitng dirver da dwoc Idp trinh san), viéc diéu khién sé la thao tdc
V6i tdp tin va thu muc (Idp trinh trong user application). Hodc ding triee tiép nhitng 1énh
trong ma nguon kernel, nghia la nguoi sir dung tao riéng cho minh mét driver sir dung
truee tiép cdce ham giao tiép véi gpio sau dé mdi viét chiong trinh vmg dung diéu khién 10
theo nhitng giao dién trong driver hé tro. Nham muc dich thudn tién cho viéc diéu khién
10, phan Idp trinh nhiing ndng cao chi trinh bay cdch thir hai, diéu khién triee tiép 10
thong qua thu vién gpio.h trong kernel.

II. Cac ham chinh trong GPIO:

1. Ham gpio_is valid():

Cu phap ham nhu sau:

#include <linux/gpio.h>

int gpio is valid (int number);

Do thu vién gpio dung chung cho nhiéu loai vi diéu khién khac nhau, nén sé luong
chan 10 cua ting loai cling khac nhau. Can thiét phai cung cip mot ham kiém tra sy ton
tai cia chan trong hé théng. Ham gpio is valid() lam nhiém vu nay. Ham c6 tham

sO la int number la s0 chan gpio muon kiém tra. Ham trd vé gid tri 0 n€u s6 chan gpio
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cung cap 1a hop 1¢, nghia 1a chan gpio nay ton tai trong hé thong ma gpio dang hd tro.
Nguoc lai, néu chan gpio khong hop 18, ham tra vé ma 18i 4m “-EINVAL”.
Vi du, néu mudn kiém tra chan gpio 32 hop 1é hay khong, ta ding doan ma 1énh sau:
/*Khai bdo bién lwu md 16i trd vé*/
int ret;
/*Goi ham kiém tra gpio*/
ret = gpio is valid(32);
/*Kiém tra md 16i tra vé hé thong*/
if (ret < 0) {
/*Néu xay ra 16, in théng bdo cho nguoi ding*/
printk (“This gpio pin is not wvalid\n”);
/*Trd vé md 16i cho ham goi*/
return ret;
}
Cong viéc kiém tra duogc thuc hién dau tién khi mudn thao tdc véi mot chan nao d6

trong gpio. Néu hop 1& cac 1énh tiép theo s& duoc thuc hién. Nguoc lai, in ra théng bao

cho nguoi dung va thoat ra khoi driver.

2. Ham gpio_request():

Cu phap cua ham nay nhu sau:

#include <linux/gpio.h>

int gpio request ( unsigned gpio, const char *lable);

Sau khi kiém tra tinh hop 18 cta chan gpio, cong viéc tiép theo 14 khai bao sur dung

chan gpio d6. Linux kernel cung cip cho ching ta ham gpio request () dé thuc hién

C@ng\décnﬁy.Hﬁnlgpio_requestCéludthmnsé.Thanlséthﬁlﬁﬁtunsigned gpio

1a chan gpio mudn khai bao sir dung; Tham s6 thit hai const char *lable la tén

mudn dit cho gpio, phuc vu cho qua trinh thao tic v6i chan gpio dé dang hon. Tham s6

nay c6 thé dé trong bang cach dung hang s6 rong NULL.

Sau day 1a doan chuong trinh mau minh hoa cach str dung ham gpio request ():

/*Nhitng doan lénh truoc™®/
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/*Khai bdo bién liu vé ma 16i cho ham goi*/

int ret;

/*Goi ham gpio_request (), yéu cau sir dung chdn gpio 32 véi tén la “EXPL”*/

ret = gpio request (32, “EXPL”);

/*Kiém tra md 16i tra vé*/

if (ret) {
/*Néu xdy ra 16i thi in ra théng bdo cho nguoi sir dung*/

printk (KERN WARNING “EXPL: unable to request gpio 32”);
/*Trd vé& md 16i cho ham goi*/

return ret;

}

/*Néu khong co 16i, thuc thi nhitng doan lénh khac*/

3. Ham gpio_free():

Cu phap cua ham nay nhu sau:

#include <linux/gpio.h>

void gpio free (unsigned gpio);

Ham gpio free() c¢6 chuc nang nguoc lai véi ham gpio request (). Ham

gpio free () dung gidi phong chan gpio nao d6 khong can st dung cho hé théng. Ham

nay chi c6 mot tham so tra v€ unsigned gpio la sO gpio ciia chan mudn giai phong.

Ham khong c6 dir li¢u tra ve.

Sau day la doan chuong trinh vi du cach sir dung ham gpio_free:
/*Doan chwong trinh giai phong chan gpio 32 ra khoi driver®/
gpio free(32);

4. Ham gpio_direction_input():

Cu phap cua ham nay nhu sau:

#include <linux/gpio.h>

int gpio direction input (unsigned gpio);
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Ham gpio direction input dung dé cai dat ché do giao tiép cho chan gpio 1a
input. Nghia 1a chan gpio nay s€ nhan dir li¢u tr bén ngoai luu vao viung nhé dém bén
trong. Him gpio direction input cé tham s6 unsigned gpio 1a chéan gpio
mudn cai dit ché d6 input. Ham tra vé gia tri 0 néu qua trinh cai dit thanh cong. Ngugc
lai, s& tra vé ma 161 am.

Sau day 1a mot vi du cho hadm gpio direction input ():

/*Ham cai dat chdn gpio 32 & ché dé ngé vao*/

/*Khai bdo bién liu gid tri md 16i tra vé cho ham goi*/

int ret;

/*Cai ddt chan 32 ché dg ngdé vao*/

ret = gpio direction input (32);

/*Kiém tra 16 thuc thi */

if (ret) {

/*Néu c6 16i in ra théng bdo cho nguwoi ding*®/
printk (KERN WARNING “Unable to set input mode”);
/*Trd vé md 16i cho ham goi*/

return ret;

5. Ham gpio_direction_output():

Cu phap cua ham nay nhu sau:

#include <linux/gpio.h>

int gpio direction output (unsigned gpio, int value);

Ham gpio direction output dung dé cai dat ché do giao tiép cho chan gpio 1a
output. Chan gpio s& 1am nhiém vy xuat dir liu bén trong chuong trinh ra ngoai. Ham
gpio direction output () ¢6 hai tham sb. Tham s th@ nhit, unsigned gpio, la

chan gpio mudn cai dit. Tham sd tht hai, int value, 12 gid tri ban dau cua gpio khi né

Trang 166

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

la ngd ra. Ham tra vé gia tri 0 néu qua trinh cai dat thanh cong. Nguoc lai, sé tra vé ma 161

Sau day 1a mot vi du cho hdm gpio direction output ():
/*Ham cai ddt chdn gpio 32 & ché dé ngé ra, gid tri ban dau la 1%/

/*Khai bdo bién liu gid tri md 16i tra vé cho ham goi*/

int ret;

/*Cai ddt chan 32 ché dg ngé vao*/

ret = gpio direction output (32, 1);

/*Kiém tra 16i thuc thi */

if (ret) {

/*Néu c6 16i in ra théng bdo cho nguwoi ding*/

printk (KERN WARNING “Unable to set gpio 32 into output
mode”) ;

/*Trd vé md 16i cho ham goi*/

return ret;

}

6. Ham gpio get value():

Cu phap cua ham nay nhu sau:

#include <linux/gpio.h>

int gpio get value (unsigned gpio);

Khi chin unsigned gpio la ngd vao, ham gpio get value () s€ léy gia tri tin
hiéu ctia chan nay. Ham c6 gid tri tra vé dang int, bang 0 néu ngd vao murc thap, khac 0
néu ngd vao muc cao.

Sau day 1a mot vi du doc vao gia tri chan gpio 32, kiém tra va in thong tin ra man

hinh:

if (gpio _get value(32)) {
printk (“The input is high value\n”);
} else {

printk (“The input is low value\n”);

Trang 167

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

7. Ham gpio_set value():

Cu phap cua ham nay nhu sau:

#include <linux/gpio.h>

void gpio set value (unsigned gpio, int value);

Nguoc lai voi ham gpio get value (), ham gpio set value() c6 chic nang
xuét dit 1iéu cho mot chan unsigned gpio ngd ra. Voi dir ligu chira trong tham s int
value. Bang 0 néu mudn xuat ra mirc thip, bang 1 néu mudn xudt ra mac cao. Ham
gpio set value () khong co dit ligu tra vé.

Sau day 1a mot vi du xut mirc cao ra chan gpio 32:

/*Cac lénh khoi tao gpio 32 la ngo ra™/
/*Xudt mirc cao ra chdn gpio 32 */

gpio_set value (32, 1);
/*Céc lénh xir Iy tiép theo*/
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8. Ham gpio to irq():

Cu phap cua ham nay nhu sau:

#include <linux/gpio.h>

int gpio to irg (unsigned gpio);

Doi khi chung ta mudn cai dit ché do ngit cho mot chan nao d6 trong gpio dung dé
thu nhan thong tin déng bo tir phﬁn cing. Him gpio to irg() thuc hién chirc ning
nay. Ham c6 tham s6 unsigned gpio la chin gpio mudn cai dit ché do ngit. Ham c6
gia tri tra vé 1a s6 IRQ néu qua trinh cai dat ché do ngat thanh cong. Nguoc lai s& tra vé
ma 16i Am.

S6 IRQ duoc sir dung cho ham request irqg() khoi tao ngat cho hé théng, ham s&
gan s6 IRQ véi ham xir Iy ngat. Ham nay sé& thyc hién nhiing thao tic do ngudi lap trinh
quy dinh khi xuét hién ngat tir tin hiéu ngit c6 s6 dinh danh ngit 13 IRQ. Bén canh d6
ham request irqg() con quy dinh ché do ngit cho chin gpio 1 ngit theo canh hay
ngit theo muc, ...

Sau day 1a doan chuong trinh vi du khoi tao ngit tir chan gpio.

/*Doan chwong trinh khéi tao ngdt cho chén gpio 70, PC6*/

/*Khai bdo bién lwu md 16i trd vé ham goi*/

int ret;

/*Yéu cau chan gpio, véi dinh danh la IRO*/

ret = gpio request (70, "IRQ");
/*Kiém tra md 16i tra vé*/
if (ret) {
/*Théng bdo cho ngwoi Idp trinh ¢é 16i xay ra*/
printk (KERN ALERT "Unable to request PC6\n");
}
/*Cai dat ché do kéo 1én cho chin gpio*/
at9l set GPIO periph (70, 1);
/*Cai dat chan gpio la input™/
at9l set gpio input (70, 1);
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/NNOSsOft

Live your dream

/*Cai ddt chan gpio c¢é ché do chong 16i%/
at91l set deglitch (70, 1);
/*Cai dat gpio thanh nguén ngdt, lieu vé so dinh danh ngdt irq*/
irg = gpio to irqg (70); /* Get IRQ number */
/*Théng bdo chdn gpio da khéi tao ngdt */
printk (KERN ALERT "IRQ = %d\n", irq);
/*Khai bdo ngdt chdn gpio cho hé thong*/
ret = request irq (irqg, gpio irg handler,

IRQF TRIGGER RISING
IRQF TRIGGER FALLING,

"MyIRQ", NULL);

/*Kiém tra md i tra vé khi khai bdo ngdt*/

if (ret) {
/*Théng bdo cho nguoi sir dung sé dinh danh ngat khéng con trong*®/

printk (KERN ALERT "IRQ %d is not free\n", irq);
/*Trd vé md 16i cho ham goi */

return ret;

}

Nhu vy dé tranh 15i trong qué trinh khi tao ngét cho chan gpio, trudc tién ching ta

phai cai dit nhitng thong s6 can thiét cho gpio d6, chang han nhu chan gpio phai hop 18
va & ché d6 ngd vao.
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I11. Két lun:

Trén ddy, ching ta da sir dung dugc nhitng ham diéu khién céc chan gpio ngoai vi dé
thuc hién chirc nang cy thé ciia yéu cau tng dung. Két hop véi nhiing kién thirc trong
nhitng bai trudc: Giao dién diéu khién lién két user space véi kernel space, cac ham tri
hoan thoi gian trong user space, cac ki thuat 1ap trinh C, ... chung ta c¢6 thé viét dugc hau
hét tit ca nhitng tng dung co lién quan dén cic cong vao ra: chang han nhu diéu khién
LED, diéu khién LCD, ...

gpio khong chi diéu khién cac cong vao ra trén vi diéu khién, theo yéu cau trong thuc
té, da s6 céac kit nhung, sd cong vao ra rat han ché, doi hoi phai co cac chan io mé rong tir
nhirng linh kién phy tro khéc, vi thé gpio con hd tro thém cac ham diéu khién cac chan io
mé rong. Van dé nay s& dugc dé cip trong nhiing tai liéu khac khong thudc pham vi cia
gido trinh nay.

Trude khi di vao tmg dung cdc ham thao tac v&i gpio trong diéu khién LED don,
LCD, ... bai tiép theo s& tim hiéu thém vé cach tri hodn thoi gian trong kernel, v6i cach tri
hoan thoi gian nay, chiing ta khong can ding dén cac ham tri hodn khéc trong user space
vi Iy do yéu cau dong bo héa phan cung hé thong, hay mot sd trudong hop chiing ta mudn

str dung delay trong driver gin lién véi nhiing thao tac diéu khién.
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BAI 8
THAO TAC THOI GIAN TRONG KERNEL

L. So lwge vé thoi gian trong kernel:

Thoi gian trong hé diéu hanh linux noéi riéng va cac hé didu hanh khac néi chung déu
rat quan trong. Trong hé diéu hanh, nhiing hoat dong déu dua theo su tac dong mang tinh
chat chu ky. Chang han nhu hoat dong chia khe thoi gian thuc thi, chuyén qua lai giira
céc tién trinh voi nhau, dong bd hoa hoat dong giita cac thiét bi phan ctng co thoi gian
truy xuat khong giéng nhau, va nhiéu hoat dong quan trong khéc nira.

Khi 1am viéc véi hé thong linux, chung ta can phéan biét hai khai niém thoi gian: Thoi
gian tuyét d6i va thoi gian twong dbi. Thoi gian tuyét ddi dugce hiéu nhu thoi gian thuc
ctia hé thong, 14 cac thong tin nhu ngay-thang-nam-gio-phit-gidy va cac don vi thoi gian
khac nho hon, phuc vu cho ngudi st dung. Thoi gian twong ddi duge hiéu nhu nhimg
khoang thoi gian dugc cap nhat khong ¢ dinh, mang tinh chat chu ky, méc thoi gian
khong ¢b dinh va thong thuong khong biét trude. Vi du thoi gian tuyét dbi 1a thoi diém
trong mot ngay, c6 moc thoi gian tinh tir ngay 1 thang 1 nim 1970 quy dinh trong cac
thiét bi thoi gian thyc. Thoi gian twong d6i 1a khoang thoi gian tinh tir thoi diém xay ra
mdt sy kién nao d6, chang han dinh thoi tac dong mot khoang thoi gian sau khi hé thong
c6 16i hodc cap nhat thong s6 hién tai cua hé théng sau moi mot thoi khoang c¢d dinh.

Dé co thé kiém tra, quan 1y va thao tic v6i thoi gian mot cach chinh xac, hé didu hanh
phai dua vao thiét bi thoi gian dugc tich hop trén hau hét cac vi xt 1y d6 14 timer. Timer
duoc sir dung bai hé diéu hanh dugc goi 1a timer hé thong, hé diéu hanh cai dit cac thong
s6 thich hop cho timer, quy dinh khoang thoi gian sinh ra ngat, khoang thoi gian giita hai
lan xay ra ngat lién tiép duoc goi boi thuat ngit fick, gia tri cha tick do ngudi st dung
driver quy dinh. Khi xay ra ngat, hé diéu hanh linux s& cap nhat gia tri cua bién jiffies,
chuyén tién trinh, cap nhat thoi gian trong ngay, ...

Trong phén lap trinh user application, ching ta da tim hiéu nhitg ham thao tac véi
thoi gian user space. Day 1a nhitng ham dugc hd tro sin boi hé diéu hanh, nghia 1a chung

duoc 1ap trinh dé hoat dong 6n dinh khong gay anh hudng dén cac tién trinh khac chay
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dong thoi. Trong kernel, nhitng ham thao tac véi thoi gian hoat dong bén ngoai tam kiém
so4t ctia hé diéu hanh, str dung truc tiép tai nguyén phan cung cta hé thong, cu thé 1a thoi
gian hoat dong ctia vi xir 1y trung tim trong vi diéu khién. Vi thé néu str dung khong phu
hop thi hé diéu hanh s& hoat dong khong on dinh, xay ra nhimng 18i vé thoi gian thuc trong
khi thuc hién tac vu. Nhung thoi gian thuc hién cia cac ham nay s€ nhanh hon, vi khong
qua trung gian 1a hé diéu hanh, phu hop véi yéu cau diéu khién cua driver 1a nhanh chong
va chinh x4c.

Trong bai nay, diu tién ching ta s& tim hiéu nguyén tic quan Iy thoi gian trong kernel,
sau do 1a cac ham tuong tac, xu ly thoi gian thuc, cach st dung dinh thoi trong timer, va
cubi cting 12 mot s ky thuat tri hodn thoi gian trong kernel.

I1. Don vi thoi gian trong kernel:

bé quan ly chinh xac thoi gian, hé diéu hanh st dung bo dinh thoi timer tich hop san
trén vi diéu khién ma n6 hoat dong. Bo dinh thoi (fimer) dugce dat cho mot gia tri ¢b dinh
sao cho co thé sinh ra ngat theo chu ky cho trude. Khoang thoi gian ciia mot chu ky ngat
duoc goi la tick. Trong mét gidy c6 khoang N ticks dugc hoan thanh. Hay ndi cach khac,
tbc do tick 14 N Hz. Gia tri N duoc dinh nghia boi ngudi sit dung trude khi bién dich
kernel. Thong thudng mot s6 hé diéu hanh c6 gia tri mic dinh 1a N = 100 va day ciing 1a
gia tri mac dinh cua h¢ diéu hanh chay trén kit KM9260.

Gia tri cia HZ duoc dinh nghia nhu sau:

# define USER HZ 100 /* User interfaces are 1in "ticks"
*/
va
# define HZ 100 /*Internal kernel timer frequency*/

trong tap tin \arch\arm\include\asm\param.h. Ching ta théy, gia tri mac dinh
ctia HZ 14 100. C6 nghia 1a timer hé thong dugc cai dit sao cho trong mot gidy c¢6 khoang
100 1an ngét xay ra. Hay noi cach khac, chu ky ngit 1a 10 ms. Chung ta ciing chi ¥, trong
tap tin c6 hai tham sb can sita chira mot lic d6 1a USER HZ va HZ. Dé thuan tién cho
viéc chuyén ddi qua lai thoi gian gitta kernel va user thi gia tri ciia chung phai giéng

nhau.
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Gia tri HZ thay doi phai phu hop véi ing dung ma hé diéu hanh dang phuc vu. Lam
thé nao dé 1am duoc diéu nay.

Chang han, gia tri cia HZ anh hudng rat nhiéu dén do phan giai ciia nhitng ham dinh
thoi ngat. Voi gia tri HZ = 100, thoi gian 1ap trinh dinh thoi ngit tdi thiéu 13 10ms. Vi
gia tri HZ=1000, thoi gian lap trinh dinh thoi ngat ti thiéu 13 /ms. Piéu nayco nghia 1a
gid tri cia HZ cang 16n cang tot. Liéu thuc su ¢6 phai nhu thé?

Khi ting gia tri ciia HZ, diéu c6 nhitng wu va nhugc diém. V& uu diém, ting gia tri HZ
lam do phan giai cua thoi gian kernel ting 1én, nhu thé mot sé tmg dung c6 lién quan dén
thoi gian cling chinh xac hon ,...V& nhugc diém, khi ting gid tri cia HZ, thi vi diéu khién
thue hién ngét nhiéu hon, tiéu tén thoi gian cho viéc luu lwu ngan xép, khoi tao ngit, ...
nhiéu hon, ... do vay tily timg tng dung cu thé ma chung ta thay d6i gia tri HZ cho phu
hop dé hé thong hoat dong t6i wu.

1. jiffies:

Jiffies 1a mot bién toan cuc duge dinh nghia trong thu vién 1inux/jiffies.h dé luu
) luong ticks dat duoc ké tir khi hé théng bat dau khoi dong. Khi xay ra ngét timer hé
thdng, kernel tién hanh ting gia tri cia jiffies 1én 1 don vi. Nhu vay néu nhu c6 HZ ticks
trong mot gidy thi jiffies s& ting trong mdt gidy 1a HZ don vi. Néu nhu chung ta doc dugc
gia tri jiffies hién tai 1a N, thi thoi gian ké tir khi hé théng khoi dong 1a N ticks hay N/HZ
gidy. Doi khi chung ta mudn doi gia tri jiffies sang gidy va nguoc lai ta chi viéc chia hay
nhan gia tri jiffies cho(voi) HZ.

Trong kernel, jiffies duoc luu trit dudi dang s6 nhi phan 32 bits. La 32 bits ¢6 trong s6
thdp trong tong s6 64 bits ctia bién jiffies 64. Vi chu ky tick 1a 10ms thi sau mot khoang
thoi gian 5.85 ty nam d6i voi bién jiffies 64 va 1.36 nam ddi voi bién jiffes moi c6 thé bi
tran. Xac sudt dé bién jiffies 64 bi tran 1a cuc ky nho va jiffies 1a rat nho. Thé nhung vin
c6 thé xay ra d6i v6i nhirng Gng dung doi hoi do tin cy rat cao. Néu can c6 thé kiém tra
néu yéu cau chinh xac cao.

Khi thao tac véi jiffies, kernel hd tro cho ching ta cac ham so sanh thoi gian sau, tat

ca cac ham nay déu duoc dinh nghia trong thu vién linux/jiffies.h:
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Pau tién 12 ham get jiffies 64(), v6i gia tri jiffies thi ching ta c6 thé doc truc tiép
theo tén ciia nd, thé nhung jiffies 64 khong thé doc tryc tiép ma phai thong qua ham
riéng vi gia tri cua jiffies 64 dugc chua trong s6 64 bits. Haim khong c6 tham sd, gia tri
trd vé clia ham 1a s6 c6 64 bits.

Cubi cung 14 cac ham so sanh thoi gian theo gia tri ciia jiffies. Cac ham nay duoc dinh

nghia trong thu vién 1inux/jiffies.h nhu sau:

#define time after (unknown, known) (long) (known) - (long) (unknown) <0)
#define time before (unknown, known) ( (long) (unknown) - (long) (known)<O0)
#define time after eqg(unknown, known) ((long) (unknown)- (long) (known)>= 0)
#define time before eg(unknown, known) ((long) (known) - (long) (unknown)>= 0)

cac ham nady tra vé gia trj kiéu boolean, tily theo tén ham va tham s ctia ham. Ham
time after (unknown, known) tra vé gia tri diing néu unknown > known, twong tu
cho cac ham khac. Ung dung cta cdc ham nay khi chiing ta muén so sanh hai khoang
thoi gian voi nhau dé thuc thi mot tic vu ndo do, chiang han ing dung trong tri hodn thoi
gian nhu trong doan chuong trinh sau:

/*Doan chwong trinh tri hoan thoi gian 1s dung jiffies */

/*Khai bdo bién lwu thoi diém cudi ciing muon so sanh*/

unsigned long timeout = jiffies + HZ; /Tri hoan Is

/*Kiém tra xem gid tri timeout ¢ bi tran hay khéng*/

if (time after(jiffies, timeout)) {

printk (“This timeout is overflow\n”);

return -1;

}

/*Thuc hién tri hoan thoi gian néu khong bi tran*/

if (time before(jiffies, timeout)) {
/*Do nothing loop to delay*/

}
IV. Thoi gian thuc trong kernel:

Trong phan lap trinh tng dung user, chung ta da tim hiéu k§ vé cac 1énh xu 1y thoi

gian thyc trong thu vién <time.h>. Trong kernel ciing c6 nhitng ham dugc xay dung sin
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thao tac voi thoi gian thuc nam trong thu vién <1inux/time.h>. Su khac biét giira hai
thu vién ndy 1a vai tro cla ching trong hé théng. <time.h> chira trong 16p user, giao
tiép v6i kernel, twong ty nhu cac ham giao dién trung gian giao tiép giira nguoi dung voi
thoi gian thyuc trong kernel, vi thé thu vién chira nhitng ham chil yéu phuc vu cho ngudi
dung; Pbi voi thu vién <linux/time.h> hoat dong trong 16p kernel, chira nhitng ham
duoc lap trinh sén phuc vu chil yéu cho hé thong kernel, giup ngudi lap trinh driver quan
1y thoi gian thyc tién loi hon, vi du nhu cac ham xir 1y thoi gian ngit, dinh thoi, so sanh
thoi gian, ... diém dic biét 1a thoi gian thuc trong kernel chu yéu quan 1y dudi dang sd
gidy tuyét ddi, khong theo dang ngay thang nam nhu trong user.

Céc kiéu cau trac thoi gian, ¥ nghia cac tham sé trong nhitng ham thoi gian da phan
tuong ty nhu trong thu vién <time.h> trong user application nén chung s€ dugc trinh
bay so lugc trong khi giai thich.

1. Cac kiéu, c4u tric thoi gian:

a. Cdu triic timespec: ciu trac nay duoc dinh nghia nhu sau:

struct timespec {

__kernel time t tv_sec; /* seconds */
long tv_nsec; /* nanoseconds */

}i

Trong d6, tv_sec dung luu thong tin cua gidy; tv nsec dung luu thong tin nano
gidy cua giay hién tai.

b. Céu tric timeval: CAu tric nay duoc dinh nghia nhu sau:

struct timeval {

__kernel time t tv_sec; /* seconds */
__kernel suseconds t tv_usec; /* microseconds */

}i

Trong d6, tv_sec dung lru thong tin vé sd gidy; tv usec dung luu thong tin vé
micro gidy cua gidy hi¢n tai.

c. Cdu triic timezone: Céu truc ndy dugc dinh nghia nhu sau:

struct timezone {
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int tz minuteswest; /* minutes west of Greenwich */
int tz dsttime; /* type of dst correction */
}i
Trong d6, tz minuteswst la sé phat chénh léch mui gid vé phia Tay cla
Greenwich; tz dsttime la tham sb diéu chinh chénh l&ch thoi gian theo mua;
2. Cac ham so sanh thoi gian:
a. timespec _equal: Ham duoc dinh nghia nhu sau:
static inline int timespec equal (const struct timespec *a,

const struct timespec *b)

return (a->tv_sec == Db->tv sec) && (a->tv _nsec == Db-
>tv _nsec);

}

Nhiém vu ctia ham 13 so sanh 2 con tré cdu tric thoi gian kiéu timespec, const
struct timespec *a va const struct timespec *b. So sanh ting thanh phin
trong cau tric, tv_sec va tv_nsec, néu hai thanh phan nay bang nhau thi hai cau tric
thoi gian nay bang nhau. Khi d6 ham tra vé gia tri rue, nguoc lai tra vé gia tri false;

b. timespec compare: Ham dugc dinh nghia nhu sau:

static inline int timespec compare (const struct timespec *lhs,

const struct timespec *rhs)
{
if (lhs->tv_sec < rhs->tv_sec)
return -1;
if (lhs->tv_sec > rhs->tv_sec)
return 1;
return lhs->tv nsec - rhs->tv nsec;
}
Nhiém vu ctia ham 13 so sanh hai céu trac thoi gian kiéu timespec, const struc
timespec *1hs vd const struct timespec *rhs. Két qua la mot trong 3 truong

hop sau:
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e Néulhs < rhs thitra vé gia trj nho hon 0;

e Néu lhs = rhs thitrd vé gia trj bang 0;

e Néulhs > rhs thitra vé gi4 trj 16n hon 0;

c. timeval compare: Ham dugc dinh nghia nhu sau:

static inline int timeval compare (const struct timeval *lhs,

const struct timeval *rhs)
{
if (lhs->tv_sec < rhs->tv_sec)
return -1;
if (lhs->tv_sec > rhs->tv_ sec)
return 1;
return lhs->tv usec - rhs->tv usec;
}
Nhiém vu ctia ham 13 so sanh hai cdu trac thoi gian kiéu timeval, const struct
timeval *lhs vd const struc timeval *rhs. Ké qua tra vé la mot trong 3
truong hop:

e Néulhs < rhs thitra vé gia trj nho hon 0;

e Néu lhs rhs thi trd vé gia tri bang 0;

e Néulhs > rhs thitra vé gia trj 16n hon 0;

3. Cac phép toan thao tac trén thoi gian:

a. mktime: Ham dugc dinh nghia nhu sau:

extern unsigned long mktime (

const unsigned int year, const unsigned int mon,
const unsigned int day, const unsigned int hour,

const unsigned int min, const unsigned int sec);

Nhiém vu cta ham 1a chuyén cac thong tin thoi gian dang ngdy thang nim ngay gio
phut gidy thanh thong tin thoi gian dang gidy tinh tir thoi diém epoch.

b. set normalized timespec: Ham dugc dinh nghia nhu sau:

extern void set normalized timespec(struct timespec  *ts,

time t sec, long nsec);
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Sau khi chuyén cac thong tin ngay thang nam ... thanh sb gidy tinh tir thoi diém epoch
bang cach s dung ham mktime, thong tin tra vé chua phai 1a mot cdu trac thoi gian
chuan c6 thé xur 1y dugc trong kernel. P& bién thanh ciu tric thoi gian chuan ta sir dung
ham set normalize timespec dé chuyén sd gidy dang unsigned long thanh ciu triic
thoi gian timespec.

Ham c6 3 tham sb. Tham sb thir nhit, struct timespec *ts, la con trd tré dén
cau triic timespec dugc dinh nghia trudc d6 luu gia tri thong tin thoi gian tra vé sau khi
chuyén d6i xong; Tham sb thr hai, time t sec, la s6 gidy mudn chuyén doi sang céu
tric timespec (dugc luu vao trudng tv sec); Tham sb thtr ba, long nsec, 1a sb
nano gidy cua gidy cta thoi diém mudén chuyén doi.

c. timespec_add safe:Ham dugc dinh nghia nhu sau:

extern struct timespec timespec add safe(

const struct timespec lhs,

const struct timespec rhs);

Nhiém vu ctia ham 13 cong hai cdu trac thoi gian kiéu timespec, const struct
timespec lhs vd const struct timespec rhs.Két qua tra vé dang timespec la
téng cia hai gid tri thoi gian néu khong bi tran, néu bi tran thi ham s& tra vé gid tri 16n
nhét c6 thé c6 cia kiéu timespec.

d. timespec sub:Ham duogc dinh nghia nhu sau:

static inline struct timespec timespec sub(struct timespec

lhs, struct timespec rhs)

{

struct timespec ts delta;
set normalized timespec (&ts delta, lhs.tv sec - rhs.tv sec,
lhs.tv _nsec - rhs.tv nsec);
return ts delta;
}
Nhiém vy ctia ham nay 1 trir hai cdu tric thoi gian kiéu timespec, struct

timespec lhs va struct timespec rhs. Hi¢u cia hai cau tric nay duogc tra veé
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dudi dang timespec. Thong thuong ham dung dé tinh todn khoang thoi gian giira hai
thoi diém.

e. timespec_add ns: Ham duoc dinh nghia nhu sau:

static  always inline wvoid timespec add ns(struct timespec

*a, u64 ns)
{
a->tv_sec+= iter div u64 rem(a->tv_nsec+ns, NSEC PER SEC,
&ns) ;
a->tv_nsec = ns;

}

Nhiém vu cta ham nay 13 cong thém mot khoang thodi gian tinh bang nano gidy vao
cu triic timespec duge dua vao ham. Ham c6 hai tham s6. Tham s6 thtt nhit, struct
timespec *a,lécéutnk:timespeclnuéncéngthénJThanlséth&]nﬂ,u64 ns, 1a sd
nano gidy mudn cong thém vao.

4. Cac ham truy xuét thoi gian:

a. do_gettimeofday:Ham dugc dinh nghia nhu sau:

extern void do gettimeofday (struct timeval *tv);

Nhiém vu cia ham 1a 1dy vé thong tin thoi gian hién tai cta hé thong. Thong tin thoi
gian hién tai dugc tra vé cu trac dang struct timeval *tv trongtham s6 ctia ham.

b. do_settimeofday: Ham duogc dinh nghia nhu sau:

extern int do settimeofday(struct timespec *tv);

Nhiém vu cua ham Ia cai dat thong tin thoi gian hién tai cho hé théng dua vao cau tric
thoi gian dang t imespec chia trong tham s struct timespec *tv ctaham.

c. do_sys settimeofday: Ham duoc dinh nghia nhu sau:

extern 1int do sys settimeofday(struct timespec *tv, struct
timezone *tz);

Nhiém vu ctia ham 1a cai dat thong tin thoi gian hién tai cia hé théng c6 tinh dén sy

chénh léch thoi gian vé mui gid dya vao hai tham sb trong ham. Tham sb thtr nhat,
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struct timespec *tv,lathong tin thoi gian mudn cip nhat. Tham s6 thir hai, sruct
timezone *tz,la ciu trac luu thong tin chénh I¢ch mui gio mudn cap nhat.
d. getboottime: Ham dugc dinh nghia nhu sau:

extern void getboottime (struct timespec *ts);

Nhiém vu cta ham 1a lay vé tong thoi gian tir khi hé théng khoi dong dén thoi diém
hién tai. Thong tin thoi gian duoc luu vé cdu trac kiéu timespec, srtuc timespec

5. Cac ham chuyén doi thoi gian:

a. timespec to_ns: Ham duoc dinh nghia nhu sau:

static inline s64 timespec to ns(const struct timespec *ts)

{

return ((s64) ts->tv_sec * NSEC PER SEC) + ts->tv nsec;

}

Nhiém vu cua ham 1a chuyén cdu trac thoi gian dang timespec, const struct
timespec *ts, thanh sd nano gidy luu vao bién 64 bits 1am gia tri tra vé cho ham.
b. timeval to ns: Ham dugc dinh nghia nhu sau:

static inline s64 timeval to ns(const struct timeval *tv)

{

return ((s64) tv->tv _sec * NSEC PER SEC) +

tv->tv usec * NSEC PER USEC;
}

Nhiém vu ctia ham 1a chuyén d6i cdu trac thoi gian dang timeval, const struct
timeval *tv,thanh sb nano gidy luu vao bién 64 bits lam gia tri tra vé cho ham.
c. ns_to_timespec: Ham dugc dinh nghia nhu sau
extern struct timespec ns to timespec(const s64 nsec);
Nhiém vy ciia ham 1a chuyén thong tin thoi gian dudi dang nano gidy, const s64
nsec, thanh thong tin thoi gian dang t imespec lam gia tri tra vé cho ham.
d. ns_to timeval: Ham dugc dinh nghia nhu sau:

extern struct timeval ns to timeval (const s64 nsec);
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Nhiém vu ctia ham 13 chuyén thong tin thoi gian dang nano gidy, const s64 nsec,

thanh thong tin thoi gian dang timeval 1am gié tri tra vé cho ham.
V. Timer va ngit ding timer:

1. Khai quat vé timer trong kernel:

Timer 12 mot dinh nghia quen thudc trong hau hét tit ca cac hé thong khac nhau.
Trong linux kernel, timer duoc hiéu 13 tri hodn thoi gian dong dé goi thuc thi mot ham
nao d6 dugc lap trinh trudc. Nghia 14 thoi diém bét dau tri hoan khong cb dinh, thong
thudong duoc tinh tir lic cai dat khai dong timer trong hé thong, khoang thoi gian tri hodn
do nguoi 1ap trinh quy dinh, khi hét thoi gian tri hodn, timer sinh ra mot ngit. Kernel tam
hoan hoat dong hién tai cia minh dé thuc thi ham ngét duoc 1ap trinh trude do.

Pé dwa mot fimer vao hoat dong, chung ta can phai thyuc hién nhiéu thao tac. Pau tién
phai khoi tao timer vao hé thong linux. Tiép theo, cai dat khoang thdi gian mong mudn tri
hoan. Cai dat ham thuc thi ngat khi thoi gian tri hoan két thac. Khi xay ra hoat dong ngit,
timer s& bi vo hiéu hoa. Vi thé, néu mudn timer hoat dong theo chu ky ¢b dinh ching ta
phai khoi tao lai timer ngay trong chuong trinh thuc thi ngat. S6 lugng timer khoi tao
trong kernel 1a khong gidi han, vi ddy 1a mot timer mém khong phai 1a timer vat 1y, co
giéi han 14 dung luong viing nhé cho phép. Chiing ta s& trinh bay cu thé nhing budc trén
trong phan sau.

2. Cac budec sir dung timer:

**Luu y: Khi suw dung cdc ham trong timer chung ta phai thém thu vién
<linux/timer.h> & ddau chirong trinh.

a. Buwéc 1: Khai bao bién cau triic timer 1ist dé lwu timer khi khoi tao

Céu trc timer list duoc linux kernel dinh nghia trong thu vién
<linux/timer.h> nhu sau:

struct timer list {

struct list head entry;

unsigned long expires;

void (*function) (unsigned long);

unsigned long data;
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struct tvec t base s *base;

}

Ta khai bao timer bang dong 1énh sau:

/*Khai bao mot timer co tén la my timer™/

struct timer list my timer;

b. Bwéc 2: Khai bio va dinh nghia ham thuc thi ngat

Ham thyc thi ngit c6 dang nhu sau:

void my timer function (unsigned long data) {

/*Cac thao tac do ngudi 1ldp trinh driver quy dinh*/

/*Néu can thiét cé6 thé khodi tao lai timer trong phédn cudi
chuong trinh*/

}

¢. Bwde 3: Khoi tao cac tham sd cho ciu trac timer

Cong viée tiép theo 1a yéu cau kernel cung cip mot ving nhé cho fimer hoat dong,
chung ta str dung cau 1énh:

/*Khoi tao timer vika khai bao my_timer*/

init timer (&my timer);

Sau khi kernel danh cho timer mot ving nhé, fimer vin con trong chua duge gan
nhing théng s can thiét, cong viéc nay ciia ngudi 1ap trinh driver:

/*Khéi tao gid tri khodng thoi gian muon tri hodn, don vi tinh bang tick®/

my timer.expires = jiffies + delay;

/*Gdn tham sé cho ham thiee thi ngdt, néu khéng cé tham sé ta cé thé gan mét gid tri
bat ky*/

my timer.data = 0;

/*Gdn con tré ham xi Iy ngdt vao timer*/

my timer.function = my function;

Trong cac tham sd trén, chung ta can cha y nhiing tham sé sau day:
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e my timer.expires day la gia tri thoi gian twong lai c6 don vi 1a tick, tai moi
thoi diém, timer so sanh véi s jiffies. Néu s6 jiffies bang vi sd my timer.expires thi
ngit xay ra.

e my timer.data la tham sd ching ta mudn dwa vao ham thyc thi ngét, d6i khi
chung ta mudn khai tao cac thong s ban dau cho ham thyc thi ngat, ké thira nhitng thong
tin da xu 1y tr trude hay tir nguoi dung.

e my timer.function latrudng chira con tré cua ham phuc vu ng'flt da duogc khoi
tao va dinh nghia trudc do.

d. Bwoc 4: Kich hoat timer hoat dong trong kernel:

Chung ta thuc thi Iénh sau:

add timer (&my timer);

Tham s6 ctia ham add_timer 13 con tro cta timer duoc khéi tao va gan cac tham sb
can thiét.

Khi timer dugc kich hoat, ham thuc thi ngét hoat dong, n6 s€ bi vo hi¢u hoa trong chu
ky tiép theo. Mudn timer tiép tuc hoat dong, chung ta phai kich hoat lai bang cau lénh
sau:

/*Kich hoat timer hoat déng lai cho chu ky ngdt tiép theo®/

mod timer (&my timer, jiffies + new delay);

Néu mudn x6a timer khoi hé thdng ching ta sung 1énh sau:

/*Xba timer khéi hé thong*/

del timer (&my timer);

Tuy nhién 1énh nay chi thyc hién thanh cong khi timer khong con hoat dong, nghia la
khi timer con dang chd chu ky ngit tiép theo ding 1énh del timer () sé& khong hiéu
qua. Mudn khic phuc 18i nay, chiing ta phai dung 1énh de 1 timer sync (), lénh nay
s& cho cho dén khi timer hoan thanh chu ky ngét gan nhat méi x6a timer do.

3. Vidu:

Poan chuong trinh sau s& dinh thoi xudt thong tin ra man hinh hién thi voi chu ky 1a
1s. Mbi lan xuat s& thay doi thong tin, thong bao nhitng 1an xuat thong tin 1a khac nhau;

/*Khai bdo bién cuc bo luu giad tri muén xudt ra man hinh, gia tri ban dau bcing 0*/

Trang 184

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

int counter = 0;

/*Khai bao bién timer phuc vu ngat*/

struct time list my timer;

/*Khai bdo dinh nghia ham phuc vu ngdt*/

void timer isr (unsigned long data) {
/*In thong bdo cho nguoi dung®*/

printk (“"Driver: Hello, the counter’s value is %d\n”,

counter++) ;

/*Cai dat lai gid tri timer cho lan hoat dong tiép theo, cai ddt chu ky 1 gidy*/
mod timer (&my timer, jiffies + HZ);
}
/*Thuc hién khoi tao timer trong khi cai dat driver vao hé théng, trong ham init()*/
static int
__init my driver init (void) {

/*Cac lénh khoi tao khac*/

/*Khoi tao timer hoat dong ngcft*/

/*Khoi tao timer da dwoc khai bao*/

init timer (&my timer);

/*Cai ddt cdc thong sé cho timer*/

my timer.expires = Jjiffies + HZ; //Khéi tao tri hodn ban dau la Is;
my timer.data = 0; /Di liéu truyén cho ham ngat la 0;

my timer.function = my_function;/K}mlhﬁnthucthingétchothnen
/*Kich hoat timer hoat dong trong hé théng*/

add timer (&my timer);

}
VI. Trihoan thoi gian trong kernel:

Tri hodn thoi gian 1a mot trong nhitng van dé quan trong trong lap trinh driver ciing

nhu trong lap trinh application. Trong phan trudc ching ta da tim hiéu nhimg lénh tri
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hoan thoi gian tir khoang thoi gian nho tinh theo nano gidy dén khoang thoi gian 16n hon
tinh bang gidy. Tuy thudc vao yéu cau chinh xac cao hay thap ma ching ta ap dung k¥
thuat tri hodn thoi gian cho phu hop. Kernel ciing hd tro cac ky thuat tri hodn khac nhau
tiy theo yéu cau ma ap dung k¥ thuat nao phu hop nhat sao cho khéng anh hudng dén
hoat dong cua h¢ théng.

1. Vong lap vo tidn:

K§ thuat tri hodn thoi gian dau tién 13 vong ldp busy loop. Pay la cach tri hodn thoi
gian ¢ dién va don gian nhat, 4p dung cho tt ca cic hé thong. K¥ thuat tri hodn nay c6
dang nhu sau:

/*Khai bao thoi diém twong lai mudn thyc hién tri hoan*/

unsigned long timeout = jiffies + HZ/10; //Tri hoan 10ms;

/*Thyce hién vong 1ap vo tan while () tri hoan thoi gian*/

while (time before(jiffies, timeout))

V6i cach tri hodn thoi gian trén, chung ta dung bién jiffies dé so sanh véi thoi diém
tuong lai lam diéu kién cho 1énh while () thuc hién vong lip. Nhu vy ching ta chi co
thé tri hodn mot khoang thoi gian dung bang mot sd nguyén lan cua fick. Hon nita, khac
v6i 16p user, vong lap trong kernel khong duge chia tién trinh thuc hién. Vi thé vong liap
vO tan trong kernel s€ chiém hét thoi gian lam viéc cia CPU va nhu thé cac hoat dong
khac s& khong duoc thuc thi, hé thong s& bi ngung lai tam thoi. Didu nay rat nguy hiém
cho cac tmg dung doi hoi do tin ciy cao vé thoi gian thuc. Céch tri hodn thoi gian nay rat
hiém khi dugc st dung trong nhiing hé thong 16n.

Pé giai quyét van dé nay, ngudi ta dung k¥ thuat chia tién trinh trong luc thuc hién tri
hoan nhu sau:

while (time before(jiffies, timeout))

schedule () ; /Ham nay chira trong thu vién <linux/sched.h>

Trong khi jiffies van thda man diéu kién nho hon thoi diém dit trude, kernel s& chia

thoi gian thuc hién cong viéc khac trong hé théng. Cho dén khi vong lap duoc thoat,

nhirng Iénh tiép theo s& tiép tuc thuc thi.
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Chung ta ciing c6 thé 4p dung nhitng 1énh so sanh thoi gian thyuc trong phan trudc dé
thuc hién tri hoan thoi gian véi do chinh xac cao hon.

2. Tri hodn thoi gian bang nhitng ham hé tro sin:

Linux kernel ciing cung cap cho chung ta nhitng ham thuc hién tri hodn thoi gian véi
d6 chinh xéc cao, thich hgp cho nhiing khoang thoi gian nho. D6 14 nhitng ham:

e void udelay(unsigned long usec); Ham dung dé tri hodn thoi gian c6 do

phan giai micrd gidy;

e void ndelay(unsigned long nsec); Ham tri hoan thoi gian c6 d6 phan

giai nané giay;

e void mdelay(unsigned long msec); Ham tri hoan thoi gian c6 d6 phan

giai mili gidy;

**Cac ham tri hoan thoi gian nay chi thich hop cho nhitng khoang thoi gian nho hon
1 tick trong kernel. Néu lon hon sé lam dnh huéng dén hoat dong cia cd hé thong vi bdn
chat ddy van la nhitng vong Idp vé tdn, chiém thoi gian hoat déng ciia CPU.

3. Tri hoan thoi gian bang ham schedule_timeout ():

K§¥ thuat nay khac véi hai ky thuat trén, ding ham schedule timeout () s€ lam
cho chuong trinh driver dimg lai tai thoi diém khai béo, roi vao trang thai ngi trong sudt
thoi gian tri hoan. Thoi gian tri hodn do ngudi 1ap trinh cai dat. DBé sir dung ham nay, ta
tién hanh cac budc sau:

/*Cai dat chwong trinh driver vao trang thai ngu™/

set current state (TASK INTERRUPTIBLE) ;

/*Cai dat thoi gian cho tin hiéu danh thirc chwong trinh*/

schedule timeout (unsigned long time interval);

**Trong dé time_interval la khodng thoi gian tinh bang tick muén cai dat tin hiéu
danh thirc chuong trinh dang trong trang thai ngu.

VII. Két luan:

Trong bai nay chiing ta di tim hiéu rd vé cach quan ly thoi gian trong kernel, thé nao
1a jiffies, HZ, ... vai trd y nghia ctia chung trong duy tri quan thoi gian thyc cling nhu

trong tri hoan thoi gian.
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Chung ta ciing da tim hiéu cac ham thao tac véi thoi gian thuc trong kernel, v6i nhiing
ham nay chiing ta c6 thé xay dung cac (mg dung c6 lién quan dén thoi gian thuc trong hé
théng.

C6 nhiéu cac khac nhau dé thyc hién tri hodn trong kernel tuong ty nhu trong user.
Nhung chiing ta phai biét cach chon phuong phap phu hop dé khong lam anh hudng dén
hoat dong cua toan h¢ théng.

Dén day ching ta c6 thé budc vao cac bai thuce hanh, viét driver va tng dung cho mot
sd phan cimg co ban trong nhimng bai sau. Hoan thanh nhiing bai nay s& giup cho chiing

ta 6 duoc cai nhin thyc t& hon vé 1ap trinh hé thdng nhiing.
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GIAO TIEP PIEU KHIEN
LED DON
Bai 1: diéu khién LED don trén kit KM9260

a. Két néi phén cing:

Thuc hién két ndi phan cimg theo so dd sau trén board SAM9260-EK diéu khién led
ndi véi chan PB20, PB21, PB22, PB23

b. Chwong trinh driver: Co tén 1 1 single led dev.c

(M@ nguon va gidi thich chwong trinh driver dwgc chira trong CD dinh kém)

c. Chwong trinh application: Co tén 1 1 single led app.c

(M@ nguon va gidi thich chirong trinh application chira trong CD dinh kém)

d. Bién dich va thwc thi dw an:

e Bién dich driver:

Trong thu muc chira tap tin ma ngudn drive, tao tap tin Makefile c6 ndi dung sau:

export ARCH=arm

export CROSS COMPILE=arm-none-linux-gnueabi-

obj-m += 1 1 single led dev.o

all:

/*Luweu ¥ phdi diing dwong dan dén cdu triic ma nguon kernel®/

make -C /home/arm/project/kernel/linux-2.6.30 M=$ (PWD) modules

clean:

/*Luweu ¥ phdi diing dwong dan dén cdu triic ma nguon kernel®/

make -C /home/arm/project/kernel/linux-2.6.30 M=$ (PWD) clean

Bién dich driver bang 1énh shell nhu sau:

make clean all

**ic nay tagp tin chuwong trinh driver dwoc tao thanh voi  tén
1 1 single led dev.ko

e Bién dich application: Bang 1énh shell sau:

./arm-none-linux-gnueabi-gcc 1 1 single led app.c -0

1 1 single led app
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**Chuwong trinh dwoc bién dich co tén la 1 1 single led app

YV V V

Trang 190

Thuyec thi chuong trinh:

Chép driver va application vao kit;

Cai dit driver bang 1énh: insmod 1 1 single led dev.ko
Thay d6i quyén thuc thi cho chwong trinh application bang 1énh:
chmod 777 1 1 single led app

Chay chuong trinh va quan sat két qua:

Khai bao chan PCO 1a ngo ra:

./1 1 single led app dirout 96
Using gpio pin 96

(Liic nay led két néi véi PCO tdt)

Xuét dit liéu mirc cao cho PCO:

./1 1 single led app set 96 1

Using gpio pin 96

(Liic nay ta thay led noi véi chan PCO sdng lén)
Xuat dit liéu mirc thip cho PCO:

./1 1 single led app set 96 0

Using gpio pin 96

(Liic ndy ta thdy led noi véi chan PCO tdt xuong)
Khai bdo chan PA23 la ngd vao:

./1 1 single led app dirin 55

Using gpio pin 55

**¥Khi cong tdc néi voi PA23 6 vi tri ON, chdn PA23 noi xudng mass;
Lay dir liéu vao tir chan PA23

./1 1 single led app get 55

Using gpio pin 55

Pin 55 is LOW

** Khi cong tic noi véi PA23 ¢ vi tri OFF, chdn PA23 néi lén VCC;
Lay dir liéu vao tir chan PA23

./1 1 single led app get 55
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I.

Using gpio pin 55
Pin 55 is HIGH

Bai 2:
DIEU KHIEN SANG TAT 1 LED

Phac thio du an:

Pay 1a dy 4n dAu tién cin ban nhét trong qué trinh 14p trinh diéu khién céc thiét bi

phan cing. Ngudi hoc ¢d thé lam quen véi viéc di€u khién cac chan gpio cho cadc muc

dich khac nhau: truy xuat dir li¢u, cai dit thong s6 doi véi mot chan vao ra trong vi diéu

khién théng qua driver va chuwong trinh tmg dung. Dé hoan thanh duoc bai nay, ngudi

hoc phai c6 nhiing kién thirc va k§ nang sau:

Kién thtrc v& mbi quan hé gitra driver va application trong hé thong nhung, ciing
nhu viéc trao d6i thong tin qua lai dua vao cac giao dién chuén;

Kién thtc vé giao dién chuan ioctl trong giao tiép gitta driver (trong kernel) va
application (trong user);

Kién thirc vé gpio trong linux kernel

Lap trinh chuong trinh tng dung c6 str dung k¥ thuat ham main c6 nhiéu tham s6
giao tiép v6i ngudi dung;

Bién dich va cai dat duoc driver, application nap vao hé théng va thuec thi;

**T4Gt ca nhitng kién thike yéu cau néu trén deu da dwoc ching téi trinh bay kj trong

nhitng phan truoc. Neu can nguoi hoc co thé quay lai tim hiéu dé budc vao ngi dung nay

hiéu qua hon.

a. Yéu cau dw dan:

Dy 4n nay c6 yéu cau la diéu khién thanh coéng 1 led don thong qua driver va

application. Ngudi dung co thé diéu khién led sang tit va doc vé trang thai cia mot chan

gpio theo yéu cau nhap tir dong 1énh shell.

Dau tién, nguoi dung xac dinh ché d6 vao ra cho chan gpio mudn di€u khién.

Trang 191
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b.

Tiép theo, néu 1a ché d6 ngd vao thi s& xuat thong tin ra man hinh hién thi cho biét
trang thai ctia chan gpio 13 mirc thap hay mirc cao. Néu 1a ché do ngd ra thi ngudi
dung s& nhap thong tin high hodc low dé diéu khién led sang tit theo yéu cau.
**Luu ¥, néu ngd vao thi ngudi dung nén két ndi chan gpio véi mot cong tic dicu
khién ON-OFF, néu ngb ra thi nguoi ding nén két ndi chan gpio v6i mot LED don
theo kiéu tich cuc muc cao.

Phén cong nhiém vu:

Driver:coténl 1 single led dev.c

Str dung k¥ thuat giao di¢n ioctl dé nhan Iénh va tham sb tir user application thuc thi

diéu khién chan gpio theo yéu ciu. ioctl ¢6 5 tham sb 1énh twong tmg voi 5 kha ning ma

driver c6 thé phuc vu cho application:

>
>

GPIO DIR IN: Cai datchan gpio la ngd vao;

GPIO DIR OUT: Cai dat chan gpio 1a ngo ra;

GPIO GET: Lay dir liéu mirc logic tir chan gpio ngd vio tra vé mot bién ciia user
application;

GPIO SET: Xuét dit liéu cho chan gpio ngd ra theo thong tin 1ay tir mot bién trong
user application twong g sé& 1a murc thip hay mirc cao;

Application: c6tén1 1 single led app.c

St dung k¥ thuét 1ap trinh ham main c6 nhiéu tham sb lya chon cho nguoi dung kha

nang diéu khién trén man hinh shell trong qua trinh thuc thi chuong trinh tng dung. Theo

do, chuong trinh tng dung 1 1 single led app c6 nhitng thao tac Iénh sau:

» Dau ti€n nguoi dung nhap tén chuong trinh cung véi cac tham s6 mong muon

tuong tng véi ting 1énh mudn thue thi.

> Néu 1a 1énh dirin, nguoi ding phai cung cdp cho driver tham s tiép theo 1a s

chan gpio muon cai dat ché do ngo vao;

> Néu la Iénh dirout, ngudi ding phai cung cip cho driver tham sd tiép theo 1a sd

chan gpio muon cai dat ché do ngo ra;
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> Néu 1 Iénh set, thong tin tiép theo phai cung cap 1a 1 hodc 0 va chan gpio muén
xuét dix liéu;

> Néu 1a Iénh get, thong tin tiép theo ngudi dung phai cung cip 1a sé chan gpio
mudn 1ay dir liéu. Sau khi lay dir liéu, xudt ra man hinh hién thi thong bao cho
ngudi ding biét.

I1. Thuc hién:

e. Két noi phan cirng:

Thue hién két ndi phan cimg theo so d6 sau:

74HC245

vCC
D1
U1 R1 P R2 R2
PCO
ol e ss U DN 4K7 47
12 4
A7 B7 43 D*i// PA23
A6 B6 -f;;----] v 0 PB10
A5 B5 [z Sl A
A4 B4 [~ %@ L
A3 B3 [47 0 Dl
A2 B2 éﬁ
vce 18 o L
A1 B1 D%i// SW1
—l < S—
19 %lR 0 DM//
o o
0
MV

w
w
o

1
A
> i
LED =0 ?0
Hinh 4-1- So do két néi LED don va céng tic diéu khién
f. Chwong trinh driver: Co tén 1 1 single led dev.c
(M@ nguon va gidi thich chwong trinh driver dwge chira trong CD dinh kém)
2. Chwong trinh application: Co tén 1 1 single led app.c
(M@ nguon va gidi thich chirong trinh application chira trong CD dinh kém)
h. Bién dich va thwc thi dw an:
e Bién dich driver:
Trong thu muc chira tap tin ma ngudn drive, tao tap tin Makefile c6 ndi dung sau:
export ARCH=arm
export CROSS COMPILE=arm-none-linux-gnueabi-
obj-m += 1 1 single led dev.o

all:

Trang 193
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/*Lueu ¥ phdi ding dwong dan dén cdu triic ma nguon kernel®/

make -C /home/arm/project/kernel/linux-2.6.30 M=$ (PWD) modules
clean:

/*Lueu ¥ phdi ding dwong dan dén cdu triic md nguon kernel®/

make -C /home/arm/project/kernel/linux-2.6.30 M=$(PWD) clean
Bién dich driver bang 1énh shell nhu sau:

make clean all

**ic nay tagp tin chuwong trinh driver dwoc tao thanh voi  tén

1 1 single led dev.ko

e Bién dich application: Bang 1énh shell sau:

./arm-none-linux-gnueabi-gcc 1 1 single led app.c e

1 1 single led app

**Chuwong trinh dwoc bién dich co tén la 1 1 single led app
e Thuyec thi chuong trinh:
Chép driver va application vao kit;

Cai dit driver bang 1énh: insmod 1 1 single led dev.ko

YV V VY

Thay d6i quyén thuc thi cho chwong trinh application bang 1énh:
chmod 777 1 1 single led app
> Chay chuong trinh va quan sat két qua:
= Khai bao chan PCO la ngd ra:
./1 1 single led app dirout 96
Using gpio pin 96
(Liic nay led két néi véi PCO tdt)
»  Xuét dit liéu mirc cao cho PCO:
./1 1 single led app set 96 1
Using gpio pin 96
(Liic ndy ta thay led néi véi chan PCO sdng lén)
= Xuit dir liéu mic thap cho PCO:
./1 1 single led app set 96 0
Using gpio pin 96
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Trang 195

(Liic ndy ta thdy led noi véi chan PCO tdt xuong)

Khai bao chan PA23 la ngo vao:

./1 1 single led app dirin 55

Using gpio pin 55

**¥Khi cong tdc néi voi PA23 6 vi tri ON, chdn PA23 noi xudng mass;
Lay dir liéu vao tir chan PA23

./1 1 single led app get 55

Using gpio pin 55

Pin 55 is LOW

** Khi cong tic noi voi PA23 ¢ vi tri OFF, chan PA23 néi lén VCC;
Lay dir liéu vao tir chan PA23

./1 1 single led app get 55

Using gpio pin 55

Pin 55 is HIGH

**Twong tw cho cac chan gpio khdac,
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Bai 2:
DIEU KHIEN SANG TAT 8 LED

L. Phac thio du an:

Du 4n nay chil yéu truy xudt chan gpio theo ché d6 ngd ra, nhung diém khéc biét so
v6i du an trudce 1a khong diéu khién riéng 1é tirng bit ma cong viéc diéu khién nay s& do
driver thuc hién. Phan nay s& cho chung ta 1am quen vdi cach diéu khién thong tin theo
ting port 8 bits. D& viéc tiép thu dat hiéu qua cao nhat, trude khi nghién ciru nguoi hoc
phai c6 nhiing kién thirc va k§ nang sau:

e Kién thirc tong quat vé mdi quan hé gilta driver va application trong hé thong

nhiing, ciing nhu viéc trao d6i théng tin qua lai dwa vao cac giao dién chuan;

e Kién thirc vé& giao dién chuan write trong giao tiép gilta driver (trong kernel) va

application (trong user);

e Kién thirc vé gpio trong linux kernel,;

e Lap trinh chuong trinh ing dung c6 st dung k§ thuat ham main c6 nhiéu tham s6

giao ti€p voi nguodi dung;

Bién dich va cai dat duoc driver, application nap vao hé théng va thuc thi;

**¥T4Gt ca nhitng kién thike yéu cau néu trén deu da dwoc ching téi trinh bay kj trong
nhitng phan triwde. Néu can nguoi hoc ¢é thé quay lai tim hiéu dé bude vao ndi dung nay
hiéu qua hon.

a. Yéu cau dw dn:

Yéu cau cua du an 1a diéu khién thanh cong / port 8 leds hoat dong chop tit cung luc
theo chu ky va s6 lan dugc nhap tir nguoi dung trong lic goi chuong trinh thyc thi. Khi
hét nhiém vu chuong trinh s€ dugc thoat va cho lan goi thuc thi tiép theo.

e Dau tién nguoi ding goi chuong trinh driver, cung cap thong tin vé thoi gian cua

chu ky va s6 1an nhap nhay mong mudn;

e Chuong trinh application nhan dit liéu tir nguoi ding, tién hanh diéu khién driver

tac dong vao ngd ra gpio 1am led sang tit theo yéu cau;

Trang 196
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~ ! 7
/MNOSOoIt

e Luu do diéu khién nhu sau:

Count=<user>;
Time

»

A

8 Led sang
v
Delay( )

Flase v

Led tat

v

1 +1

True

Hinh 4-2- Luu d6 diéu khién LED sdang tdt theo so chu ky dwge quy dinh
b. Phan cong nhiém vu:
e Driver:Coténlal 2 port led dev.c

Driver st dung giao dién write () nhan dit li¢u tr user application xuét ra led
tuong ung voi dir li€u nhan dugc. Dt liéu nhan tr user application la mot s6 char co 8
bits. Mdi bit twong tng véi 1 led can diéu khién. Nhiém vu cua driver 13 so sanh tuong
{mg tirng bit trong s6 char nay dé quyét dinh xuat muic cao hay mirc thip cho led ngoai
vi. Cong viéc cua driver dugc thuc hién tuan tu nhu sau:

> Yéu cau cai dit cac chan ngoai vi la ngo ra, kéo 1én. Céng vié¢c nay dugc thuc hién

khi thuc hién 1énh cai dat driver vao hé théng linux;

> Trong giao dién ham write () (nhan dit liéu tir user) thuc hién xuat ra muc cao

hodc mirc thap cho gpio diéu khién led.

> Giai phong cac chan gpio da duoc khai bao khi khong can sir dung, cong viéc nay

duoc thuc hién ngay trude khi thao bo driver ra khdi hé théng.

o Application: C6ténlal 2 port led app.c
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/MNNOSOoIt

Thue hién khai bdo ham main theo ciu trac tham sd dé dap tng cac yéu cau khac
nhau tir ngudi dung. Chuong trinh application c6 hai tham s6: Tham s thir nhat 13 thoi
gian tinh bang gidy ctia chu ky chép tat, tham so thi hai 1a s6 chu ky muén chép tt.

Bén canh do, phan nay con lap trinh thém mot s6 chuong trinh tao hiéu Gng diéu
khién led khéc nhu: 8 led sang dan tit dan (Trai qua phai, phai qua trai, ...). Cac chuc
ning nay duogc tong hop trong mot chuwong trinh application duy nhat, ngudi sir dung s&
lwa chon hiéu tmg thong qua cac tham sd nguoi ding ctia ham main.

I1. Thuc hién:

a. Két néi phin cirng: Cac ban thuc hién két ndi phan cting theo so do sau:

D1

C
)

PB8 9 11 o) el
PB10 8 23 gg 12 '\% N//
PAZ3 7 13 D
PB16 6 | A6 B6 [, | % LB{
PA24 5 | AS BS[™5 Da
PB11 4 | A4 B4T6 ’\% LB’
PBY 3| A3 B3Iy D
A2 B2
— 21 a1 B1H?® L
VCC DgVV
T pp—2
195| 2R D$¥V
é? L
= . D$¥V
0 74HC245 ’\% Ll
Wy E.
330

LED =0

Hinh 4-3- So do két noi 8 LEDs don.
**Lipy y phdi diing sé chan da quy wéc.

b. Chwong trinh driver: Chuong trinh co tén la 1 2 port led dev.c
(Mé nguon va gidi thich chirong trinh dwoc chira trong CD dinh kém)
c. Chwong trinh application: Co ténla 1 2 port led app.c
(M@ nguon va gidi thich chirong trinh dwoc chira trong CD dinh kém)
d. Bién dich va thue thi du dn:
e Bién dich driver:
Tao tdp tin Make file trong cung thu muc voi driver. Co ndi dung sau:
export ARCH=arm

export CROSS COMPILE=arm-none-linux-gnueabi-
obj-m += 1 2 port led dev.o
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all:
/*Lueu ¥ phdi ding dwong dan dén cdu triic ma nguon kernel®/
make -C /home/arm/project/kernel/linux-2.6.30 M=$ (PWD) modules
clean:
/*Lueu ¥ phdi ding dwong dan dén cdu triic ma nguon kernel®/
make -C /home/arm/project/kernel/linux-2.6.30 M=$ (PWD) clean
e Bién dich application:
Trd vao thu muyc chira tap tin chuong trinh, bién dich chuong trinh ing dung véi lénh
sau:
arm-none-linux-gnueabi-gcc 1 2 port led app.c -0
1 2 port led app
**Chuwong trinh bién dich thanh cong co tén la: 1 2 port led app
o Thuc thi chwong trinh:
Chép driver va chuong trinh vao kit, thyc thi va kiém tra két qua;
» Cai dat driver vao kit theo 1énh sau:
insmod 1 2 port led dev.ko
> Thay d6i quyén thuc thi cho chuong trinh tng dung:
chmod 777 1 2 port led app
> Thuyc thi va kiém tra két qua:
./1 2 port led app 1 10
**Chiing ta thdy 8 led nhdp nhdy 10 lan véi chu ky 1s. Cac ban thay doi chu ky

va so lan nhdp nhay quan sat ket qua.
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