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Loi néi dau

Giéi thi¢u

Tai liéu nay hudng d?}n thue hanh ngon ngtr 1ap trinh C cho cac hé théng vi diéu khién
nhung va vi diéu khién ARM Cortex M3. Vi diéu khién nay thudéc ho ARM, la ho vi
xu 1y va vi di€u khién hang dau trén the gioi.

ARM la mdt bg xit Iy ¢6 the dwoce sir dung trong bét ky loai tmg dung vi xir 1y va vi
di€u khién nao nhu: sdn pham tiéu dung, hé thong di¢u khién, hé thong thoi gian thuc
va hé diéu hanh nhing.

Moi img dung nay yéu cau kha nang xtr 1y dic biét. Tat ca nhitng kha ning ndy c6 thé
duoc tim thay trong bd xur [y ARM.

Tai liéu ndy mo ta cac tng dung bo diéu khién nhiing v6i ARM.

Cac thi nghiém trong sach huéng dan ndy duoc thiét ké dé chay trén Bo thi nghiém vi
di€u khién EITPS-3192.

Chuwong 1 - Nguyén Iy hoat déng ciia may vi tinh mo ta cau triic co ban cua vi diéu
khién va nguyén ly hoat dong cta no.

Chuong 2 - Ngon ngir C bao gom tap 1énh ngdn nglr 14p trinh C va Xay dung kién
thirc cho hoc sinh vé cach viét va chay chuong trinh cho cac hé théng dleu khién
nhiing bang cach sir dung chuong trinh phat trién ARM va céc thiét bi cong tac va dén
LED cua b¢ thi nghiém.

Chuwong 3 - Phin cirng va thiét bi ngoai vi mo ta va thuc hanh cach viét cac chuong
trinh ing dung van hanh cac thiét bi ngoai vi ndi b ARM nhu 12 cong GPIO, DAC va
ADC, ciing nhu céc thiét bi ngoai vi bén ngoai cia B¢ thi nghiém nhu cong giao tiép
ngoai, DAC, ADC, b6 hién thi, dong co budc, cong tic, cam bién, v.v.

Chuong 4 — B) ARM Cortex M3 mo ta chung vé bd vi xtr 1y va vi diéu khién ho
ARM va dic biét 1a vi diéu khién ARM Cortex-M3. Phan mo ta vé Cortex-M3 bao
gdm cau tric bén trong va cac tinh ning doc déo cua néd. Cac bai tap trong chuong nay
la vé céc ngat va giao tiép ndi tiép véi USART.

Ngon ngit 14p trinh cho vi diéu khién 12 Hop ngit (Assembly) va ngon ngit C.

Ngon ngir C 1a ngon ngit pho bién nhat d¢ 1ap trinh, déc biét doi voi h¢ thong ARM -
mot vi diéu khién phirc tap.

bay 1a 1y do tai sao cac chuong trinh b?i tap su dung ngdn ngr C. Mot ly do khac la
ARM c6 cac thu vién chuong trinh mién phi dé sir dung. Ching déu duogc viét bang
ngoén ngir C.



EITPS-3192 - B thi nghiém vi diéu khién ARM 32 bit

EITPS-3192 1a mdt h¢ thong dao tao vi diéu khién ARM doc 13p. N6 bao gom céc
thanh phan va mach sau:

= Mach cip ngudn

= Mach giao tiép USB

= Vi diéu khién ARM

= Mach giai ma

= Bo nhd EEPROM ndi tiép

= (Cong dau vao

= 8 cong tac

= Ban phim 16 phim
= Led Ma tran (16 Led)
= Cong dau ra Hinh 1. 1

= Pong co budc

= Coi

= Role

= 8 deén Led

» 4 b6 hién thi Led 7 thanh

= Man hinh LCD

= Chiét ap bién ddi dién ap

= Cam bién nhiét do

= Cam bién hong ngoai

= ADC — Bd chuyén dbi twong ty sang sd
= DAC — B6 chuyén dbi s6 sang tuong tu
= Nut nhdn RST

= Nut bAm ngit

= Pau vao cia thiét bi dau cudi ADC ARM
= Paiu ra cia thiét bi dau cudi DAC ARM



B¢ phat trién vi diéu khién MDK-ARM

Keil MDK 13 méi trudng phat trién phan mém hoan chinh cho mét loat thiét bi vi diéu
khién nén tang Arm Cortex-M. MDK bao gém pVision IDE (Méi trudng phat trién
tich hop) ma chung ta str dung dé bién tip va bién dich cac chwong trinh bang ngén
nglt C cho bo thi nghiém EITPS-3192.

S-ARM V3 setup.exe

MDK534.exe

Chuong trinh nay s€ thuc hi¢n nhitng viéc sau:

a) Xay dung mot thu vién véi tén: S ARM.

b) Xay dung mét thu vién vai tén: ARM_Project (bao gdm cac tép tng dung).
c) Cai dt trinh diéu khién USB (CP210xVCP Installer).

d) Cai dit chuong trinh S-ARM dé c6 thé tai xudng va chay cac chuong trinh d6i
tuong trong b thi nghiém.

Lwu vV quan trong:

Luuy 1:

Cai dit hai chuong trinh S-ARM V3 Setup.exe va MDK534.exe dé tii xudng va chay
cac chuong trinh doi tugng trong b thi nghiém.

Cac budrc cai dat:
* Cai dat chwong trinh S-ARM V3 Setup.exe

1. Kich dtp chudt vao biéu tugng 8 S-ARM V3 setup.exe

Installing S-ARM V3

Hinh 1.2
2. Nhan Next



o5 Installing S-ARM V3

Installing Files
Copying S-ARM V3 files to your computer.

To stop or pause the installation process, click 'Cancel'.

Directory: C:\Courses\3192\S-ARM_V3\USB_Win7_8\x86
File: wdfColnstaller01011.dll

Cancel

Hinh 1.3
3. Nhin Next

Device Driver Installation Wizard

Welcome to the Device Driver
Installation Wizard!

This wizard helps you install the software drivers that some
computers devices need in order to work.

To continue, click Next.

Hinh 1. 4
4. Nhan Finish



Device Driver Installation Wizard

Completing the Device Driver
Installation Wizard

The drivers were successfully installed on this computer.

You can now connect your device to this computer. if your device
came with instructions, please read them first.

Driver Name Status

\/ Silicon Laboratories Inc. ... Ready to use

Cacs

Hinh 1.5
5. Thong bao da cai dat thanh cong S-ARM V3 xuat hién. Nhan Finish.

S-ARM V3 has been successfully
installed!

Click 'Finish' to complete the installation.

Finish

Hinh 1. 6
* Cai dit phan mém MDK534.EXE

1. Kich dap chudt trai vao biéu tuong 9 MDK534 £XE

2. Nhin Next




-

Setup MDK-ARM V5.24 - ' S

Welcome to Keil MDK-ARM

Release 342021 G r m KE | |.

Thiz SETUP program installs:
MDE-ARM ¥5.34

Thiz SETUP program may be uzed to update a previouz product ingtallation.
However, you should make a backup copy before proceeding.

It iz recommended that you exit all Windows programs before continuing with SETUP.

Follows the instructions to complete the product installation.

Cancel

Hinh 1.7

3. Tich chon “I agree to all the terms of the preceding License Agreement”. Sau do
nhan Next.

Setup MDK-ARM V5.34 [

License Agreement

Please read the following license agreement carefully. q r I I I KEl L

To continue with SETUP, you must accept the terms of the License Agreement. To accept the
agreement, click the check box below.

END USER LICEMSE AGREEMENT FOR ARM SOFTWARE -
DEVELOPMENT TOOLS

This end user license agreement ("License®) is a legal agreement between you
(a single individual), or the company or organisation (a single legal entity) that
you represent and have the legal authority to bind, and Arm relating to use ofthe
Arm Tools. Arm is only willing to license the Arm Tools on condition that you
accept all of the terms of this License. By clicking “| Agree™ or by installing or =

[v | agree to all the terms of the preceding License Agreement

¢ Back Cancel

Hinh 1. 8

4. Lya chon thu muc cai dat phén mém. Sau d6 nhan Next.



Setup MDK-ARM V5.34 3
Folder Selection r
Select the folder where SETUPR will install files. q I I I KE | L

Presz MWext' ta install MOE-ARK ta theze folders. Press ‘Browse' to zelect different falders far installation.

Destination Folders

Core: |E:HKeiI_v5 Browse ...
Pack: |E:HU zerzhMAME MappD atatLocalhdm\Packs

<< Back Cancel

Hinh 1.9
5. Khai b4o théng tin ca nhan. Sau d6 nhan Next.

Setup MDK-ARM V5.34 e S|
Cusztomer Information r m KE | L
Pleasze enter your infarmation. q

Please enter your name, the name of the company for whom vou wark, and pour E-mail address.

First Marme: |Name
Last Marne: |L.Name
Cornpary M arne: |E.Name
E-mail |Email

<< Back | Meut > | Cancel

Hinh 1. 10
6. Cho qua trinh xu 1y cai dat.

7. Trong khi cai dit, mot man hinh KEIL-tools cho bus nbi tiép s& xuat hién. Bim vao
nat Install.



7] Windows Security [

Would you like to install this device software?

Mame: KEIL - Tools By ARM Universal Serial Bus...
2 Publisher: ARM Ltd

[] Ahways trust software from "ARM Ltd". i Install [ Don't Install ]

';@j' You should only install driver software from publishers you trust. How can
I decide which device software is safe to install?

Hinh 1. 11

8. Khi qua trinh cai dat két thuc, hdy bam vao nut Finish.
(" Setup MDK-ARM V5.34 [

Keil MDK-ARM Setup completed r
MDE-AFRM W5 34 q I I l KE ”_

MDE-ARM Core Setup haz performed all requested operations successfully.

v Show Release Motes.

Hinh 1. 12

9. Cho cira s6 "Packs Installer" hién ra.
Néu cura s6 khong xuét hién, ban c6 thé mo ung dung theo cach thu cong. Di tdi thu
muc pVision (tng dung cudi cung dugc cai dit), sau d6 mo va chay ung dung Packs
Installer.

Cua s tu dong s€ mo ra, nhéip vao nut OK.

i Pack Installer - ﬁ1

Welcome to the Keil Pack Installer
Pack Installer is a utility for managing Software Packs on the local computer and
provides the following windows:

Devices : List supported devices. Select a device to show related Packs and examples.
Boards : List supported boards. Select a board to show related Packs and examples.
Packs : List and manage Software Packs. Install a Pack for access within pVision.

Examples : List example projects. Copy projects and launch pVision for testing examples.

Pack Installer connects to www keil. com/pack to obtain the published Software Packs.
To install a local Software Pack use File - Import... from the menu.

¥ Show this dialog at startup AT Help

Hinh 1. 13



Pack Installer cai dit cac tép lién quan ctia bd diéu khién yéu cau.
10. Cai dat thiét bj "STM32F1xx_DFP" (ching ta st dung thu vién STM32F1xx cta

b vi diéu khién trong

ma 1énh).

bé cai dat, hay lam theo cac budc sau:

= Chon "STMicroelectronics" va "STM32F1Series" trong ctra s6 Devices (man hinh

bén tréi)

= Chon tép "STM32F1xx_DFP" trong ctra s6 Packs (man hinh bén phai).
= Nhip vao nut Install bén canh "STM32F1xx_DFP" dé cai dit.

@8 Pack Installer - C\Users\natali\AppData\Local\Armh\Packs = (S -
File Packs Window Help
¥ | Dewice: STMicroelectronics - STM32FL Series
ﬂ Devices Boards % ﬂ il Packs Examples M
Search: - X / Pack Action Description
Device Summary =--Device Specific 4 Packs FEries sele =
T % SOMIX 62 Devices j +--Hitex: CMSIS_RTOS2_T... pfroduction to o
S % STMicroelectronics 1797 Devices +--Hitex:: CMSIS_RTOS_Tu.,. Introduction to
%2 STBIueNRG Series e el Keil:: STM32F1oc DFP STMicroelectronics
%% STBlueNRG-1 Series evice +--Keil:STM3ZMUCLED_B... Install STMicroelectronics
+ 2 STBIuNRG-2 Series 1 Device =-Generic 50 Packs
4% STMB32FO0 Series 111 Devices +-Alibaba:AlOSThings g% Install ANOS Things softwe
5.2 STM32FL Series 95 Devices J +--Arm-Packs:PKCS11 @ Install OASIS PKCS #11 Cry
-9 STM3ZFL00 19 Devices +--Arm-Packs: Unity g% Install Unit Testing for C (e
%2 STM32F101 20 Devices +--ARM:AMP @ Install Software componer
%% STM32F102 8 Devices +--ARM:CMSIS l Up to date CMSIS (Cortex Micn
% STM32F103 29 Devices +--ARM:CMSIS-Driver Up to date CMSIS Drivers for ex -
L% eTRA2IFINS A Nevicar ﬂ J | L
Cutput o =
Refresh Pack descriptions
Ready OMLIMNE

Hinh 1. 14

11. Pack Installer s& duoc tai xuéng va cai dit chuwong trinh (xem két qua trong cira
s0 bén dudi). Hay kién nhan cho doi tdi khi qua trinh xtr 1y két thuc.

r@ PackInstaIIer—C:\Users\natall'\.ﬁ!::p[Eata\LacaI\Arm\Packs - - - = | |
Eile Packs Window Help
Device: STMicroelectronics - STM32F1 Series
ﬂ Devices Boards ﬁ ﬂ Packs Examples ﬁ
Search: - X Pack Action Description
Device /| Summary ---Device Specific 4 Packs STM32F1 Series sele 4 |
W @ SONiX 62 Devices ﬂ +--Hitee: CMSIS_RTOS2_T... Install An Intreduction to o
5. % STMicroelectronics 1797 Devices +--Hitexa: CMSIS_RTOS Tu... Install An Intreduction to
5% STBIueNRG Series 1 Device +--Keil:STM32F1x_DFP Install S5TMicroelectronics
+- %% STBIueMRG-1 Series 1 Device +--Keil: STM32ZNUCLED B... Install STMicroelectronics
+- ¢ STBIUENRG-2 Series 1 Device =}-Generic 30 Packs
%2 STM32FO0 Series 111 Devices +|--Alibaba:Ali0SThings @ Install Ali05 Things softwe
5. %% STM32FL Series 95 Devices J +-Arm-Packs:PKC511 g% Install QASIS PEC5 211 Cry
5% STM32F100 10 Devices +-Arm-Packs:Unity ﬁ% Install Unit Testing for C (&
5% STM32F101 20 Devices +-ARMuAMP @ Install Software componer
w4 STM32F102 & Devices +--ARMiCMSIS i Up to date || CMSIS (Cortex Micn
%2 STM32F103 20 Devices +|--ARM:: CMSIS-Driver Up to date | CMSIS Drivers for ex «
o4 CTRA2IEINS A Navrirac ﬂ g | | L‘J
Output o x
Refresh Pack descriptions
Action (1 left): Install "Keil STM32F1xx_DFP.2.3.0°, download http:/fwww.keil.com/pack/Keil STM32F1xa_DFP.2.3.0.pack B OMLIMNE

Hinh 1. 15



12. Béng ung dung Pack Installer.

Ung dung pVision da san sang cho cac chuong trinh cua bo thi nghiém EITPS-3192.
Ung dung pVision s€ tu dong dugec m¢ khi ban nhap vao chwong trinh dy 4n duoc
phat trién boi pVision.

Chuy 2:

Tao mot Project (Dy 4n) 13 mot qué trinh 1au dai véi nhiéu cong doan.

Dé tiét kiém thoi gian, ching ta s& sir dung thu vién va tép da chuan bi co tén
ARM _Project.

1. Vao thu myc ching ta da cai dat S-ARM V3 nhu trong phan ghi cht 1. Theo tai liéu
hudng dan nay, duong dan vao thu muc cai dat S-ARM V3 1a “C:\Courses\3192\S-
ARM V3~»

2. Vao thu vién ARM_ Project.

3. Xac dinh t¢p ARM_Project :
4. Biéu tuong cho biét t&p nay 1a mot Project pVision.

CHUONG 1-NGUYEN LY HOAT PONG CUA MAY VI TiNH

Chuong nay dé cap dén ciu trac co ban ciia may vi tinh va cac bd phan cia nd, ciing
nhu cic nguyén tic hudng din phuong thirc hoat dong cia nd.

May vi tinh bao gém nhiéu thanh phan khac nhau va cau triic co ban cia né duoc mo
ta trong hinh bén dudi:

Xung dong hd
Dir lign o P = - H D ligu
dauvap ¥ Pauvio - B4 xi Iy trung tim - CPU #| Diura _'au-q‘c i 1§
[y
¥
Bd nhé
Hinh 1. 16

Trai tim cia may tinh 1a by vi xtr 1y - hay con dugc goi 1a Bo xt 1y trung tam - noi
ng'fm gon la CPU. CPU chi hoat dong dua trén céc s6 nhi phan, diéu nay giai thich tai
sao loai may tinh nay duoc goi 14 may tinh ky thuét sO (trai nguoc véi cac may tinh
tuong tu hoat dong trén mot nguyén tac hoan toan khac). CPU nhén céc s6 tir cac don
vi dau vao va thdng qua cac s duogc luu trong bo nhd cua no, xur ly cac s6 nay theo
mot chuong trinh duge xac dinh trude d6. Két qua clia qua trinh nay hoic duge khoi
phuc trong bd nhd hoac dugce chuyén dén cac don vi dau ra. Chuong trinh xac dinh
duogc thyuc thi bd1 CPU ciing 1a mot tap hop céc s6 nhi phan duoc luu trir trong b nhd.

1.1. Piu vao

10



Céch thirc nhp dir li¢u vao cac don vi dau vao 1a nhan phim, (mg dung dién ap, nhiét
d6 khac nhau v.v, chir khong phai nhép sd. Vi du, mot hé thong may Vi tinh c6 ban
phim. Mdi phim duoc gan mot gia tri s6 cu thé va khi nhan bét ky phim nao, gia trj cta
n6 s& duge don vi dau vao chuyén dén bo xtr Iy trung tim. Bo xir 1y trung tim nhén gia
tri s6, xur Iy n6 va chuyén gia tri da xu ly dén bd nhé, don vi dau ra hodc tham chi st
dung gia tri da xtr 1y dé tinh toan mot s khac. Qua trinh xtr Iy va chuyén két qua duoc
thyc hién theo mot chuong trinh da dugc xac dinh trude d6 dugce luu trit trong bo nhd,
chuong trinh nay xac dinh nhitng gi s& dugc thuc hién véi dir liéu dén tir cac don vi
dau vao.

Vi du, gia st rang chung ta yéu cdu mdy vi tinh kiém soat nhiét d6 tir hoat dong ctia hé
thong diéu hoa khong khi. Mot thanh phan cam bién nhiét d6 duoc thém vao trong hé
théng. Chirc ning cta no6 la chuyén muc nhiét d6 thanh dién ap. Dién ap nay thay ddi
theo nhiét dg, va s& dugc nhdp vao may vi tinh. Trong truong hop nay, chirc nang cua
don vi dau vao 1a chuyén doi dién 4p thanh sb nhi phan, sau do chuyen dén bo xir 1y,
noi s€ dua Iénh van hanh hé thong lam mat dén don vi dau ra (neu s0 nhi phan 16n hon
mot gia tri cy thé ), hodc 1énh van hanh hé thong sudi Am (néu s6 nhi phan nhé hon
mot gia tri cu thé). Cac gid tri cu thé khong nhat thiét phai bang nhau.

1.2.Paura

Chtre nang cua khéi dau ra 1a chuyén d6i cac s ma n6 nhan dugc tir CPU thanh dang
dugc yéu cau. Dang dugc yéu cau co thé 1a cac ky tu (chit cai, hinh, v.v.) trén man
hinh, lam sang dén, hoac thdm chi la sy vén hanh cia mot hé théng phu thudc vao gia
tri cua sb nhan duoc. Vi du: gia tri 10 s€ van hanh h¢ thong sudi trong khi gia tr1 20 sé&
van hanh hé thong lam mat.

Tir nhitng diéu trén, c6 thé thay rd rang cac don vi dau vao va dau ra cta cac hé thong
may Vi tinh khac nhau 1a khac nhau tury theo cac chitc ning duoc yéu cau thyc hién cia
cac hé thong khac nhau. Tuy nhién, cé rat nhiéu don vi Pau vao va Dau ra tiéu chuan
c6 sin dé thuc hién cac chirc ning nhat dinh. Vi nhiéu mdy Vi tinh duogc van hanh bang
ban phim, cho nén c6 sin cac don vi dau vao gitp chuyén doi viéc nhan phim thanh sd
nhi phan. Vi viéc chuyén doi dién 4p thanh mot gid tri s6 da tro thanh mot yéu cau pho
bién, nén co san cac don vi dau vao tiéu chuin dé thue hién chirc ndng nay. Tuong tu
nhu vay, cac don vi dau ra chuyén doi cac gia trl sd nhi phan dé bat-tat cac thiét bi,
may moc, h¢ thong khac nhau, v.v. luoén c6 san.

1.3. By nh¢

Khoi tiép theo dugc CPU st dung lién tyc 1a by nhé. Bo nhé bao gom mot mang cac 0,
moi 0 luu trir trong n6 mot so cu thé.

Dia chi /_\
348
349
350
351
352
353
354
355
356

Hinh 1. 17
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Cac ky hiéu ( TN ) & trén cung va dudi cung cta hinh phac hoa cho thay rang
mot chuoi cac 6 lién tuc theo ca hai hudng va chi mot phan cia bd nhé dugce hién thi
trong hinh 1.17.

S6 duoc luu trit trong modi 6 dugc goi la dir liéu. Kich thudc cta dir liéu bi gisi han,
tuy thudc vao bd vi xtr ly dang duge st dung, va gio1 han dugc xac dinh boi kich
thudce caa 6 va loai CPU.

CPU co quyél} truy cap vao bd nhé va cac don vi khac thong qua ba tuyén duoc goi 1a
BUS. Thtr nhat la Bus dia chi (Address Bus), thu hai 1a Bus di li¢u (Data Bus) va thu
ba la Bus di¢u khién (Control Bus).

Khi CPU yéu cau dir liéu tir mot 6 cu thé, ching han nhu 6 354, s6 354 dugc "dang
ky" trén bus dia chi. Bus diéu khién chi thi cho bd nhd cung cap dit liéu dugc yéu cau
va s duoc luu trit trong 0 354 sau d6 duoc chuyen dén QPU’nhG bus dir liéu. Mac du
thong tin lién quan dén ndi dung ctia 6 nhd da dugc chuyén dén CPU, nhung dir li¢u sé&
khong bi x6a khoi vi tri bo nhd va van & dé cho dén khi né dugce thay doi.

Khi CPU yéu cau dir liéu duoc luu trix trong mot 6 nhd, vi du trong 0 35@, $6 7356 duoc
"dang ky" trén bus dia chi. CPU dua ra cac 1énh thong qua bus di€u khién d€ nhan dir
liéu, va dir liéu can thiét dugc truyén qua bus dir liu. Dit liéu nay bay gio s€ dugc luu
trir trong 6 356, thay thé moi dit li¢u trude do trong 0 nay.

Dit liéu duoc luu trit trong bo nhé khong chi bao gdm cac sd can duoc xir Iy. Mot phan
quan trong cua dir liéu do la tap hop cac chi 1énh, bao gdm chuong trinh lam viéc cua
may Vi tinh. CPU chuyén do6i dir liéu thanh mét 1énh va thuc hién Iénh twong Gmg nay.
1.4. Pong ho

Cac phép tinh dugc tién hanh boi bo vi xu 1y dugc thuc hién ting budc mot. CPU
danh diu mot 6 nhé, 6 nay chira mot sd dai dién cho mot 1énh. Sau d6 no truy Xuat,
giai md va thyc hién 1énh. Quy trinh nay duoc lap di lap lai. Thoi gian cua moi budce
nay 1a rat quan trong va duoc kiém soat bai mot Pong hd (Clock) bén ngoai, dong hd
nay diéu chinh téc do thuc hién cac thao tac.

Mot diéu rat quan trong la trinh tu hoac tdc do cac bude cua may Vi tinh phai déng bo
v6i thot gian truy cdp cua cac thanh phan dugce diéu khién hodc truy cap.

1.5. B9 xir ly trung tam(CPU)

CPU dugc cau tao bai mot sé thanh phan bén trong. Pé hiéu cac nguyén tic hudng dan
hoat dong ctia bd vi xir Iy, can phai c¢6 su hi€u biét vé cac thanh phan bén trong nay va
chure nang cua chiung. Cac thanh phan cua CPU la:

a) Khdi diéu khién.
b) Khdi s6 hoc va logic (ALU).
c) Céc thanh ghi.

Nhirng thanh phan trén c6 thé dugc tim thdy trong moi CPU. Tuy nhién, bd vi diéu
khién c6 mot sO thanh phan bo sung, ching ta sé dé cap dén ba thanh phan trong so do:

a) B0 nhé doc/ghi, dugce st dung cho cac bién. Bo nhé nay dugc goi la RAM - BO nho
truy cdp ngau nhién (Random Access Memory).
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b), B0 nhé chi doc, dugc sur 7dung chp chuong trinh hoat dong ciia CPU va cho dir liu
co dinh. Chung ta khong thé thay d6i ndi dung cua bd nhé nay va ndi dung cac 6 cua
no6 van duoc gilt nguyén ngay ca khi ngudén dién b1 tat. BO nhd nay dugc goi la ROM
(Read Only Memory).

c) Cac don vi dau vao/dau ra bén trong, dugc goi 1a cong (Port). Chlng ta s& mé rong
thao luan ve cac don vi nay, cling nhu cac don vi khac, trong Cac chuong tdi.

CPU la B0 xtr ly trung tam, 1a trai tim ctia moi may tinh va may vi tinh.

B vi xir Iy 1a mot CPU dugc xay dung trén mot con chip nguyén khéi. May vi tinh 14
mot may tinh hoat dong dua trén mot bd vi xtr 1y.

Mdi mot may vi tinh déu cé it nhat 5 by phan:

CPU, RAM, ROM, INPUT (dau vao) vd OUTPUT (dau ra). Su khac biét gitra cac may
vi tinh 1a ¢ kich thudc cta ting bo phan va chirc nang cua chung.

B vi diéu khién 14 mot may vi tinh chip don. N6 ¢6 tit ca 5 phan trén trong chip cia
no.

C6 nhiéu loai vi diéu khién véi nhiéu thanh phan bén trong khac nhau. Chiing ta chon
bd vi dicu khién dua theo cac ing dung ctia minh.

Cac bd vi diéu khién duoc xay dung thanh cac ho vi diéu khién. Mdi ho ¢6 cung 18i va
cung mat tap lénh CPU. Sy khac bi¢t 1a & cac cong Pau vao va Dau ra, thi€t bi ngoai
vi, kich thudc cta bd nhd trong (ROM va RAM) va cong nghé san xuat cia chdng.

B6 diéu khién 8051 va ARM dic biét vi chung dugc san xuat bai hau hét cac nha san
xuat vi mach (IC) trén thé gidi chir khong phai boi mot nha san xuat duy nhat. Moi nha
san xuat thiét ké va cung cap cac bién theé vi di€u khién cia riéng minh.

Pay 1a 1y do tai sao ching rat pho bién va c6 s6 lugng 16n cac bién thé.

Do d6, cac bo phan ciia mot bd vi diéu khién c6 thé duge mé ta nhu trong hinh bén
dudi:

Dia chi

C,éng 1/0, ROM RAM BUS
Thiét bi ngoai Vi

. — Dir liéu
Khoi so hoc va logic L 5
Thanh ghi ALU BUS

Dong hd Pidu khién
— Khéi didu khién —
BUS

Hinh 1. 18
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Thanh ghi (Register) 1a mot don vi bd nhé, chi ¢ thé chira mot sd. S6 nay co thé dai
dién cho mot dia chi hodc dir liéu, tuy thudc vao chirc nang ctia thanh ghi. Kich thudc
cua thanh ghi dugc xac dinh tuong Ung (8 hodc 32 bit).

Mot thanh ghi kich hoat khac 12 PC - Bo dém chuong trinh (Program Counter). Thanh
ghi nay hién thi dia chi cta 1énh sip duoc thuc hién. Khi chuyén mot byte 1énh t6i
CPU, PC s¢€ tu dong tang mot byte va hién thi byte tlep theo.

ALU - Khdi sb hoc va logic (Arithmetic Logic Unit) 13 don vi thuc hién cac chtic ning
sb6 hoc va logic trong CPU theo cac 1énh ma né nhan dugc. N6 nhan hai muc dit li¢u
hodc tir cac thanh ghi hodc tir mot thanh ghi va mét 6 nho. PAu ra cta no 1a két qua
duoc tinh toan, s& chuyén dén mot thanh ghi.

Bo phan phtrc tap nhat trong CPU 1a Khéi diéu khién. B phan nay nhan s nhi phan
biéu thi 1énh sap dugc thuc hién, giai ma 1énh va thuc hién 1énh dé theo cac budc duoc
yéu cau.

1.6. Chi tiét cac thanh phan khac nhau

B0 vi diéu khién c6 cac b nhd trong (ROM va RAM), cac cong I/O va cac thanh phan
ngoai vi. Thong thuong, chung ta chon mot bo vi diéu khién theo ciu tric bén trong
clia nd, vi vay hé thong s& yéu cau cac don vi bén ngoai. Khi can, vi diéu khién c6 thé
dugc mé rong bang cach st dung ba Bus ctia CPU.

B nho
tir
Bo nhé Bd nhé Khéi
chi doc doc/ghi giao tiep
(ROM) (RAM)

AN VAVAN VAVAN

BUS dia chi r\-\

B(“)ng hd

A 4

CPU BUS dir liéu Q—\

BUS didu khién L\

AV

Khoi dau vao Khoi dau ra

Hinh 1. 19
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BUS 1a mot tap hop cac "duong" din tir don Vi ndy t6i don vi khac. Mdi duong co thé
co trang thai 1a '0' hoac 'l'. Do d0, tap hop cac duong sé tao thanh mot so6 nhi phan.

Bus dit liéu (Data Bus) ciing 1a mét tip hop cac dudng, thdng qua d6 ma cac s nhi
phén di chuyén gitra CPU va cac don vi Khac.

Bus diéu }(hién (Control Bus) bao gdm cac duong, mdi dudng cd chirc ning riéng. Ba
duong diéu khién chinh la duwong RD' (READ) va duong WR' (WRITE) va duong
PSEN'.

Khi CPU dugc yéu cau doc hodc truy xuat dit liéu tir mot trong cac don vi ma n6 dugc
gén vao, dia chi 6 dugc ky hiéu trén cac duong dia chi va duong RD' dugc dua vé 0.
Dit liéu tir dia chi cu thé duoc chi dinh sau d6 s& duoc dua dén CPU béng cac duong
dir liéu. Dau nhay don sau RD, WR va PSEN biéu thi ché d6 hoat dong trong miic
logic am, tirc 1a duwong d6 hoat dong khi & mirc logic '0'.

Khi CPU muén ghi dir liéu vao mot trong cac don vi duogc gén vao, no chi dinh dia chi
6 trén cac duong dia chi, dat dir liéu trén cac duong dir liéu va dua duong WR' xudng
'0". Dit liéu sau do s€ dugc cay vao dia chi da cho. RD' va WR' sé khong bao gio dugc
tim thay dong thoi ¢ ché do '0'.

B nhé co thé duge chia thanh ba loai chinh:

a) Bo nhé doc/ghi duge goi 1a RAM -Bo nhé truy cdp ngau nhién (Random Access
Memory).

b) B6 nhd chi doc, goi la ROM.

c) B0 nho tur.

B6 nhd RAM cho pheép CPU luu trir dir lidu, cling nhu truy xuét ching trong cac giai
doan khac nhau cua chuong trinh. Nguoi dung c6 thé viét cling l’lhl‘l’ thay doi cac
chuong trinh khac nhau trén b6 nhé nay mot cach dé dang. Khi ngudn dién cua hé
thong bi tit, tit ca dir lidu duoc luu trong bo nhd nay s€ bi x6a sach. Do do, chung ta

khong thé luu trit cac chuong trinh ¢6 dinh trong b6 nhé nay. RAM c6 cac so ngau
nhién trong n6 khi nguon dién dugc bat.

ROM giai quyét van dé bién dong cia RAM. ROM la mot bd nhé ma dit liéu duoc luu
trtr va cac 1énh duogc ghi bo1 mdt hé théng bén ngoai. CPU chi c6 thé nhan dit liéu tir
b6 nhd nay, khong luu trir bat ky dit liéu nao trong d6. Uu diém ciia bd nhd nay 1a viéc
cat nguén dién s& khong x6a sach ndi dung cta n6. Do do, n6é dugc st dung dé luu trix
cac chuong trinh ¢ dinh, d& dang truy cip khi can thiét, tiét kiém viéc viét lai chuong
trinh nhiéu 1an. Cac chuong trinh nay duoc goi la CHUONG TRINH GIAM SAT
(MONITOR) - chuong trinh hé diéu hanh may vi tinh.

Ngay nay viéc str dung b nhé Flash 1am ROM la rt pho bién. Bo nhé Flash, ging
nhu ROM, s€ khong bi x6a sach ndi dung khi tat nguon, nhung CPU c6 kha nang ghi
de va thay doi ndi dung cua nd.

Cac BO nh¢ tir khong phai la mot phan ctia hé thong vi xtr 1y va duoc lién két véi cac
bus khac nhau bang cac khéi giao tlep Nhitng bd nhé nay déu 1a bd nhé doc va ghi.
Chung thuong ¢ dang dia cing, dia mém, bang, v.v... Nhitng bd nh¢ tir nay cho phép
luu trir cac chuong trinh va dir liéu theo cach ma ching dugc bao quan hodc tham chi
ghl lai. Dung luong cua nhiing b6 nhd nay rat cao; tuy nhién, ching c6 nhugc diém 1a
cong kénh vé mat vat Iy va can thém gia d& va khdi giao tiép dé str dung. Ngoai ra,
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viéc truy cap dir liéu dugc luu trir béi ching cham hon so véi dit liéu duoc luu trir
trong ROM va RAM.

Céc don vi Dau vao (Input) va Pau ra (Output) bén ngoai duoc danh dia chi nhu khi
gan dia chi t61 mot 6 nhd.

1.7.Nguyén ly hoat dong ctia b vi xir ly

C6 ba dic diém cta hé thong may vi tinh:

a) Tét ca cac lghéi gan voi CPU duoc két ndi song song bang ba BUS da dé cap trude
do. BUS c6 thé 1a ndi bo hoac bén ngoai.

b) Bat ky don vi nao khong dugc CPU dinh dia chi s& bi ngét két ndi khoi Bus dit li¢u
(Data Bus), do d6 s€ cho phép luong dir liéu tw do trén BUS nay. Ngoai ra, hai don vi
bat ky khong thé c6 mot dia chi chung.

c) Hé théng may vi tinh dugc dong b, tirc 1a toc d6 1am viée lién tuc dudi sy kiém
soat thoi gian cua dong hd. Moi thao tac dugce thuc hién theo tung giai doan (budc).

CPU hoat dong theo mot chuong trinh lam viéc, dugc tim théy trong bd nh¢ ctia mot
nhém céc 6 lién keé. Chuong trinh nay thuc chét 1a mot tap hop cac s6 nhi phan dai
dién cho cac Iénh va dir lidu. CPU dugc thiét ké sao cho khi may vi tinh bat dau hoat
dong no sé chuyén dén mot dia chi cu thé, thuong 1a 0000H, dugc tim théy trong bo
nhé ROM cua hé thdng. Pia chi nay dugc tai vao thanh ghi PC - B6 dém chuong trinh
(Program Counter).

Sau do, CPU chuyén sang dia chi dugc hién thi bai PC va goi lai tir dia chi ma s6 nhi
phan ndm & d6. CPU s€ doi s6 nhi phén nay nhu la mot 1énh ma no6 phai thue hién (1ap
trinh vién duoc yéu cau phai xem diéu nay), tiép theo nd s& chuyén tiép sd nay dén
khéi diéu khién.

Sau d6, khi diéu khlen s€ giai ma va thyc hién 1énh. Thao tac nay dugc goi 1a nap
1énh. Sau khi truy xuét 1énh, thanh ghi PC s& ty dong ting thém 1 va tré dén 6 tlep
theo. Thong thuong, dia chi dau tién chira mot 1énh tham chiéu CPU dén dija chi ¢ dau
chuong trinh chinh. Chuong trinh nay dugc goi la chuong trinh Giam sat (Monitor).

Bo diéu khién yéu cau dir liéu bd sung dé thuc hién mot phén 16n cac 1énh cua n6. Mot
sO 1énh tham chi bao gom 2 hodc 3 s6 nhi phan dugc liét ké lan lugt. Trong nhitng
truong hop nay, CPU truy xuat cac so can thiét dé hoan thanh viéc thuc thi 1énh.

Bo diéu khién c6 thé phan biét c6 bao nhiéu con sé bao gom trong 1énh va hoat dong
nao n6 dugc yéu cau dé thuc hién. Khi khéi diéu khién truy xut timg s6, thanh ghi PC
s& ty dong ting 1én mot va tré dén 6 tiép theo. Khi 1énh da dugc thuc hién, thanh ghi
PC sé& tro dén 6 sau. Khoi diéu khién s& hiéu rang s6 nhi phan trong 6 nay 1a mot 1énh
moi.

Sau khi truy xuét 1énh, khdi diéu khién s& thuc thi n6. Mdi 1énh thuc sy bao gém hai
budc - Truy xuat (Fetch) va Thue thi (Execute). Sau ddy 1a mot s6 vi du vé cac 1énh
dién hinh ma CPU nhén duoc:

a) Chuyén mét sd hoic ndi dung nhat dinh ctia mot thanh ghi vao mot 6 nhd. Trong
truong hop nay, hoat dong s€ bao gdm mot tham chiéu bd sung dén b nhé va dia chi
duoc chi dinh.
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b) Cac 1énh truyén dir liéu gitta cac thanh ghi khac nhau. Cac 1énh nay duoc thyc thi
trong CPU.

¢) Cac Iénh bao gém cac ham s6 hoc hoac logic.

Mot s6 1énh bao gdm ma 1énh va dit liéu. Trude ddy, cac 1énh va dit liéu lién quan cua
chiung duogc tim nap tirng cai mot va viéc giai ma va thuc thi 1énh duoc thuc hién sau
do.

Trong ARM (nhu cac bo xur Iy trudc), viée tim nap 1énh duge thuce hién boi mot don vi
dic biét goi 1a dwomg dng (Pipeline). Pon vi ndy tim nap céc byte 1énh tiép theo trong
khi 1énh trude do dugce thyc thi. Khi CPU gdp mét Iénh nhay, 1énh nay chuyén né dén
mot phan khac cia bo nhd, dudng dng s& bi x6a va nd bit diu tim nap cac byte tir
vung bo nhd mai.

Céc chuong trinh thuong chay vong lap & mot sd phan cia chlng. N6 khong tiét kiém
nhu cu tim nap Iénh 1ap di 1ap lai. Mot trong nhitng tham s6 cho tbc do hé théng la
thoi gian can thiét dé doc byte tir bo nhé. Pé hé thong nhanh hon, chuong trinh dugc
sao chép theo céc khdi vao mot phan bo nhd véi mot khoang thoi gian truy cép rat
nhanh. B nhé nay dugc goi 1a by nhé dém (Cache) va cac vong lap chuong trinh
duogc xir 1y rat nhanh.

1.8. Gi6i thiéu vé bd vi xir Iy ARM

ARM ra doi tir nam 1990 véi tén goi Advanced RISC Machines Ltd., mot lién doanh
cua Apple Computer, Acorn Computer Group va VLSI Technology. Nam 1991, ARM
gidi thiéu dong vi xtr Iy ARM6 va VLSI tr¢ thanh don vi duoc cap phép dau tién. Sau
d6, cac cong ty khac, bao gdm Texas Instruments, NEC, Sharp va ST
Microelectronics, dd cip phép cho cac thiét ké bd xir Iy ARM, mé rong cac ing dung
cua b xuir Iy ARM vao dién thoai di dong, 6 cung may tinh, tro 1y k¥ thuét s ca nhan
(PDAS), hé thong giai tri tai nha, va nhiéu cac san pham tiéu dung khac.

Trong quéa khtr, dé dat duoc kha nang xu ly cao, cac tap Iénh cua b vi xtr ly khdng
ngumng tang 1én. Ho X86, khi moi bt dau, c6 hon 4000 1énh chuong trinh khac nhau.
Diéu nay lam ting khéi diéu khién cho céc bo vi xir 1y, khién ching tré nén cong kénh
va anh hudng 16n dén viéc tiéu thu ning luong.

Khéng gidng nhu nhiéu cong ty ban din, ARM khong truc tiép san xuit bo vi xir 1y
hogc ban chip. Thay vao do, ARM cap phép thiét ké bo xtr 1y cho cac dbi tac kinh
doanh, bao gom phan 16n cac cong ty ban din hang dau thé gioi. Dua trén céc thiét ké
bo xur ly ARM, cac d6i tac nay tao ra cac bd vi xir Iy, bd vi diéu khién va cac giai phap
hé thong trén chip (system-on-chip — SoS) ctia ho. M6 hinh kinh doanh nay thuong
dugc goi 1a cap phép So hiru tri tué (Intellectual Property - IP).

Ngoal cac thiét ké bo xir Iy, ARM cling cap phép IP cap do hé thong Va cac IP phan
mém khac nhau. Dé hd tro cac san pham nay, ARM da phat trlen mot nén tang viing
chic gdm cac cong cu phat trién, san phdm phan cing va phan mém dé cho phép cac
d6i tac phat trién san pham cuia riéng ho.

Cong ty cung thiét 1ap mot cong cu phét trién cho nha phat trién ing dung ARM. Dé
lam duoc diéu nay, cong ty da mua lai Keil, mot trong nhiing cong ty hang dau the
gidi vé phat trién trinh bién dich va cac Cong cu phat trién phan mém. Phin mém
uVision cua Keil 1a mot cong cu tuyét voi dé phat trién cac dy 4n nhiing ARM.
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Ké tr ARM6, ARM di dua ra thi truong cac bd ),41’1 ly: ARM7, ARM9, ’ARMIO,
ARM11 va Cortex. Ho vi xir ly ARM Cortex cung cap cac gidi phap dugc toi uvu héa
Xxoay quanh céc ng dung cu thé trén pho hi¢u suat. Ho vi xur 1y ndy duoc chia thanh
ba loai:

= DOong ARM Cortex-A - Bo xir Iy tmg dung cho cac Hé diéu hanh (OS) phirc tap va
cac trng dung nguoi dung.

= DOng ARM Cortex-R - Bo xir Iy nhung cho céac hé thong thoi gian thuyc.

= Dong ARM Cortex-M - B xir Iy nhing duoc t0i uu héa cho cac img dung vi diéu
khién va cé chi phi canh tranh.

B6 thi nghiém ma chung ta st dung dua trén nén tang Cortex-M3 cta ST. Tén day du
cua nod la STM32F100.

B6 xur ly Cortex-M3 la bd xur Iy trung tam (CPU) cua chip vi diéu khién. Ngoai ra, can
phai c6 mdt s6 thanh phan khac cho toan b vi diéu khién dya trén nén tang bo xur ly
Cortex-M3.

Cortex-M3 théng béi ARM

Puoc sin xuit
béi cac nha san @ @
xuat chip

Loi Va 16i hé ¢ Puoc phat trién

Bus néi bd

Puoc phat trién

) béi ARM,
Thiét bi B nhé Nha thiét ké,
ngoai vi Nha sin xut

¢ chip

Clock va DPéu vao/ra
Reset (1/0)
Hinh 1. 20

Sau khi cac nha san xuat chip cap phép cho bd xir Iy Cortex-M3, ho c6 thé dua bd xir
ly Cortex-M3 vao thiét ké ciia minh, bo sung thém bd nha, thiét bi ngoai vi, dau vao/ra
(I/0) va cac tinh nang khac. Cac chip dya trén nén tang bd xir Iy Cortex-M3 clia cac
nha san xuat khac nhau s& c6 kich thuéc bo nhd, ching loai, thiét bi ngoai vi va tinh
nang khéc nhau.

C6 rat nhiéu hdng san xuit chip ho ARM, véi nhiéu dong san pham khac nhau va van
dugc bd sung thém mdi ngay. Khong thé ndo bao quét ndi du chi mot phan cac san
pham nay, ciling nhu kha ning ciia ching. S6 lugng hé thong nhing ARM chiém hon
75% tong s hé théng vi diéu khién nhung.

Tai liéu nay tap trung vao cdu tric cua 16i bo xur lyvala diém khoi dau dé nghién ciru
cac hé théng va Gmg dung ARM. Dé biét chi tiét vé phan con lai cua chip, nén tham
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khao thém tai li¢u cua nha san xudt chip cu thé. Chuwong 4 va 5 hudng dan cach doc va
lay dit li€u tir tai liéu tham khao.

Viéc nghién ctru bo diéu khién phai duoc thuc hién thong qua huéng dan sir dung cua
nha san xuat tuong ng voi moi thanh phan. Lya chon thanh phan nao la tuy theo tng
dung duogc yéu cau.

ARM c6 nhiéu loai 15i vi xtr 1y va phan mé rong kién tric nhu sau:

Cong nghé ARM Jazelle® dé ting toc Java™, cho phép chay mi tmg dung Java trén
mot bd xur 1y don.

Loi tang cuong DSP cho phép cac san pham yéu cau két hop giita DSP va chirc ning
diéu khién duoc trién khai trong mot 161 don.

Céc tién ich m¢ rong SIMD (Single-Instruction Multiple-Data) cho mét loat cac tmg
dung phan mém bao gdm ma video va am thanh.

Bo xir Iy SecureCore™ nham muc tiéu cu thé dén thé thong minh va cac tng dung an
ninh khéc.

Cong nghé¢ ARM TrusZone™ cung cip nén tang an ninh cho cac hé théng chay hé
di€u hanh (OS) mo.

Gjéi phap ARM IEM (Intelligent Energy Manager) trién khai cac thuat toan nang cao
dé can bang khoi luong cong viéc va muc tiéu thu nang luong cua bo xur Iy mot cach
t6i uu, dong thoi ti da hoa kha nang phan hoéi cua hé théng dé dap ung ky vong vé
hiéu suit ctua nguoi dung cubi.

Cong ngh¢ ARM NEON™ ]a phan m¢ rong tap 1énh SIMD két hop 64/128 bit dé tang
toc hi¢u suat xu 1y tin hiéu va da phuong ti¢n.

ARM la b xur 1y 32 bit RISC (Reduced Instruction Set Computer), c6 nghia la tap
Iénh ctia n6 chira it 1€énh. Bac diém nay lam cho n6 c6 téc do xir 1y nhanh va gidm mirc
ti€u thu dién nang.

Bén canh d6, n6 c6 tap 1énh nén Thumb 16-bit duoc toi wu hda cho mat dd ma tir ma
C. Churc nang nay cai thién hi¢u suat & bd nhé hep.

1.9. T6m tat cac khai niém

Diu vao (Input):

La cac don vi nhan cac tin hiéu khac nhau (ban phim, dién ap, v.v.) dugc ngudi dung
nhap vao hé thong may vi tinh. Cac don vi dau vao cling c6 thé chuyén doi tin hiéu
thanh s6 nhi phan.

Piu ra (Output):

La cac don vi nhan sb nhi phan tir CPU va chuyén d6i ching thanh céc dang khac
nhau ma nguoi dung yéu cau (ky tu trén man hinh, thap sang dén, dua mdt hé thong
vao hoat dong, v.v.).

Pong ho (Clock):

Béng hd ’quyé’t dinh tbc do hoat d@ng cua CPU, cling la tdc do hoat dong cua toan hé
thong. Toc d6 cua CPU phai dugc di€u chinh phu hop voi thoi gian phan tng ctia cac
bd phéan khac nhau. N6 1a mot phan cua hé thong dinh thoi.
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B0 nhée (Memory):

La su két hop cia cac 6 nhd, mdi 6 c6 mot sb duoc goi 1a Byte; va bd nhé ¢ kich
thude gidi han tuy thudce vao loai vi xur ly. Moi 6 c6 mot so sé-ri dugce goi la dia chi
(Address) ctua no. Cé cac loai bo nhd la:

* RAM - B6 nhé doc/ghi.

= ROM — B nh¢ chi doc.

= Flash - ROM c6 thé duoc ghi boi CPU.

» B nho tur - dia cting, dia dém, dia mém, bang tur.
B0 xir Iy trung tam (CPU):

Bo xur 1y trung tim truyén dit liéu giita cac thanh phan khac nhau ctia may vi tinh va
xu ly chung theo chuong trinh hoat dong dugc luu trong by nhd. N6 thuong dugce goi
2 bo vi xtr ly.

Pipeline:

Ong dan (Pipeline) 13 mot ky thudt trong d6 bo xur Iy tim nap cdc 1énh trude khi no
hoan thanh 1énh hién tai. Mot s0 1énh dong thoi xuat hién trong pipeline.

Cache:
B6 nhé dém luu trir nhanh trong CPU.
Thanh ghi (Register):

La cac don vi bo nhé trong CPU, mbi don vi chi ¢ thé chira mot s6. Chung duge ding
deé luu trit tam thoi dit ligu can dugc xu ly va str dung ngay 1ap tuec.

ALU:

Khéi s6 hoc va logic thuc hién viée xt Iy cac s6 khac nhau ma CPU nhan duoc.

May vi tinh:

May vi tinh bao gom tat ca cac yéu to bén trén (CPU, ROM, RAM, Pau vao, Pau ra
va bong ho).

Vi diéu khién:

L& may vi tinh don chip bao gdm tat ca cac yéu t6 cia may vi tinh (CPU, ROM, RAM,
INPUT, OUTPUT va CLOCK) dugc tich hgp trong mot con chip.

N6 con duoc goi 1a Hé thong trén chip (System on Chip).

Bé dicéu khién va Bo xi IV:

Tién t6 ‘micro’ da duoc thém vao nhiing tr ndy (‘controller’ va ‘processor’) dé bicu
thi rdng chiing dua trén nén tang chip nguyén khoi.

Ngay nay, tat ca cac bo diéu khién va b xtr Iy déu thudc loai nay, vi vay trong cac
chuong sau chiing ta s& sir dung cac thuat ngit c6 hodc khong c6 tién té ‘micro’.
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CHUONG 2 - NGON NGU' C

Moi hé thdng may tinh déu bao gdm hai phan chinh. Phin ma ching ta nhin thiy duoc
goi 1a Phan cling va phan thir hai duoc goi 1a Phan mém. Trong qua khtr, thiét ké va
xdy dung phan cing la viéc chinh trong xay dyng mot he thong may vi tinh. Ngay nay,
khi cac thanh phan duoc tiéu chuin héa, don gian va ré hon thi viéc thiét ké va xay
dung hé thdng rat don gian. Mit khac, viéc viét phan mém s& chiém phan quan trong
hon trong viéc trién khai hé théng.

Trong chuong 1, chung ta dd thao ludn vé cdu tric va cac bd phan cia may vi tinh -
day la phan cung. Trong chuong nay va cac chuong sau, chung ta s€ thao luan veé 1ap
trinh bang ngon ngir C.

CPU xtr 1y dir li¢u nhan dugce tir bd nhd va cac don vi dau vao theo chuong trinh dugc
Iuu trong bd nhd. Phan mém 13 mét tap hop cac Iénh ma theo d6 may tinh dugc van
hanh. Cac 1énh nay dugc viét bai 1ap trinh vién va nguoi ding ciia hé théng. Trong khi
xtr 1y dit liéu, CPU can dua ra c4c quyét dinh. Cac 1énh nay duoc viét cho nd trong
chuong trinh. Theo chi 1énh, CPU sé& kiém tra cac diéu kién nhét dinh va phan hoi
twong ng.

Moi hé théng may Vi tinh déu c6 dau vao va dau ra. Cac dau ra 1a mot ham cua cac dau
vao. Cac chuong trinh khac nhau dugc luu trir trong may tinh xac dinh ham chirc nang
nay. N gay ca khi ciu tric vat 1y ciia may tinh kha don gian, nhung ham chtic niang nay
c6 thé rat phirc tap.

2.1.Ngon ngir may

Ngon ngir may la ngon ngir sd nhi phan ma CPU hiéu duoc. Day la mot tap hop cac so
nhi phan nam trong mot chudi cac 6 nhé. CPU doc tir s6 nay dén sé khac. Cac con sb
1a chi 1énh duogc giai ma bai khéi diéu khién CPU va duoc thyc thi twong tng.

Mot 1énh ¢6 thé bao gém mét s nhi phan (8 bit) hoac nhiéu hon.

Trong mot chuong trinh ngdn Ngit may, chung ta viét dia chi ciia 6 noi chtra cac s6 cia
Iénh (dia chi cia 6 dau ti€n), cac soO tao ra I€nh (& dang thap luc phan dé thuan tién) va
y nghia cta 1énh doi véi CPU va nguoi st dung.

Bang 1.1

Dia chi Ma Nhan Lénh Pia chi
83642924 | e9 2d 4f fO | START: | push {r4-r11,Ir}
83642928 | f2 0d Ob 1c addw r1l,sp,#0x1c
8364a92c | f6 95 ff ea bl nt!_security_push_cookie

(834e0904)
83642930 | b0 8a sub sp,sp,#0x28
8364a932 | 46 05 mov r5,r0
8364a934 | ee 1d 3f 70 mrc p15,#0,r3,c13,c0,#3
83642938 | f0 33 03 3f bics r3,r3,#0x3F
8364a93c | f9 93 81 b5a Idrsb r8,[r3,#0x15A]
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Nhan (Label) dong vai tro la tén cia mot dong gip xéc dinh dong dé dang hon.
Khong can thiét phai viét nhan cho moi I1énh.

MNEMONIC (thudt nhé) thé hién ban chat cta lgnh. N6 bao gom ba phan: phép
tinh, nguon va dich.

Lénh (Comment) - trong phan nay cia bang, ban chit cua hoat dong cang chi tiét
cang t6t. Diéu nay gilp nhitng ngudi khac ciing ¢6 thé doc va hiéu chuong trinh, hodc
d6i voi chinh 13p trinh vién mot vai ngay sau khi chuong trinh duoc viét.

Céc 1énh ctia bo xir Iy 1a cac 1énh chinh. Ching bao gém viéc chuyén sd giita cac thanh
ghi, 6 nhd; xr Iy co ban; so sanh don gian v.v. Cac phép tinh phirc tap duogc thuc hién
bd1 mot loat cac 1€nh trong ngdn nglt may.

Mic du viéc viét chuong trinh duoc thuc hién bang hop ngit hay ngdn ngir bac cao,
viéc quan sat va phan tich ngdn nglt may la rat quan trong (dac biét khi phat trién cac
hé thong vi xtr ly nhung).

2.2. Hop ngir (Assembly)

Trudc day, cac chuong trinh duoc viét cho may tinh bang cach chén 1an luot cac sb nhi
phan ctia ngdn nglr mdy vao cac 6 nhd. Ngay nay, cac chuong trinh dugc viét dudi
dang t&p van ban.

Hop nglr (Assembly) la ngdn ngir gan v6i ngdn ngit may nhat. Tap Iénh Assembly
dugc viét theo cach rat giong vai thu thuat Iénh ghi nhé va dugce danh sO tly y ma
khong co bat ky lién quan can thiét nao dén dia chi ctia ching. Trong chuong trinh, dia
chi bat dau phai duoc chi dinh.

So voi ngdn nglr mdy, hop nglr (assembly) c6 nhiéu vu diém: khong can thue hién céc
phép tinh bu trir khi ngit nhanh trong chuong trinh; Tap 1énh c6 thé dé dang duoc
thém vao ho#ic bst di, vi tri cia chuong trinh trong bd nhd mdy tinh 1a linh hoat, dé
dang kiém tra 16i, v.v.

Nhuoc diém cua hop ngit (Assembly) 13 khi viét chuong trinh, ban van can phai g&
thuat toan cia bai toan thanh cac 1énh don gian can cir theo tap 1énh cta bo xur 1y.

Viéc dich cac 1énh cta hop ngit (assembly) sang ma ngén ngit may (s nhi phan) duoc
thuc hién bdi mot chuong trinh may tinh goi 14 ASSEMBLER.

Viéc viét chuong trinh vao tép van ban do Trinh soan thao van ban (Text Editor) thuc
hién. Pay 1a mot loai trinh xtr Iy van ban c6 mot di€ém noi bat - né nhdp céac ky tu vo
hinh vao gilta cac ky tu van ban. Céc ky tu nay cho ta bict thao tac danh dau, gach
chan, thay doi phong chit, v.v.

Tir Trinh soan thao van ban (Text Editor), chiing ta nhan dugc mot tép chi bao gdom
cac ky tu da dugc viét ma khong co cac ky tu an trur 3 ky tu: quay lai dau dong,
chuyén tiép dong va TAB. Bang cich nay, ASSEMBLER s¢ khong bi nham lan.
2.3.Ngon ngir bac cao

Ngon ngir bac cao la mot ngén ngir 1ap trinh trong d6 cac 1énh dugc dinh nghia tuong
tu v6i ngdn ngit ciia nguoi ding hon 13 ngdn ngit may. Rat d& dang dé viét mot

chuong trinh cho mdt bd vi xir 1y bang mot ngdn ngit bac cao. Vi du vé cac ngdn ngi
bac cao la: BASIC, FORTRAN, PL/M, C va PASCAL.
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Mbi mot 1énh ngon ngit bac cao, khi duge dich sang ngdn ngit mdy, s& trod thanh nhiéu
Iénh ngdn nglr may. Viéc nay dugc thuc hién bdi mdt chuong trinh dac biét cd trong
may tinh, duoc goi la Trinh bién dich (COMPILER). Trinh nay cyc ky phuc tap va yéu
cau nhiéu vung bo nh¢ 16n.

2.4.Bo nhé

B0 nhé c6 thé duge chia thanh ba loai chinh:

1. B6 nh¢ doc/ghi duge goi 1a RAM (Random Access Memory) - Bo nhé truy cap
ngau nhién.

2. B6 nhd chi doc, dugc goi la ROM.
3. FLASH - ROM c6 thé dugc ghi boi CPU.
4. BO nhé tir

B6 nhd RAM cho phép CPU luu trit ciing nhu truy xuat dit liéu trong cac giai doan
khac nhau cua chuong trinh. Nguoi dung co thé viét cac chuong trinh khac nhau trén
bo nh¢ nay va ciing co thé thay doi ching mét cach dé dang. Khi ngudn dién cho hé
théng bi TAT, tit ca dir liéu duoc luu trit trong bo nhd nay s€ bi xoa sach. Do do,
ching ta khong thé luu trit cac chuong trinh ¢6 dinh trong bd nhé nay. RAM c¢6 cac sd
ngiu nhién trong n6 khi ngudn dién dugc BAT.

ROM giai quyét van dé bién dong cia RAM. ROM 1a mét bd nhd ma dit liéu duoc luu
trit va cac 1énh duoc ghi bai mot hé thong bén ngoai va sau d6 ROM méi duge dua
vao may vi tinh. CPU chi c6 thé nhan dit liéu tir bd nh¢ nay, khong luu trir bat ky dir
lidu nao trong d6. Uu diém cua bd nhé nay la viéc cit ngudn dién s& khong x6a di ndi
dung cua nd. Do d6, nd duoc st dung dé luu trit cac chuong trinh ¢d dinh, d& dang
truy cap khi can thiét, tiét kiém viéc viét lai chuong trinh nhiéu lan. Cac chuong trinh
nay dugc goi 1a CHUONG TRINH GIAM SAT (MONITOR) - chuong trinh hé diéu
hanh may vi tinh.

B6 nhé tir khong phai 1a mot phan cua hé théng vi xtr 1y va duoc lién két véi cac bus
khac nhau bang cac khdi giao tiép Nhitng bd nhd nay déu la bo nhd doc va ghi. Ching
thuong ¢ dang dia cung, dia mém, bang, v.V... Nhitng bd nhé tir nay cho phép luu trie
cac chuong trinh va dir liéu theo cach ma chiing duoc bao quan hodc tham chi viét lai.
Dung lugng cia nhitng bo nhé ndy rat cao; tuy nhién, chung c¢6 nhuoc diém 1a cong
kénh vé mat vat Iy va can thém gia do va khéi giao tiép dé str dung. Ngoai ra, viéc truy
cap dir liéu dugc luu trix trén ching cham hon so véi dir liéu dugc luu trit trong ROM
va RAM.

Ngay nay, mdt bd nhé phd bién khac 1a bo nhé Flash. Dir lidu trong bd nhé Flash
khong nhitng khong bi x6a khi tit ngudn, ma ban con c6 thé ghi vao d6. B nhd nay
duogc st dung nhu mot bo nhd ROM danh cho bo xir 1y, cling nhu 1a mdt bo nhé ngoai,
chang han nhu bo nhg USB.

2.5.Ngon ngir C

Ngbn ngir bac cao 1a mot ngdn nglt ma trong d6 cac 1énh gan gidng véi ngdn ngir
ngudi ding hon 1 ngdn ngit ctia bd xir 1y (cac s6 nhi phan). Moi ngdn ngit bac cao déu
dya trén nén tang phﬁn mém dich, dugc goi la trinh bién dich; trinh bién dich dich céac
1énh cua chuong trinh thanh mot chudi 1énh bang ngdn ngit ctia bo xir 1y.
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Mic du s6 luong cac ngon ngit bac cao khdng nhiéu (FORTRAN, COBOL, BASIC,
LOGO, PLM, C, C++, PASCAL), chiing c6 rat nhiéu cac phién ban. Mdi phién ban
cho mot bd xtr 1y cu thé bao gdbm mot hé thdng hoat dong cu thé va mét tip 1énh khéc
nhau. Phan mém dugc viét cho phién ban nay s& khong nhat thiét chay trén phién ban
khac.

Nhiéu nha san xuit khac nhau di phat trién tirng ngon ngit l4p trinh trong nhiéu nim.
Ho dé thém cac 1énh vao nhu la mot phan cia bd ngdn ngir 1énh. Ho cling cai tién
phuong phap 1ap trinh; tir viéc viét cac dong 1énh mot cach co trat tu dén lap trinh
huéng dbi trong (objects guided programming) va phat trién cac cong cu lap trinh cai
tién nhu: VISUAL BASIC, VISUAL C, C BORLAND, DELPI v.v.

Boi vi nhitng ngon ngit ndy phu thudc vao phién ban cua trinh bién dich va phan mém
clia cong ty, nén ching khong duoc coi 1a ngdn ngir tiéu chuan. Cac san pham phan
mém dua trén cac ngdn ngit nay c6 thé duoc mua, nhung cac chuong trinh gbe thuong
chi dugc duy tri bai nha phat trién.

Ngén nglr C la mdt ngdn ngit 1ap trinh, ban dau né duoc chi dinh dé phat trién cac hé
thong hoat dong cho cac may tinh 16n. N6 dugc goi 1a C vi n6 dugc sinh ra tir mot
ngon ngir 1ap trinh trude do6 1a ngén nglr B. NO ¢6 1€ 1a hop ngir (Assembly).

Ngon ngir C chira moét tap hop cac 1énh gidi han va mdt sb lugng nho cac bién, dugc
chi dinh dé duy tri gi¢i han. Viéc md rong kha nang ngén ngit dya trén viéc thém céc
chuong trinh con trén nén tang tap 1€nh co ban. Viéc goi chuong trinh con dugc thuc
hién gidng nhu str dung mét 1énh, do d6 cac chuwong trinh con duoc str dung nhu 1 cac
1énh méi. Phuong phap nay duoc goi 14 1ap trinh cau tric.

Ngon ngir C thudng di kém véi cac thu vién khac nhau, trong d6 mdi thu vién bao
gdém cac chuong trinh con, giup mé rong kha ning ngdn ngir. Bang cach nay, trinh
bién dich chi cn nho, don gian va ban dich sang ngbn ngit ciia bo xir 1y thi rat tap
trung va hiéu qua.

Nhiing dic diém nay di khién cho ngon ngit C trd thanh mot ngén ngit chuan. N6
dugce xac dinh theo tiéu chuan ANSI (American National Standard Institute - Vién
Tiéu chuan Quéc gia Hoa Ky). Mot ngdn ngit 14p trinh tiéu chuin dugc goi 1a ANSI-C.
Ngoén nglr nay chi c6 21-26 tir riéng (words reserved).

Vi tinh hiéu qua va don gian cua n6, ngén ngir nay da tré nén phé bién dé phat trién
phan mém danh cho bd vi xir Iy va hé thong nhung vi diéu khlen (hay goi tit 12 hé
thong nhling). Hé thong nhing 1a mot hé thong dién tir, bao gom tat ca cac thanh phan
ciia may tinh (CPU, ROM, RAM, I/O). Hau hét cac hé thong dién tir ngay nay déu la
hé thdng nhung. Phan mém cta ching duoc ghi bén trong bo nhé ROM (Read Only
Memory) - B6 nhé chi doc. Hiéu qua dich thuat la rat quan trong trong cac hé théng
nay vi phan mém dugc chi dinh dé ghi trong ROM cua hé thng, trong khi ROM lai bi
gi¢i han vé dung luong.

2.6. Trinh bién tap, trinh bién dich, trinh li¢n két va dinh vi

Ban than chuong trinh duge Viét boi Trinh bién tip van ban (Text Editor) va duoc luu
dudi dang tép van ban, twong tw nhu cach vi€t chuong trinh bang hop ngir (Assembly).
Chuong trinh dugc viét theo quy tac ci phap ngoén ngi.
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M®i dong 1énh két thuc bang ky tu dic biét ;. Nhu vay, mot 1énh néu trai dai trén hon
mdt dong thi van dugc coi 1a mot dong 1énh. Bang cach nay, hai 1énh c6 thé dugc viét
trén cung mot dong.

Chuong trinh dang nay dugc goi la Chuong trinh Nguédn (Source Program). Thong
thuong, né lay hau té C dé xac dinh tép ngudn va ngdn ngit ma né duogc viét bén trong
thu vién noi chtra no.

Vidu: TEST1.C

Viéc dich chuong trinh ngudn sang ngon ngit may dugc thuc hién boi trinh bién dich
trén chuong trinh nguodn.

Vidu: GCC TEST1.C

GCC va C51 1a tén cua céc trinh bién dich ngon ngit C.
Trinh bién dich tao ra tép Ddi tugng (Object) c6 hau té O:
Vidu: TEST1.0

Chuong trinh d6i trong duoc tao ra khong phai 1a tdp hop cac byte ciia chuong trinh
ngdn nglr may. Mot loai t€p dugc tao ra ¢ dinh dang dac biét, ban dau dugc phat trién
baoi Intel va duge goi 1a OMF (Object Module Format) - Pinh dang mé-dun dbi tuong.
Tép nay dugc chia thanh cac ving, trong d6 mdi viing bat dau bang mot sé cho biét do
dai ctia n6 va mot s6 khéc cho biét loai tép. C6 nhiéu loai viing khac nhau - viing chira
mi ciia chuong trinh, s6 dong ciia chuong trinh ngudn, bién va nhitng thi khac.

Chuong trinh dbi tuong dugc tao ra béi trinh bién dich, khong bao gf)m cac dia chi
tuyét d6i. N6 duoc thuc hién dé cho  phép hop nhat nhiéu chuong trinh ddi twong thanh
mot chuong trinh dbi twong, bao gdm ca chuong trinh OBJ duoc tao ra bdi cac trinh
bién dich khac nhu PLM hoac ASM.

Viéc hop nhat duoc thyc hién boi mot Trinh lién két (Linker). Chuong trinh ndy con
duoc got lé} Trinh dinh vi (Locator), n6 dinh vi chuong trinh doi twong trong cac dia
chi tuyét doi cua minh.

Tép anh xa (mapping file) cho biét vi tri tuyét ddi cia ting don vi, dia chi cua tung
bién va dia chi tuyét d6i ciia ting dong trong chwong trinh ngudn.

Trong truong hop khong duoc chi dinh, chuong trinh lién két s€ dat chuong trinh dbi
tuong bat dau tu’ dia chi 0000. Chuong trinh lién két cling c6 thé dugc ra Iénh dé dat
chuong trinh doi tugng & mat vi tri xac dinh, khac véi dia chi 0000.

Trinh bién dich GCC thuc thi viéc bién dich va dinh vi; 1an luot tao céac tép ddi tuong,
danh sach tép va t&p anh xa, trir khi dugc chi dinh khac.

2.7. Pinh dang HEX

Khi ching ta mudn tai mot chuong trinh d6i tuong tu he thong nay sang hé thong
khac, (vi du: tir may vi tinh sang bo thi nghiém), t&p can dugc chuyén doi thanh céac ky
tu trong bang ma ASCIL. Pinh dang phd bién nhit trén thé gidi 1a dinh dang HEX.

Pinh dang HEX con dugc goi 1a dinh dang Intel. N6 1a mot hinh thirc t6 chic mot
nhom cac byte cua bat ky chuong trinh dich nao. Khi trinh bién dich chuyén do6i mot
tep nguon sang tép dich, chung ta s& khdng nhét thiét phai nhan duoc mot tép lién tuc.
Vi du, néu nguoi dung xac dinh mét phan doan nhét dinh 13 mét ORG (ORiGin) khac,
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ching ta nhan dugc hai phan doan chu:ong trinh, duoc chi dinh cho cac dai dia chi
khac nhau. Binh dang HEX cho phép tai xudng loai tép nay.

Dinh dang HEX ngit tép dbi twong thanh cac dong ky tu trong bang md ASCIL Mdi
mot byte tir chuong trinh ddi tugng duge tach thanh hai ky tw ASCII, cho biét cac digit
(don vi) cua sb. Vi du: s6 3BH duoc dich sang thanh céac ky tu 3 (gia tri ASCII cta nd
1a 33H) va B (gia tri ASCII ctua no 1a 42H).

Moi dong déu bt dau bang ky tu ;' (ddu hai cham), s6 byte thong tin, dia chi noi luu
trir byte thong tin va kiéu dong. Sau d6 1a cac byte thao d& ctia dong va & cudi Gia tri
tong kiém (Checksum) cia dong va cac ky tu CR (Carriage Return — Vé dau dong) va
LF (Line Feed — Dong moéi). Gia tri tong kiém 1a mot sb, n6 hoan thanh tong cac ky tu
dong thanh 00. Bang cach nay, may tinh nhan co thé kiém tra xem thong tin 14 ding
hay sai.

Vi du vé mot khdi ¢ dinh dang HEX:

:09200000901000E493F5A080FAB1

:0220100080F853

:00000001FF

Dong cudi cung trong mdi tép HEX trong gidng nhu sau:

:00000001FF

Tép duoc tao 1a t¢p dinh dang HEX:

TEST1.H

Tép nay co thé duoc tai xuéng trinh dao tao va sau d6 duoc thuc thi.

Trinh bién dich GCC tu dong tao tép HEX & cudi qua trinh bién dich va dinh vi.
2.8. Bién

Dé luu trit dir liéu tam thoi (cac dir liéu nay thay d6i trong chuong trinh), 1ap trinh vién
c6 cac 0 nh¢ va thanh ghi (nam bén trong bd xtr 1y).

Khi viét chuong trinh bang hop ngit (Assembly), chung ta c6 xu hudng gitr dir liu
trong cac thanh ghi. Déi ldc, khi goi mot chuong trinh con nao do, ching ta can kiém
tra xem chuong trinh ndy c6 dang st dung va lam thay doi noi dung thanh ghi, noi dir
liéu cta ching ta dugc luu trit, hay khdng, sau d0 dua ra hanh dong sao cho phu hop.

Lap trinh thdng minh, ngay ca bang hop ngir (Assembly), 1a 1ap trinh chi véi cac bién.
Cac bién 1a cac 6 nhé duge gan cho cac gia tri cia bién trong chuong trinh. Mdi khi
mudn xir Iy mot bién nao d6, chung ta goi n6 vao thanh ghi (hoic cac thanh ghi), sau
d6 xtr Iy va gui tré lai 6 ctia nd. Mic du trinh ty twong d6i dai, nhung phuong phap
nay dam bao rang chuong trinh s& khong bi "dd chimg" (diéu nay xay ra thuong xuyén
néu khong s dung phuong phap nay), khi ching ta goi chuong trinh con va cac thong
s6 trong phan mém s& bi bop méo.

Lép trinh bang ngdn ngir bac cao chi lam viéc voi cac bién. Pugc phép thao tac tryc
tiép v6i cac thanh ghi néu mudn, nhung tuyét dbi khong dugc nghi rang dir liéu trong
thanh ghi s& duoc luu lai. Mdi khi chung ta giai quyét mot bién trong chuong trinh, n6
s& duoc dich sang thanh mot chuong trinh nho, chuwong trinh nhé nay sé cap nhat bién
trong cac 6 nho.
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Néu chiing ta khong c6 chi dinh khac, trinh bién dich s& gan cac 6 nhd theo quyét dinh
cua no. Trinh bién dich c¢o6 thé duoc chi dinh dé dat cac bién & mot vi tri xac dinh.

Céc bién duogc chia thanh bién toan cuc va bién cuc bo. Mot bién cuc bd duoc gan va
X&c dinh trong chuong trinh con. Chuong trinh con can bién nay dé xur 1y két qua ma
no phai cung cap. Bién nay khéng c6 ¥ nghia dbi voi cac chuong trinh khac trong phan
mém.

Viéc st dung cac bién cuc bd 1am cho cong vi¢c cua trinh bién dich hi¢u qua hon. N6
st dung cung mdt vung bd nhé cho cac bién cuc bd. Mdi mét 1énh goi chuong trinh
con s& x6a dit lidu trude do6 trong cac 6 ndy. Thai do cua ching ta dbi véi cac bién cuc
b cling gidng nhu dbi vé6i cac thanh ghi (nhu di noéi & ngay phia trén).

Bién toan cyc 13 mot bién ma moi chuong trinh con déu c6 thé sir dung. N6 duoc gan
va xac dinh bén ngoai tat ca cac chuong trinh con ctia phan mém.

Chi nén gan cac bién toan cuc cho nhitng bién ndy, ching dugc sir dung & nhitng noi
khac nhau trong chuong trinh.

Céc bién char va int xir 1y cac s6 nguyén.

char 1a mot bién, n6 phan bé mét byte trong bo nhd. Vi bit MSB (Most Significant Bit
— bit cuc trai) dai dién cho mdt dau (+ hoac -), bién nay dai di¢n cho cac gia tri trong
pham vi tir —128 dén +127.

Unsigned char ciing 1a mét bién, né phan bd mot byte trong bd nhd. Pay 1a mot s6 8
bit (0-255). Khéng cd tham chiéu dén dau (+ hodc -) trong bién nay.

int 1a mot bién, né phan bo hai byte trong bd nh¢. Vi bit MSB dai dién cho mot dau (+
hoac -), bién nay dai dién cho céc gia tri trong pham vi tr —32,768 dén +32,767.

Unsigned int ciing 1a mot bién, n6 phan bo hai byte trong bd nhé. Pay 1a mot s6 16 bit
(0-65,535). Ciing khong c¢6 tham chiéu dén dau (+ hodc -) trong bién nay.

Hai bién ‘t}é sung |2 float va double. Hai bién nay xur 1y cac sé thuc (sb c6 phan thap
phan va dau thap phan).

float phan b6 4 byte hd trg cho sd; double phan bo 8 byte hd tro cho sb, va do chinh
xac thap phan cia n6 16n hon.

Viéc phan bo cua bién co thé duge thue hién tir moi noi trong chuong trinh. Mac du
vay, nén viét cac chi thi phan bd bién toan cuc & dau chuong trinh va chi thi phan bo
bién cuc b ¢ dau chuong trinh con.

Chi thi bién bt dau bang chi thi thich hop va sau d6 1a (cic) tén bién, dugc phan bd
theo hudng nay. Dong cudi, giéng nhu bat ky dong nao khac trong ngén ngir C, két
thuc bﬁng -

Tén cac bién dugc xac dinh bai nguoi ding tly theo sy thuan tién cua ho. Tét hon 1a
xdc dinh ten, viéc nay gidp lam rd ban than va nhiém vu cta ngudi sir dung. Piéu do
tiét kiém thoi gian trong cac dong nhén xét va giai thich. Tén bién khong duoc chira
cac ky tu khoang trang. Hiy nhé rang mot sb trinh bién dich chi quan tdm dén sau
hodc tam ky ty dau tién.

Vi du:
unsigned char DISP_BYTE;
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C6 nghia la: phan bd mot byte cho bién c¢6 tén DISP BYTE. Bién nay khong tham
chi€u dén dai tir 0 dén 255.

Char VARI;
VARI1 12 mét bién trong dai tir —128 dén +127:
unsigned int VAR2 =50;

VAR2 13 mét bién trong dai tir 0 dén 65,535. N6 nhan gia tri ban dau 14 50.

Nhu chung ta co thé thy, mot gia tri ban dau c6 thé dugc xac dinh cho mot bién. Boi
vi bién s6 s& thay d6i, nén diéu nay phai duoc thuc hién can than.

Ching ta ciing c¢6 thé xac dinh vi trf cia bién trong bo nhé. Diéu nay 1a can thiét khi hé
thong may tinh yéu cau.

Trong ngdn ngir C, ban khong thé kiém tra 13i lap trinh. Su tuyét voi ctia ngén ngir C
la hi€u qua chuyén do6i va tinh don gian cta no6. Doi lai, 1ap trinh vién phai co6 trach
nhiém 16n hon.

Vi du: gia sir chiing ta phan b cac bién sau:
char A,B;

int C;

Va bén trong chuong trinh, chiing ta viét 1énh:
C=A;

Trong truong hop nay, s€ khong cO thong bao 16i va trong qua trinh chuong trinh dang
chay, n0i dung cua 6 A va B s& dugc chuyén sang 0 C. C la mdt bién 16 bit (2 6 nho),
A va B la hai bién 8 bit (mét ).

Cac sai sOt kiéu nay khién gia trj ctia cac bién tron 1an va tao ra 181, rat kho theo doi.

Nhu da dé cap ¢ trude, trong ngon ngit C khong c6 1énh 1/0. Trong nhiéu trudng hop,
viéc dinh dia chi ctia don vi du ra hodc dau vao dugc thuc hién dudi dang dinh dia chi
bién, nhung bién nay phai dugc dinh vi & mot dia chi xdc dinh theo dia chi cua don vi
trong hé thong.

Thi nghiém 2.1 - Viét chwong trinh bing ngén ngir C

Muc tiéu:

= Céu tric ciia mot chuong trinh ngdn ngir C.

= Cach t6 chirc chuwong trinh C va cac doan chuong trinh ctia né.

Mo ta:

Nhu d3 dé cap c"r‘phﬁn dau cua chuong nay, viéc phat trién mot chuong trinh bang
ngon nglr C bao géom cac budc sau:

1. Viét chuwong trinh C v&i mét trinh bién tap.

2. Bién dich chuong trinh C thanh tép ddi tuong st dung trinh bién dich.
3. Tai xudng chuong trinh ddi tugng & dinh dang HEX vao thé dich.

4. Chay chuong trinh trong thé dich.
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Céc thao tac nay dugc thyc hién nhiéu lan trong qué trinh phat trién. Day 1a 1y do tai
sao chung ta can mot hé thong phan mém hi€u qua va dé su dung.

C6 rét nhiéu cac trinh bién tap va trinh bién dich. Nhié}l trong s ching 13 phin mém
mién phi. Can c6 thoi gian dé to chirc hé thong phat trién véi trinh bién tap, trinh bién
dich C, phuong tién dé tai chuong trinh xudng thé dich va chay noé.

Heé thong phat trién nhu vay di kém véi bo thi nghiém EITPS-3192.

Trong thi nghiém nay, ban s& hiéu cach to chic chuong trinh ngén ngit C va cach
chuén bj chuong trinh tng dung cta riéng ban bing ngdn ngit C.

2.1.1. Tép Header va Iénh #include

Thong thudng, chiing ta can cac chi thi va/hodc cac doan chuong trinh khac nhau duoc
1ap lai trong cac chuong trinh khic nhau ma ching ta viét.

Chung ta c6 thé dat cac chi 1énh va doan chuong trinh nay trong mot tép va danh dau
trong chuwong trinh rang khi ching ta st dung mot bién hoac mot doan chuong trinh
(khong dugc xac dinh trong chuwong trinh) dé tim kiém trong tép nay.

Tép nay duoc goi 1a t€p Header va nd co dudi .h.

Céc nha phat trién khac nhau viét cac thu vién chi thi va doan chuong trinh khac nhau.
Ban than trinh bién dich di kém v&i mot thu vién gom nhiéu té€p Header (ng véi cac
ung dung khac nhau.

Diéu quan trong can nhd 12 trinh bién dich chi thém cac doan chuong trinh va bién ma
chuong trinh ching ta dang lam viéc can dén.

Ngay ca khi chung ta sir dung tép .h, tép ndy bao gébm mot thu vién véi nhiéu doan
chuong trinh, nd cling s€ khongkhién chuong trinh cua ching ta 16n thém. Chi cac
doan chuong trinh dugc goi bdi chuong trinh chinh méi dwge dua vao chuong trinh.

Dé trinh bién djch biét r@ing mot t&p Header dugc thém vao chuong trinh, chiing ta viét
chi thi '#include' (thong thuong nén dung ¢ dau chuong trinh).

Vi du:
#include <reg.h>
#include "my_file.h"

Cac ky hiéu <> chi ra rang tép Header 1a mot phan cta thu vién tép cua trinh bién dich.
Trinh bién dich tim ki€m no trude tién trong thu vién ctia chinh minh.

Cac ky hiéu " " chi ra rang tép Header khong phai 1a mot phan cua thu vién trinh bién
dich va né phai nam trong thu vién cong viéc hién tai. Trinh bién dich tim kiém tép
Header trong thu vién ndy va néu khong tim thay, no s& tim kiém trong thu vién cua
trinh bién dich.

Tép Header ciing c6 thé chira cac ham chir khong chi la cac 1énh.

Thong thudng, tat ca cac chi thi va ham lién quan dén phan ctimg déu dugc viét trong
mot tép Header. Ban than chuong trinh chi bao gdm chwong trinh chinh va cac ham
lién quan dén ung dung. Day 14 loi thé khi 1am viéc bang ngon ngit C. Néu ching ta
mudn van hanh chuong trinh v6i bd xir Iy khac hodc str dung hé thdng khéc, ching ta
khong can phai thay doi chuong trinh tmg dung - ching ta chi can d6i hodc thay thé
tép Header.
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Trong thi nghiém 2.10, ban s& tim thdy mot chwong trinh mau mo ta cach st dung céc
tép Header va 1énh #include.

Trinh ty thue hién:

. w
1. Nhap dup vao tép ARM_NPrOj,eCt . Trong thu muc ta da cai dat S-ARM V3.
Theo tai liéu nay, duong dan dén tép ARM_Project.uvprojx 1a“C:\Courses\3192\S-
ARM_V3\ARM Project”

Chuong trinh pVision s€ bat dau va sau do, man hinh sau s€ xuét hién:
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

MA@ % DR|9 |« | B RRA R EEEE| B e R sla-lecsa- @]
D (E B e | B8 AR Project P R

H

& 4% Project: ARM_Project
@ jed ARM _Project

Hinh 1. 21

2. M6 rong cot bén trai va nhip vao ddu '+ bén canh ARM_Project.

Man hinh sau s€ xuat hién:
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
NS H@| % DR[| |mmmm|FFEEG O o ELIEBEER-X Si-BES
S 8 - o] 98| armproject ME SdB Y@

4
Ee.[@e. | e 0,7

Hinh 1. 22
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3. Ba thu vién cua tép xuat hién ¢ cdt bén trai.

Hai thu vién dau tién (Start files va System files) chira céac t€p ma trinh bién dich
Chuan bi cho bd xur Iy ctia by thi nghiém ma khong li€én quan dén chuong trinh Gng
dung cua nguoi dung.

Thu vién thir ba (C files) chira cac tép ung dung cuia nguoi dung.

4. Nhap vao dau '+ bén canh tén “C files” va ban s& thay danh sach céc tép c6 trong
thu vién.

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
NEd@ s ad[rc]c[FRAREEEL Do HRAQ-[000a B4

UK AE e Y@

Hinh 1. 23

5. Thu vién 'C files' chira hai tép tao thanh chuwong trinh main.c va main.h cua nguoi
su dung.

Nhap dap vao tép 'Main.c'. Man hinh sau s& xudt hién:

File Edit View Projet Flash Debug Peripherals Tools SVCS Window Help

NSE@| % D@9 | = |®mRM R EFEEME D pttorc Fas aQ-lecoa- @]
© (EE2- d| W] armprojea R RS )
et O ) e =%
& % Project: ARM_Project 1 |/ Basic Project - C file ~
£ #3 ARM_Project R/ f e e (I8}
A St e : # Luds tm32£10x.h! //STM32F10x.h def.
include "sf x.h" x.h definitions
@O0 System files 5 #include "Main.h"
5 & Cfiles 5
@ ] Mainc 7
Q Mainh : igned ch itches_ii
unsigned char SWit €s_1in;
‘ cmsis 10 unsigned char seg_chosen;
11 unsigned char seg_0_data;
12 unsigned char seg_l_data;
13 unsigned char seg_2_data;
14 unsigned char seg_3_data;
15 unsigned char flip = 0;
16 uint32_t dly;
17 uintlé_t leds_ctr = 1;
18 uintlé_t leds _ctr from main = 1;
19 char lcd_str[l7];
20 uintlé_t num_to_led;
21 unsigned char key_x;
22 unsigned char key:
23 unsigned char write _buff[l4];
24 unsigned char read_buff[l4];
25 volatile unsigned char write_flag;
26 volatile unsigned char Ext_flag;
27 uintlé_t adcl_val;
28 volatile unsigned char rx_ix = 0;
29
30 //#define STEP_LATCHO GPIOA->BSRR = (GPIO_BSRR_BR12) ; // put 0
31 //#define STEP_LATCH1 GPIOA->BSRR = (GPIO_BSRR_BS12):; // put 1 for latch
N 32 //volatile unsigned char temp2; v
[ @e.| OF.|0,7.] |< >

Hinh 1. 24
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Luu ¥ rang tép bit dau bang hai 1énh #include, ing véi hai tép Header.

Mot tép chira cac chi 1énh va dinh nghia lién quan dén bo xtr Iy ma ching ta st dung
STM32F100.

Tép thir hai chira cac chi 1énh va dinh nghia thudc chuong trinh “main.h”.

6. Tab {} Func... nim & cubi man hinh (xem miii tén hinh dudi). Nhap vao tab, man
hinh s€ hién thi danh sach cdc ham cta chuong trinh.

Nhép vao {} Func.... Man hinh sau s& xuat hién:

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

Fda e o @ print to PC JRae Q- e S&-B- N
S e b ARM_Project
Functions L=

-] cmsis_armcch
l=] cmsis_compiler.h
[) cmsis_version.h

- |:z] core_cm3.c

4

[+ core_cm3.h
- ] Main.c
&[] Main.h
L] RTE_Components.h 9 unsigned char switches_in:
L] stdint.h 10 signed char seg_chosen;
[:] stm32f10x.h 11 signed char seg_0_data;
- [ system_stm32f10x.c 12 signed char seg_1l_data;
J system_stm32f10x.h 13 signed char seg_2_data;
14 signed char seg_3_daca;
15 unsigned char flip = 0;
16 uint32 t dly:;
17 wuintlé_t leds_ctr = 1;
18  uinclé_t leds_ctr_from main = 1;
19 char lcd_str[l7]):
20 uintlé_t num_to_lcd;
21 ansigned char key x:
22 signed char key:
23 unsigned char write buff[l14];
24 unsigned char read buff[l4]:

25 volatile signed char write_flag:
26 volatile unsigned char Ext_flag;
27 uintlé_t adcl_val;
28 volatile unsigned char rx_ix = 0;

& Proj... | @ Books () Fun... |0y Ten <

Hinh 1. 25

7. Trén cot bén trai, nhép vao diu '+ bén canh main.c va ban s& théy danh sach tat ca
cac ham chtra trong do.

File Edit View Projet Flash Debug Peripherals Tools SVCS Window Help

Sde @ . EIEJE | @ printtoPC VJAaer Q-leoc s & BN
SEde- 5% | ARM_Project UK A2 OO
Functions L x| ) Mainc v

adc_delay 0 ()
adc_delay_1(

Delay ()

delay_ms (unsigned char t
delay_us (volatile uint16_t
DMAT1_Channel1_IRQHanc

ee_byte_read (void) 9 unsigned char switches_in;
ee_byte_send (volatile uns 10 unsigned char seg_chos
ee_delay (void) 11 unsigned char seg_0_data;
ee_read (volatile uint16_t € 12 unsigned char seg_l1_data;
ee_start (void) 13 unsigned char seg_2_data;
ee_stop (void) 14 wunsigned cj‘:a: seg_3_data;

15 unsigned char flip = 0;
ee_write (uint16_t ee_addr, 8¢ uints2 ¢ aty;
EXTI9_S_IRQHandler (void) 37 uin 16:\: leds_ctr = 1;
Int_Vector_Init (void) 18 uintlé_t leds_ctr_from main = 1
keys_delay (void) 19 char lcd_str(17]):
led_clean_line (unsigned ¢ 20 uintlé_t num_to_lcd;
led_command (char d) 21 unsigned char key_x;
led_cursor_location (char» 22 unsigned char key;

23 unsigned char write_buff(

lcd_data (char d)

24 unsigned char
led_print_num (unsigned « o

25 volatile
led_write_P (charx, chary, 26

read buff[
igned char write_flag;
volatile unsigned char Ext_flag:;
main (void) 27 uintlé_t adcl_val:
NVIC_SetVectorTable (uint 28 volatile unsigned char :x_1; =0
read_adc (unsigned char ¢ 29
Read_serial_adc (void) 30

©OOOOO0OOOOOOIOIOLIOIOIOIOIOPOOPOOPOOOOS

<

o). | @ an.u) < ) - ccn |
Hinh 1. 26
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Danh sach cac ham xuat hién theo tht ty duoc viét va xudt hién trén chuong trinh bén
phai.

Trinh tu vé cach viét mot chuong trinh c6 thir ty xac dinh rﬁng khi mot ham duogc goi,
n6 phai ludén nam phia trén ham da goi nd. Vi vay, ching ta luén bat dau véi ham co
ban nhat va mé rong tur chiing.

Mdi chuong trinh déu c6 mot ham chinh, day 13 ham dau tién chay khi chung ta van
hanh b dic¢u khién. B xir Iy bat dau chay, n6 dugc hudng dén ham chinh nay.

Ham chinh goi va sir dung tit ca cac ham cua chuong trinh; day 1a 1y do tai sao né nim
& cuoi danh sach cac ham.

Cac ham duoc sip xép theo thir ty bang chir cai.
8. Cudn cira sb bén trai cho dén khi doan chuong trinh ¢ tén main (void) xuat hién.

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

= = @9 - - E iE r_J YR Qe c®& B~
£ (3 &8 3% | ARM_Project v &K A
Functions s @3 3] Main.cr

Icd_clean_line (unsigned char line) A 1
lcd_print_num (unsigned char x, uns 2
adc_delay_10 3
adc_delay 00 A
Read_serial_adc (void) S
DMA1_Channel1_IRQHandler (void) 5
TIM6_DAC_IRQHandler (void) ps
ee_delay (void) °
ee_start (void) 10
ee_stop (void) 11
ee_byte_send (volatile unsigned char 12
ee_byte_read (void) =

14

ee_read (volatile uint16_t ee_addr)

ee_write (uint16_t ee_addr, unsigned iz

keys_delay (void) 17

scan_keys (void) 18

NVIC_SetVectorTable (uint32_t NVIC_ 1s S
EXTI9_5_IRQHandler (void) 20 serial_dac_val:
TIM7_IRQHandler (void) 21 lcd_stx([17]:
sdac (unsigned char A) ;i Tt

Serial_dac (unsigned char DAC_VALL
read_adc (unsigned char cannel_nun

000000000COCOOCOOCOOOOOOOOCOIOOOTS

2s write buff(14]:
Delay 0 26 read buff[i4]:
Int_Vector_lnit (void) 27 write_flag:|
main (void) 28 Exc_flag:
@[] core_cm3.c 29 adcl_val:
31 [ system_stm32f10x.c > S0 e Cmeiieai
< > S
32
=) G K {3 Functions | 0, 7 t <
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9. Nhap dup vao doan chuong trinh main (void) dé n6 xuat hién & bén phai man hinh.

File Edit View Project Flash Debug Peripherals Tools SVCS  Window Help

T @9 - o sE I /| @ printto PC YR Q- e S & =N
2 B e - 5% | ARM_Project o A& dN @ D@
Functions L= _] Mainct
- ] Main.c ~ 250
@ adc_delay 00 851
@ adc_delay_1( L 852 Delay ()
® Delay 0 853 {
® delay_ms (unsigned char Lo int i; .
855 for (1 = 1 ; i != 0OX100 :oi+4):
@ delay_us (volatile uint16_t cee
® DMA1_Channell_IRQHanc 857
@ ee_byte read (void) 858
@ ee_byte_send (volatile uns 859 int main (void)
@ ee_delay (void) > 860 O {
@ ee_read (volatile uint16_t e 86l
@ ee start (void) 262 [
& ee_write (uint16_t ee_addr, 865 P
@ EXTI9_5_IRQHandler (void) 866
@ Int_Vector_lnit (void) 867
@ keys_delay (void) 868
@ lcd_clean_line (unsigned c 869
@ lcd_command (char d) 870
@ lcd_cursor_location (char» Lo
@ lcd_data (char d) oz
@ lcd_print_num (unsigned « . S
@ lcd_write_P (charx, chary, 875
.
® NVIC_SetVectorTable (uint 877
@ read_adc (unsigned char ¢ 878
® Read_serial_adc (void) - 879
< > 880
881
G+ G- |’Funm|ﬂ,' <

Hinh 1. 28
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Ching ta s& giai thich man hinh nay trong thi nghiém tiép theo.

10. Pay 1a man hinh ma chiing ta mudn thiy khi m& ARM_Project.
Nhép vao nit luu (save), va cau tric Project s& duoc luu.

Tép da luu giir lai man hinh duge luu cudi cung.

Vi b6 vi xir Iy ARM réat phirc tap nén cac ham di duoc chuan bi trude va s& duoc giai
thich trong qua trinh thyc hanh.

bay cling 1a caich ma moi1 thir dugc thuc hién ngay nay.

Trong qua khir, mdi 1ap trinh vién phat trién cac chwong trinh ciia riéng minh. Ngay
nay, trong thoi dai ma mé, ban c6 thé tim thiy hang trim nghin va c6 thé 1én dén hang
triéu ham va céc chuong trinh hd trg khac nhau. Lap trinh vién luon bit dau bang cach
xac dinh vi tri mdt chuong trinh hién c6 dap ing dugc cac yéu cau, sau d6 mo rong va
tao dung no theo nhu cau minh.

Mic du tat ca cac ham déu xuat hién trong tép main.c, trong qua trinh bién dich, trinh
bién dich s& chi thém cac ham can thiét vao chuong trinh dich.

11. Bé xem tép main.h, cuén xudng danh sach ham va nhap dap vao tén tép main.h.

Man hinh & xuat hié
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
—a= - FeY = L = = @ print to PC JRe Q- e S & B- X
e e 5% | ArM_Project o & B ¢ Y@
Functions £y <] ] Mainc ] Mainh X
© main (void) ~ b
@ NVIC_SetVectorTable (uint
@ read_adc (unsigned char c
@ Resd serial_adc (void)
@ sc_send (unsigned char tx,

@ scan_keys (void)
@ sdac (unsigned char A)

Basic Project - header file =

@ Serial_dac (unsigned char s
@ SysTick_Handler (void) 10
@ TIM6_DACI dler (ve 11
& TIM7_| ler (void) 12 Clk_frq 24 System clock is 24MHz by the External SMHz HSE_OS
& USAR andler (void 13
- 15 :
@ ADC_1_chanel_External_tri e . fir - . -
@ ADC_1_chanel_not_contin .,
@ DACT_Init (void) 18  #defi
@ Digital_Inputs_Init (void) 19 #
@ EEPROMLInit (void)
@ External_Interrupt_lnit (voi 2

& Keyboard_Init (void)
@ LCD_Init (void)
@ Leds_Init (void)
@ Seg_7_Init (void)
@ Serial_ADC_lnit (void)
@ Serial DAC_Init (void)
@ Switches_Init (void) 29
@ SYSTICK Init (veid) o 30

< >

Hinh 1. 29
DPong chuong trinh bang cach nhap vao biéu tuong "X'.
Thi nghiém 2.2 - Chwong trinh C dau tién

Muc tiéu:

= Lénh WHILE.

= Cach dinh dia chi cac don vi I/0O.
= Viét chuong trinh C dau tién.

= Tai xudng va chay chuong trinh.

Thao luin:
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Trong ngdn ngit C, cac loai chit cai (thuong hodc viét hoa) déu quan trong. Khong
gidng nhu cac ngdn ngit l4p trinh khac, trinh bién dich phan biét cac loai chit cai. Vi
du, bién VAR1 khéc véi bién varl va khac v6i Var. Sai lam rat phd bién va kho xu Iy
1a khi mét bién duoc khai bao theo mot cach g0 nhung lai dugc s dung theo mdt cach
khac.

Cach thong thudng 13 viét toan bo chuong trinh bang chit thuong. Trong C ching ta co
thé khai bdo mot tur thay thé mot tr khac hodc tham chi la ca mot cdu hoan chinh.
Trong churong trinh ctia chung ta, cac tir loai nay s€ duoc viét bang chir in hoa.

Tén ctia mot ham s& duoc ding chit hoa & chit ci dau tién.
2.2.1. Lénh WHILE — chuyén mach dén LED

Hay viét mot chuwong trinh dau tién bang ngdn ngir C, chwong trinh ndy doc trang thai
cac cong tac va chuyén chung dén cac dén LED.

int main (void)

{

unsigned int temp;
Leds_Init();
Switches_Init();
while(1)

{

temp = Switches_In;//Read the switches
LEDs_Out = temp;//Output to LEDs

}
}

Ching ta gan mot bién ctia mot s6 nguyén voi tén temp.

Mot chuong trinh ngén ngtr C dugc xay dung tir cac chuong trinh con, dugc goi 1a cac
doan chuong trinh hodc cac ham. Mo6i ham nhan mot tén va thuc hién mot chirc ning
nhat dinh (hoac mdt s6 churc nang).

Mot ham 1a mdt chuong trinh con dugc goi boi chuong trinh chinh hodc bdi mot ham
khac, dé luu viéc viét 1énh ciia n6 moi khi chlng dugc can tdi trong chuong trinh.
Ham két thiic bang 1énh "RETURN", 1énh nay tr¢ lai thuc hién cac dong sau cac 1énh
goi ham.

MGi ham c6 thé nhan dir liéu thong qua cac bién cuc bd cua nd. Cac gia tri nay cho cac
bién cuc bd phai dugc viet bén trong dau ngodac (), ding sau tén ctia ham.

Chtre ning nay doi khi dugc chi dinh dé tra vé dir liéu. Day 1a 1y do tai sao mot ham co
thé dugc dinh nghia 1a mot bién va ching ta nén dinh nghia ki€u bién, ma théng qua
d6 ham tra ve dir li¢u. DOi vai tuy chon nay, chung ta khai bdo ham dudi dang mdt
bién.

Chuong trinh chinh cling duoc viét dudi dang mdt ham.
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Chuong trinh chinh khong 13y bat ky dit liéu nao, boi vi khong ham nao dugc phép goi
no bay la ly do tai sao ching ta viét tir void bén trong diu ngoic (). Du ngodc nay
rat can thiét vi cdu trac cta ham. Néu chuong trinh dugc goi boi mot hé diéu hanh
(gidng nhu cho cac tmg dung PC), c6 thé co cac bién bén trong ddu ngodc cta no.

Trong trudng hop cua ching ta, chwong trinh chinh khéng tra vé bat ky dit liéu nao.
Mac du vay, chung ta s€ khai bao ham main 1a mdt s6 nguyén.

Chung ta c6 thé loai bé tir void & dau va bén trong dau ngodc, nhung ching ta khong
thé loai bo dau ngoac ().

Dong tiéu dé cua doan chuong trinh chinh c6 thé tréng nhu thé nay:

int main (void)

{

MJi chuong trinh ngén ngit C chi duoc bao gom mot doan chwong trinh chinh. Cac
trinh bién dich va trinh lién két xac dinh mot 1énh nhay dén ham main tai dia chi bat
dau caa hé théng. Tir main 13 mot tir riéng, va khong thé duoc st dung ngoai trir 1am
tén cua doan chuong trinh chinh.

Pé dinh nghia mot nhém céc 1énh, dau ngodc nhon {} dugc sir dung trong ngdn ngit C
(gidng nhu begin-end trong ngdén ngitr PASCAL).

Khi viét mot chuong trinh bang ngdn ngit C cho PC va khi doan chwong trinh chinh
két thuc, bo xir Iy ctia may tinh s& quay trd lai hé thong hoat dong. Trong cac hé thong
nhtng, bo xtr Iy khong nén thoat ra khoi doan chwong trinh chinh.

Bo diéu khién dugc chuyén hudng tir dia chi bit dau dén doan chwong trinh chinh. Vi
doan chuong trinh chinh dugc viét dudi dang mot chuong trinh con, nén no két thac
bang 1énh RET. Chiing ta can luu y rang né s& khong tro dén dau ngoidc nhon cudi
cung tai doan cudi cua nd. NO6i cach khac, dbi v6i 1énh RET, chuong trinh s& chay
trong mot vong lap.

Boi vi trong 1ap trinh cau trac ching ta khong mudn st dung 1énh GOTO, nén chiing
ta s€ sur dung 1énh WHILE.

2.2.2. Lénh WHILE

Lénh WHILE dinh nghia mot nhom céc 1énh duoc thuc thi mién 13 ton tai mot diéu
kién nhét dinh. Nhom céc 1énh ciing dugc Xac dinh bén trong dau ngoac nhon {}. Piéu
kién 1énh WHILE duoc dinh nghia trong ddu ngodc don (), dugc viét sau tir WHILE.

Cau diéu kién trong ngdn ngit C (s& dugc trinh bay chi tiét & phan sau) 1a mot cau co
két qua 12 0 hodc khac 0 - ton tai hodc khong ton tai. O day chung ta viét bén trong dau
ngodc don () két qua diéu kién 12 1, c6 nghia 1a ludn ton tai. Pay 1a 1y do tai sao nhom
1énh thudc 1énh WHILE nay s€ luén dugc thuc thi.

while (1)
{

Instructions

}
B0 xu 1y s€ khong roi khoi pham vi nay.
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2.2.3. Khéi tao

Trudce khi tham gia vao vong lap ‘while’, thdng thuong ching ta thuc hién mot s6 cac
1énh init hodc cAc ham init va khai bao cac bién toan cuc.

Trong doan chuong trinh nay, chung ta s€ khai bao bién temp dugc st dung lam bién
tam thoi dé truyén dit liéu tir cong tic (switch) sang dén LED.

unsigned int temp;
Cau nay khai bao mot bién s6 nguyén khéng c6 dau co nghia 1a bién 32 bit.

Trong chwong trinh dau tién ching ta goi hai ham init. Cac ham sau day 1a cac ham
khéi tao cho cac duong dau vao va dau ra dé van hanh cac thé déen LED va doc trang
thai cac cong tac ctia bo thi nghiém.

Leds_Init();
Switches_Init();
while(1)

{

temp = Switches_In; //Read the switches

LEDs_Out = temp; //Output to LEDs

}

2.2.4. Gan

Lénh dau tién trong vong 1ap while 14 1énh:

temp = Switches_In;

Déu '=' ¢6 nghia 14 1énh gan (‘Assign’).

Y nghia cua 1énh nay 1a: sao chép ndi dung ctia Switches_In vao temp.

Switches_In dugc khai bo trong main.h. Dy 1a mot 1¢énh tra vé trang thai cta tam
cong tac trong mot unsigned int (so nguyén khong dau).

Lénh thtr hai:

LEDs_Out = temp;

LEDs_Out cling dugc khai bédo trong main.h. Pay la mét 1énh xuét’n(f)i dung cua n6
ra cong dau ra ma cac duong cua nd van hanh tdm den LED cua h¢ thong.

Céc khai bao trong main.h 1a theo thiét ké phan cimg cua bd thi nghiém EITPS-3192.
Vi nhimg khai bao nay, ching ta c6 mot chuong trinh khong phu thude vao phan
ctmg. DPay 1a mot chuong trinh chuyén trang thai cong tic dén cac dén LED.

Néu c6 mot thiét bi khac cd phan ctng khac hodc chung ta thay d6i cac két ndi trong
bo thi nghiém, tat ca nhitng gi chiing ta phai lam 1a thay doi cac khai bdo ma khong
di€u chinh vao chinh chuong trinh.

Chuong 3 d¢ cap dér} phan ctng, cong, khai bao va dinh nghia. Trong chuong nay,
chung ta s€ chi tim hiéu cac 1énh ngon nglt C bang cach sir dung cdc ham hé thong.
Cac Kky hiéu duoc str dung nhu 1a cac 1énh dugc goi la c&c toan tir. Cac Ky hiéu phép
tinh toan hoc cling dugc goi la cac toan tur.

37



+ - Addition (Cong hai toan hang)

- - Subtraction (Trir toan hang thit hai tir toan hang dau)
* - Multiplication (Nhan hai toan hang)

/- Division (Phép chia)

% - The number indicated near the sign division result remainder (Phép liy s6
du)

() - Changing the mathematical operation order (Thay d6i thir tw hoat dong
toan tir)

++ - Increase by 1 (Toan tir ting (++), tang gia tri toan hang thém mdt don vi)
-- - Decrease by 1 (Toan ti giam (--), giam gia tri toan hang di mot don vi)
Vi du:

temp2 = (templ +5)/8

2.2.5. Nhan xét va ghi chu

Khi ching ta mudn viét vin ban giai thich hodc nhan xét va chung ta khong mudn
trinh bién dich doc chung, hdy thém hai dau gach chéo (/') trudc van ban, nhu sau:

temp = Switches_In; //Read the switches
LEDs_Out = temp; //Output to LEDs

Trinh bién dich bo qua moi thir & bén phai cua hai dau gach chéo nay cho dén cudi
dong. Cuoi dong la noi nhan phim ENTER. Céac dong dai hon d6 dai cua trang van
duogc coi 1a mgt dong.

Cac ky hiéu sau s& yéu cau trinh bién dich bo qua toan bd mot doan cua chwong trinh:
/*

*/
Tép bai tap ARM_Project cuia chung ta bao gdm rat nhiéu chuong trinh mau.
Moi chuong trinh mau dugc gidi han boi cac dau '/*... */".

Dé kich hoat mdt chuong trinh ndo d6, chiing ta can chuyén cac ky hiéu nay thanh mot
dong ghi chd.

Trinh ty thyc hién:

1. Vo thu vién ARM_Project va nhip dap vao tép ARM_Project. Trong thu myc ta
da cai dat S-ARM V3. Theo tai liéu nay, duong dan dén t¢p ARM_Project.uvprojx
1a“C:\Courses\3192\S-ARM_V3\ARM _Project”

2. Kiém tra xem main.c ¢6 md nhu trong man hinh sau day khong:
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File Edit View Projet Flash Debug Peripherals Tools SVCS Window Help

1 SHP| X @9 o PR R|EEE @ pnttorc VRer QA-le oo &-| B N
S E & e 8| arm_Projeat SN R A
Functions L E ] Mainc*
&[] Mainc A 850 L)
® adc_delay 00 851
@ adc_delay 10 A 852 Delav()
® Delay 0 853 {
@ delay_ms (unsigned char t 854 iaenider s R 3
R 855 for (i =1; 1 !'=0 0 ; i++4):
@ delay_us (volatile uint16_t 856 }
@& DMAT_Channell_IRQHanc 857
@ ee_byte _read (void) 858
@ ee_byte_send (volatile uns 859 int main (void)
@ ee_delay (void) D 860 [ {
@ ee_read (volatile uint16_t e gel E
@ ee_start (void) 862 - C g IT : P ETLTEITT . A
@ ee_stop (void) ::: ;,//////// 111117171111 77171 /g./ﬁ/l‘r///;/ii/////////, 11111111 rrrrrrrrer7
& ee_write (uint1_t ee_addr, 865 | ///11101111111111111101011111111171011111111117101010111110111101111
@ EXTI9_5_IRQHandler (void) 866
@ Int_Vector_Init (void) 867 unsigned int temp;
@ keys_delay (void) 868
@ lcd_clean_line (unsigned ¢ 869 Leds Init():
@ lcd_command (char d) 870
@ lcd_cursor_location (char» 871
@ lcd_data (char d) Bie
. ; 873
@ lcd_print_num (unsigned ¢ 374
@ lcd_write_P (charx, chary, 875
¢ 876
@& NVIC SetVectorTable (uint 877
@ read_adc (unsigned char ¢ 878 /
@ Read_serial_adc (void) = 879
> > 880
881 [ /
il Proj G s {}Fun...|0y7em <

Hinh 1. 30

3. Quan sat chuong trinh main().
Phan nay chira chuong trinh Switches to LEDs.

4. Kich hoat chuong trinh bang cach sura tao hai ky hi¢u gi61 han doan chuong trinh
thanh doan ghi chd bang cach thém hai dau gach chéo vao dau moi ky hiéu gidi han va

ban s€ nhan dugc man hinh sau:

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

1T dd| 4 Al9 = | P RE R EE/E G| @ pittorc VRS QA-|lec o &-|B-| X

€ ([ & @ | 58| Arm_projeat SEIR K X )

Functions L3 x| ] Main.c*

&[] Main.c ~ 850 L)
® adc_delay 00 851
@ adc_delay_1( A 852 Delav ()
® Delay () 853
@ delay_ms (unsigned char t 854 e gt SR S A

Ty 855 for (i = 1 ; i !'= 0X100000 ; i++);
@ delay_us (volatile uint16_t 256 )
¢ DMA1_Channell_IRQHanc 857
@ ee_byte_read (void) 858 L
@ ee_byte_send (volatile uns 859 int main (void)
@ ee_delay (void) D se0 ¢
@ ee_read (volatile uint16_t e 861 /
® eestart (void) 0 A . b
® ee_stop (void) 863 //'////'/‘/‘//'/v’///'/,’/'/////'//'////’////,'.’///'4/////.’////////////,’////'///'///
3 864 | // Switches to LEDs

& ee_write (uint16_t ee_addr, 865 | /////111111111I1IITIIITIITIIIIIILILTEITEEIIIILILIIITEIIIIILIII1TTE]
¢ EXTI9_5_IRQHandler (void). 866
@ Int_Vector_lnit (void) 867 unsigned int temp;
@ keys_delay (void) 868
@ lcd_clean_line (unsigned ¢ 869 Leds_Init():
@ lcd_command (char d) 870 Switches_Init():
@ lcd_cursor_location (char» 871 )
© Icd_data (char d) :;g 4 “(’h””"
¢ lcd_print num (unsigned ¢ 874 temp = Switches In; //Read the switches
® lcd_write P (charx, chary, 875 LEDs Out = temp; //Cutput to LEDs
¢ main (void) 876 } .
@ NVIC SetVectorTable (uint 877
@ read_adc (unsigned char ¢ 878 //1 */
@ Read_serial_adc (void) v 879

3 880

881 /*

& rros... | @sooks {} Fun.. ll,:m <
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5. Quan sat chuong trinh va so sanh no véi chuong trinh bai tap:

int main (void)

{

unsigned int temp;

Leds_Init();
Switches_Init();
while(1)

{

temp = Switches_In; //Read the switches
LEDs_Out = temp; //Output to LEDs

}
}

Dau céch 14 quan trong dé tranh sai 1am (n6 khong quan trong ddi véi trinh bién dich).

Trinh bién dich va trinh lién két C s& dugc kich hoat va thuc hién qua trinh bién dich,
dinh vi va chuyén doi tir t€p ctia ban sang tép HEX. Cac thay doi cua tép cling s€ duoc

luu lai.
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
T d & @9 L " E iE @ print to PC JVRe Q- e & BN
S EEe- 59| ARM_Project PN R A !
Functions L3 x | _] Mainc*
= ] Main.c A 850 |}
@ adc_delayy 851
@ adc_delay_1 L 852 Delav ()
® Delay () i:: S ——
@ delay_ms (unsigned char t ;55 ; § ::x LN e i
@ delay_us (volatile uint16_t 856 —
@ DMA1_Channell_IRQHanc 857
@ ee_byte_read (void) 858
@ ee_byte_send (volatile uns 859 int main (void)
@ ee_delay (void) D 860 [ {
@ ee_read (volatile uint16_t e g6l
@® ee_start (void) ‘sz
@ ee_stop (void) ;Zj
@ ee_write (uint16_t ee_addr, 865 iy iy
¢ EXT9_5_IRQHandler (void) 866
@ Int_Vector_Init (void) 867 unsigned int temp;
@ keys_delay (void) 868
@ lcd_clean_line (unsigned ¢ 869 Leds_Init():
@ lcd_command (char d) 870 Switches_Init():
@ lcd_cursor_location (char> z:: —
@ lcd_data (char d) ;7; | :"“’:(')
@ lcd_print_num (unsigned ¢ 874 temp = Switches In;
@ lcd_write_P (charx, chary, 875 LEDs Out = temp;
® main (void) 876 } -
@ NVIC_ SetVectorTable (uint 877
@ read_adc (unsigned char ¢ 878 |
@ Read_serial_adc (void) v 879
880
s 2 881
= @ {} Fun... |0y <
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7. Cira s6 cho ta thay cac hoat dong va két qua cta chuong trinh duoc hién thi & cudi
man hinh.

File Edit View Project Flash Debug Peripherals Tools

SVCS Window Help

& d @ @9 - | o £ K [ printto PC JaRe Q- e &R BN
S E e 5% | arm_project R AR eYd
Functions = 3 _] Main.c
B =] Main.c 850 | }
§ adc_delay 00 851
@ adc_delay 10 ! 852 Delav()
® Delay () 853 {
854 int i;
@ delay_ms (unsigned char t
855 for (i = il= s A+¥);
@ delay_us (volatile uint16_t 256 3
& DMA1_Channell_IRQHanc 857 ‘
@ ee_byte_read (void) 8se
@ ee_byte_send (volatile uns 859 int main (void)
@ ee_delay (void) D se0[E¢
@ ee_read (volatile uint16_t e 86l
@ ee_start (void) 862
@ ee_stop (void) ::j : b A
@ ee_write (uint16_t ee_addr, 865 pelemcicosy o g
& EXTI9_5_IRQHandler (void) 866
@ Int Vector_Init (void) 867 unsigned int temp;
@ keys_delay (void) 868
@ lcd_clean_line (unsigned ¢ 869 Leds_Init():
@ lcd_command (char d) 870 Switches_Init():
@ lcd_cursor_location (char> 871 .
A 20 (o
< > 874 temp = Switches_In; Read the switches
= Groors (Fun.. (0,76 <
Build Output

romELF: creating hex file...

".\ARM Project.axf" - 0 Error(s), 0
Build Time Elapsed:

Warning(s)

00:00:02
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Kiém tra dé dam bao rang khong c6 18i va khong c6 canh bao nao.

8. Néu ¢ sai sot, hay stra 16i va 1ap lai budc 7 mot lan nira.
9. Kich hoat EITPS-3192 bang cac budc sau:

a. Két ndi EITPS-3192 voi may tinh bang cap giao tiép USB.
b. Két nbi EITPS-3192 v4i ngudn dién.

c. Bat cong tic ON-OFF trén EITPS-3192.

. 2 . N e
10. Nhap dup vao biéu tugng trén man hinh may vi tinh.

Man hinh sau s€ xuat hién.

- S-ARM WV3_00

B <% e

Board is connected

Hinh 1. 34
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11. Kiém tra dé chac chan rang thong bao 'Board is connected' xuat hién & cudi man
hinh.

Néu khong, hiy kiém tra xem cOng tic ngudn cua thiét bi da duoc bat chua va cac két
noi c6 giong nhu duge mod ta & trén khong.

12. Nhip vao nut Browse va su dung trinh duyét dé tim tép ARM_Project.hex. Theo
tai liéu nay, duong dan dén tép ARM Projecthex la “C:\Courses\3192\S-
ARM_V3\ARM_Project”

Chon tép ARM_Project.hex.

13. Nhip vao nat Download and Run ﬂ trén S-ARM V3 dé tai xudng va chay
chuong trinh.

Chuong trinh s& duogc tai xudng va bat dau chay.

14. Thay ddi cac cong tac tir SO-S7 trén EITPS-3192 va kiém tra xem cac dén LED
LO-L7 c6 dugc thay doi twong trng hay khong.

15. Nhan n(t RST trén EITPS-3192 dé dirng chuong trinh dang chay.
16. Chuong trinh van con luu trong bd nhé cuia EITPS-3192.

17. Nhap vao nat Run ﬂ trén S-ARM V3 dé chay né ma khong can tai xudng.
Thay d6i cac cong tic va quan sat cac dén LED.

18. Nhén RST.

19. Quay lai doan chuong trinh chinh va thay doi chuong trinh thanh nhu sau:

int main (void)

{

unsigned int temp;
Leds_Init();
Switches_Init();
while(1)

{

temp = Switches_In; //Read the switches
temp =temp + 5;

LEDs_Out = temp; //Output to LEDs

}

}

Cau 1énh temp = temp + 5; la sai trong toan hoc nhung khong sai trong 1ap trinh.

Chuong trinh tinh todn gia tri bén phai ciia dau '=' va dua nd vao bién & bén trai cia
dau '='.

O phia bén trai chi nén c6 mot bién.
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20. Bién dich chuwong trinh va kiém tra 13i.
21. Nhén RST trén hé thong.

22. Nhip vao nat Download and Run ﬂ trén S-ARM V3 dé tai xudng va chay
chuong trinh.

Ban khong phai chon lai t€p ARM_Project.hex.

23. Thay d6i cac cong tic va kiém tra xem céc dén LED c6 dugc thay doi tuong ng
hay khong.

S6 nhi phan cua dén LED 16n hon 5 so véi s nhi phan cta cong téc.
24. Nhan RST dé dimg chuong trinh dang chay.
25. Chuong trinh c6 thé duoc thay d6i thanh mot chuong trinh don gian hon nhu sau:

int main (void)

{

Leds_Init();

Switches_Init();

While(1)

{

LEDs_Out = Switches_In + 5; //Output to LEDs switches number + 5
}

}

Chuong trinh nay chuyén trang thai cong tic sang LED + 5 ma khong can su trg giup
cua bién trung gian. Hay phéan tich chuong trinh nay.

Luu ¥ rang Viéc khai bao bién temp nén duoc x6a hoic chuyén thanh mot dong ghi
chu.

26. Str dung trinh chinh stra dé thay doi chuong trinh thanh chuong trinh & budc 25.
27. Bién dich chuong trinh va kiém tra 15i.

28. Nhan RST trén thé.

29. Tai xudng va chay chuong trinh bang cach nhap vao nit Download and Run
s

30. Thay doi cac cong tic va kiém tra xem cic dén LED c6 thay doi twong (g khong.
31. Nhan RST dé dimg chuong trinh dang chay.

32. Kich hoat cac dau '/*  */' bang cach xo6a hai dau gach chéo & dau mdi dong.

Chuong trinh chuyén sang mau xanh luc.

Thi nghi€ém 2.3 - Lénh For
Muc tiéu:
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= @idi thi¢u 1énh For.

= (G101 thi€u cac 1€nh so sanh.

= Str dung vong lap For dé tao tré (delay).
Théo luén:

Lénh For dugc st dung dé thyuc thi mot nhom 1énh trong mot vong 1dp ¢ trong nhiéu
vong 1ap xéac dinh.

Lénh nay bao gdm 4 phan:

1. Lénh khoi tao. Thong thuong, cac 1énh khoi tao X&€ nghia mot gia tri ban dau cho
bién ctia vong lap, nhung mot 1€énh hoac cac 1énh bo sung co6 thé duogc thuc thi.

2. biéu kién can duoc kiém tra ¢ cudi tap 1énh dé xac dinh c6 thuc hién mot vong 1ap
khéc hay khong.

3. Lénh duoc thuc hién ¢ cudi mdi vong 1ap. Thong thudong, ting hodc gidm cac 1énh
cua bién cua vong ldp, nhung mot 1€nh hodc cac 1énh bd sung c¢6 thé dugc thuc hién.

4. Mot tap lénh dé thyc thi.
Lénh nay cé thé sir dung mdt bién 1am bd dém.
Vi du:
intl;
for (I=1; 1'=10 ; 1++)
{
Instructions set
}
Trudc 1€nh, ching ta xac dinh bién I 1a mét s6 nguyén.
Tap 1énh duoc xac dinh gitta dau ngoac 'For' s€ dugc thuc thi 10 lan.
Gié tri ban dau cua I duoc xac dinh 13 1 & dau vong lap.

Biéu thuc I++ c6 nghia 13: ting I 1én 1. N6 tuong duong véi biéu thirc:

I=1+1;
Vao cudi mdi vong lap, I dugc so sanh (sau khi tang dan) vai 10. Néu n6 khac 10 (boi
biéu thuc 1! = 10), vong 1ap bo sung s€ dugc thuc hién.

Céc dieu kién sau c6 thé dugc st dung:

> Lo6n hon

< Nho hon

>= Lén hon hoic bang
<= Nho hon hoic bang
I= Khéc nhau

== Biang nhau

Chu y déu '==".
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D¢ phén biét giita ddu = don (danh dau mot 1énh Gén) va phép so sanh, mot dau ding
thirc khac da duogc dinh nghia: '= =". Vi¢c ghi nh¢ di€u nay la rat quan trong.

Chuong trinh sau ddy lam cho céc dén LED nhép nhay.
int main (void)

{

Int val;

unsigned int i;

Leds_Init();

while(1)

{

val = 0xff;

LEDs Out =val;

for (i=1;1!=0X100000 ; i++)
{

}

val = 0x00:;

LEDs Out =val;

for (i=1;i!'=0X100000 ; i++)
{

}

}

}

Lénh for trong chuong trinh nay khong bao gdm bat ky tap 1énh nao dé thuc hién. No
chi hoat dong nhu mot vong 1ap tao tre.

N6 c6 thé duoc viét nhu sau:
for (i=1;1!=0X100000 ; i++);

Chu y dén dau ';' & cudi 1énh, dau nay khong xuat hién khi chung ta sir dung dau ngodc
don.

S6 0X100000 & hé thap luc phan bang s6 1,048,576 ¢ hé thap phan.

N6 c6 nghia 1a 1énh For thyc hi¢n mot triéu vong 1dp. Trong khi chay chuong trinh,
ban s€ thay n6 can bao nhiéu thoi gian.

Chuong trinh bat dén LED, tao do tré, tat dén LED, tao mot thoi gian tré khic va bat
dau lai.

Trong chwong trinh, chung ta sit dung hai bién.
Mot 1a i, duoc khai bao la:
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unsigned int i;

Hai la val, duoc khai bao la:

Int val;

Day 1a khai bao sd nguyén da xac dinh.

Trinh ty thye hién:

1. Vao thu vien ARM_Project va nhap dip vao tép ARM_Project.uvprojx. Theo tai
lidu nay, duong dan dén t&p ARM_ Project.uvprojx 1a“C:\Courses\3192\S-

ARM_V3\ARM Project”

2. Kiém tra xem main.c c6 dang mé nhu trong man hinh sau day khong:

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

T d e @B 9 - o £ iF @ print to PC JRe Q- e S&- B~ N
S & e $8 | ARM_Project SEN R Al )
Functions L x| ] Mainct
= =] Main.c A 850
@ adc_delay 00 851
@ adc_delay_1() ' 852 Delayv()
@ Delay () i:i 8 G
9 :dchy ms (Unsgned char | ;55 ;‘; Tz =1 ; i != 0X100000 ; i++);
@ delay_us (volatile uint16_t 256 )
@ DMA1_Channell_IRQHanc 857
@ ee_byte_read (void) 858
@ ee_byte_send (volatile uns 859 int main (void)
@ ee_delay (void) D 860 [ {
@ ee_read (volatile uint16_t e gel |
@ ee_start (void) 2:2
66 stop (void) ;éi Switches to LEDs
@ ee_write (uint16_t ee_addr, 265
@& EXTI9_5_IRQHandler (void) 866
@ Int_Vector_Init (void) 867 emp
9 keys_delay (void) 868
@ lcd_clean_line (unsigned ¢ 869
@ lcd_command (char d) 870
@ lcd_cursor_location (char» z;; —
@ lcd_data (char d) ;73 sl
@ lcd_print_num (unsigned ¢ 874 Read: -
@ lcd_write_P (charx, chary, 875 utput t
¢ 876 '
@ NVIC_ SetVectorTable (uint 877
@ read_adc (unsigned char ¢ 878
@ Read_serial_adc (void) S 879
880
s 881

= G {} Fun... ",.') <
Hinh 1. 35

3. Cudn xudng chwong trinh main() cho dén khi ban nhan dwoc man hinh sau:
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File Edit View Projet Flash Debug Peripherals Tools SVCS Window Help

T BEHd@ LR | - .RRER JEE Itz | @ printto PC Jaea-le o & B-| &
gl;ll*_‘la‘ "‘?C'|ARM_ij!n v}&‘b'—.?ﬁ
Functions L x | ] Main.c
=] Main.c " 877
& adc_delay 00 878 «f
& adc_delay_1() 879
@& Delay () g:i Ei .
: ::::;'T:;f;:;g::?ﬁi:‘;'tt 882 | ///TTIITTEFII PRI AT EE i i i i tiidddidiiliitiiirtiriiliiiiey
N - 883 | // Blinking LEDs
4 DMA1_Channell_IRQHanc AN
& ee_byte_read (void) 885
@ ee_byte_send (volatile uns 886 int wval:
@ ee_delay (void) 887 unsigned int i;
& ee_read (volatile uint16_t e 888
@ ee_start (void) 889 Leds_Init():
& ee_stop (void) e . .
891 while(l)
& ee_write (uint16_t ee_addr, sa2 (
& EXT9_5_IRQHandler (void) 853 val = Oxff:
& Int_Vector_Init {(void) 894 LEDs Out = val:
@ keys_delay (void) gas for (i = 1 ; i '= 0X100000 ; i++)
@ lcd_clean_line (unsigned ¢ 896 {
@ lcd_command (char d) 897 }
& lcd_cursor_location (chars 898 _"‘*l = 0x00
& lcd_data (char d) a3 LEDs Ouc = val:
. 800 for (i =1 i = i++)
& led_print_num (unsigned ¢ 201 q
@ lcd_write_P (charx, chary, 502 }
& main (void) 03
& NVIC SetVectorTable (uint 804
@ read_adc (unsigned char ¢ 905 || */
& Read_serial_adc (void) ~ g06
< > 907 |
so08H /*
Erroj G s {}Fun... I]..TE'T . <

Hinh 1. 36

Phan nay chtra chuong trinh Blinking LEDs.

4. Kich hoat chuong trinh bang cach stra hai ky hiéu gio1 han doan chuong trinh thanh
doan ghi chu bang cach thém hai dau gach chéo vao dau moi ky hi¢u gisi han va ban
s€ nhan dugc man hinh sau:

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

NMEEH@| 4 DR[| @= | P B™ M| EE/E NG| B prittorc JRe|la-|e & B-| A
& (E B & i 88| arm_projeat SEIE R A
Functions L9 x | ] Mainc
B (=] Main.c ~ 877
§ adc_delay 00 878 /
@ adc_delay 10 879
$ Daiy0 oo | 1/ /-
: ::::;—u"‘:(‘(":':"f?::‘i’ni:';': ANl
- - 883 | // Blinking LEDs
@ DMAT_Channell_IRQHanc 888 | /////011IIITIIEETIIIIIEIIATEIIITITEEIT0ITIEAITIIEIIIIIITIIIIIIIE]
@ ee_byte_read (void) 885
§ ee_byte_send (volatile uns 886 int val;
§ ee_delay (void) 887 unsigned int i;
@ ee_read (volatile uint16_t e 888
@ ee_start (void) 889 Leds_Init();
. 890
¢ eE_S'O.p (Vu.ld) 891 while (1)
@ ee_write (uint16_t ee_addr, 892 {
@ EXTI9_5 IRQHandler (void) Fr val = owees
- @ Int_Vector_lInit (void) 894 LEDs_Out = val;
@ keys_delay (void) 895 for (i =1 ; i !'= OX100000 ; i++)
@ lcd_clean_line (unsigned ¢ 896 [ {
§ lcd_command (char d) 897 |- }
@ lcd_cursor_location (chars 898 val = 0x00;
® lcd_data (char d) 299 LEDs Out =wal;
. . S00 for (i = 1 ; i '= 0X100000 ; i++)
9 lcd_print_num (unsigned « 201 [ {
@ lcd_write_P (charx, chary, 902 | )
& main (void) 903 }
@ NVIC SetVectorTable (uint 904 |
@ read_adc (unsigned char ¢ 805 | // */
@ Read_serial_adc (void) v 906
< 5 907
908 (] /*
&l proj... | @ sooks {}Fun... |OyTem...| | €

Hinh 1. 37
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5. Quan sat chuong trinh va so sanh n0 véi chuong trinh bai tap:

int main (void)

{

int val;

unsigned int i;

Leds_Init();

while(1)

{

val = 0xff;

LEDs Out =val;

for (i=1;1!=0X100000 ; i++)
{

}

val = 0x00;

LEDs Out =val;

for (i=1;1!=0X100000 ; i++)
{

}

}

}

6. Kich hoat trinh bién dich bang cach nhip vao biéu tugng oy

Trinh bién dich va trinh lién két C s& duoc kich hoat va thuc hién qua trinh bién dich,
dinh vi va chuyén doi tur t€p cua ban sang t¢p HEX.

7. Cira s6 cho ta thiy cac hoat dong va két qua ctia chuong trinh duoc hién thi & cubi
man hinh.

Kiém tra dé dam bao rang khong c6 16i va khong cé canh bao nao.
8. Néu ¢ sai sot, hay stra 16i va 1ap lai cac budc 6 va 7 mdt lan nira.
9. Kich hoat chuong trinh S_ARM V3.

Man hinh sau s€ xuat hién:

48



< 5-ARM V3_00 - X

|C: YCourses\EB2000\S_ARM'ARM_Project\aRM_Project. hex Browse...|

s

N1
Y

Ll

Board is connected

Hinh 1. 38
10. Nhép vao niit Browse va st dung trinh duyét dé tim tép ARM_Project.hex.
Mo tép nay.
11. Kich hoat EITPS-3192.
12. Tai xudng va chay chuong trinh bang cach nhap vao nat Download and Run

ﬂ trong S-ARM V3

Chuong trinh s& duoc tai xudng va bat dau chay.
13. Quan sat cac dén LED nhap nhay.

S6 0x100000 & hé thap luc phan va bang s 1,048,576 & hé thap phan. N6 c6 nghia 1a
1énh For thuc hién mot tri€u vong lap.

Pén LED nhép nhay 5 1an mdi gidy. Mot vong lap tré bao gom khoang 10 ma may. N6
c6 nghia 1a by xtr ly ARM thuc hi¢n khoang 50 tri¢u 1€nh trong mot gidy.

14. Nhan RST dé dirng chuong trinh dang chay.

15. Chuong trinh van con luu trong bd nhé cua bo thi nghiém.

Nhap vao nat Run ﬂ dé chay n6 ma khong can tai xudng.

16. Quan sat cac den LED.

17. Nhan RST.

18. Thay vi sir dung bién "val', chiing ta c6 thé xuat sé truc tiép dén cac dén LED.
Chung ta ciing sé& thay d6i nhip do nhap nhay.

Thay d6i chuong trinh thanh chuong trinh sau.

int main (void)

{

unsigned int i;
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Leds_Init();

while(1)

{

LEDs_Out = Oxff;

for (i=1;i!'=0X50000 ; i++);

LEDs_ Out = 0x00;

for (i=1;i!=0X50000 ; i++);

}

}

19. Luu va bién dich (néu ¢6 sai sot thi stra 16i va bién dich la1).

Trudc khi tai xudng, hay nhan RST, sau d6 tai xudng va chay chuong trinh.
20. Kiém tra xem téc do nhay co thay doi khong.

21. Nhan RST dé dimg chuong trinh.

22. Thay d6i chuong trinh thanh téc do nhap nhay cham hon.

23. Luu va bién dich (néu c6 sai sot thi sira 16i va bién dich lai).

Trude khi tai xudng, hiy nhan RST, sau d6 tai xudng va chay chuong trinh.
24. Kiém tra xem tbc do nhay c6 thay doi khong.

25. Nhan RST dé dirng chuong trinh.

26. Thay d6i chuong trinh sao cho ‘pén dén LED bén phai s&¢ BAT mot 1an, va sau d6
bon dén LED bén trai s& BAT mét lan.

27. Luu va bién dich (néu c6 sai sot thi sira 16i va bién dich lai).

Trudc khi tai xubng, hay nhan RST, sau d6 tai xudng va chay chuong trinh.
28. Kiém tra xem kiéu nhap nhay d3 duoc thay d6i twong Gmg chua.

29. Nhan RST dé dimg chuong trinh.

30. Thay doi chuong trinh sao cho dén LED dau tién tr bén phai sé& BAT, sau mot
khoang thdi gian tré, dén LED thir hai & bén phai s& BAT, sau mot khoang thoi gian
tré nira, dén LED thi ba tir bén phai s& BAT va ct tiép tuc nhu vay cho dén khi dén
LED cudi cuing s& bat. Loai chuong trinh nay duogc goi 14 "dén chay".

31. Luu va bién dich (néu c6 sai sot thi sira 16i va bién dich lai).

Trude khi tai xudng, hiy nhan RST, sau d6 tai xudng va chay chuong trinh.

32. Kiém tra xem kiéu nhip nhay da thay d6i twong tng chua.

33. Nhan RST dé dimg chuong trinh.

34. Kich hoat cac dau '/* */' bang cach x6a hai ddu gach chéo & dau mdi dong.

Chuong trinh chuyén sang mau xanh luc.
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Thi nghiém 2.4 — Poan chwong trinh va Ham chirc nang
Muc tiéu:

* Lam quen v6i cac chuong trinh con va cac ham.

= Tao ham tré véi vong lap FOR.

= Céch chuyén bién vao ham va tir ham.

= Str dung hang sb va lénh #DEFINE.

Théo luén:

Mot doan chuong trinh nhé (subroutine)la mot chuong trinh con. Viéc goi mdt chuong
trinh con duoc thyc hién bang cach gd tén cua nd. Theo cach ndy, moi chwong trinh
con trd thanh mot 1énh mai. Chung ta c¢6 thé chuyén cac gid tri cho chuong trinh con
khi goi n6 hoac nhan cac gia tri tir CAC chwong trinh con. Trong truong hop nay, ching
ta goi chuong trinh con 1a mot ham. Chiing ta s& goi tat ca cac chuong trinh con la cac
ham.

Nén viét cac ham trude chuong trinh chinh. Quy tac 1a ham dugc goi phai ¢ trén 1€nh
goi. Theo cach nay, 1énh goi luén danh cho mét ham da dugc xac dinh trude do.

Chuong trinh sau day 1a chuong trinh nhap nhdy cua dén Led khi str dung ham.
Delay()

{

inti;

for (i=1;i!=0X100000 ; i++);

}

int main (void)

{

Leds_Init();

Switches_Init();

while(1)

{

LEDs_Out = Oxff;

Delay();

LEDs_Out = 0x00;

Delay();

}

}

Bién i dd duogc thay doi thanh bién cuc bd ciia doan chuong trinh delay().
Switches_Init() 1a danh cho cac bai tap tiép theo.
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Trong chuong trinh sau, chuong trinh chinh chuyén thoi gian tré sang ham delay.
Delay(int length)

{

inti;

for (i=1;i!=length;it++);
}

int main (void)

{

Leds_Init();
Switches_Init();

while(1)

{

LEDs_Out = Oxff;
Delay(100000);

LEDs_Out = 0x00;
Delay(200000);

}
}

2.4.1. Ham

Mot ham 1a mot chuong trinh con, tra vé mot dit liéu cho chuong trinh da goi no.
Trong truong hgp nay, ham dugc xac dinh nhu 1a mot bién.

Mot ham tra vé dit liéu c6 thé dugce tinh todn ma khong can sir dung dit liéu tra vé.

Gia sir rang ching ta mudn sd xudt hién trén cac cong tic dau vao sé nhip nhay.
Chung ta chi dinh cac cong tac doc doan chuong trinh tré (delay) nhu trong chuong
trinh sau.

unsigned int Delay (int length)

{

inti;

for (i=1;i!=length;i++);
return(Switches_In);

}

int main (void)

{

unsigned int val;
Leds_Init();
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Switches_Init();
while(1)

{

val = 0x00;

LEDs Out = val;
val = Delay(10000);
LEDs_Out = val;
Delay(20000);

}

}

Hay cha y dén I¢nh:

val = Delay(10000);

Lénh nay goi ham Delay va nhan mot gia tri tr ham nay.
2.4.2. Lénh #define

Khi chiing ta sir dung cac hang s6 trong chuong trinh, ching ta muén dit tén nhat dinh
cho ching va xéc dinh gia tr1 s6 cua ky hi¢u nay & mdt vi tri nhat dinh.

Néu mubn thay ddi gia tri sd, chung ta thay doi né & mot vi tri va ching ta khong phai
tim kiém trong chuong trinh nhitng noi bi anh hudng badi so nay.

Chi 1énh cho loai nay la chi 1énh DEFINE.

Ddi v6i mdi chi 1énh dic biét nhu chi 1énh nay (la mot chi 1&€nh cho trinh bién dich va
khong phai 1a mdt phan ctia chuong trinh), dau '#' dugc thém vao dau cua no.

Vi du: chung ta viét cac hang s cho biét do tré kéo dai khac nhau, nhu sau:
#define long_delay 0X20000
#define short_delay 0X10000

Khi trinh bién dich tim thiy chi 1énh #define, no s& thay thé tén da khai bao bang tir &
bén phdi & moi vi tri ma no tim thay trong chuong trinh va sau d6 thuc hién qua trinh
bién dich.

Day 1a 1y do tai sao 1énh #define khong nén két thuc bang dau ';'.

Chung ta c6 thé st dung 1énh #define dé thay thé mot 1énh phirc tap bang mot tir don
gian, nhu chung ta lam véi Switches_In va LED_Out:

#define Switches_In ((GPIOD->IDR) & 0xff)

#define LEDs _Out LED _PORT->ODR

Y nghia cta cac 1énh bén phai dugc giai thich trong chuong 3.
Chuong trinh sau day sir dung cac hang sé dugc khai béo cho do tré.
unsigned int Delay(int length)

{
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inti;

for (i=1;i!=length ; i++);
return(Switches_In);

}

#define long_delay 0X200000
#define short_delay 0X100000
int main (void)

{

unsigned int val;
Leds_Init();
Switches_Init();
while(1)

{

val = 0x00;

LEDs _Out =val;
val = Delay(short_delay);
LEDs Out =val;
Delay(long_delay);
}

}

Trong khi goi doan chuong trinh tao tré (delay), d6 dai bién cuc bd length ctia n6 nhan
gia tri s0 bén trong dau ngodc don. B dai vong lap FOR sé la tuong tng. Thay vi chi
ra gia tri s0, chiing ta chi ra hang so theo cac chi 1énh trén.

Trinh tu thuc hién:

1. Vao thu vién ARM_Project va nhp dup vao tép ARM_Project.uvprojx. Theo tai
litu nay, duong din dén tép ARM Projectuvprojx 1a“C:\Courses\3192\S-
ARM_V3\ARM Project”

2. Kiém tra xem main.c c6 dang mé nhu trong man hinh sau day khong:
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3. Cudn xuéng chuong trinh main() cho dén khi ban nhan duoc man hinh sau:
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S & B~ A

& | 2~ 1| 98| armprojea FEIN K X
Functions L | ] Mainc*
B [=] Main.c ~ || 898 val = 0x00;
-~ @ adc_delay 00 899 LEDs_Out = val;
@ adc_delay_10 300 for (i =1 ; i != 0X100000 ; i++)
¢ Delay 901 {
. 02 }
- @ delay_ms (unsigned char k
- 03 }
- @ delay_us (volatile uint16_t %04
- @ DMA1_Channell_IRQHanc %05 =/
-~ @ ee_byte_read (void) Q06
- @ ee_byte send (volatile uns 907
-~ @ ee_delay (void) S08[] /*
. @ ee_read (volatile uint16_t e 808 | /ST TIEIRIIIIIEIIILI TR ESEIII I IEII TP IT i PTiIiriiiririiiiry
& ee start (void) 810 | // Blinking LEDs with Delay Subroutine
e ee_stop(void) 1L | S/ IIITITIETET T E LTI I TP I T T R IR P i iidiiririiiilielirirty
. . 912
— @ ee_write (uint16_t ee_adldr, 913 Leds_Init():
-~ @ EXTS_5_IRQHandler (void) 514 Switches_Init():
.. @ Int_Vector_Init (void) 915
.... @ keys_delay (void) 916 while (1)
---- @ lcd_clean_line (unsigned ¢ 917 {
---- & lcd_command (char d) g18 LEDs_Out = Oxff;
---- ® lcd_cursor_location (char> — Delay(): _
llll & lIcd_data (char d) g20 LEDs_Out = 0x00;
. . 921 Delay() :
---- @ lcd_print_num (unsigned ¢ 522 }
---- & lcd_write_P (charx, chary, 923
.... ¢ main (void) @24 x/
---- @ NVIC_SetVectorTable (uint 925
- @ read_adc (unsigned char c 926 |
---- @ Read_serial_adc (void) v 927 /*
928 | S/SILIITTTEERETELELEITTI TR TR EE LI I E I PP E L i E i iiiiiiriieiesy
< > . A
929 | // If and logic conditions
& Proj... | €@ Books ”Fun...l[l..Tem‘..\ <
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Phén nay chira chuong trinh Blinking LEDs with Delay Subroutine.

4. Kich hoat chuong trinh bang cach stra hai ky hi€u gioi han doan chuong trinh thanh
doan ghi chu bang cach thém hai dau gach chéo vao dau moi ky hiéu gidi han va ban

s€ nhan duogc man hinh sau:

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

Eda @B 9 - | o iE iF /) [ printto PC VR Q- e S &-BE- A

& EE e $9 | ARM_Project R AR e O&
Functions L x | 1 Mainc
B[] Main.c " 898

® adc_delay 00 899

@ adc_delay 10 900 = 0X100000 i1++

@ Delay () go01

@ delay_ms (unsigned chark :gi

@ delay_us (volatile uint16_t a0a

& DMA1_Channell1_IRQHanc 505

@ ee_byte_read (void) 906

@ ee_byte_send (volatile uns S07

® ee_delay (void) g0s8

@ ee_read (volatile uint16_t e 909

@ ee_start (void) 910

@ ee_stop (void) Zié

@ ee_write (uint16_t ee_addr, a13 Leds Tnit():

@ EXTI9_5_IRQHandler (void) 914 Switches Init 0:

® Int_Vector_Init (void) 915 -

@ keys_delay (void) 916 while (1)

® lcd_clean_line (unsigned ¢ 8917+ |

@ lcd_command (char d) 818 LEDs_Out = Oxff:

@ lcd_cursor_location (char» o919 Delay();

@ lcd dota (char ) 820 LEDs_Out = 0x00;

) 921 Delay():

@ lcd_print_num (unsigned ¢ 922 R

@ lcd_write_P (char x, chary, 523

& main (void) 924

@ NVIC_SetVectorTable (uint g25

® read_adc (unsigned char ¢ 926

@ Read_serial_adc (void) v QZTT *

= 928 /
929 If and logic conditions

<
Eeroj... [ @8ooks () Fun.. [0, Ter
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5. Quan sat chuong trinh va so sanh nd véi chuong trinh bai tap:

Delay()
{

inti;

for (i1=1;1!=0X100000 ; i++);

}

int main (void)

{

Leds_Init();
Switches_Init();
while(1)

{

LEDs_Out = Oxff;
Delay();
LEDs_Out = 0x00;
Delay();
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}
}

Ham Delay() nam trén ham int main (void) trong chuong trinh.

6. Cudn Ién trén main mdt chut va quan sat ham Delay().

7. Kich hoat EITPS-3192.

8. Kich hoat chuong trinh S-ARM V3.

9. Luu va bién dich (néu c6 sai sot thi stra 161 va bién dich lai).

Trude khi tai xudng, hiy nhan RST, sau d6 tai xudng va chay chuong trinh.
10. Quan sat cac dén LED nhip nhay.

11. Nhan RST dé ding chuong trinh dang chay.

12. Thay d6i chuong trinh va doan chuong trinh Delay() thanh nhu sau:
Delay(int length)

{

inti;

for (i=1;i!=length;i++);
}

void main (void)

{

Leds_Init();
Switches_Init();

while(1)

{

LEDs_Out = Oxff;
Delay(1000000);
LEDs_Out = 0x00;
Delay(2000000);

}

}

13. Luu va bién dich (néu c6 sai sot thi sira 15i va bién dich lai).

Trude khi tai xudng, hiy nhan RST, sau d6 tai xudng va chay chuong trinh.

14. Kiém tra xem téc d6 nhay c6 thay doi khong. Khoang thoi gian BAT phai khac vai
khoang thoi gian TAT.

15. Nhan RST dé dimng chuong trinh.
16. Thay doi chuong trinh thanh chwong trinh sau:

unsigned int Delay (int length)
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{

inti;

for (i=1;i!=length; i++);
return(Switches_In);
}

void main (void)

{

unsigned int val;
Leds_Init();
Switches_Init();
while(1)

{

val = 0x00;
LEDs_Out = val;

val = Delay(100000);
LEDs_Out = val,;
Delay(500000);

}

}

17. Luu va bién dich (néu ¢6 sai sot thi stra 16i va bién dich la1).
Trude khi tai xudng, hiy nhan RST, sau d6 tai xudng va chay chuong trinh.

Céc dén LED s& nhp nhay & cac thoi gian tré khac nhau nhu trong chuong trinh trude
d6 nhung tuy theo trang thai ctia cong tac.

18. Thay ddi cac cong tic.

Pén LED s& nhip nhay theo trang thai clia cong tic.
19. Nhan RST dé dimg chuong trinh.

20. Thay d6i chuong trinh thanh chuong trinh sau
unsigned int Delay (int length)

{

inti,

for (i=1;i!=length; i++);
return(Switches_In);

}

#define long_delay 0X200000
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#define short_delay 0X100000

int main (void)

{

Unsigned int val;

Leds_Init();

Switches_Init();

while(1)

{

val = 0x00;

LEDs Out =val;

val = Delay(short_delay);

LEDs _Out =val;

Delay(long_delay);

}

}

Cac chi 1énh #define phai ¢ trudc ham main().

21. Luu va bién dich (néu c6 sai sot thi stra 161 va bién dich lai).
Trudc khi tai xudng, hdy nhan RST, sau d6 tai xuéng va chay chwong trinh.
22. Thay ddi cac cong tac.

Cac dén LED s¢ nhép nhay theo trang thai cia cong tac.

23. Nhan RST dé ding chuong trinh.

24. Trinh bién tap gitp ban dé dang tim thay bat ky khai bao hodc ham nao.
Nhép chudt phai vao dong 1énh Switches_In. Cira s6 sau s& xuat hién:

Split Window horizontally

Insert "#Finclude file’ >

Toggle Header/Code File

@& Insert/Remove Breakpoint F9
Enable/Disable Breakpoint Ctrl=F3
Go To Definition Of 'Switches_In" F12
Go To Next Reference To "Switches_In" Ctri=Num -+
Go To Previous Reference To "Switches_In" Ctri=Num -

E':l Insert/Remove Bookmark Ctrl+=F2

=)  Undo Ctri+Z
Redo Ctrl=Y
Cut Ctrl=X
Copy Ctrl=C

I8, Paste Ctrl=V
Select All Ctri=A
Outlining >
Advanced >

Hinh 1. 42

59



25. Nhép vao 'Go To Definition of "Switches_In" va trinh bién tap s& ngay lép tirc
chuyén ban dén khai bao (definition) trong main.h.

26. Kich hoat cac dau '/* */' bang cach x6a hai ddu gach chéo ¢ d¢au mdi dong.
Chuong trinh chuyén sang mau xanh luc.

Thi nghiém 2.5 — Lénh If-Else va phép toan Logic

Muc tiéu:

* Lam quen vdi [énh If-Else.

= Mo rong thao luan vé cac toan tir so sanh.

= Lam quen voi I¢nh Break.

= Cac phép toan logic.

= Két ndi logic giita cac diéu kién.

Thao luan:

Lénh If 1a mot 1énh 6 diéu kién. Piéu kién khong chi dugc chi ra, ma con kém theo
1énh thuc thi khi diéu kién 1a ddng.

Vi du:
if (i>3000)
{
val = 0XO0F;
}
val nhan gia tri 0XOF khi i> 3000.
Lénh c6 thé duoc nang cao thanh nhu sau:

if (i>3000)
{

val = Ox0F;
}
else
{

val = OxFO;
}

Val nhén gia tri 0xOF néu diéu kién i> 3000 14 dung va val nhan gia tri 0xFO néu diéu
kién 1> 3000 1a sai. C6 thé viét nhiéu hon mgt 1énh bén trong dau ngodc nhon.

Mot 1énh diéu kién c6 thé dugc sir dung bén trong mot 1énh diéu kién khéc, chang han
nhu:

if (i> 3000)
{

A++;
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If (A>7)
{

A=0;

}

}
2.5.1. Phép toan logic

Mot phép toan logic 1a mot phép toan dugc thuc hién trén hai chir sé nhi phan hodc
trén hai s6 nhi phan.

M3i chit sd nhi phan chi ¢6 hai trang thai - '0' hoac '1".
Co6 ba phép toan logic co ban: AND, OR va NOT

Cac ky hiéu sau dugc xac dinh cho cac phép toan logic:
& - AND

| - OR

I - NOT

2.5.2. Phép toan AND

Néu A va B 12 hai chir s6 nhi phan con Y 1a két qua phép toan AND trén hai chit s6 do,
thi Y hoat dong theo bang trang thai sau:

—_— = o o @
— o ~ ol >
- o o] <

A va B ¢6 bbn kha ning c6 thé két hop.
Y sé& chi bang 1 khi A VA B bang 1.
2.5.3. Phép toan OR

Néu A va B 14 hai chit s6 nhi phan con Y 1a két qua phép toan OR trén hai chit s6 do,
thi Y hoat dong theo bang trang thai sau:

B

AlY
010
111
011
111

_— = O O
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A va B ¢6 bbn kha ning c6 thé két hop.
Y s& chi bang 1 khi A HOAC B bing 1 (hoic ca hai).
2.5.4. Phép toan NOT

Néu A 12 mot chir s nhi phan va Y 1a két qua hoat dong NOT ddi vdi chit s nay, thi
Y hoat dong tuan theo bang trang thai sau:

- ol »
o r| <

A ¢6 hai kha ning c6 thé két hop.

Y 14 phan bu 1 cta A (d6i cua no).

2.5.5. Phép toan logic trén s6 nhi phéan

Céc phép toan logic ciing ¢ thé dugc thuc hién trén hai s6 nhi phan.

Trong mot phép toan logic trén cac bién s6 nhi phan, cac diéu kién sau ton tai:
a) Cac bién s& 1a s6 nhi phan c6 clng s6 bit.

b) Két qua s& 1a mot s6 nhi phan c6 ciing s6 bit voi cac bién.

c) Phép toan logic duoc thuc hién riéng biét trén mdi bit.

2.5.6. Phép toan AND véi s6 nhi phan

Y=A&B Y=A AND B

Vi du:

A =01011001

B =01101010

Sau phép toan logic AND chuing ta nhan dugc:
Y = 01001000

Trén thuc té, phép toan nay duoc goi 1a phép giao va dugc ky hiéu nhu sau:
Y=ANB

Mot bit trong Y 1a 1 néu cac bit song song v&i nd trong A va B 1a 1.

Mot bit trong Y 1& 0 néu mot trong céc bit song song véiné & A hodc B 12 0.
2.5.7. Phép toan OR trén s6 nhi phan

Y=A|B Y=A OR B
Vi du:

A =01011001

B =01101010
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Sau phép toan logic OR ching ta nhan dugc:

Y =01111011

Phép todn nay duoc goi la phép hop va dugce ky hiéu nhu sau:
Y=A UB

Mot bit trong Y 1a 1 néu bit song song véi né trong A hodc B 12 1, hodc néu hai bit
trong AvaB la 1.

2.5.8. Phép toan NOT trén s6 nhi phan

Y =~A Y =NOT A

Vi du:

A =01011001

Sau phép toan logic NOT chung ta nhan duogc:

Y =10100110

Phép toan nay duoc goi 1a phan b va duoc ky hiéu nhu sau:
Y=~A

Mot bit trong Y s& 13 1 néu bit song song vdi nd trong A 1a 0 va nguoc lai.
Hay viét mot chuwong trinh BAT dén LED néu bit D7 ciia cong tac gat Ién.
int main (void)

{

unsigned int val;

Leds_Init();

Switches_Init();

while (1)

{

val = Switches In& 0x80;

if (val== 0x80)

{

LEDs_Out = Oxff;

}

else

{
LEDs_Out = 0x00;
}
}
}

Chung ta c6 thé bo bién val dé kiém tra logic va viét diéu kién nhu sau:
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if ((Switches_In& 0x80) == 0x80)

{

}
2.5.9. Piéu kién Logic

Moi c4u diéu kién nhu I> 3000 déu dan dén phép toan so sanh ma két qua 14 mot trong
hai kha nang - Ding hodc Sai.

Chung ta c6 thé str dung cac cau diéu kién bao gdbm mot sé diéu kién logic gitta chung.
Co6 hai diéu kién logic c6 thé duoc xéac dinh gilta cac cau diéu kién.
AND duoc ky hi¢u boi &&
OR duoc ky hiéu boi | |
Vi du:
If (i>3000) && (A <7)
{
A++;
}
A s€ tang 1 néu 1> 3000 VA A<T7.
Chi khi hai diéu kién 1 dang thi A s& ting thém 1.
Mot vi du khéc:
If (i>3000) || (A<T7)
{
At+;
}
A sé& tang 1 néu i> 3000 HOAC A <7.
Chi can mot trong cac diéu kién 1a ding thi A sé& ting thém 1.

Mot diéu kién phuc tap c6 thé duoc viét dé kiém tra xem hai cong tic c6 gat 1én khdng
(D6 va D7):

if ((Switches_In& 0x80) == 0x80 && (Switches_In& 0x40))
{

}
Luu ¥ diu &&, diu nay cho biét diéu kién AND chir khong phai phép toan AND trén
hai s6 nhi phan. Két qua

Diéu kién dau tién s& ding néu cong tic D7 BAT va diéu kién tht hai s& dung néu
cong tac D6 BAT.
Céc 1énh s& duoc thyc hién néu diéu kién dau tién va diéu kién thir hai 14 ding.

Lwu v quan trong:
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Mot trong nhitng 161 phd bién nhat trong cac chuong trinh C 13 sy tron 1an giita cac ky
hiéu phép toan va ky hiéu di€u kién. Moi ngudi déu mac 10i nay ngay ca véi cac lap
trinh vién c6 kinh nghiém nhat. Loi nay rat kho6 khac phuc.

Dau '='1a mot phép sao chép gia tri tir bén phai ctia nd sang bién & bén trai cia né.
Dau '=='1a du diéu kién tao ra két qua 1a dung néu gia tri cta vé trai bang vé phai va
14 sai néu khong phai nhu vay.

Dau '&' 1a mot phép toan AND giita phia bén phai ctia Ky hiéu véi phia bén trai cua
no.

Dau '&&' 13 mot diéu kién logic AND giita phia bén phai ctia ky hiéu voi phia bén trai
cua no.

Dau '|' 1a mot phép toan OR gitta phia bén phai ctia ky hiéu véi phia bén trai cta né.
Ky hiéu |' 1a mot diéu kién logic OR gitta phia bén phai cta ky hiéu véi phia bén trai
cua no.

Néu chung ta sir dung mot dau phép toan thay vi ddu diéu kién logic, chuong trinh s&
thue hién phép toan va sé hoat dong theo két qua cuia phép toan.

2.5.10. Dich chuyén s6 nhi phan

Céc sb duoc str dung bai bd xir 1y ludn 13 sé nhi phan. Poi khi chung ta can dich
chuyén s0 sang trai hodc sang phai.

Gia tri ctia mot sb nhi phan dugc nhan do6i khi n6é duogc dich sang trai mot lan.
Vi du:

Gia tri ciia s6 01000001 13 65

Gia tri ctia s6 10000010 1a 130

Gié tri caa mot s6 nhi phan giam mot nira khi né dugc dich sang phai mot lan.
Trong vi du cia ching ta, 130 bién thanh 65 bang cach dich chuyén sang phai.
Déu dich chuyén 13 '<<'and '>>',

val = val<< 4

hoac

val = val>> 4

Gia tri méi ctia val s& bang gia tri trudc d6 ciia n6 duoc dich chuyén 4 lan.
2.5.11. Lénh Break

Lénh BREAK cho phép chung ta ro1 khoi mot ham hoac bat ky vong 1dp nao mac du
dieu kién cua vong lap chua két thuc.

Chuong trinh sau bién chuong trinh truéc thanh chuong trinh nhp nhay cua dén Led
€6 kiém tra cOng tac trong moi vong lap.

Néu cong tic DO BAT, mét 1énh break duoc thuc hién trong vong 1ap.
Delay()
{
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inti;

for (i=1; i'= 0x10000 ; i++)

{

if ((Switches_In& 0x01) == 0x01)

{

break;

}

}

}

main ()

{

Leds_Init();
Switches_Init();
while (1)

{

If ((Switches_In& 0x80) == 0x80)

{
LEDs_Out = 0x00;

}

else

{
LEDs_Out = 0x0f;

}
Delay ();
if ((Switches_In& 0x80) == 0x80)

{
LEDs_Out = Oxff;

}

else

{
LEDs_Out = 0xf0;

}
Delay ();

}



}

Néu 1énh "if' chi bao gdm mét 1énh dugc thuc thi khi diéu kién 1a ding, ching ta c6 thé

loai bo dau ngoac nhon nhu trong vi du sau:
if ((Switches_In& 0x01) = = 0x01) break;
Trinh ty thuc hién:

1. Vao thu vién ARM_Project va nhdp dup vao tép ARM_Project. Nhap vao thu
vién ARM_Project \{a nhap dup vao t€p ARM_Project.uvprojx. Theo tai li¢u nay,
duong dan deén tép ARM_Project.uvprojx 1a“C:\Courses\3192\S-

ARM_V3\ARM Project”

2. Kiém tra xem main.c c6 dang md nhu trong man hinh sau day khéng:

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

™ = a9 = | o £ iF @ printto PC JRe Q- e & BN
S EE e 3% | ARM_Project o X| & L vl ]
Functions L= ] Main.c
=- [ Main.c -~ 850 | }
@ adc_delay 00 851
@ adc_delay 10 [ 852 Delav ()
@ Delay 0 8SSE
@ delay_ms (unsigned char t ik sl
= 855 for (i = 1 ; i != OX100000 ; i++):
@ delay_us (volatile uint16_t 856 ‘
@ DMAT1_Channell_IRQHanc 8s7 i
@ e _byte read (void) 8ss8
@ ee_byte_send (volatile uns 859 int main (void)
@ ee_delay (void) P seot
@ ee_read (volatile uint16_t e se1 |
@ ee_start (void) ge2 [
@ ee_stop (void) et AL b L
@ ee_write (uint16_t ee_addr, SiE e ey ey
® EXTI9_5_IRQHandler (void) G
@ Int_Vector_Init (void) 867
@ keys_delay (void) ses
@ lcd_clean_line (unsigned c 869
@ lcd_command (char d) 870
@ lcd_cursor_location (char> 871
® lcd_data (char d) s
@ lcd_print_num (unsigned ¢ =y S e
@ lcd_write P (charx, chary, 87s atpUt t
° 876 ‘
@ NVIC_SetVectorTable (uint 877
@ read_adc (unsigned char c 878
@ Read_serial_adc (void) = 879
< > B |
881 |
= @Geoors (FFun.. [0, <
N
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3. Cuon xuong chuong trinh main() cho dén khi ban nhan dugc man hinh sau:
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
= d o a9 - - o @ print to PC v R Qe S @a-|EH-|| N
£ & & e~ %% | ARM_Project O A | 4 ¢ T @&
Functions L~ | ] Mainc
= [=] Main.c ~ 922
@ adc_delay 00 923
@ adc_delay_10 s24
@ Delay 0 232 |
@ delay_ms (unsigned char =l
@ delay_us (volatile uint16_t ;28 i
® DMAI1_Channell_IRQHanc a29 If and logic conditions
@ ee_byte_read (void) s30
@ ee_byte_send (volatile uns o931
@ ee_delay (void) 32
@ ee_read (volatile uint16_t e @33
@ ee_start (void) ik
@ ee_stop (void) 22:
@ ee_write (Uint16_t ee_addr, ;3.,
@ EXTI9_5_IRQHandler (void), o38
@ Int_Vector_Init (void) o939 Ox8
@ keys_delay (void) 940
@ lcd_clean_line (unsigned ¢ s41
@ lcd_command (char d) s42
@ lcd_cursor_location (char> 943 :
@ lcd_data (char d) 2:; -
@ lcd_print_num (unsigned « aie R o
@ lcd_write_P (charx, chary, 947 =
@ main (void) s4s
@ NVIC_SetVectorTable (uint s4s
@ read_adc (unsigned char ¢ ss0
@ Read_serial_adc (void) -~ —=
- = 952 |
953
= @coor: Urun..[047 <
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Phén nay chira chuong trinh IF and logic conditions.

4. Kich hoat chuong trinh bang cach stra hai ky hi€u gioi han doan chuong trinh thanh
doan ghi chu bang cach thém hai dau gach chéo vao dau moi ky hi€u gidi han va ban
s€ nhan duogc man hinh sau:

File Edit View Projet Flash Debug Peripherals Tools SVCS Window Help

G d o @9 .- o = IF @ printto PC VRS Qe & BN
" &~ b&’:lp ARM_Project v A\ ﬁ < ‘f &
Functions a 2 _] Mainc
& ] Mainc A 922
® adc_delay 00 923
® adc_delay 10 924
@ Delay () 925
@ delay_ms (unsigned char t zgs
@ delay_us (volatile uint16_t ;28
¢ DMA1_Channell_IRQHanc 929 If and logic conditions
@ ee_byte _read (void) @30
@ ee_byte send (volatile uns 931
@ ee_delay (void) 932 unsigned int val;
@ ee_read (volatile uint16_t e 933
@ ee_start (void) 234 ';eds_:.nlt() ;
® ee_stop (void) ;32 Switches_Init():
@ ee_write (uint16_t ee_addr, a37 while (1)
& EXTI9_5_IRQHandler (void) 938 [ {
@ Int_Vector_Init (void) 939 | wval = Switches_In &
® keys_delay (void) %40 if (val == 0x80)
@ lcd_clean_line (unsigned ¢ 941 {
@ lcd_command (char d) 942 LEDs_Out =
@ lcd_cursor_location (char» 943 }
© Icd_data (char d) ::; f“*
@ led_print_num (unsigned ¢ 246 LEDs Out = 0x00;
@ lcd_write_P (charx, chary, 947 3 -
& main (void) 948
@ NVIC_ SetVectorTable (uint 949
® read_adc (unsigned char ¢ 950 1 .
@ Read_serial_adc (void) v 951
& > 952
953 [
] Geoors (}run.. [0, <
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5. Quan sat chuong trinh va so sanh n6 véi chuong trinh bai tap:
Int main (void)
{
unsigned int val;
Leds_Init();
Switches_Init();
while (1)
{
val = Switches In& 0x80;
if (val= = 0x80)
{
LEDs_Out = Oxff;

}

else

{
LEDs_Out = 0x00;
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}
}

}
6. Kich hoat EITPS-3192.

7. Kich hoat chuong trinh S-ARM V3.

8. Luu va bién dich (néu c6 sai sot thi stra 161 va bién dich lai).

Trude khi tai xudng, hiy nhan RST, sau d6 tai xudng va chay chuong trinh.

9. Bit cong tic S7 va quan sat phan Gng cta dén LED.
10. Nhan RST dé dirng chuong trinh dang chay.

11. Thay d6i chuong trinh thanh chuong trinh sau:
Delay()

{

inti;

for (i=1; i'= 0x10000 ; i++)

{

if ((Switches_In& 0x01) == 0x01)

{

break;

}

}

}

main ()

{

Leds_Init();
Switches_Init();
while (1)

{

if ((Switches_In& 0x80) == 0x80)

{
LEDs_Out = 0x00;

}

else

{
LEDs_Out = 0x0f;
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}
Delay ();

if ((Switches_In& 0x80) == 0x80)

{
LEDs_Out = Oxff;

}

else

{
LEDs_Out = 0xf0;

}

Delay ();

}

}

Ham Delay() phai ¢ trén int main (void).

12. Gat tat ca cac cong tac SO-S7 xudng.

13. Luu va bién dich (néu c6 sai sot thi sira 16i va bién dich lai).

Trude khi tai xudng, hiy nhan RST, sau d6 tai xudng va chay chuong trinh.
Pén LED sé& nhip nhay

14. Thay doi cong tac S7 va quan sat phan (mg cua dén LED.

15. Thay doi cong tic SO va quan sat phan Gmg cua dén LED.

16. Nhan RST dé dimg chuong trinh.

17. Kich hoat cac dau '/* */' bang cach x6a hai ddu gach chéo & ddu mdi dong.
Chuong trinh chuyén sang mau xanh luc.

Thi nghiém 2.6 — Vong lap Do-While

Muc tiéu:

» M rong viéc st dung 1énh WHILE.

» Lam quen véi vong 1ap Do-While.

Théo luan:

Cho dén bay gio ching ta sir dung 1énh WHILE(1) dé khién bo xu ly chay trong mét
vong lap. Trén thyc té, 1énh nay duoc chi dinh dé két hop véi mot diéu kién.

Vi duy, hiy viét moét chuong trinh nhap nhay cua dén LED khi cong tic D7 gat xudng.
Trong khi cong tic D7 gat xudng, chuong trinh 1am cho cac dén LED nhép nhay.

Delay ()
{

inti;
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for (i=1 ; i!= 1000000 ; i++);
}

int main ()

{

Leds_Init ();

Switches_Init ();

while (1)

{

while ((Switches_In& 0x80) == 0x80)
{

LEDs_Out = 0x00;

Delay ();

LEDs_Out = Oxff;

Delay ();

}
while ((Switches_In& 0x80) = 0x80)

{

LEDs_Out = 0x0f;
Delay ();
LEDs_Out = 0xf0;
Delay ();

}
}
}

bai1 khi ching ta mudn thyc hién 13p di 1ap lai mot tap 1énh mién 14 ton talr mot diéu
kién nao d6 twong ung vai két qua hoat dong ctia chung.

Trong trudng hop nay, ching ta sit dung mot vong lip bao gom cac 1énh Do-While
nhu sau:

do
{

Instructions set

}
while (Condition);
Vong lap nay bit dau véi 1énh Do (thuce thi). M6t tap hop cac 1énh di kém sau 1énh Do.
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Vong lap két thiic bang 1énh While, 1énh ndy bao gdm mét diéu kién nhat dinh.

Néu diéu kién ton tai, chuong trinh s& chuyén dén phan dau cua tap 1énh ngay sau 1énh
Do.

Hay chuyén doi chuong trinh trudc d6 thanh chuong trinh Do-While:
Delay ()

{

inti;

for (i=1; i'=1000000 ; i++);

}

main ()

{

Leds_Init ();

Switches_Init ();

While (1)

{

do

{

LEDs_Out = 0x00;

Delay ();

LEDs_Out = Oxff;

Delay ();

}

while ((Switches_In& 0x80) == 0x80);
do

{

LEDs_Out = 0x0f;

Delay ();

LEDs_Out = 0xf0;

Delay ();

}

while ((Switches_In& 0x80) !'= 0x80);
}

}

Trinh ty thyc hién:
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1. Vao thu vién ARM_Project va nhap dap vao tép ARM_Project. Nhap vao thu
vién ARM_Project va nhap dup vao t¢p ARM_Project.uvprojx. Theo tai li¢u nay,

duong
ARM_V3\ARM_Project”.

dan

dén

tep

ARM_Project.uvprojx

1a“C:\Courses\3192\S-

2. Kiém tra xem main.c c6 dang mé nhu trong man hinh sau day khong:

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
1T d @ 9 o iE IE )/ @ printto PC Vas Q-|e & B\
S [H & &~ | ¥ ArM_Project SEIN R A ]
Functions L x ] Mainct
&[] Main.c ~ 850
® adc_delay 00 851
@ adc_delay 10 L 852 Delay()
2 int i;
¢ dday_ms(unslgn@charl 855 for (1 =1 ; i !'= 0X100000 i++):
@ delay_us (volatile uint16_t 856 )
® DMAT1_Channell_IRQHanc 857
@ ee_byte read (void) 858
@ ee_byte_send (volatile uns 859 int main (void)
@ ee_delay (void) D 860 I {
@ ee_read (volatile uint16_t e gel
@ ee_start (void) 862 [
@ ee_stop (void) 863 | //1/111] s . . { d
864
@ ee_write (uint16_t ee_addr, 265
@ EXTI9_5_IRQHandler (void) 866
@ Int_Vector_Init (void) 867
@ keys_delay (void) 868
@ lcd_clean_line (unsigned ¢ 869
@ lcd_command (char d) 870
@ lcd_cursor_location (char> 871
@ lcd_data (char d) :-77; viiile(l)
@ lcd_print_num (unsigned ¢ 374
® lcd_write P (charx, chary, 875
¢ 876
@ NVIC SetVectorTable (uint 877
@ read_adc (unsigned char ¢ 878
@ Read_serial_adc (void) = 879
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3. Cudn xudng chuong trinh main() cho dén khi ban nhan dwgc man hinh sau:

Tools

i=F J/

&= e

SVCS  Window Help

VR Q-le 0O &-

@ printto PC

G:':'

{} Fun... | 04 7em

Hinh 1. 47
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Phén nay chira chuong trinh Do-While Program.

4. Kich hoat chuong trinh bang cach stra hai ky hiéu gi¢i han doan chuong trinh thanh
doan ghi chu bang cach thém hai dau gach chéo vao dau moi ky hi€u gidi han va ban
s€ nhan duogc man hinh sau:

File Edit View Project Flash Debug Peripherals Tools 5VCS Window Help

B da A9 - " K ix @ print to PC JR® Q- e o AU ENRS
S e 51| ARM_Project v & b ¢ @
Functions L3 x | ] Mainc
B [w] Main.c A 952 |
@ adc_delay 0() 953
@ adc_delay 10 954
@ Delay 955 Do - While Program
@ delay_ms (unsigned char b :22
@ delay_us (volatile uint16_t ass Leds Init():
& DMAT_Channell_IRQHanc a5e SHlBEﬁES_In_‘LE 0:
& ee_byte_read (void) 960
@ ee_byte_send (volatile uns 961 while (1)
@ ee_delay (void) 962 |
@ ee_read (volatile uint16 t e 963 | while ((Switches_In & 0x80) == 0x&0)
@ ee_start (void) 964 [ {
@ ee_stop (void) 965 LEDs_Out = 0x00;
@ ee_write (uint16_t ee_addr, i Delay (); -
- - ' 967 LEDs Qut = Oxff;
& EXTS9_5_IRQHandler (void) 68 Dela; 0:
& Int_Vector_Init (void) 969 | }
® keys_delay (void) 970 while ((Switches In & 0x80) != 0x80)
@ lcd_clean_line (unsigned ¢ 971 [ { N
@ led_command (char d) 972 LEDs Out = Ox0f;
@ lcd_cursor_location (char» 973 Delay ():
@ lcd_data (char d) 874 LEDs_Out = 0xf0;]
975 Delay ():
@ lcd_print_num (unsigned ¢ 976 | }
@ lcd_write_P (charx, chary, 877
@ main (void) 978
& NVIC_ SetVectorTable (uint @79 |
@ read_adc (unsigned char ¢ %80
& Read_serial_adc (void) o 981
< > 982
983
& @6oois (}run... |0, <
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5. Quan sat chuong trinh va so sanh n6 véi chuong trinh bai tap:
Delay ()
{
inti;
for (i=1; i'=1000000 ; i++);
}
int main ()
{
Leds_Init ();
Switches_Init ();
while (1)
{
while ((Switches_In& 0x80) == 0x80)
{
LEDs_Out = 0x00;
Delay ();
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LEDs_Out = Oxff;
Delay ();

}
while ((Switches_In& 0x80) !'= 0x80)

{

LEDs_Out = 0x0f;
Delay ();
LEDs_Out = 0xf0;
Delay ();

}
}
}

6. Ham Delay () nam trén int main (void).

Ham nay di duogc thay doi trong lan thi nghiém trude do.
Thay d6i lai thanh ham Delay().

7. Kich hoat EITPS-3192.

8. Kich hoat chuong trinh S-ARM V3.

9. Luu va bién dich (néu ¢6 sai sot thi stra 16i va bién dich lai).

Trudc khi tai xubng, hay nhan RST, sau d6 tai xudng va chay chuong trinh.

10. Thay ddi cong tic S7 va quan sat phan Gmg cua dén LED.
11. Nhan RST dé dirng chuong trinh dang chay.
12. Thay doi chuong trinh thanh chwong trinh sau:
Delay ()

{

inti;

for (i=1; i'=100000; i++);

}

int main ()

{

Leds_Init ();

Switches_Init ();

while (1)

{

do
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{
LEDs_Out = 0x00;

Delay ();

LEDs_Out = Oxff;

Delay ();

}

while ((Switches_In& 0x80) == 0x80);

do

{

LEDs_Out = 0x0f;

Delay ();

LEDs_Out = 0xf0;

Delay ();

}

while ((Switches_In& 0x80) != 0x80);

}

}

13. Luu va bién dich (néu ¢6 sai sot thi stra 16i va bién dich la1).
Trudc khi tai xubng, hidy nhin RST, sau d6 tai xudng va chay chwong trinh.
Pén LED sé& nhip nhay

14. Thay dbi cong tic S7 va quan sat phan Gmg cua dén LED.
15. Nhan RST dé dirng chuong trinh.

16. Kich hoat cac dau '/* */' bang cach x6a hai ddu gach chéo & dau mdi dong.
Chuong trinh chuyén sang mau xanh luc.

Thi nghiém 2.7 — Lénh Switch-Case

Muc tiéu:

» Lam quen v6i 1énh Switch-Case.

= Xay dung chuong trinh phan tmg véi mot s6 didu kién.
Thao luin:

boi khi chung ta can doc mot dir lidu va thuc hién mot sb tac vu theo gia tri cua no
(thuc hi¢n mot tac vy nhat dinh cho mdét gia tri nhat dinh).

Dé huy mot s 1énh diéu kién, ching ta str dung 1énh Switch-Case.
Lénh Switch twong tu nhu 1énh IF vi mot s kha nang.
Hay viét mot chuong trinh, voi dau ra 1a mot s6 dén LED theo sd nhan dugce tir trang

thai cong tic chuyén mach.
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Néu sé bang 1 = FF
Néu s bang 2 = 00
Néu s bang 4 = OF
Néu s bang 8 = FO

Sau mdi tap 1énh ndm trong cau Case, 1énh Break duoc thém vao dé ngin bo xu 1y
kiém tra di€u kién ti€p theo.

int main (void)

{

Leds_Init ();
Switches_Init ();
while (1)

{

switch (Switches_In)
{

case 1:

LEDs_Out = Oxff;
break;

case 2:

LEDs_ Out = 0x55;
break;

case 4.

LEDs_Out = 0x0f;
break;

case 8:

LEDs_Out = 0xf0;
break;

}
}
}
Trinh ty thyc hién:

1. Vao thu vién ARM_Project va nhap dip vao tép ARM_Project. Nhap vao thu
vién ARM_Project va nhap dup vao tép ARM_Project.uvprojx. Theo tai liéu nay,
duong din  dén  t¢p  ARM Projectuvprojx  1a“C:\Courses\3192\S-
ARM_V3\ARM _ Project”
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2. Kiém tra xem main.c c6 dang mé nhu trong man hinh sau day khong:

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
15 S @l - 2 = IE JE /2| @ printtoPC JARr Q-le oo &-| @ XN
SEEe- ¥9 | ARM_Project SN R A
&[] Main.c ~ 850 ‘ }
® adc_delay 00 851 -
@ adc_delay_1() L 852 Delav()
@ Delay ) 8SSE
e || B TP ——
@ delay_us (volatile uint16_t 856 )
9 DMAT1_Channel1_IRQHanc 857 !
@ ee_byte read (void) 8sg |
@ ee_byte_send (volatile uns 859 int main (void)
@ ee_delay (void) 860 [ {
@ ee_read (volatile uint16_t e g6l rx«
@ ee_start (void) 862 £ ‘
 ee_stop (void) :2:‘(’ ,,,,,,, IILITIELELIIILIILLIILLTIEL2L1111111 /111111111111 /
@ ee_write (uint16_t ee_addr, 8es | /7777 // 17111 y
@ EXTI9_5_IRQHandler (void) 866
@ Int_Vector_Init (void) 867
9 keys_delay (void) 868 |
@ lcd_clean_line (unsigned ¢ 869
@ lcd_command (char d) 870 |
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o o7e |
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@ read_adc (unsigned char ¢ 878 |
@ Read_serial_adc (void) = 879
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881
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3. Cuodn xuong chuong trinh main() cho dén khi ban nhan dugc man hinh sau:
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
1S Hda @al9 - o EEJE | @ prnttorc VA Q-le oS 8- B A
& @i e ¥ | ARM_Project R AT e Y@
Functions L = ] Mainc
& [=] Main.c ~ 982 |
& adc_delay 00 983 [] /*
& adc_delay_10 984 | ////IITTTEEIITTIE ] FIITILEEEdETELELEEIETELE
@ Delay0 -\ LI LIV I ALt
@ delay_ms (unsigned char k ;:-‘; ALELELEEEE LT L T JILITETIEITEILITTE]
& delay_us (volatile uint16_t 588 Leds Init():
% DMA1_Channell_IRQHanc 989 5.,‘.1:;;_:(_57::1: 0:
@ ee_byte_read (void) 1)
& ee_byte_send (volatile uns EEDS while (1)
§ ee_delay (void) @92
@ ee_read (volatile uint16_t e 993 switch (Switches_In)
@ ee_start (void) Z:; { i
. case 1:
i
: :’::ﬂ':(::ndl]_lﬁtuaddr 996 LEDs_Out = Oxff:
- - : 997 break:
& EXTI9_5_IRQHandler (void) 993 case 2:
@ Int_Vector_Init (void) EEE LEDs Out = 0x55
@ keys_delay (void) 1000 break;
® lcd_clean_line (unsigned ¢ 1001 case 4:
@ lcd_command (char d) 1002 LEDs Out = 0x0f
@ lcd_cursor_location (char » iggi t:e?k:
lcd_data (char d cass
: ch_print(num(ins\gned: Lk EEDs Cur = Oxf0:
- - 1006 break:
& lcd_write P (charx, chary, 1007
@ main (void) 1008
& NVIC_SetVectorTable (uint 1009
@ read_adc (unsigned charc 1010
@ Read_serial_adc (void) w 1011
2 5 1012
1013 |
] Proj G: {} Fun... [0y Tem <
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Phan nay chtra chuong trinh Switch-Case Program.

4. Kich hoat chuong trinh bang cach sira hai ky hiéu giéi han doan chuong trinh thanh
doan ghi chu bang cach thém hai dau gach chéo vao dau moi ky hi€u gidi han va ban
s€ nhan dugc man hinh sau:
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File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
TS dd @9 G- " £ iE % print to PC Jae a-le S a-lB- X
L e %8 | arm project SN - Al
Functions L0 x | _] Mainc
B[] Main.c ~ $82
& adc_delay 0() 983 ff
& adc_delay 10 84
@ Delay( 98s | //
& delay_ms (unsigned char k ::: ’
@ delay_us (volatile uint16_t ase Leds Init():
& DMAI1_Channell_IRQHanc 989 SU:Lt.Ehes_In:.r,(}.-
& ee_byte read (void) qa0
@ ee_byte_send (volatile uns a6l while (1)
® ee_delay (void) 992 {
& ee_read (volatile uint16 t e 993!? switch (Switches_In)
@ ee_start (void) :z: {
* cCase L
M ee_:tcfp(vond] 996 LEDs Out = Oxff;
& ee_write (uint16_t ee_addr, ag7 break:
& EXT9_5_IRQHandler (void) eg8 case 2:
& Int_Vector_lnit (void) 999 LEDs Out = 0x5S5
§ keys_delay (void) 1000 break:
® lcd_clean_line (unsigned ¢ 1001 case 4:
& lcd_command (char d) 1002 LEDs_Out = Ox0f;
@ lcd_cursor_location (chars loo3 break;
@ lcd_data (char d) o case 8: i i
. 1005 LEDs Out = O0xf0;
] |Cd_pll.l'li_l'|l.ll'n (unsigned « 1006 break:
& lcd_write_P (charx, chary, 1007 }
& main (void) 1008 }
& NVIC_ SetVectorTable (uint 1009
® read_adc (unsigned char ¢ 1010 +
& Read_serial_adc (void) - 1011 |/ "l
o " 1012
1013
El e 6':-::‘ {}Fun...l[L'r"‘ <

int main (void)

{

Leds_Init ();
Switches_Init ();
while (1)

{

switch (Switches_In)

{

case 1:
LEDs_Out = Oxff;
break;

case 2:
LEDs_Out = 0x55;
break;

case 4:
LEDs_Out = 0x0f;
break;

Hinh 1.51

5. Quan sat chuong trinh va so sanh no véi chuong trinh bai tap:
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case 8:
LEDs_Out = 0xf0;
break;

}
}

}
6. Kich hoat EITPS-3192.

7. Kich hoat chuong trinh S-ARM V3.

8. Luu va bién dich (néu c6 sai sot thi stra 16i va bién dich lai).
Trude khi tai xudng, hiy nhan RST, sau d6 tai xudng va chay chuong trinh.
9. Pit sb 1 trong cac cong tac.

Cac dén LED s& hién thj s6 FF.

10. Pat sd 2 trong cong tic.

Cac dén LED s@ hién thi s0 55.

11. bt s6 4 trong cic cong tac.

Céc dén LED sé hién thi s6 OF.

12. Pat s 8 trong cong tic.

Cac dén LED s& hién thj s6 FO.

13. Bt mot sd khac véi cac s6 da dugce chi dinh trong cong tic.
S6 duoc hién thi cudi cung tiép tuc xuét hién trén dén LED.

14. Nhan RST dé dimng chuong trinh dang chay.

15. Kich hoat cac dau /* */' bang cach xo6a hai dau gach chéo ¢ dau mdi dong.
Chuong trinh chuyén sang mau xanh luc.

Thi nghiém 2.8 - Ming va Chudi

Muc tiéu:

» [am quen va thuc hanh st dung mang.

= Lam quen va sir dung chudi.

Thao luan:

M&i bién ching ta di tim hiéu trong cac thi nghiém truéc déu cé mot tén riéng. Dé
dinh dia chi mot s6 bién, ching ta can dinh dia chi chiing mot cach riéng biét. Ching
ta khong co tly chon dé dinh dia chi mot dong bién trong mot vong lap (vi du: vong
lap FOR).

Vi dy, gia sir chung ta mudn xac dinh mot gia tri théng nhét hoic mét gia tri theo mot
ham nhat dinh cho mot s6 6 nhat dinh. Trong trudng hop ndy, ching ta mudn sir dung
tap hop cac bién, viéc dinh dia chi cho chung dugc thyc hién bﬁng mot sd cta con tro
c6 thé thay d6i duoc.
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Loai tap hop cac bién nay duoc goi 1a mang.

bé xac dinh mdt mang, dau ngodc vudéng dugc thém vao bén canh tén mang. SO bén
trong dau ngodc cho bi€t mang chira bao nhi€u bién.

Vi du:
char ABJ[10];
int ADRI5];

AB 14 mot mang 10 bién ky tu. Moi bién déu c6 tén dugc dinh cau hinh nhu sau:
ABJ9].....AB|2],AB[1],AB|0]

ADR la mot mang 5 bién s6 nguyén. Moi bién déu c6 tén duoc dinh cAu hinh nhu sau:
ADR[4].....ADR[1],ADR]0]

Trinh bién dich t6 chirc va xac dinh mang trong bd nhé theo cach sau: N6 phan bd mot
dong 6 noi ti€p nhau trong bd nhé cho mang. N6 biét dia chi bat dau cua nhdém 6 nay.

Mang dau tién chiém 10 6. Viéc dinh dia chi 6 thich hop duoc thuc hién theo s6 duoc
chi dinh bén trong dau ngodc vuong. Vi du, ndi dung AB[2] nam trong 6 thir ba cua
tap hop (ABJ[0] chiém 6 dau tién).

Mang thir hai (ADR) ciing chiém 10 6. Mbi blen dugc phan b6 4 6 (32 bit). ADR [0]
chiém bdn 6 dau tién, ADR [1] chiém bdn 6 tiép theo, v.v.

2.8.1. Khéi tao mang

Gia tri ban dau duoc tim thay trong cac 6 ctia mang c6 thé dugc xac dinh trong khai
b&o mang.

Vi du:

char ABJ[10] ={9,8,7,6,5,4,3,2,1,0}

Céc gia tri bén trong dau ngodc nhon dugc nhap vao cac 6 cua mang trudc khi chuong
trinh chay.

Chung ta ciing c¢6 thé xay dung mang ky tu ASCII nhu:

char ASCJ[6] = {‘A’,’B’,’C’,’D’,’E’,’F’}

Chung ta co thé xac dinh mot mang ma khong can chi ra do dai cua nq. bo dai s€ duoc
xac dinh theo nd1 dung cua no6. Vi dy, xdc dinh mang trude d6 co thé dugce thuc hién
nhu sau:

char ASC[]={A’B,’C’D’’E’,’F’}

Trong chuong trinh, chung ta c6 thé dinh dia chi mot 6 trong mang vdi su trg gilp cua
mot bién. Vi duy, sau day la mdt chuong trinh, trong dé c6 mot mang 6.

unsigned char AB[50};

inti;
for (i:=0; i<Bl ; i++)
{

AB[i]=0;
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}
Theo cach tuong tu, ching ta co thé xac dinh mot gia tri nhét dinh trong cac 0 cua
mang.

Gia str rang mang chtra cac s0 khac nhau va chiing ta muon xuat ndi dung cta cac 6
lan luot té1 cac dén LED. DPay 1la mot mé phong cua viéc chuyén cac ky tu dén mot
may in hodc mdt may tinh khac.

Chuong trinh chuyén tiép s& gidng nhu sau:

int main (void)

{

int ab[10]={1,5,7,9,14,38,"'A",'D",0x55,0xAA};
inti,j;

Leds_Init ();

Switches_Init ();

while (1)

{

for (i=0; i<10 ; i++)

{

LEDs_Out = abl[i];

for (j=0 ; j<0x300000 ; j++);
}

}

}

Loai mang ndy ciing dugc st dung nhu mot bang chuyén d6i. Gia st chung ta mudn
chuyén céac s6 0-9 thanh cac s6 theo bang trong vi du. Noi cach khac, chuyén do6i s6 0
thanh 1, s6 1 thanh 5, v.v.

Chuong trinh sau day doc mot sO tir cac cong tac, kiém tra xem n6 ¢6 nho hon 10 hay
khong va néu co, xuat mot sb tdi cac dén LED theo bang. S tir cac cong tic dugc sir
dung nhu mdt con tro cho bang (cho biét s6 ctia 6 trong mang).

Phuong phap nay dung dé chuyén d6i cac sb khi khong co cong thie chuyén doi. Bang
chuyén d6i duoc goi 1a bang tra ciru.

int main (void)

{

int ab[10]={1,5,7,9,14,38,"A",'D’,0x55,0xAA};
inti;

Leds_Init ();

Switches_Init ();

while (1)
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{

I = Switches_In;

if (i< 10)

{

LEDs_Out = ab[i];
}

}

}

2.8.2. Mang da chiéu

bai khi ching ta can mot bang cé nhiéu mét chiéu. Vi du, giad su réng ching ta c6 mot
bd diéu khién nha kinh véi mot s tin hiéu dau vao (chiang han nhu: nhiét 46, do am va
anh sang). Chung ta 1dy mau cac gi tri ndy trong moi khoang thdi gian va luu chiing
vao bd nho.

Mot trong nhitng giai phap dé luu dir liéu 13 st dung mang hai chiéu. Cac 6 ciia mang
s& dugc chi dinh bai cac con tro. Mot con tro cho biét sb luong ctia mau va con trd thir
hai cho biét mau dugc yéu cau (mdt trong ba thong sb duge do).

Néu s lwong mau 12 1000 va mdi lan 1y 3 miu, ching ta cAn mot mang hai chiéu
1000 x 3. Mang c6 thé duogc coi 1a mot bang hodc nhu mdt ma tran 1000 x 3.

Trén thuc té, trinh bién dich phan b6 1000 nhém, mdi nhém 3 6 trong bo nhd theo
cach sau:

Hinh 1. 52
Viéc xac dinh mot mang hai chiéu duoc thue hién theo vi du sau:
char tableA[1000][3]
int tableB[5][2]
CA4c mang c6 nhiéu hon hai chiéu ciing c6 thé duoc xac dinh.

Vi du: gia sur chiing ta cling muon t6 chure dit li¢u 1ay dugc mau theo ngay ctiia mau.
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Trong trudng hop ndy, chung ta sir dung mang ba chiéu. Thong sé dau tién cho biét
ngay, thong so6 thir hai 1a s6 mau va thir ba la thong s6 dugc lay mau.

2.8.3. Chudi

Chudi 13 mot tap hop céc ky tu, lan Iuot nam trong cac 0 nhd. Trén thyc té, no la mang
mot chiéu va day la cach chung dugc xac dinh. Vi du:

char message[20]
Trinh bién dich phan b6 20 6 cho chudi.

Viéc phan bd gia tri cho mot chudi co thé duoc thuc hién trong khi xac dinh chudi
hodc khi bén trong chuong trinh. Vi du:

char message[20] = “a string of bytes”;
hoac:
message[20] = “a string of bytes”;

Ban than sb luong ky tu trong chudi khong phai st dung tat ca cc byte duoc phan bd
cho chudi nay. Bang cach nay, cac chudi c6 thé duoc thay d6i trong sudt chuong trinh
ma khong can lo lang vé viéc phan bo chinh xéc s byte.

Sy khéc biét chinh giita mot chudi va mot mang 13 ky tu cudi ciing trong chudi 14 s6 0.
S6 nay dugc trinh bién dich ty dong nhap lam ky ty cu6i moi khi mot cau hodc mot tur
duoc dat trong chudi.

Néu mét chudi duge phan b6 dudi dang céac ky tu don 1€, thi 0 phai dugc thém vao
cuoi chuoi. Vi du:

message[20] = {‘a’,’b’,’¢’,0}

Két thuc chudi bang 0 cho phép thuc hién cac phép toan trén chudi. Vi du, chiing ta s&
gidi thich vi¢c sao chép mdt chudi nay sang chuoi khéac.

char messageA[20] = “a string of bytes”;
char messageB[20];
inti;
for (i=0 ; messageA[i] ; ++i)
messageB[i] = messageA[i];

Chuong trinh dé cap dén mot diéu kién c6 két qua 1a Sai hoic Ping. Sai c6 nghia 1a 0
va Pung c6 nghia 13 bat ky sé ndo nhung khong phai 12 0. O mét vi tri ciia diéu kién,
chung ta khong phai chi dat mot didu kién, ching ta c6 thé dit mot sd. Chuong trinh s&
phan tng v6i né nhu 1a két qua didu kién nhu khi chang ta dang lam véi 1énh
“while(1)”.

Vong lap For két thac khi diéu kién két thic 1a sai. Trong vi du trén, khong c6 diéu
kién két thuc ma la doc ky tu tir chudi. Khi s6 0 xuat hi¢n, chuong trinh s€ phat hién
do 1a két qua sai va s€ dung lai.
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Trinh ty thye hién:

1. Vao thu vién ARM_Project va nhdp dup vao tép ARM_Project. Nhap vao thu
vién ARM_Project va nhap dup vao t¢p ARM_Project.uvprojx. Theo tai li¢u nay,
duong dan deén tép ARM_Project.uvprojx la“C:\Courses\3192\S-
ARM_V3\ARM Project”

2. Kiém tra xem main.c c6 dang md nhu trong man hinh sau day khong:

File Edit View Projet Flash Debug Peripherals Tools 5VCS Window Help

N~ - A @9 - o EE JE /| 3 printtoPC JaRe Q- e R~ E-| X

& daEe- 9| arm_project EIE-E R A
Functions L3 x | ] Main.c*
B ] Main.c ~ 850 |}

& adc delay 0() 851 L

& adc_delay 1() r. 852 Delav ()

@ Delay 85301

@ delay_ms (unsigned char t e int i; . .

@ delay_us (volatile uint16_t P for (1 =1 : 1 I= GK00000 : 1+H):

- - 856 }

& DMA1_Channell_IRQHanc 857
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& Read_serial_adc (void) - 879
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3. Cudn xudng chuong trinh main() cho dén khi ban nhan dwgc man hinh sau:

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
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Phén nay chira chuong trinh Arrays and Strings Program.

4. Kich hoat chuong trinh bang cach stra hai ky hi€u gioi han doan chuong trinh thanh
doan ghi chu bang cach thém hai dau gach chéo vao dau moi ky hiéu gidi han va ban
s& nhan dugc man hinh sau:

File Edit View Projet Flash Debug Peripherals Tools SVCS Window Help
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5. Quan sat chuong trinh va so sanh no véi chuong trinh bai tap:
int main (void)

{

int ab[10]={1,5,7,9,14,38,'A",'D",0x55,0xAA};

inti}j;

Leds_Init();

Switches_Init();

while (1)

{

for (i=0 ; i<10 ; i++){

LEDs_Out = ab[i];

for (j=0 ; j<0x1000000 ; j++);
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6. Kich hoat EITPS-3192.

7. Kich hoat chuong trinh S-ARM V3.

8. Luu va bién dich (néu c6 sai sot thi stra 161 va bién dich lai).
Trude khi tai xudng, hiy nhan RST, sau d6 tai xudng va chay chuong trinh.
9. Quan sat cac den LED.

M3di gidy cac dén LED hién thi mot s6 khéc tir bang.

10. Nhan RST dé dimg chuong trinh dang chay.

11. Thay doi chuong trinh thanh chwong trinh sau:

int main (void)

{

int ab[10]={1,5,7,9,14,38,'"A"','"D’,0x55,0xAA};

inti,

Leds_Init ();

Switches_Init ();

while (1)

{

i = Switches_In;

if (i< 10)

{

LEDs_Out = ab[i];

}

}

}

12. Luu va bién dich (n€u c0 sai sét thi stra 101 va bién dich lai).
Trudc khi tai xubng, hay nhan RST, sau d6 tai xudng va chay chuong trinh.

13. Thay d6i trang thai clia cong tac dé hién thi 1an luot cac sé tir 0 dén 9, sau d6 quan
sat cac den LED.

Céc dén LED s& hién thj s6 phu hop véi bang theo sé ban ddu dugc chi ra trong cong
tac.

14. Nhan RST dé ding chuong trinh.
15. Kich hoat cac ddu '/* */' bing cach xo6a hai dau gach chéo ¢ dau mdi dong.

Chuong trinh chuyén sang mau xanh luc.
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Thi nghiém 2.9 - Con tré

Muc tiéu:

= Lam quen vd&i viéce st dung con tro.
Théo luén:

Con trd 1a mot bién chtra dia chi ctia 6 nhé hodc dia chi dau tién cua 6 nhé. N6 cho
phép truy cép truc tiép vao cac 6 nhd hodc cac céng dau vao va dau ra. St dung con
tré 1am cho chwong trinh nhanh hon nhiéu. N6 rat quan trong khi lam viéc trén céc
khéi dit liéu.

Kiéu con tré tirng vi cac bién ma no tré téi.

Khai bao xpointer nhu mot con tré t6i bién int bang cach khai bao sau:
int *xpointer;

Dau "*' chi ra rang xpointer 13 mot con tro va khong phai 1a mot bién.
Khai bao val nhu mét bién int rt don gian bang cach khai bao sau:

int val,

Vi du, néu val 1a mot bién kiéu int thi dé gan dia chi val cho xpointer, chung ta sir
dung Iénh gan sau:

xpointer = &val;
Pay 1a cach sir dung tht ba cta ddu '&'. O day no c6 nghia 14 dia chi cia bién.

Dé gan gia tri tir dia chi ma xpointer tro téi cho val s& duoc thyc hién bang 1énh gan
Sau:

val = *xpointer;
Néu chung ta ting xpointer bang 1énh
xpointer++;

Noi dung cta no sé& duoc nang 1én bon, bai vi cac bién sé nguyén cia ARM la 32 bit
va chdng chiém 4 6 nh¢ 8 bit.

Néu xval va xpointer 1a kiéu char va chung ta s& sir dung cing mdt 1énh ting, noi
dung xpointer s¢ dugc nang 1én mot. Nguyén tac twong tu s€ dugc ap dung voi cac
loai bién khac.

Trong thi nghiém trudc, ching ta da viét mot chuong trinh xuat 1an luot ndi dung cua
cac 6 cua mot mang, dén cac den LED.

Chuong trinh chuyén tiép s& gidng nhu sau:

int main (void)

{

int ab[10]={1,5,7,9,14,38,"A","D",0x55,0xAA};
inti,j;

Leds_Init ();

Switches_Init ();
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while (1)

{

for (i=0; i<10 ; i++)

{

LEDs_Out = ab[i];

for (J=0 ; j<0x300000 ; j++);
}

}

}

Chuong trinh sau lam tuong tu nhung béng cach su dung mot con tro.
int main (void)

{

int cd[11]={1,5,7,9,14,38,’A°,’D’,0x55,0xAA,0};
int *pm;

inti;

unsigned int val;

Leds_Init ();

while (1)

{

pm = cd;

while (*pm)

{

val = *pm;

pm++;

LEDs Out =val;

for (j=0 ; j<0x30000 ; j++);

}

}

}

Chuing ta sir dung phuong phap khac nhau dé két thuc vong lap. Vong lap két thac khi
no di dén byte cuoi cung, d6 1a so 0.

2.9.1. Thao tac khdi bing cach sir dung con tré

Trong thi nghiém trudc, ching ta da sao chép nodi dung ciia chudi messagel sang
chudi message2 bang cach str dung thao tdc mang va 1é€nh for.
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char messagel[20] = “a string of bytes”;
char message2[20];
intl;
for (1=0 ; messagel[l] ; ++I)
message2[l] = messagel[l];
Ham tuong tu co thé dat duoc béng cach st dung con tro theo cach nhanh hon nhiéu.
char messagel[20] = “a string of bytes”;
char message2[20];
char *pm1, *pm?2;
pml = &messagel;
pm2 = &message2;
while (*pm1)
{
*pm2 = *pml1;
pml+t;
pm2++;
}
2.9.2. Thao tac bién bing cach sir dung con tré

Céc con tro chu yéu duogc st dung dé chuyén céc gia tri bién tr ham sang chuong trinh
duoc goi.

Chlng ta d thdy rang mot ham c6 thé tra vé mot gia trj bang cach sir dung 1énh
return. Cau héi l1a lam thé nao dé tra vé nhiéu hon mot gia tri bién.

Vi du: chung ta mudn c6 mét sd duge dai dién boi bdn cong tic bén trai (duoc dat tén
la high”) va mét s0 dugc dai dién boi bon cong tiac bén phai (dugce dat tén 1a ‘low”).
Trong chuong trinh chinh, n6 s€ dugc viét nhu sau:

char number (void)

{

char LOW;

LOW = PORTO & OxO0F;

Return (LOW);

}

Phép toan & (AND) cia mét sd duoc doc tir cong dau vao véi wsfr) OF hiéu chinh bbn bit
cao. Phép chia cho 16 trong tinh toan ‘high’ dugc str dung d€ dich chuyén 4 bit sang
phai.

Vin dé 1a 1am thé nao d€ viét mot ham mang lai nhiéu hon mdt gia tri, bi vi mot ham
chi ¢ thé trd vé mot dir li¢u theo cach nay.
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C6 thé st dung cac bién toan cuc va sau d6 mdi ham va chwong trinh chinh c6 thé st
dung céc bién toan cyc. Tinh hudng nay 1a khéng nhu mong mudn, boi vi lam viéc véi
phuong phép nay 1a ldng phi va khién ching ta phai luén kiém tra xem c6 dugc phép
sir dung bién nay hay khong.

Dé mang lai nhiéu hon mot gia tri theo cach thong minh, chung ta s dung con tro.
Trong truong hop nay, chuong trinh chinh chuyén cac tén bién (ciing khong c6 gia tri)
vao ham va ham dua cac gia trj can thiét (trong khi str dung con tré) vao cac bién.

Hay viét mot ham, ham nay dua tro lai gia tri cia bbn cong tac bén trai (HIGH) va gia
tri cua bon cong tac bén phai (LOW) cia cong dau vao; va mot chuong trinh chinh
xuat ra tong cac sb nay cho cac dén LED.

Dé viét mot ham tinh toan cac gia tri 'high' va 'low' tir cac cong tic, chung ta chuyén
dén ham dia chi cua cac bién 'high' va 'low' va ham s€ cap nhat ndi dung cta ching.

Chung ta s€ goi ham 1a *highlow" va chuong trinh s€ nhu sau:
void highlow (int *highpointer,int *lowpointer)
{

*highpointer = (Switches_In& oxf0) >> 4;
*lowpointer = (Switches_In& ox0f0);

}

int main(void)

{

Leds_Init ();

Switches_Init ();

while(1)

{

int high, low;

int val,;

highlow(&high, &low);

val = high * low;

LEDs Out =val;

}

}

Dau & cho biét dia chi bién chtr khong phai gia tri cia né. Chuong trinh chinh chuyén
dia chi cta bién ' high' va 'low' sang ham highlow chir khong phai gia tri ctia ching.

Ham dua cac gia tri duoc xir 1y clia cac cong tic vao trong nhimng dia chi nay.

Chuong trinh xuét ra dén LED san pham 'low" va 'high' (thdp * cao).
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2.9.3. X4c Pinh dia chi I/O bing cach sir dung con tré

Con trd cho phép ching ta xac dinh mot dia chi nhit dinh. Vi du, gia sir cong chuyén
machﬁ 0 dia chi O>§4000OOOO va céng LED ¢ dia chi 0x40000001. Chuong trinh sau
chuyén cac cong tac sang déen LED bang con tré.

int main (void)

{

uint32_t temp;

uint32_temp_sw;

#define Leds_ ODR_Adrr  ((volatile uint32_t*) ((uint32_t)0x4001180c))
#define Switchs_IDR_Adrr ((volatile uint32_t*) ((uint32_t)0x40011408))

Leds_Init();

Switches_Init();

while(1)

{

temp_sw = *Switches_IDR_Adrr;

temp_sw = temp_sw& 0x000000ff; /[The Switches are in bits 0-7 so mask
temp

temp = *Leds_ ODR_Adrr; //Read the ODR register

temp = temp & OxfffffO0; /[The leds are in bits 0-7 so mask temp

temp = temp | temp_sw;
*Leds_ODR_Adrr = temp;
}

}

Tt volatile & ddu yéu cau trinh bién dich khong thuc hién bat ky sy ti wu héa ndo véi
bién nay. Vi du: néu cac cong tac va cong den LED & cung mot dia chi (diéu nay 1a co
thé do mot cong chi doc va mot cong chi ghi), chiing ta c6 thé stir dung 1€nh sau:

*port0 = *port0;

Dbi v6i viée toi wu hoa trinh bién dich, 1énh nay khéng hitu ich, n6 s& khong thuc thi
viéc bién dich va n6 s€ khong phai 1a chuong trinh doi tugng, mac du no rat quan trong
do1 voi chuong trinh.

Cach dién dat:

temp = *port0

C6 nghia 13: gan ndi dung ciia dia chi dugc tro boi port0 vao bién temp.
Cach dién dat:

*(port0+1) = temp

Co6 nghia la: gan gia tri ctia temp cho 6 duogc troé baoi port0 + 1.
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Trinh ty thye hién:

1. Vao thu vién ARM_Project va nhdp dup vao tép ARM_Project. Nhap vao thu
vién ARM_Project va nhap dup vao t¢p ARM_Project.uvprojx. Theo tai li¢u nay,
duong dan deén tép ARM_Project.uvprojx 1a“C:\Courses\3192\S-
ARM_V3\ARM Project”

2. Kiém tra xem main.c c6 dang md nhu trong man hinh sau day khéng:
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@ ee_start (void) 862 0]
@ ee_stop (void) g::
@ ee_write (uint16_t ee_addr, 865
@& EXTI9_5_IRQHandler (void) 866
@ Int_Vector_Init (void) 867
@ keys_delay (void) 868
@ lcd_clean_line (unsigned c 13-
@ lcd_command (char d) 870
@ lcd_cursor_location (char> 871
@ lcd_data (char d) g;g
@ lcd_print_num (unsigned ¢ 874
@ lcd_write_P (charx, chary, 87s
® 876
@ NVIC_SetVectorTable (uint 877
@ read_adc (unsigned char ¢ 878
@ Read_serial_adc (void) v 879
% > 880 iF
881 -
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3. Cudn xudng chuong trinh main() cho dén khi ban nhan dwgc man hinh sau:

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

Sd@ @9 - o iE IE @ print to PC VJAae Q-le o &-| BN
S @i e- $% | ARM_Project YR AR e Y@
Functions [0 x |
B[] Main.c ~
adc_delay 00
adc_delay_1()
Delay ()

delay_ms (unsigned char t
delay_us (volatile uint16_t
DMA1_Channel1_IRQHanc
ee_byte_read (void)
ee_byte_send (volatile uns
ee_delay (void)

ee_read (volatile uint16_t e

L]
L]
L]
®
®
®
L]
L]
L]
L]
@ ee_start (void) 1048 Leds_Init():
@ ee_write (Lint16.t cc,adfir, 1051 .
& EXTI9_5_IRQHandler (void) 1052
@ Int_Vector_Init (void) 1053
@ keys_delay (void) 1054
@ lcd_clean_line (unsigned c 1055
@ lcd_command (char d) 1056
@ lcd_cursor_location (char» 1057 a]_..- ______
& lcd_data (char d) ig:: 1<0x30 i++)
& lcd_print_num (unsigned ¢ 1060
& lcd_write_P (charx, chary, 1061
& main (void) 1062
& NVIC SetVectorTable (uint 10€3 of |
@ read_adc (unsigned char ¢ 1064
@ Read_serial_adc (void) v 1065
< . 1066 [
1067 / / / / / / / /

@eror.. | @eoos 1) Fun. [Dy7em...| || €
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Phén nay chira chuong trinh Pointers Program.

4. Kich hoat chuong trinh bang cach stra hai ky hi€u gioi han doan chuong trinh thanh
doan ghi chu bang cach thém hai dau gach chéo vao dau moi ky hi€u gidi han va ban
s€ nhan duogc man hinh sau:

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

T d @ 9 - o = = @ printto PC VR Q- e PR B X
S E & - ¥ | aRM_Project VR AT e Y@
Functions L | ] Mainc
Bl =] Main.c A 1036
@ adc_delay 00 1037
$ adc_delay 1() 1038
& Delay 1039 / /
@ delay_ms (unsigned char t 1040 Pointers Program
& de\ay_u;(vﬂlatll:ulntlﬁ_t ig:;
$ DMAT_Channell_IRQHanc 1043 int ecd[111={1,5,7,9,14,38,'A", 'D',0x55, 0xAA, 0} ;
@ ce byte _read (void) 1044 int i:
® ee_byte send (volatile uns 1045 int *pm;
§ ee_delay (void) 1046 unsigned int wval;
@ ee_read (volatile uint16_t e 1047
@ ee_start (void) 1048 Leds_Init():
1049
. Ee‘m?p (W.'dj 1050 while (1)
& ee_write (uint16_t ee_addr, 10510 {
$ EXTI9_5_IRQHandler (void) 1052 pm = cd;
® Int_Vector_Init (void) 1053 while (*pm)
& keys_delay (void) 1084
@ lcd_clean_line (unsigned ¢ 1055 val = *pm;
§ led_command (char d) 1056 pmt+;
@ lcd_cursor_location (chary 1057 LEDs_Out = ""_:_l" ______
@ lcd_data (char d) ig:&; i for (i=0 ; i<0x3 ; A+¥):
% lcd_print_num (unsigned ¢ 1060
& lcd_write_P (char x, chary, 1061
® main (void) 1062 |
& NVIC SetVectorTable (uint 1063
& read_adc (unsigned char ¢ 1064
& Read_senial_adc (void) " 1065 |
< 1066
1067

=

>
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5. Quan sat chuong trinh va so sanh nd véi chuong trinh bai tap:

int main (void)

{

int cd[11]={1,5,7,9,14,38,’A°,’D’,0x55,0xAA,0};
int *pm;

inti;

unsigned int val;
Leds_Init ();
while (1)

{

pm = cd;

while (*pm)

{

val = *pm;

pm++;
LEDs Out =val;
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for (j=0 ; j<0x30000 ; j++);
}

}

}
6. Kich hoat EITPS-3192.

7. Luu va bién dich (néu c6 sai sot thi sira 161 va bién dich lai).
Trude khi tai xudng, hiy nhan RST, sau d6 tai xudng va chay chuong trinh.
8. Quan sat cac dén LED.
MGbi gidy cac dén LED hién thi mot s6 khac tir bang.
9. Nhan RST dé dimg chuong trinh dang chay.
10. Thay doi chuong trinh thanh chwong trinh sau:
void highlow (int *highpointer,int *lowpointer)
{
*highpointer = (Switches_In& 0xf0) >> 4;
*lowpointer = (Switches_In& 0x0f);
}
int main(void)
{
Leds_Init ();
Switches_Init ();
while(1)
{
int high, low;
int val;
highlow(&high, &low);
val = high * low;
LEDs Out =val;
}
}
Ham highlow phai ¢ trén main.
11. Luu va bién dich (néu c6 sai sét thi stra 161 va bién dich lai).
Trude khi tai xudng, hiy nhan RST, sau d6 tai xudng va chay chuong trinh.
12. Thay d6i cac cong ,tELIC va kiém tra xem cac dén LED c6 hién thi san phidm cta bon
cong tac bén trai voi bon cong tac bén phai khong.
13. Nhin RST dé ding chuong trinh.
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14. Kich hoat cac ddu '/* */' bang cach xo6a hai dau gach chéo ¢ dau mdi dong.
Chuong trinh chuyén sang mau xanh luc.

Thi nghiém 2.10 - Kiéu dir liéu Enum, Struct, Union va Typedef

Muc tiéu:

= Lam quen vdi khai bao Enum.

» Lam quen vdéi khai bao Struct.

= Lam quen v&i cac bién Union.

» Lam quen véi Typedef.

Théo luan:

2.10.1. Tép Header va Iénh #include

Thong thudng, ching ta can cac chi 1énh va/hodc cac doan chuong trinh khac nhau tu
1ap lai trong cac chuong trinh khic nhau ma ching ta viét.

Chung ta c6 thé dit cac chi 1énh va doan chuong trinh nay trong mot tép va danh dau
trong chuwong trinh rang khi ching ta st dung mot bién hodac mot doan chuong trinh
(khong dugc xac dinh trong chuong trinh) dé tim kiém trong tép nay.

Tép nay duoc goi 1a t&p Header va no c¢o dudi .h.

Céc nha phét trién khic nhau viét cac thu vién chi 1énh va doan chwong trinh khéc
nhau. Ban thén trinh bién dich di kém v4i mot thu vién gdm nhiéu té€p Header ing véi
cac trng dung khac nhau.

Diéu quan trong can nhé 12 trinh bién dich chi thém cac doan chuong trinh va bién ma
chuong trinh chiing ta dang lam viéc can dén.

Ngay ca khi chung ta st dung tép .h, tép nay bao gdbm mot thu vién v6i nhiéu doan
chuong trinh, nd cling sé khong khién chuong trinh ctia chung ta 16n thém. Chi cac
doan chuong trinh dugc goi bdi chuong trinh chinh mé1 dugc dua vao chuong trinh.
Dé trinh bién dich biét ring tép Header duoc thém vao chwong trinh, chung ta viét chi
1&€nh #include' (thuong dugc dung ¢ dau chuong trinh).

Vi du:
#include <reg51.h>
#include "my_file.h"

Céc ky hiéu <> chi ra rang tép Header 1a mot phan cta thu vién cAc tép cta trinh bién
dich. Trinh bién dich tim kiém no trudce tién trong thu vién cua minh.

Céc ky hiéu " " chi ra rang tép Header khong phai 1a mot phan cta thu vién trinh bién
dich va n6 phai nam trong thu vién cong vi¢c hién tai. Trinh bién dich tim kiém tép
Header trong thu vién nay va néu khong tim thay, n6 s€ tim kiém trong thu vién ctia
trinh bién dich.

Tép Header ciing c6 thé chira cac ham chir khong chi cac chi 1énh.

Thong thudng, tat ca cac chi 1énh va ham lién quan dén phan cing déu dugc viét trong
mot tép header. Ban than chuong trinh chi bao gom chuong trinh chinh va cac ham
lién quan dén tng dung. Pay 1a lg1 thé khi lam vi¢c bang ngdn ngir C. Néu ching ta
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mudn van hanh chuong trinh v6i bd xir Iy khac hodc st dung hé théng khac, chdng ta
khong can phai thay déi chuong trinh rng dung - chiing ta chi can do6i hoac thay thé
tép header.

Trong cac chuong trinh trudc, chung ta da st dung cac khai bao vé bién va doan
chuong trinh, vi du nhu chuong trinh nhap nhay sau:

Delay(int length)

{

inti;

for (i=1;i!=length ; i++);
}

void main (void)

{

Leds_Init();
Switches_Init();

while(1)

{

LED_PORT->ODR = Oxff;
Delay(100000);

LED PORT->ODR = 0x00;
Delay(200000);

}

}

Néu chung ta di chuyén delay va cac doan chuong trinh init sang mot tép co tén:
My _file.h

Chuong trinh nhip nhdy s& nhu sau:
#include "my_file.h"

void main (void)

{

while(1)

{

LED PORT->ODR = 0Oxff;
Delay(100000);

LED PORT->0ODR = 0x00;
Delay(200000);

}
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}

2.10.2. Lénh Enum

enum la mot cau 1énh gén céc sb6 vao mot tén

Vi du:

enum {FALSE, TRUE};

Két qua FALSE 1a 0, TRUE la 1. Kiéu mic dinh cta cic gia tri nay 14 int.

Mot enum duoc nhgip vao luc khai bao. Do do, cac gia tri dugc tao bd1 mot enum
chinh 1a cac gia tri so.

Diéu nay khéc voi #define vi cau 1énh:

#define FALSE 0

s& khién ky tu '0' dwgc chén vao ma ngudn bat ¢t khi nao gip nhan FALSE. Nhu vy,
cau truc #define 1a k¥ thudt thay thé ky tu hodc m¢ rdng macro.

Két qua ctia mot enum la mot thay thé sé.

Céu triic #define, 1a mot phép thay thé ky tw don gidn, khong c6 kiéu nhap kém theo
cac doi so cua no.

Cac hﬁng sb duge tao boi mot enum, duge dinh kiéu va do d6 sé tranh duwgc nhiéu
nguy co tieém an khi xtr Iy cac bién khong dinh kiéu.

enum (FALSE, TRUE,Sun=1,Mon, Tues, Wed, Thur, Fri, Sat);

S& dan dén két qua FALSE 1a 0, TRUE 1, Sun 1, Mon 2, v.v. dén Sat 7. Luu y rang
khong can thiét phai gan tén thé cho mot enum.

Chung ta co thé thém thé vao cau lénh enum. Vi du:
enum state { OUT, IN};

O day, trang thai 13 tén thé. Trong trudng hop nay, OUT s& c6 gia tri 0 va IN 13 gid tri
1.

Trong biéu miu enum {}, trr khi dugc gan cu thé, cac thanh vién s& duoc cip cac gia
tri ting dan va gia tri dau tién s& co gia tri 0. Cac gia tri co thé duoc gan boi mot
enum{};

enum months {Jan =1,Feb, Mar, April, May, June, July, Aug, Sept, Oct, Nov,
Dec};

S& khién Jan 1 1a 1 (thay vi 0 nhu mic dinh), Feb 2, v.v. cho dén Dec s& 1a 12.

MGi thanh vién c6 thé duoc gan mot gia tri khac nhau, nhung bat ctr khi nao cac lap
trinh vién dirng viéc gan lai, cac gia tri dugc gan cho cac bién s€ dugc tang 1én tuan tu.

Mot enum tao ra mét ki€u mai va ban co6 thé c6 mot sO enum trong ma cua minh ma
ban muon tao dudi dang cac phién ban.

Tu khoa enum véi tén thé cta nd xac dinh mot enum cu thé khi nd duoc sir dung nhu
mot dinh danh ki€u trong mét cau 1énh khai bao.

enum sau day xac dinh hai hang sé:
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enum direction {LEFT,RIGHT};
Trong mot chuwong trinh, mot cau 1énh khai bao:
enum direction d;

S§ tao ra mot bién 'd'. Cac gia tri dugc chap nhan cho 'd' 1 cac tén LEFT va RIGHT.
Tat nhién, ching ta biét rang gia tri s6 ciia LEFT 1a 0 va cia RIGHT 1a 1.

Trong chuong trinh ciia minh, ban c6 thé gan va kiém tra gia tri cia d.
Vi du,

if(d==LEFT)

do something

hoac

if(d==RIGHT)

do something else

hoac

d = RIGHT,;

Nhu di néu trude do, cac gia tri duoc chap nhan cho 'd' 14 LEFT va RIGHT. Khéong c6
su kiém tra bén trong chuong trinh dé xem liéu 1ap trinh vién cé thuc su gitt duoc su
tin cdy hay khong. Do d6, co thé gan bat ky gia tri s6 nguyén nao cho 'd', va chuong
trinh s& bién dich. Tuy nhién, n6 c6 thé s& khong hoat dong chinh xac.

2.10.3. Bién Struct

Ngbén ngit C cho phép chung ta to chirc cac bién trong mot ciu trac. Chung ta xac dinh
mot tén goi cho cau trac. Viéc dinh dia chi cho mdt bién bén trong cau trac dugc thuc
hién trong khi chi ra té€n cau trac va tén bién dugc phan tdch bang mot dau cham.

Vi du, gia sir rang ching ta mubn xac dinh cac bién bao gém gia tri cong déu vao ¢
dang thap phan trong khi tach chit sé hang don vi, chir s6 hang chyc va chir 5O hang
tram. Theo cach twong tu, ching ta muén luu cac chir sd cua bién ma chung ta mudn
xudt trong bién.

Chung ta c6 thé x4c dinh cic bién theo cach sau:

char in_hunds, in_tens, in_units, out_hunds, out_tens, out_units;
Trong trudng hop ndy, ¢ thé to chirc cac bién trong ciu triic in va out.
Viéc xac dinh cc cau truc duoc thuc hién theo cach sau:

structio {

char hunds;

char tens;

char units;

}

Chuing ta di xac dinh mot cdu tric c6 tén 1a io, chira 3 bién char: hunds, tens va units.
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Véi ciu trac nay, by gid chung ta c6 thé xac dinh cac bién in va out theo céch sau:
struct io in, out;

Trinh bién dich phan b6 ba 6 8 bit cho bién in va ba 6 8 bit cho bién out.

Pinh dia chi cac bién in nhu sau:

in.hunds or in->hunds

in.tens or in->tens

in.units or in->units

Viéc dinh dia chi cac bién out duge thue hién theo cach tuong tu.

out.hunds or out->hunds

out.tens or  out->tens

out.units  or out->units

Viéc khai tao cau tric ¢ thé dugc thuc hién bén trong chuong trinh theo céach sau:
out.hunds =1;

out.tens = 5;

out.units =7;

Mot kha nang khac dé khoi tao bién 1a:

out ={1,5,7}

binh hudéng cAu tric cling co thé nhan ra cac bién thudc cac kiéu khac nhau. Gia sir
chiung ta muon thém dia chi cua cong (ky hiu int adrs) dudi dang mdt bién vao cac
bién in va out. Trong truong hop nay, chi can thay doi khai b&o cau trac nhu sau:

struct io {

volatile unsigned int adrs;
char hunds;

char tens;

char unts;

}

2.10.4. Bien Union

Union dugc phat minh khi bo nhé con rat dat do. Muc dich chinh caa union 1a cho
phép luu trir mét s6 bién tai mot vi tri by nhd duy nhat.

Union duoc sir dung nhu 1a struct nhung tat ca cac bién di khai bao dugc chong lén
trén cung mat vi tri bd nhd.

Vi du, chiing ta khai b4do union nhu sau:
union vvar {
char byt;
float f;
inti;
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}
Ching ta st dung khai bao nay dé xac dinh bién nhu sau:
union vvar VAR1;

Khai béo nay phan b6 4 6 trong bd nhd (dd dai cua bién dai nhét trong chi 1énh
Union).

Chung ta c¢6 thé str dung phan bd nay moi ltic cho céc gia tri khac nhau. Vi du:
VARL.i = 1500;

Hoac:

VAR1.byt ="'Z";

Néu ban kiém tra kich ¢& ciia mét union, ban s& théy rr?mg né cé kich thude cua thanh
phén 16n nhét trong sb cac thanh phﬁn ctia nd. Bt ¢t khi nao ban truy cap, doc hoac
ghi mot union, dir li€u c6 kich thudce thich hop s€ duoc ghi hodc doc va no ghi deé 1én
bat ky dit liéu nao khac co thé duoc tim théy trong vi tri bd nhd. Do do, ban co thé st
dung union dé luu trit chi mot trong cac thanh phan cia né tai mot thoi diém va viée
ghi bat ky thtr gi vao union s& hity moi dir liéu da duoc luu trit trude d6 tai union.

2.10.5. Lénh Typedef

Lénh typedef c6 thé doi tén mot kiéu cu thé dé thuan tién cho 1ap trinh vién. N6 khong
tao ra mot kiéu moi; nd chi doi tén mot ki€u hién co.

Gia sir chung ta muén sir dung tir Byte thay vi char va tir Dword thay thé int trong
chuong trinh cta ching ta ké tir bay gi¢. Ching ta co thé sir dung khai bao sau:
typedef char Byte;

typedef int Dword;

Sau cau 1énh nay, ching ta c6 thé sir dung tir Byte l1am khai bao cho char nhu sau:
Byte a;

Byte s[20];

Dword c;

Céc khai bao nay s& bién a thanh bién kiéu char, bién s thanh mot mang gdm 20 ky tur
va bién ¢ thanh mot bién kiéu int.

Tat ca nhiing gi da xay ra voi nhiing kiéu nay 1a sy khai bao lai clia cac kiéu hién co.
Cac kiéu mdi dugce khai bao boi typedef thuong dugc viét bang chit hoa dau tién. Day
l1a mdét thoi quen cii, khong phai 1a mdt yéu cau cua ngon ngir C.

CAc ciu tric cling c¢6 thé duoc stra d6i bang cach st dung typedef. Vi du,
typedef struct
{
int x;
inty;
} Point;
Bay gior chung ta c6 thé st dung Point dé khai béo cau trac cia mot diém nhu sau:
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Point p1, p2;

Ching ta c6 thé dinh dia chi chung mét cach don gian:
pl.x =75;

pl.y = 20;
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