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CHUONG 1- GIOI THIEU CHUNG VE HE THONG NHUNG

1.1 Khdi niém Hé théng nhing (Embedded system)

Hé théng nhung (Embedded system) 1a mot thuat ngit dé chi mot hé thong co kha
nang tu tri dwoc nhing vao trong mot mdi trudng hay mot hé thong me. D6 1a cac hé
théng tich hop ca phan cimg va phén mém phuc vu cac bai toan chuyén dung trong nhiéu
linh vye cong nghiép: dién tu, vien thong, cong nghé thong tin, tr dong hoa diéu khién,
quan tric va truyén tin. Dic diém cua cac hé théng nhing 13 hoat ddng 6n dinh va c6 tinh
nang tu dong hoa cao.

Hé théng nhung thuong dugc thiét ké dé thuc hién mét chirc nang chuyén bi¢t nao do.
Khac véi cac may tinh da chtc ning, ching han nhu may tinh c4 nhan, mot hé thong
nhung chi thuc hién mdt hodc mdt vai chuc nang nhat dinh, thuong di kém voi nhiing
yéu cau cu thé va bao gdm mét sb thiét bi may moc va phan ctng chuyén dung ma ta
khong tim thdy trong mot may tinh da niang néi chung. Vi hé thong chi dugc xay dung
cho mot s6 nhiém vu nhét dinh nén cac nha thiétké ¢o thé téi wu hda né nham giam thiéu
kich thude va chi phi san xuat. Cac hé théng nhung thuong duoc san xuét hang loat voi
s6 luong 16n.

H¢ thong nhing rat da dang, phong phu vé chiing loai. P6 c6 thé 1a nhiing thiét bi
cam tay nho gon nhu dong ho kithuat s6 va may choi nhac MP3, hoic nhing san pham
16n nhu dén giao théng, bo kiém soat trong nha may hoac hé thong kiém soat cac may
nang lugng hat nhan. Xet yve do phure tap, h¢ théng nhung c6 thé rat don gian voi mot vi
dleu khién hosc rat phirc tap voi nhiéu don vi, cic thiét bi ngoai vi va mang luéi duoc
nam gon trong mot 16p vo mayion.

Céc thiét bi PDA hodc may tigh cam tay cling c6 mot s6 dic diém tuwong tu v4i hé
thong nhing nhu cac hé diéu hanh hodc vi xtr Iy didu khién chiing nhung cac thiét bi nay
khong phai 1a h¢ thong nhing that su boi ching 1a cac thiét bi da nang, cho phép sir dung
nhiéu ung dung va két ndi dén nhiéu thiét bi ngoai vi.

Cho dén nay, khai niém hé théng nhung duogc nhiéu nguoi chép nhan nhét 1a: hé
thong thuc hién mot'so chirc nang dac biét c6 st dung vi xur ly. Khong c¢6 hé thong nhung
nao chi c6 phan mém.

1.2 Ljch st phét trién cta hé théng nhing

Hé théng nhing dau tién 1a Apollo Guidance Computer (May tinh Dan duong
Apollo) dugc phat trién boi Charles Stark Draper tai phong thi nghiém cua trudng dai
hoc MIT. Hé théng nhung dugc san xuat hang loat dau tién 1a may huéng din cho tén lira
quan su vao nam 1961. N6 1a may huéng dan Autonetics D-17, dugc xay dung st dung
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nhitng bong ban dan va mot dia cing dé duy tri bo nhé. Khi Minuteman II dugc dua vao
san xudt nam 1996, D-17 dd duoc thay thé voi mot may tinh méi sir dung mach tich hop.
Tinh nang thiét ké chi yéu cta may tinh Minuteman 1a né dua ra thuat toan co thé lap
trinh lai sau d6 dé 1am cho tén ltra chinh xac hon, va may tinh co thé kiém tra tén lua,
giam trong lugng cua cap dién va dau nbi dién.

Tir nhitng Gng dung dau tién vao nhitng nim 1960, cac hé théng nhing da giam gia
va phat trién manh mé& vé kha nang xu 1y. B vi xtr Iy dau tién hudng dén ngudi tiéu
dung 13 Intel 4004, duoc phat minh phuc vu méy tinh dién tir va nhitng hé théng nho
khac. Tuy nhién né van can cc chip nhé ngoai va nhitng hd tro khac. Vao nhimg nim
cubi 1970, nhitng bd xir 1y 8 bit d3 duoc san xuit, nhung nhin chung chiing van cin dén
nhirng chip nhé bén ngoai.

Vio gitta thap nién 80, k¥ thuat mach tich hop da dat trinh do cao dan dén nhiéu
thanh phan c6 thé dua vao mot chip xtr 1y. Cac bo vi xir Iy duoc goi 1a cac vi diéu khién
va dugc chip nhan rong ri. Vi gia ca thap, cac vi diéu khién da tré nén rat hap dan dé
xay dung cac hé théng chuyén dung. Di c6 mot.sur bung nd vé sb luong cac hé théng
nhung trong tit ca cac linh vuc thi truong va s§'cac nha ddu tu san xuat theo hudng nay.
Vi dy, rat nhiéu chip xir Iy dc biét xuat hién v6i nhicu giao dién 1ap trinh hon 1a kiéu
song song truyén thong dé két noi cac vi xu Iy. Vao cuoi nhiing nam 80, cac hé thong
nhung di tré nén phd bién trong hau hét cac thiét. bi dién tir va khuynh huéng ndy van
con tiép tuc cho dén nay.

1.3 Cdc dic diém.hé thong nhing
Heé thong nhiing thuong ¢dmot s6 diac diém chung nhu sau:

¢ Cac hé théng nhung duoc thiét ké dé thuc hién mot sé nhiém vu chuyén dung chu
khong phai dong vai trd 13 cac hé thong may tinh da chirc ning. Mot s6 hé thong doi
hoi rang budc vé tinh hoat dong thoi gian thuc dé dam bao d6 an toan va tinh ung
dung; mot s6 hé thong khong doi hoi hodc rang budce chit ché, cho phép don gian hoa
hé théng phan ctmg dé giam thiéu chi phi san xuét.

« Mot hé thdng nhung thuong khong phai 1a mot khdi riéng biét ma 1a mot hé théng
phirc tap ndm trong thiét bi ma no6 diéu khién.

« Phan mém duoc viét cho cac hé thong nhung duge goi 1a firmware va duogc luu trix
trong cac chip bd nhd chi doc (read-only memory) hodc by nhé flash chir khong phai
1a trong mot 6 dia. Phan mém thudng chay véi s tai nguyén phan cing han ché:
khong c6 ban phim, man hinh hodc c6 nhung véi kich thudc nho, bd nhé han ché Sau
day, ta s€ di sau, xem xét cu thé dic diém cua cac thanh phén cua hé théng nhang.



1.3.1 Giao dién

Céc hé théng nhung co6 thé khong c6 giao dién (d6i v6i nhitng hé thong don nhié¢m)
hodc c6 day du giao dién giao tiép véi nguoi ding twong tu nhu cac hé diéu hanh trong
cac thiét bi dé ban. Pdi vai cac hé thdng don gian, thiét bi nhing st dung nut bam, dén
LED va hién thj chit ¢& nho hodc chi hién thi s, thuong di kém voi mot hé théng menu
don gian.

Con trong mot hé théng phuc tap hon, mdt man hinh dd hoa, cam ung hodc c6 cac
nat bam ¢ 18 man hinh cho phép thuc hién cic thao tac phirc tap ma tbi thiéu hoa duoc
khoang khong gian can sir dung, y nghia ciia cac niit bam c6 thé thay doi theo man hinh
va cac lua chon. Cac hé théng nhung thuong c6 mét man hinh véi mot nut bam dang can
diéu khién (joystick button). Sy phat trién manh mé ciia mang toan cau da mang dén cho
nhiing nha thiét ké hé nhung mot lya chon mai 1a str dung mot giao dién web thong qua
viéc két ndi mang. Diéu nay c6 thé giup tranh dwoc chi phi cho nhitng man hinh phirc tap
nhung dong thoi van cung cap kha ning hién thi va nhap liéu phuc tap khi can dén, thong
qua mot may tinh khac. Didu nay 1a hét strc hitu dung do6i vi cac thiét bi diéu khién tir xa,
cai dat vinh vién. Vi du, céac router 1a cac thiét bi'da ung dung ti¢én ich nay.

<

1.3.2 Kién tric CPU

Céc bo xur 1y trong hé théng nhiing c6 thé duoc chia thanh hai loai: vi xir 1y va vi diéu
khién. Céc vi diéu khién thudng co cie thiét bi ngoai vi duoc tich hop trén chip nhim
giam kich thudc ctia hé thong: €6 rat nhicu loai kién trac CPU duoc sir dung trong thiét
ké hé nhung nhu ARM,MIPS, Coldfire/68k, PowerPC, x86, PIC, 8051, Atmel AVR,
Renesas H8, SH, V850, FR-Vi:M32R, Z80, Z8 ... biéu nay trai nguoc véi cac loai may
tinh dé ban, thuong bi han ché W6imot vai kién trac may tinh nhét dinh. Cac hé théng
nhiing ¢6 kich thudc nhé va duoc thiét ké dé hoat dong trong méi trudng cong nghiép
thuong lwa chon PC/104 va PC/104++ lam nén tang. Nhiing hé théng nay thuong st
dung DOS, Linux, NetBSD hodc cac hé diéu hanh nhung thoi gian thuc nhu QNX hay
VxWorks. Con cac hé théng nhung c6 kich thudc rat 16n thuong str dung mét cau hinh
thong dung 13 hé thong on chip (System on a chip — SoC), mét bang mach tich hop cho
mot ing dung cu thé (an application-specific integrated circuit — ASIC). Sau d6 nhan
CPU duoc mua va thém vao nhu mot phﬁn cua thiét ké chip. Mot chién lugc tuong tu la
su dung FPGA (field-programmable gate array) va lap trinh cho né véi nhiing thanh
phan nguyén 1y thiét ké bao gdm ca CPU.

Thiét bi ngoai vi

Hé théng nhiing giao tiép voi bén ngoai thong qua céc thiét bi ngoai vi, vi du nhur:



* Serial Communication Interfaces (SCI): RS-232, RS-422, RS-485...
 Synchronous Serial Communication Interface: 12C, JTAG, SPI, SSC va ESSI
* Universal Serial Bus (USB)
» Networks: Controller Area Network, LonWorks...
* Bo dinh thoi: PLL(s), Capture/Compare va Time Processing Units
* Discrete 10: General Purpose Input/Output (GPIO)

Cong cu phit trién

Twong ty nhu cic san pham phan mém khac, phan mém hé théng nhing ciing duoc
phat trién nho viée sir dung céc trinh bién dich (compilers), chuong trinh dich hop ngit
(assembler) hoidc cac cong cu g& rdi (debuggers). Tuy-nhién; cac nha thiét ké hé thong
nhung c6 thé sir dung mot sé cong cu chuyén dung nhu:

« B6 g r6i mach hodc cac chuong trinh mé phong (emulator).

« Tién ich dé thém céac gia tri checksum hodc CRC. vao chuong trinh, gitp hé
thong nhing co6 thé kiém tra tinh hop 1¢ cua chuong trinh do.

« Dbi voi cac hé thong xidy tinhigu s0, nguoi phat trién hé thong co thé sir dung
phan mém workbench nhu MathCad hoic Mathematica ¢ mo phong cac phép
toan. ¢

« Céc trinh bién.dich va trinh lién Két (linker) chuyén dung duogc sir dung dé toi
uu hoa mot thict bi phan ctirng.

« Mot hé thong nhing c6 thé-co ngdn ngit 1ap trinh va cong cu thiét ké riéng cia
n6 hodc str dung va cai tién tor mot ngén ngir da co san.

Céc cong cu phan mém c6 thé dugc tao ra boi cac cong ty phan mém chuyén dung vé
hé thong nhung hodc chuyén doi tir cac cong cu phat trién phan mém GNU. Déi khi, cac
cong cu phat trién danh cho may tinh ca nhan ciing duoc st dung néu bo xtr Iy ciia hé
thong nhing d6 gan giong véi b xir 1y ctia mot may PC thong dung.

Do tin cdy

Céc hé théng nhiing thudng nam trong cac ¢b may duoc ky vong 1a s& chay hang nim
troi lién tuc ma khong bi 181 hodc c6 thé khoi phuc hé thong khi gap 16i. Vi thé, cac phan
mém hé théng nhung dugc phat trién va kiém thir mot cach cén than hon 1a phén mém
cho méy tinh c4 nhan. Ngoai ra, cac thiét bi roi khong dang tin cdy nhu 6 dia, cong tic
hodc niit bam thuong bi han ché st dung. Viéc khoi phuc hé thong khi gap 13i c6 thé
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duoc thuc hién béng cach st dung cac ky thuat nhu watchdog timer — néu phén mém
khong déu din nhan duoc cac tin hiéu watchdog dinh ki thi hé thong s& bi khoi dong lai.

Mot so van dé cu thé vé do tin cdy nhu:

* Hé thong khong thé ngimg dé sira chita mot cach an toan, vi du nhu & cac hé
thong khong gian, hé thong day cap dudi day bién, cic dén hiéu din duong,...
Giai phap dua ra 1a chuyén sang sir dung cac hé thong con dy trit hodc cic phan
mém cung cap mdt phan chirc ning.

» Hé théng phai duogc chay lién tuc vi tinh an toan, vi du nhu céc thiét bi dan
duong may bay, thiét bi kiém soat do an toan trong cac nha may hoa chat,... Giai
phap dua ra 1a lwa chon backup hé théng.

« Néu h¢ thong ngimg hoat dong s& gy ton that rat nhiéu tién ctia vi du nhu cac
dich vy budn ban ty dong, hé théng chuyén tién, hé théng kiém soat trong cac nha
may ...

Kién trac dién hinh cta hé thong nhing

Kién trac ctia mot hé théng nhiing 4 mot sy friru twong hoa thiét bj nhung, didu dé co
nghia 1a mdt su tong quat hoa cia.mét h¢ thong ma khong chi rd cac thong tin thuc thi
chi tiét cia hé thong nhu ma nguén hode thiet ké mach phan cung.

Céc thanh phan phan cfing va phan mém & muc kién triic trong mot hé thong nhing
duogc dai dién boi cac phantir co tac dong Jan nhau. Céac phan tir 1a dai dién cta ph?m
clng hodc phan mém nhung ¢ehi tiét da duoc triru tuong hoa. Do d6, chi co thong tin vé
cac mdi quan hé qua lai va cactheat-dong cua ching. Cac phan tir ndy c6 thé dugc tich
hop bén trong thiét bi nhiing hodc ton tai bén ngoai hé thong nhing va tuong tac voi cac
phan tir bén trong. Tom lai, mét kien triic hé thong nhung bao gom cdc phan tur cua hé
thong nhiing, céc phan tir twong tdc véi mét hé thong nhing, cdc tinh chat ciia méi phan
tir riéng biét va moi quan hé twong tac giita cdac thanh phan.

Céc thong tin & mirc kién trac dugc mo ta theo dang céu trac. Mot ciu trac s& bao
gdm tap hop cua cac phan tir, cac tinh chat va thong tin Ve cac mbi quan h¢ qua lai. Do
d6, mot cdu trac 1a mot hinh anh ciia phan cimg va phan mém ciia hé théng tai thoi diém
thiét ké hodc thoi diém chay.

Do h¢ théng thuong cé cau tric phtre tap, mot kién trac thuong 1a sy két hop cua
nhiéu cau trac khac nhau. Tt ca cac cau trac trong mot kién trac c6 moi quan hé thira ké
qua lai v6i nhau. Mot sb kiéu ciu triic nhu sau:

e Cau trac theo dang module: Theo dang niy, cic phan tir 1a cac thanh phan co
chuc nang khac nhau cta hé thong (VD nhu céc phan cung hodc phan mém can
ban dé cho hé thong hoat dong dugc) trong mot thiét bi nhung. Cau tric nay



thuong duoc trinh bay theo dang 16p (layers), theo cac phan mém dich vu cho
nhan (kernel services)...
e Céu trac theo dang thanh phﬁn va két nbi: Cau tric nay la su két hop cua cac

thanh phan (VD phan cing, phan mém, CPU, ) va cac két nbi nhu bus phan cing,
cac ban tin ciia phin mém, cac process trong hé thong.

Mo hinh hé thong nhiing
Trén thyce té, cd nhiéu cau trac kién tric duge st dung. Tuy nhién, & mic can ban cao

nhat, mo hinh h¢ thong nhung thuong dugc trinh bay nhu hinh sau:
_.—'-'_'-'_'-'_F._

Application Software Layer
(Optional )
System Software Layer
(Optional )

Hardware Layer
(Required)

Hinh 1-1. M6 hinh chung hé théng nhing
g
Tir md hinh trén, c6 thé théy rang tt ca hé théng nhing déu c6 chung sy tuong ty &
murc cao nhat. Cy theé, chung déu co cac 16p ( phan clng, phan mém h¢ thdng va phan
mém ng dung). Lop phan cing bao g0m céc thanh phan vat ly trén bo mach nhung. Lép
phan mém hé thdng va phan ménd ing dung bao gdm cac phan mém trén hé théng nhing.

Mot s6 kién tric phan mém hé thong nhl'mg:/
Vong Idp kiém sodt dongian

Theo thiét ké nay, phan mém, dugc to chic thanh mot vong 1dp don gidn. Vong lap
goi dén cac chuong trinh con, m wong trinh con quan Iy mot phan cia h¢ thong phan
ctng hodc phan mém.

Hé thong ngdt diéu khién

Céc hé thong nhung thuong dugc diéu khién bang cac ngit. Co nghia 14 cac tac vu
ctia hé théng nhung duoc kich hoat boi cac loai sy kién khac nhau. Vi du, mot ngit co
thé duoc sinh ra bdi mot bd dinh thoi sau mot chu ky duogc dinh nghia trude, hodc boi sy
kién khi cong ndi tiép nhan dugc mot byte nao do.

Loai klen trac nay thuong dugc st dung trong cac hé thdng c6 bd quan 1y su kién don
gian, ngan gon va can do tré thap. Hé thong nay thuong thuc hién mot tic vu don gian
trong mot vong ldp chinh. Béi khi, cac tac vu phire tap hon s€ duge thém vao mot cau
trac hang doi trong bd quan ly ngat dé dugc vong lap xur ly sau d6. Luc nay, hé thong gan
gidng vai kiéu nhan da nhiém véi cac tién trinh rdi rac.

Da nhiém twong tac

Mot hé théng da nhiém khong wu tién ciing gan giéng v6i k¥ thuat vong lap kiém
soat don gian ngoai trir vi€c vong lap nay duoc an giau thong qua mot giao di¢n 1ap trinh
10



APL Céac nha lap trinh dinh nghia mét loat cac nhiém vu, mdi nhiém vy chay trong mot
moi truong riéng cua nd. Khi khong can thyc hién nhiém vu d6 thi nd goi dén céc tién
trinh con tam nghi (bang cach goi “pause”, “wait”, “yeild” ...).

Uu diém va nhuoc diém cua loai kién tric nay ciing gidng véi kiém vong lap kiém
soat don gian. Tuy nhién, viéc thém mot phan mém méi dugc thuc hién dé dang hon
bang cach lap trinh mot tac vu mdi hodc thém vao hang doi thong dich (queue-
interpreter).

9% ¢

Pa nhiém wu tién
O loai kién tric nay, hé thong thuong c6 mot doan ma & muc thip thyc hién viéc
chuyen doi giira cac tac vu khac nhau thong qua mot bo dinh thoi. Poan ma nay thuong

nam & mirc ma hé thong dugc coi 1a c6 mot hé didu hanh va vi thé ciing gap phai tat ca
nhirng phuec tap trong viéc quan 1y da nhiém.

Bét ky tac vu nao co thé phé huy dir 1iéu cua mot tac vu khéc déu can phai dugc tach
biét mot cach chinh xac. Viée truy cap téi cac dir liéu chia sé c6 thé duge quan 1y bang
mdt s6 k¥ thuat dong bd hoa nhu hang doi thong diép (message queues), semaphores ...
Vi nhitng phtre tap noi trén nén mot gidi phap thuong dugce dua ra do6 1a st dung mot hé
diéu hanh thoi gian thyc. Luc do, cac nha lap trinh 6, thé tap trung vao viéc phat trién
céc chirc nang cia thiét bi chtr khong can quan tim'dén cac dich vu cta hé diéu hanh nira.

Vi nhan (Microkernel) va nhan ngoai (Exokernél)

Khai niém vi nhan (microkernel) 1a mét budc tiép can gﬁn hon t6i khai niém hé diéu
hanh thoi gian thuc. Lic nay, nhan hé diéu hanh thuc hién viéc cép phat bd nhd va
chuyén CPU cho cac ludng thyuc thi¢’ Con céc tién trinh nguoi dung sir dung cac chiic
nang chinh nhu hé¢ thong file, giad dién mang ludi,.”. Noi chung, kién trac nay thuong
dugc ap dung trong cac hé théng ma viéc chuyén d6i va giao tiép giita cac tic vu 1a
nhanh. /

Con nhén ngoai (exoketnel) tién hanh giao tiép hiéu qua bﬁng cach st dung cac 1oi
goi chuong trinh con thong thuéng. Phan cing va toan by phan mém trong h¢ thong luon
dap Gmg va c6 thé duge mo rong bg cac ung dung.

Nhan khéi (monolithic kernels)

Trong kién trac nay, mot nhan dﬁy du véi cac kha nang phie tap dugc chuyén doi dé
phu hop v6i méi truong nhing. Diédu nay giup cac nha lap trinh c6 dugc mot moi trudong
giong voi h¢ diéu hanh trong cac may dé ban nhu Linux hay Microsoft Windows va vi
thé rat thuan loi cho viéc phat trién. Tuy nhién, né lai doi hoi dang ké cac tai nguyén
phan ctg lam ting chi phi ctia hé thong.

Mot sb loai nhan khi thong dung 1a Embedded Linux va Windows CE. Mic du chi
phi phan ctng tang 1én nhung loai h¢ thong nhung nay dang ting truong rat manh, dic
biét 1a trong cac thiét bi nhung manh nhu Wireless router hoac hé théng dinh vi GPS. Ly
do cua diéu nay la:

« Hé théng nay c6 cong dé két ndi dén cac chip nhung thong dung

« Heé thdng cho phép sir dung lai cdc doan mi sin c6 pho bién nhu cac trinh diéu
khién thiét bi, Web Servers, Firewalls, ...

11



« Viéc phat trién hé thong c6 thé duoc tién hanh véi mot tap nhiéu loai ddc tinh,
chtre nang con sau do lic phan ph01 san pham hé thdng co the dugc cAu hinh dé
loai bé mot sé chirc ning khong can thiét. Piéu nay giup tiét kiém duoc nhimng
ving nhé ma céac chire ning d6 chiém giit.

« Hé théng c6 ché do nguoi dung dé dé dang chay cac ing dung va g& r6i. Nho
do, qui trinh phat trién dugc thuc hi¢én dé dang hon va viéc 1ap trinh c6 tinh linh
dong hon.

« C6 nhiéu hé théng nhing thiéu cac yéu cau chit ché vé tinh thoi gian thuc cua
hé thng quan ly. Con mot hé thong nhu Embedded Linux c6 téc d6 dii nhanh dé
tra 16i cho nhiéu tmg dung. Cac chirc nang can dén sy phan tng nhanh ciing c6
thé dugc dit vao phan cing.

Phan loai cac hé théng nhing
Hién nay c6 nhiéu cach phan loai h¢ théng nhung khac nhau. Tty theo cach phan
chia c6 thé phan loai cac hé thong nhing nhu sau:

1.4

Hé théng phan phdi va hé théng khong phan phdi:

Céc h¢ thong 'khong phéan ph01 thuong hoatdong riéng bi€t. Nguoc lai, hé thong
phan phbi ph01 két cac thiét bi dugc két ndi voi nhau, vi du nhu cac vi diéu khién
nhing, cac thiét bi mang, cic may tinhhung, eac hé thong cam bién khong day.
Su két hop cac thiét b nhung nay thitong dugc gap trong cac thiét bi diéu khién 6
t6 hodc hang khoéng, cac thiét bi giam s&t méi truong hodc cac thiét bi quan 1y day
chuyen san xuét ty dong.

Heé thong dir liéu va hé thong diéu khién.

Cac h¢ thong dir li¢u dung dé xtr Iy dit lidu, xu 1y hodc cung cap cac dir liéu thong
tin can thiét khi co yéueau. Con cde hé thong diéu khién dung dé diéu khién hé
thong, diéu khién edc quy trinh trong san xuét hodc trong cac thiét bi.

Pham vi &ng dung cua hé théng nhing
Ngay nay, h¢ théng nhung duge Ung dung rong rai ¢ khap moi noi. Hau hét

nhitng thiét bi dién tir déu 1a cac hé théng nhiing.

Mot 86 vi du nhu sau:

Cac hé thong diéu khién 6 6, tau, may bay
Céc hé thong y té

Céc hé théng quén sy

Céc hé théng giam sat, canh bao.

Céc hé théng cam tng

Céc thiét bj dién tir dan dung

Ngoai ra, theo udc tinh, moi nim luong phan mém nhing dugc phat trién 16n gap

nam lan lugng phan mém thuong. DSi voi phan cimg, da sé CPU duge san xuat 1a
cho thi truong nhiing. Chi c6 mot phan nhé CPU la dung trong cac hé thong may
tinh.
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1.5 Cdc yéu cau vé ki ndng trong thiét ké hé théng nhing
Téng quan vé thiét ké cac hé nhiing
. Thiét ké cac hé thong nhung 1a thiét ké phan cimg va phan mém phdi hop bao
gom nhitng budc sau:
- M6 hinh hoa hé théng: MBb ta cac khdi chirc nang voi cac dac tinh va thuat toan
xu ly.
- Chi tiét hod cac khdi chirc nang
- Phén b6 chirc ning cho phan ctng va mém (HW-SW)
- D@)ng bd hoat dong cua hé théng
- Cai dat cac chuc nang thiét ké vao phan ctng (hardware) va phan mém
(software) hodc phan nhdo (firmware).

Cach thiét ké c6 dién 1a cac chic nang phan mém (SW) va phan ctmg (HW) duoc
xéc dinh trudc rdi sau d6 cac bude thiét ké chi tiét duoc tién hanh mot cach doc 1ap & hai
khéi . Hién nay da sb cac hé théng tu dong hod thiét ké (CAD) thudng danh cho thiét ké
phan cting. Cac hé thong nhung str dung dong thoi nhiéu céng nghé nhu vi xir 1y, DSP,
mang va cac chuan phdi ghép, protocol, do vay xuthé thiét ké cac hé nhang hién nay doi
hoi ¢6 kha niang thay d6i mém déo hon trong qué trinh thiét ké 2 phan HW va SW. Bé co
dugc thiét ké cudi cung t6i wu qué trinh thiét ké'SW va HW Bhéi phdi hop v6i nhau chat
ch€ va co thé thay doi sau moi lan thir chire nang hoat dong tong hop

Thiét ké cac hé nhung doilioi kién thirc da nganh vé dién tir, xtr 1y tin hiéu, vi xtr

ly, thuat diéu khién va lap trinh thoi gian thuc.
4

D6i véi mdi motnganh nghé dao tao, muc dich co ban d6 1a xay dung tap cac ki
nang can phat trien cho doi twgng dugc dao tao, de¢ sau khi ket thuc khoa dao tao, doi
tuong dugc dao tao veé co ban phéi dat dugc nhitng ki nang da dat ra. Tép cac ki nang nay
duoc xay dung dya trén tinh chat, dac trung ctia ndi dung dao tao.

Trong thiét ké hé théng nhung, ndi dung dao tao lién quan dén viéc thiét ké cac
hé thong nhiing hay céc thi€t bi dién tir thong minh hodc con dugc goi tat 1a hé thong
duoc diéu khien bdi cac linh kién ban dan kha trinh nhu bd vi xt ly — microprocessor, bo
vi diéu khién — microcontroller, FPGA, CPLD, ....

Pé dam bao tinh dong nhét, tir gio ching ta s& goi tén goi chung cho cac thiét bi
dién tur hay cac hé thong nhiing 1a cac hé thong nhing.

13



Thiét bi dién tr

Phan mém
{rng dung

Phan mém
hé thdong

Phan cimg

il

Linh kién,
phu kién dién tdr

Hinh 1-2 : CAu trtic cua thiét bi dién ti

Céu trac cua mot hé thong nhung vé co ban duge md. ta nhu trong hinh 1, nd gdm cac
thanh phan: . . o
- Phan mém ung dung : 1a cdc phan mém duoc thict ke dé thuc thi mot tdc vu thuc
té dya trén tai nguyén do nén phan cing cungeép. Vi du nhu cac phan mém choi
nhac trén cac may MP3, ing dung game trén cac may PS2, by cong cu Microsoft
Office trén cac PC, ..

- Phan mém hé thdng : vi du nhu c4c hé diéu hanh Windows, Linux, Unix, va cac
chuong trinh hd tro nhu trinh bién dich, loader, linker, debugger, .. giup quan 1y
cac tai nguyén phan cing ¢ mirc thip. Vé ¢o'ban no cho phép cac phan cua hé
thong 1am vige v6i nhau, €4p phatcac tai nguyén cho cac phan mém tmg dung.

- Phan cung : chi cae thanh phén vat ly cfla hé théng, duoc ciu tao vé co ban tir cac
linh kién vay 1y.Vi di.nhtr véi mét PC, phan cimg gém céc thanh phan bo mach
chu, Ram, & clng, nguén nudi, ... Cac bo mach chu thi duge ciu tao tir cac linh
kién ban dan, cac linh kiénilu dong nhu dién trd, tu dién, cudn cam,...

Tir cdu tric trén cta hé thong nhing, c6 thé phan chia viéc thiét ké mot hé thong thanh
cac mang cong vicc nhu trong hinh 1-3:
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Quan ly, tich hop,
va thiét ké hé thong

Thiét ké, phat trién
phan mém img dung

Thiét ké firmware:
re

Device Driver, OS, Middlewa

( Thiét ké mach, PCB j

Thiét ké vi dién t: linh kién,)

IC, IP, phu kién

Hinh 1-3 : Cic mang cong viéc trong thiét ké hé théng nhung

N6 gdbm cac mang khac nhau doé 1a :

Quan 1y, tich hop va thiét ké hé thong

Thiét k&, phat trién phan mém tmg dung

Thiét ké firmware (device driver, OS, middleware)
Thiét ké mach, PCB

Thiét ké vi dién tir : linh kién, IC, IP, Phu kién

Do6i véi ting mang cong viée, doi héi nguoi thue hién can co cac ki nang tuwong Uing.

1.5.1 Quan ly, tich hop, thiét ké hé théng:
A 1y A N ., . v Ko g \ A , A
Day 1a mét trong nhling mat €6 vai tro quan trong doi véi sy thanh cong cua mét dy
an thiét ket mot h¢ thong nhiing. N6 bao gom cac cong viéc:

Hoach dinh c4c yéu cau'eia hé thong, tir d6 xay dung két ciu chung ctia hé thong.
Xéc dinh céc tai nguyén c&ﬁn bao gdm nhan lyc va vat luc.

Lén ké hoach cac buéc thuc hién.

Giam sat qua trinh thyuc hién.

bé dam nhi€ém duoc cong viéc nay, yéu cau cac ki nang sinh vién can co:

C6 kién thirc vé quan 1y du an thiét ké, kién trac hé thong : bao gé)m kién thirc cac
mo6 hinh trong phén tich hé thong va trién khai cac du an thiét ké; kién trac he
thong nhing, c¢6 cai nhin tong quan voi cac khia canh cta hé théng nhing gém
phan mém, phan cimg; ..

C6 ki nang quan ly nhom, day 1a mot yéu cau quan trong cé tinh chat quyét dinh

Co6 kha nang sang tao, ing dung cac phuong thirc quan ly tién tién nham dat hiéu
ning cao trong thiét ké hé thong.
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- Kindng Ve phan tach, tich hgp hé thong, klem tra hé thong,... dam bao he théng
hoat dong 6n dinh, dap tng dugc cac yéu cau vé hiéu niang, gia thanh, tudi tho,..

1.5.2 Thiét ké, phat trién phan mém trng dung

Pbi v6i cac hé thong nhung, didu quan trong la timg dung thuc tién ctia no trong doi
song, quan trong hon, chirc nang dugc quyet dinh boi phan mém ng dung dugc cai dat
trén hé thong Vi vay, cac ki nang trong thiét ké, phat trién phan meém Ung dung la khong
thé thiéu ddi véi thiét ké hé thong nhing hién nay. Céc ki ning yéu cau gom:

- C6 kién thirc d6i v6i khoa hoc 1ap trinh : bao gdm kién thirc vé xay dung céu tric
dir liéu va giai thudt; co s¢ dir liéu; cac phuong thirc 1ap. trinh hudéng cAu tric ,
hudng d6i tuong; d6 hoa; da phuong tién; kién thirc lién quan dén xir Iy tin hiéu...

- Ki nang thuc thi cac Gng trén cic ngdn ngit 1ap trinh : yéu cau cb ki nang vé cac
ngon ngtr 1ap trinh ung dung nhu C/C++, VC++, VB, Delphi, ASP, PHP, JAVA.

- €06 kién thtc 1ap trinh trén cac nén tang khac nhau : PC, smartphone, ...

1.5.3 Thiét ké firmware

Piéu quan trong cia cac Gmg dung hé thong nhing d6 1a tin dung duogc cac tai
nguyén cta hé thong : CPU, memory, cic ngoai vis cac giao dién,... Hau hét qua trinh xtr
1y bén trong cua hé thng 1a sy giao tiép gitta¢ac thanh phan phan cimg bén trong. Vi
vy doi hoi xdy dung firmware dé quan ly cac tai nguyén nay mot cach hitu hiéu, cung
cap cac giao dién truy cép cac tai nguyén ndy.cho 16p cao hon( 16p tmg dung).

N6 gdm cac linh vuc vé thiét ké trinh/didu khién thiét bi - Device Driver, thiét ké OS —
hé diéu hanh, thiét ké phan mém Middleware.

beé thuc hién dugc, y€u cau cac ki ning sinh vién can co:

- Hiéu biét vé hé diéu hanhy hé diéu hanh thoi gian thuc,.. nhu khai niém hé diéu
hanh, cac thanh phan hé di€u hanh, cac khai niém vé scheduling, process, thread,
Inter-process,....

- Kién thic vé kién trac magptinh, cac ki thuat ung dung trong kién triic may tinh
nhu pipeline, DMA, caching, buffering,...

- Kinang lap trinh h¢ théng, hé théng nhung, 1ap trinh vi xr ly, bdo mat, mang...

- Thanh thao cac ngdn ngir 14p trinh h¢ théng nhu assembly, C/C++; cic ngdn ngit
mo ta phan cing nhu VHDL, Verilog.

- Sir dung thanh thao cac cong cu phan mém hd trg lap trinh firmware trinh bién
dich, IDE, ...

- Véixu thé hién nay, cac kién thirc vé phan mém ma nguén ma, hé diéu hanh ma
ngudn mo s& dem lai nhu:ng lot ich to 1on trong phat trlen phan mem hé théng
nhiing, ngoai van dé vé gia thanh, khi sir dung cac phan mém mé ngudn mo, sinh
vién s& duoc su hd tro to 16n tir cong dong ma ngudén md, cac ki thuat 1ap trinh
tién tién trong cac phan mém... nén day ciing 1a mot ki nang sinh vién nén chi y
phat trién.
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1.5.4 Thiét ké mach, PCB:

Phan ctng c6 thé coi nhu phan xac cta hé thong, ciing 1a mot phan khong thé thiéu
cua hé thong nhing, va 1a ki nang yéu cau bat budc doi vdi céc sinh vién di€n tir vien
thong. N6 gém céac ki ndng vé:

Hiu biét vé mach dién tir, phdn climg vi xir ly, vi diéu khién, IC chirc
nang,FPGA, CPLD ..., kha nidng két hop cac thanh phan dé tao 1én 1 h¢ thong
hoan chinh.

Céc khai niém trong thiét ké mach PCB nhu footprint, layer, path, SMD, SMT..

C6 kién thirc vé thiét ké cac mach on dinh, kha nang chong nhiéu, bé tri hop 1y,
khoa hoc, va thim mi. Dac biét 1a kinh nghiém lam viéc v61 cac mach hoat dong
0 tan so cao.

Str dung thanh thao cac céng cu hd tro thiét k& mach , mo phong mach nhu
Altium, ISE, proteus,..

1.5.5 Thiét ké vi dién ter : linh kién, IP, IC, phu kién

Vi dién tir 13 cac van dé lién quan dén nghién ctru, ché tao cac linh kién dién tur.
Nhing linh kién nay lam tir cac chat ban dan. Chung la nhiing thanh phan co ban trong
cac thiét ke dién tir nhu transistor, tu dién, dién trd, diode, IC, ...

C6 thé ndi céc linh kién, IP, IC, phu kiéns... 1a nhirng “vién gach” xay lén “ngdi nha”
phan cing hé thong. Kién thuc thiét ké ¢“mat nay 1a nhtngkién thirc co ban, nén tang
cho céc thiét ké nang cao hon trong thiét ké phan cing.

N6 gdm cac ki nang dugc yéu cau :

Kién thtrc vé vat ly ban dan, nguyén ly mach tich hop tuong tu, sé, mach RF va
cao tan, dién tu ting dung... /

Céc cong nghé ché tao chat ban din nhir NMOS, MOSFET, CMOS, ...

Thanh thao thiét ké layout, ASIC, VLSI .. st dung cic cong cu nhu
MentorGraphic, Cadence; @S,

Téng két lai, c6 thé tom tat cac ki ning yéu cau d6i voi tirng mit trong thiét ké hé thong
nhiing nhu trong bang 1-1.
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Thiét ké dién tr

Quan ly, tich hop,
va thiét ké hé thong

Thiét ké, phat trién
phan mém img dung

)

Device Driver, OS, Mirdlewa

Thiét ké firmware:
re)

( Thiét ké mach, PCB

)

Thiét ké vi dién tl: linh Kién,
IP, IC, phuy Kién

)

Yéu cau ki nang

+ C6 kién thirc v quan If dur n thiét ké, kién tric hé thdng
+ Co ki ndng lam viéc theo nhdm, khanang sang tao
« Kil thudt phan tach, tich hep hé thdng, kiém tra hé thdng ...

+ Hiéu biét vé cau triic di¥ liéu, gidi thuat, CSDL, KTLT cau
tric, hudng 38i teong, A& hoa, mutimedia, xiF 1§ tin higu, ...
= Thanh thao k§ thudt 1&p trinh, ngdn ngik 13p trinh: CIC++,
VC++, VB, Delphi, ASP, PHP, JAVA, ...

+ Hiéu biétvé hé diéu hanh thivi gian thuc, 1ap trinh hé thong
kién triic may tinh, hé théng nhing, VXL, bao mat, netwark..
« Thanh thao v& s dung cac céng cu IDE, 14p trinh CIC++,
Linux, Assembler, Embedded C, HDL (WvHOL, Verilog), ...

« Hiéu biétvé mach dién tir, phan cieng vi xi¥ If, vi didu khién,

IC chirc ndng, FPGA, linh kién dién tlr, footprint, SMD, SMT..
+ Thanh thao céc cing cu thiét k& Front-end EDA nhu:
Altium, ISE, Proteus, ...

+ Hiéu biétvjé vt I ban dan, nguyén Ij mach tich hop
trorng tw, 50, mach RF va cao tan, dién tlr gng dung ..
« Thanh thao thiét ké layout, ASIC, VLSI sl dung cic céng

cu back-end EDA nhw: MentorGraphic, Cadence, ADS ...

Bang 1-1 : Céc yéu cau vé ki nang tuong (mg

18



Céau hdi 6n tap

1.

Nk wD

.O\

Lay vi du 3 thi trudng st dung hé théng nhing

MGdi thi truong 1dy 5 vi duy thiét bi.

Céc dic tinh ciia hé théng nhing bao gdm nhing dic tinh nao

Néu cac thanh phan cin ban cia kién trac hé thong nhing

Céc kién tric CPU nhung cin ban bao gdm nhiing kién tric nao

Liét ké cac giao tiép sir dung trong hé thong nhung va giai thich hoat dong cua
chung

Liét ké cac loai thiét bi luu trir thudng sir dung trong hé théng nhung.

So sanh cac loai thiét bi luu trir thudng sir dung trong hé théng nhung.

Dé phat trién mot hé thong nhiing, can nhimng k¥ nang nao?
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CHUONG 2: CAC THANH PHAN HE THONG

2.1 Cdc thanh phan phan citeng
2.1.1 B6 xtr ly nhung.

B xur ly 1a don vi chitc nang chinh cua mot hé théng nhung, va chiu trach nhiém
trong viéc xtr Iy 1énh va dir liéu. Mot thiét bi dién tir ¢ chira it nhdt mot bo xtr Iy chu
(master processor ), o thé b sung cac bo xu 1y t& (slave processors) cung lam viéc va
diéu khién boi bo xtr Iy chu. Slave processors ¢6 thé tham gia va cac chi Iénh cua master
processors hodc thi hanh quan 1y bg nhd, cac bus va cac thiét bi vao ra. Trong so dd khoi
cua mét board X86, Atlas STPC 1a mdt master processor con bo diéu khién 1/0, bd diéu
khién ethernet 1a cac Slave processor.

SDRAM 4 N
2 CPU ‘ 5 PCI Bus to
(SODIMM) v Core Baseboard
CRT/TFT to STPC® Aflas  — IDE to
Baseboard — (Comjuter Baseboard
Ina Chip )
Keyhoard
& Mouse to M : : CE;EIEI’QEIF
Baseboard Hast -
Peripheral
Serial Ports | gum——p Interface | f— USE (4) to
To Baseboard Baseboard

Internal Bus

Real Time
Clock (RTC)
Parallel Floppy
to
Baseboard
Super /O BIOS
Controller

Infrared to
Bassboard

Hinh 2-1: Bang mach Encore 400 cia Ampro

Heé théng nhung duoc thiét ké xung quanh bd xtr 1y cha. Cac bo xur Iy chu phirc
tap thuong duoc xac dinh cho du né dugc phén loai 1a vi xtr 1y hay vi diéu khién. Thong
thuong cac bd vi xir Iy chira mot lugng nho bd nhé tich hop va thanh phan vao ra (1/0),
trong khi cac bo vi diéu khién co phﬁn 16n bd nhé hé théng va cac thanh phén vao ra tich
hop trén chip. Tuy nhién hay nh¢ rang cac dinh nghia truyén thong nay c6 thé khong con
chinh xéc cho cac thiét ké bo xir Iy thoi gian gan day. Vi du cac bo xtr 1i hién nay ngay
cang duoc tich hop nhiéu 1én.

Céc bd xtr Iy nhung c6 thé tach thanh cic nhom dya trén kién trac. Khac biét giira
cac nhom kién trac nay 1 tap hop cac chi 1énh ma may ma cac bo xir 1y trong cac nhém
kién tric c6 thé thyuc thi. BO xt 1y dugc xem nhu kién trac tuong tu nhau khi chiing c6
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thé thuc thi cung tap 1énh. Dué6i day 1a bang vai vi du vé cac bo xir 1y thuc té va ho kién
truc cua ching.

Architecture Processor Manufacturer

AMD Aulxxx Advanced Micro Devices, ...

ARM ARMT7, ARMO, ... ARM, ...

Cl6X C167CS, Cl65H, C164Cl, ... Infineon, ...

ColdFire 5282, 5272, 5307, 5407. ... Motorola/Freescale, ...

1960 1960 Vmetro, ...

M32/R 32170, 32180, 32182, 32192, ... Renesas/Mitsubishi, ...

M Core MMC2113, MMC2114, ... Motorola/Freescale

MIPS32 R3K, R4K, 5K, 16, ... MTI4kx, IDT, MIPS Technologies, ...

NEC Vr55xx, Vrddxx, Vrd1xx NEC Corporation, ...

PowerPC 82xx, 74w, 8xx, 7xx,6xx, Ixx,4xx IBM. Motorola/Freescale, ...

68k 680x0 (68K, 68030, 68040, 68060, ...), | Motorola/Freescale, ...
683xx

SuperH (SH) SH3 (7702.7707, 7708.7709), SH4 Hitachi, ...
(7750)

SHARC SHARC Analog Devices, Transtech DSP,

Radstone, ...

strong ARM strong ARM Intel, ...

SPARC UltraSPARC 11 Sun Microsystems, ...

TMS320C6Hxxx TMS320C6Hxxx Texas Instruments, ...

x86 X86 [386,486,Pentium (11, TIL Intel, Transmeta, National
IV)...] Semiconductor, Atlas, ...

TriCore TriCorel, TriCore2s. . .. Infineon, ...

Bang 2-1:.Cac boxu ly va kién triic thuc té
v’
2.1.1.1 Céc md hinh kién tric tp Iénh ( ISA architecture models)

ISA (instruction set architecture) dinh nghia cdc tinh nang nhu céc thao tac
(operations) co thé st dung gudi lap trinh dé tao chuong trinh, cac toan hang
(operands), luu trir (storage), <|:axeu dinh dia chi de truy xudt va xir 1y toan hang va xir
ly cac ngat. Cac tinh nang dugc md ta chi tiét chi tiét hon dudi dudi day, boi vi thue thi
ISA 1a mot nhan t6 x4c dinh dic diém ciua mot hé thong nhung nhu 1a hi¢u sut, thoi gian
thiét ké, chirc ning va gia thanh.

-Céc thao tac.

Céc thao tac duoc tao ra tir mot hay nhiéu chi 1énh. Cac bd xir 1y khac nhau c6 thé
thue thi cac thao tac trong ty nhau nho st dung mot ) luong va kiéu chi 1énh khac nhau.

Cdc kiéu thao tac.

Céc thao tac 1a cac chic nang co thé thuc hién trén dit lidu, ching thuong bao
gdm cac phép toan sb hoc, cac thao tac chuyén dit liéu tir bd nhd hodc thanh ghi dén cac
vi tri khéc, cac r€ nhanh (co diéu kién hodc khong diéu kién), hoat dong truyén nhan dir
lidu, chuyén d6i phép toan..

Chi 1énh trén mot b vi xtr 1y cap thip phd bién 8051, bao gdm hon 100 chi 1énh
toan hoc, truyén dit liéu , phép toan logic, thao tac bit, r& nhanh va diéu khién. Trong khi
d6 & cap cao hon MPC 823 c¢6 tap chi 1énh 16n hon 8051, nhung cung vé6i nhiéu kiéu hoat
dong tuong ty bao gom trong 8051 thiét 14p cing voi mot bd sung, bao gdm phép toan sb
nguyén, dau chim dong, thao tac nap, luu trilt, cac thao tac r€ nhanh va diéu khién, thao
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tac diéu khién bo xir Iy, ddng bd bd nhd. Vi du vé cac thao tac phd bién quy dinh trong

mét ISA (Hinh 2-2).

Math and Logical

Add
Subtract
Multiply

Divide

AND

OR

Shift/Rotate Load/Store Compare Instructions...
Move Instructions. ..
Logical Shift Right Stack PUSH Branch Insiructions ...
Logical Shift Left StackPOP | | ..
Rotate Right Load
Rotate Left Store

XOR

2.1.1.2 Ung dung cu thé

Hinh 2-2: Céac thao tac ISA don gian

cia mo hinh ISA

Ung dung cu thé ctia md hinh ISA xac dinh cac bo xtr ly dénhv cho cac ting dung
nhung cu thé, vi du cac bd xtt Iy cho TV. Mot80 tng dung cu thé cia mo hinh ISA
duogc thuc hién boi cac bd xir Iy nhung, cac mi6 hinh pho bién nhat la:

M6 hinh diéu khién —

Controller model )

Cac ISA controller duoc thyc hién trong cac bd xir Iy ma khong yéu cau cac thao
tac dir li¢u phuc tap. Vi du nhu bd xur ly audio va video dugc sir dung nhu cac slave
processors trong bang mach TV, xem Hinh 2-3.

Controller ISA
Architecture

Video, Processor

F— » | Audio Processor

I2C Bus

M37273

gl

NVM

Tuner |e—

Hinh 2-3: Vi du bang mach TV tuong tu vé6i sy thi hanh bg diéu

khién ISA

Mo hinh dudng dir liéu — Datapath model

Datapath model dugc thuc hién trong cac b xur Iy véi muc dich thuc hién
nhiéu lan cac phép toan cO dinh trén cac bd dir liéu khac nhau. Vi du dién hinh la
bd xtr 1y tin hi¢u s6 (DSP), thé hi¢n trong Hinh 2-4.
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Analog Baseband RF Section

Antenna

Microphone
< e RF Signal
Codec QPSK s,
>" Modulator Conditioning

Control Supply Voltage
Supervisor

Battery

Battery/Temp
Monitor

i o in "’M
Analog Digital

RF
Section
EN

Power Management Integrated Power Supplies

Section Section
EN EN

]

Hinh 2-4: Board vi du ’V(')'i dién thoai di dong thuc hi¢n k¥ thuat
s0 ISA duong dir ligu

Finite State Machine with Datapath (FSMD) Model
FSDM ISA 1a sy két hop cta Datapath ISA va Controller ISA cho céac bo xir 1y,

khong yéu cau thuc hién cac thao tac dir lidu phirc tap'valap lai viéc tinh todn cac phép
toan coO dinh trén cac bo dir liéu khac nhau.

Vi du ctia FSMD thuc hién céc ting dung cu thé:

Mach tich hop ASICs thé hién trén h%‘th 2-5, céc thiét'bi logic kha trinh (PLD),
FPGA

DATA
SPRAN dom/
L AF
ADDR
o MPEG 4> o
DATA Sensor
— ASIC ¢
Controller
ADDR
- 2 CD
A AN

|
-
——
L
Mics
—

BB
Memory
Card
Flash
Buttons

ITH
Speakers

Hinh 2-5: Board vi du v&i may quay k¥ thuat s6 FSMD ISA
M6 hinh may 4o Java (Java Virtual Machine: JVM)
ISA JVM dua trén mét trong céc tiéu chuan Java Virtual Machine. Trong thé giGi

thuc, JVM c6 thé dugc thyc hién trong mot hé théng nhung théng qua phan cing. Vi
du trong Hinh 2-6.
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GPIO Headers SPI Header

Touch
Screen
Controller

ﬂ
10Base-T

Ethernet =———
Controller

R —

50-Pin
LCD

Connector

1-4 MB
Flash
Memory

1 MB
SRAM

pasmeemen IEEE 1149 Interface

Hinh 2-6: vi du thuc hién JVM ISA

2.1.1.3 Cac mo hinh ISA da nang (General-Purpose ISA models)

General-Purpose ISA models thqc‘rng dugc thye hién trong cac bd xur Iy vdi muc dich
su dung rong rai trong nhiéu hé thong chir khdng chi trong mot dang hé thong nhing.
Cac dang pho bien nhat cua General-Purposé ISA models trong cac bo xur Iy nhung la:

Mo hinh tinh toan véi tap 1énh phire tap (Complex Instruction Set

Computing: CISC)

CISC ISA, nhu té€n cua no xdc dinh cac hoat dong phurc tap tao ra tur nhiéu 1énh. Vi
du pho bién vé kién truc thuc hién CISC /ISA la cac ho bo xu ly intel x86 va

Motorola/Freescale 68000

Data
DDR ol =
SDRAM Address/Control
(32Mx1e SBCLKs
12RIxley |
LMH - B ok System
"L Generator Control
EB Poris
(2x2) - -
Line @ t :]_
Adio
Headpone @ Codec -t .
Micropone In =~ —~——
GPI&
Powr Buo n I

Digital RGB
- TFT
AMD Geode™
GX 533@ 1.1W Analog RGB
Processor - CRT
_ PCI33V

A

1t
FS2 JTAG _ 33MHz Ethernet

Header - Controller
¥
Y
-
IDE/Flash Port IDE Header
T 02 mm)
Device
LPC
Y BI®
-
T LPC Ba t

Serial Data o LPC Header

Hinh 2-7: Vi du thuc hién CISC ISA
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M6 hinh tinh toan véi tap I€nh riut gon (Reduced Instruction Set
Computing : RISC)

IEEE 1284,
Shared RAM,
Register-
10Base-T Thinnet 1OV 100Base-T Serial Mode
10Base-T| Thinnet 100Base-T RS232 lec46
Xevr Xcvr Xcvr Xcwvr Xovr
Ethernet . MIT
NET+ARM Chip
I System Bus B/16/32
. / - Application
Flash Memory RA,}M_I\}eI:LOI Y Specific
256K4<32 Hardware

4

Hinh 2-8: Vidu thue hién RISC ISA

Trai nguoc voi CISC, RISC ISA thudng dinh nghia:
- Mot kién tric don gian va/hoac hoat @ong it hon gé)m it Iénh hon.
- Mot kién trac giam s6 chu ki hoat dong.

- Cac bo xtr Iy RISC chi €6 mot chu ki hoat dong trong khi CISC thuong ¢ nhiéu
chu ki.

- ARM, PowerPC,SPARC,MIPS 132 mot vai vi du vé kién triic RISC co ban.

Trong linh vic tinh toan da niang, luu ¥ rang nhiéu mau thiét ké bo vi xir Iy hién
nay thudc thé loai chip CISC hozc RISC chu yéu la do tinh ké thira cta ching. Cac bo xtr
Iy RISC di tré nén phie tap hon, trong khi cac bo xir Iy CISC di tré nén hiéu qua hon dé
canh tranh voi chip RISC ddi thii twong Gmg ciia ching, do d6 lam mo di cac gianh gidi
gitta cac dinh nghia ctia mot kién triic RISC so voi mét kién trac CISC. V& mat k¥ thuat,
nhitng bd xr 1y ndy c6 ca hai thudc tinh RISC va CISC, bit ké nhitng dinh nghia cua
chung.

2.1.1.4 Cac m6 hinh ISA song song mirc Iénh (Instruction-Level Parallelism ISA
Models)

Kién tric Instruction-level Parallelism ISA tuong tu nhu kién tric chung ciia ISA
ngoai trr vi¢c thuc hién nhiéu lénhﬂ song song. Trong thyc té, Instruction-level
Parallelism ISA dugc xem nhu phat trién tr RISC ISA, thuong chi c6 mét chu ki hoat
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dong, mot trong nhiing ly do chinh khién RISC la co s8¢ cua viéc thyc hién 1énh song
song. Vi du vé Instruction-level Parallelism ISA bao gom

M6 hinh SIMD (Single Instruction Multiple Data)
SIMD Machine ISA duoc thiét ké dé xir Iy mot 1énh dong thoi trén nhiéu phan dir

liéu.

OTI-4110 Controller Block Diagram

Mo hinh may siéu vo huéng{Superscalar, Machine Model)

Flash/ Fax
ROM Modem
SDRAM [
Y
Scanner . Scanner l Laser Engine
CCD/CI AFE Controller
OTT-4110 Inkjet
Scanner _ | Motor/Lamp Head/Motor [ Heads
Motor/ Drivers Drivers = Motors
e ]
USB Memory
Device Card
Connector Slot
Hinh 2-9: vi du thuc hién SIMD ISA

Superscalar ISA c6 thé thyc hiéntnhiéu 1énh dong thoi trong mot chu ki xung nhip thong
qua vi¢c thuc hiénnhiéu ham.chirc nang trong xu ly

Instruction Memory (Flash/OTP/DRAM)

Instruction Memory Interface

TriCare Superscalar CPU
Instruction Control Unit

| |

Integer Pipeline  Load/Store Pipeline

T T

General-Purpose  General-Purpose
Data Registers  Address Registers

T System Registers T
¥ ¥

Data Memory Interface

Data Memory (SRAM, DRAM, EEPROM)

Peripheral Interface Bus

Interrupt Request
Module

-

Timer Module

Serial BT Module
ISPI, UARTs

Debug Evaluation

Module

External Bus Interface Module

= 2-channel DMA

Hinh 2-10: Vi du thyc hién si€u v6 hudng ISA
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Mé hinh tinh toian véi tir 1énh rit dai (Very Long Instruction Word
Computing: VLIW)

The VLIW ISA 14 kién trac trong d6 mot tir 1énh dai yéu cau thuc thi nhiéu hoat
dong. Cac hoat dong nay duoc chia nho va xir Iy song song béi nhiéu don vi thuc thi
trong bo xur 1y.

Reference Board

i

I's
| B IEPROM| - }——c— SPDF OUT
Awdnalog o0 Codec
Audio In Audio [1_F—T=LL
AuSPD Codec o f——RI
Audio In Audio L= 12
R

TM-1100

NTSC Video Mux Audio — L4
Decoder Codec —= R4
I
§B NIM i -
} atrix | o
ALT, NIM

_______ 1 —_tr
Hii(] gﬁg — RGB Out { No Display)
ITzital Bord

MPEG-2 |+—| SDRAM
Elakak

Decodér

PCI Bridge [=~—= ER  OM
Oand PCI/XIO Bus t t PClto-PCI
_to-

¢ Bridge
of
&Vul'lbl‘. m mT' South Bridge }4—-‘ Suprlf O |

PCI Slot ‘IR’O W J'l Sermll Parallal | 8 N\:u'dquuscl
s :

Colour Key
Mux

Codec
[ e Lo
Eirder
— TsC #: Audio Codec {1+t R3
I
|
|
|
b+
|
|

ITAG

Hinh 2-11: Vi du thuc hién VLIW ISA
s

2.1.1.5 Hiéu xuit b xur'ly

C6 nhiéu cach dé do hicu suat ctia mot bo xir 1y, nhung tat ca déu dua trén hoat
dong cua bd xu ly trong mot khoang thoi gian nhat dinh. Mot trong nhimng dinh nghia
chung nhit vé hiéu suit ctia bo xtr 1y d6 chinh 1a luu lwong thong tin di qua bd xir 1y, s6
luong cong viée ma CPU hoan thanh trong mét khoang thoi gian. Nhu da no6i dén & phan
2.1, mdt su thue thi cua bo xtr 1y duoc dong bd bdi mot hé thong bén ngoai hodc xung
nhip chu trén bang mach.

Str dung toc d6 xung nhip, thoi gian thue thi caa CPU, 13 tong thoi gian bo xir Iy
xir Iy mot sb chuong trinh ¢6 thé tinh toan duge. Tir tbe dd xung nhip, khoang thoi gian
CPU hoan thanh mot chu ki xung nhip, 1a nghich ddo cua tdc do xung nhip, dugc goi la
chu ki ctia bo xir 1y. Toc d6 va chu ki xung nhip ctia bo xir 1y thuong c6 trong tai lidu ki
thuat cua bo xu ly.

Nhin vao cac 1énh, chi s6 CPI (trung binh sé chu ki xung nhip trén mét 1énh) c6
thé xac dinh theo nhiéu cach. Mot cach 1a lay chi s6 CPI cua moi I¢nh nhan vai tan so
cua lénh do.

CPI = ( CPI per instruction * instruction frequency )
Tdng thoi gian thyc thi ciia cac CPU c6 thé duge xac dinh boi:
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thoi gian CPU thuc thi moz chwong trinh (tinh bang gidy) = (T6 ong s6 chi 1énh ciia
méi chwong trinh hay tong sé chi lénh dém dwoc)*( CPI trong so luong cac chu
ky/chi lénh) *(SO gidy trén mot chu ky xung nhip) = ((tong so chi lénh dém dwoc)*(
CPI trong s6 lwong cdc chu ky/chi lénh))/(toc dg xung nhip (tinh bang MHz))

{CPU execution time in seconds per program = (total number of instructions
per program or instruction count) * (CPl in number of cycle
cycles/instruction) * (clock period in seconds per cycle) = ((instruction count)
* (CPI in number of cycle cycles/ instruction)) / (clock rate in MHz) }

Ti 1& thyc thi binh quan cua bo xur Iy con goi 1a thong 1u:0'ng hay bang thong, cho
biét s6 lwong cong viéc CPU thuc hién trong mot chu ki thoi gian va bang nghich dao
cta thoi gian thuc thi cua CPU

CPU throughput (in bytes/sec or MB/sec) = 1 / CPU execution time = CPU
performance

Céc dinh nghia khac vé hiéu suét bén canh thong lwgng bao gom:

Do dap ung cua b xur Iy hay do tré 1a khoang thoi gian mot bo xir Iy can dé dap tng
mot so su kién.

Su sin sang cua bo xur 1y, thé hién qua thoi giart by xir 1y hoat dong binh thuong ma

khong gap su ¢, hay la d9 tin cdy, thoi gian trung binh xay ra sy c6, thoi gian CPU can

dé khic phuc su cd. ’

Thiét ké bén trong cta b xir Iy quyét'dinh xung nhip’va‘l chi s6 CPI cua bo xir 1y.
Do d6 hiéu suét cua bo xur 1y phu thudcvao mé hinh ISA nao dugc thuc hién va thuc
hién nhu thé ndo. Hiéu suat ¢6 thé dugc cai thién boinhimg hién thuc vat 1y thuc té cia
ISA bén trong bd xir 1y, chang hafi nhur 8y thuc hién k¥ thuat duong dng trong ALU.

Khoang cach ngay cangting giira hiéu sut ctia bo xir Iy va bd nhé co thé cai
thién br:ing cac thuat toan.€ache thuc hi¢n Ignh va tim nap dir li¢u trudc (dac biét 1a cac
thuat toan st dung cac du doén r& nhanh dé giam thoi gian tri hodn) va giai phong bd nhé
dém. V& co ban bat ki thiét ké#inh ning cho phép ting xung nhip dong hd hodc giam chi
s6 CPI'sé tang hiéu suat téng the'elia’mot bo xir 1y.

2.1.1.6 Nhirng chuan danh gia (Benchmarks)
Mot trong nhitng hiéu suat chung sir dung bo xur Iy nhiing 1a hang triéu 1énh thuc
hién trong mét gidy (MIPS)
MIPS = Instruction Count / (CPU execution time * 1 06) = Clock Rate / (CPI * 1 06)

MIPS khién chiing ta cho rang bo xir 1y nhanh hon thi ¢6 gia tri MIPS cao hon,
do céng thl'lc MIPS ti }é nghich v&i thot gian thue hién cua CPU. Tuy nhién MIPS c6 thé
gay hi¢u lam vi mot so ly do:

i Céac Iénh va ham phuc tap khong dugc xem xét trong MIPS, do do MIPS khong
the so sanh kha nang cta b xtr Iy vdi cac ISA khac nhau.

MIPS co thévbién d6i trén ciing mot bo xir 1y khi chay cac chuong trinh khac
nhau.( V6i su thay doi cach tinh cac 1énh va cac loai 1énh khac nhau)

Chuong trinh phan mém chuan c6 thé chay trén cac bo xir Iy dé do hi¢u suét cua
chung.
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2.1.1.7 Doc datasheet ctia mft bo xir ly.

Datasheet ctia bo xir Iy cung cép cac thanh phan chinh cua bd xir Iy va cac thong
tin dé su dung bd xur ly.

Luu y: Pung cho rang nhing gi doc tir nha cung cép 1 chinh xac 100% cho dén
khi ty minh ching kién bd xtr Iy hoat dong va ty minh xem xé&t cac tinh nang ctia chung.

Datasheet ton tai & hau hét cac thanh phan, ca phan cimg 1an phin mém va théng
tin tir cic nha cung cp khac nhau 1a khac nhau. Mot sé datasheet chi dai vai trang va chi
xuét hién ¢ nhitng thanh phan chinh cua hé thdng. Trong khi mot sé khac lai khong duéi
100 trang thong so ki thuat.

2.1.2 B6 nhé&

Nén tang nhung c6 su phan cip bo nhd, 1 tap hop gdm céc loai bd nhé khac nhau,
mdi loai déu c6 toc do, kich ¢& va cach sir dung riéng bi€t ( xem Hinh 2-12). M{t vai bo
nhd co thé dugce tich hop sin trong bd xir 1y, nhu cac thanh ghi va cac loai bd nhd so cap
da biét, 1a noi ma bd nhd co thé két ndi tryc tiép hay tich hop trong b xir Iy nhu ROM,
RAM va level-1 cache. Trong chuong nay, ta n6i dén loai bo nhé dién hinh bén ngoai bd
xur ly, hay co the 1a ca hai cung dugc tich hop bén trong bo xur Iy hay cung bén ngoai bo
xt 1y, d6 1a vin dé can thao ludn. Chuong nay bao gom cac loai bo nh¢ so cap, nhu
ROM, level-2+ cache, va by nh¢ chinh, va b nhé cap2, cap3, do la nhing loai b6 nhé
co the ket ndi t6i ban mach nhung khéng toi b xtr Iy ¢ht tryc tiép duoc, nhu CD-ROM,

6 mém, 6 climg va bang tur. v
Processor
m e Im e
- ----- ! Main ! i Secondary/ !
Br----5 Nheveld , ! Memory ! ! Tertiary 1
T T T T : Level2 : 1 Cache : 1 ] I S(m-age :
1 Leveld {1 1 Cache i ' ! ! | '
! Cache 1 | N ! ! ! ! '
....... 1 1
S D . :

Hinh 2-12: su phan cip bo nhé

B nh¢ so cap la mot phan dic trung cua hé thdng con ctia bo nhd, gdbm 3 phan:
e ICnho
e Bus dia chi
e Bus dir liéu
Thong thuong, mét IC nhéd gém 3 bd phan: mang nhd, bd gidi ma dia chi, va giao
dién dir liéu. Mang nhé thuc té 13 bo nhd vat 1y dé luu trit cac bit dir liéu. Trong khi bo
xtr 1y chu, va cac hé 1ap trinh, thiét 1ap bd nhé nhu mang mot chiéu, mdi 6 trong mang la
mot hang cac byte va s bit trén mot hang c6 thé bién thién, trong bd nhd vat 1y thuc té 1a
mang 2 chiéu duge tao thanh bai cac 6 nhé dinh dia chi bdi mdi hang va cdt duy nhét,
mdi 6 ¢6 thé luu trit 1 bit.
B§ phan chinh con lai cua IC nhd, by gidi ma dia chi, dinh vi dia chi cua dir liéu
trong mang nhé, 1am nén tang cho nhitng thong tin nhan dugc qua bus dia chi, va giao
dién cua dit liéu s& cung cap cac dir lidu toi bus dir lidu trong qua trinh van chuyén. Bus
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dia chi va bus dit liéu déu nhéan dia chi va dit liéu tir bd giai ma dia chi va giao dién dia
chi cua IC nhé.

Céac IC nhé c6 thé két ndi téi ban mach cua nhiéu loai géi khac nhau, phu thudc vao
ting loai bo nhd. Cac loai gbi bao gdm loai vo 2 hang chan (DIP), mddun nhd timg dong
don 1& (SIMM), va modun nhé 2 dong (DIMM). Nhu chi din & Hinh 2-16a, DIP 14 cac
g6i bao quanh IC, duoc 1am tir gdm hoic chat déo. S6 chét ¢ thé da dang gitta cac IC
nh¢, nhung so dd chan thuc té cta cac IC nhd khac nhau déu tuan theo chuin JEDEC dé
don gian 1énh giao dién bén ngoai cta cac IC nhd tdi bo xur ly.

SIMM va DIMM (dugc néu & Hinh 2-16b va ¢) 1a cdc modun nho (PCB) chira mot
vai cac IC nhé. SIMM va DIMM c6 cac chan nho ra tir 1 phia ( ca 2 ciing nam phia trudc
hodc sau) ctia modun dé két ndi toi ban mach nhung chinh. CAu hinh cia SIMM va
DIMM c6 thé cung thay d6i trong kich ¢& cta IC nhé trén modun (256KB, 1MB, ...) Vi
dy, 256K x 8 SIMM la mot médun yéu cau 256K (256%1024) dia chi cho mdi byte. bé
hd trg cho bo xir Iy chu 16-bit, 2 trong sb cac SIMM s& can dung; dé hd tro cho cau trac
32-bit, 4 SIMM cua c4u hinh can dung dén,v.v...

1 2 3 =+

o]
=)
~1
2]

Hinh 2-13a: Vi du DIP

S6 chan nhé ra tir cac SIMM va DIMM c6 thé khac nhau (30 chan, 72 chéan, 168
chan, v.v..). Uu diém cua SIMM va DIMM Ia ¢ nhidu chan hon dé n6 cdp phat cho it
modun can dén hd trg cau trlic rong hon. Do vay, vi du nhu, 1 SIMM 72 chan (256K
x32) s& thay thé cho 4 SIMM 30, chan (256K x8) cho céu triic 32 bit. Vay, sy khac nhau
16n nhat gitra SIMM va DIMM la @ac trung ctia cic chan trén modun thé nao: & SIMM,
loai 2 chan trong cung ban mach dugc két ndi, tao mot tiép xuc, trai lai, & DIMM cac
chan nguoc lai déu co cac tiép xuc doc 1ap ( xem Hinh 2-16b va c).
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Hinh 2-13b: Vi du SIMM 30 chan Hinh 2-13c: Vi du DIMM 168 chan

O muc cao nhit, ca bd nhé so cép va cép 2 déu c6 thé duge chia thanh 2 nhom, cb
dinh va kha bién. Bo nh¢ khong bdc hoi 1a bo nhé ¢4 thé luu trit dit liéu sau khi ngudn
dién chinh cAp cho bang mach da duoc tit (thuong la do nho, gan trén bang mach, ¢6 pin
ngudn cap lau dai). Bo nh¢ kha bién s& lam mét ¢ac bit dit liéu cta n6 khi nguon dién
chinh trén ban mach bi tit. Trén mach nhang, ¢6 2 loai ho bo nhé khong thay ddi- bo nhé
chi doc (ROM) va bd nhd ngoai- va mot ho by nhd thay dé,i, bd nhé truy cap tuc thoi
(RAM).

2.1.3 Bang mach Vao/Ra

Cac bo phan vao/ra trén bang mach la thiét bi chiu trach nhiém di chuyén thong
tin dén va di cia bang mach dén thiét bi vao/ra két ndi téi mot hé thong nhiing. Bang
mach vao/ra c6 thé gom nhitmg b@ phéan dau vao, thiét bi chi dua thong tin tir mot thiét bi
dau vao dén bo xu Iy chinh, bo phan dau ra 12 cai liy thong tin ra cua by xur 1y chinh dua
dén 1 thiét bi dau ra. Hoic 1a gom ca thiét bi vao va thiét bj ra.

Bét ky hé thong dién co n} dugc nhung hay khong nhing, cho du thong thudng
hay khong thong thuong, ¢6 thé duge két ndi t6i mot bang mach nhiing va hoat dong nhur
mot thiét bi vao/ra. Vao/ra & muc cao c6 thé duoc chia nho ra thanh nhimg bd nho hon
ctia thiét bi ra, thiét bi vao, va ca thiét bi ma bao gdm ca thiét bi ra va thiét bi vao. Thiét
bi ra nhan dir liéu tir nhiing bd phan bang mach 1/O va hién thi dit liéu d6 theo mot sb
cach thirc, vi du : in dir liéu ra giéy, in ra dia, hién thi 1én man hinh hodc 1a nhép nhdy
dén LED... Thiét bi vao vi du nhu chudt, ban phim hodc 1a diéu khién tir xa truyén dir
liéu dén bang mach [/O. Mdt s6 thiét bi vao ra co thé lam ca 2, vira ¢ thiét bi két ndi
vira ¢6 thé truyén dir lidu di. Vi du mot thiét bi vao/ra c6 thé két ndi t6i 1 bang mach
nhing thong qua day ndi hodc méi trudng truyén dir liéu khong day, vi du 1 ban phim
hay diéu khiéu tir xa, hodc c6 thé dinh vi & trén chinh bang mach nhing vi du nhu dén
LED.
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Hinh 2-14: So dd khdi I/O co ban cua kién tric Von Newman

B&i vi cac thiét bi vao/ra rat da dang, khoang cach tor mot mach don gian dén hé
thong nhing hoan thanh, linh kién ctia bang mach vao ra c6 thé chénh 1éch mot hoac
nhiéu loai khac nhau. Nhitng di€u giong nhau nhat gom :

- Lién két mang va két ndi vao/ra

- Thiét bi vao

- So dd va thiét bi ra

- Thiét bi diéu chinh vao /ra ‘ ’

- Thoi gian thuc va da dang vao/ra( bo thei gian/dém;chuyén tir tuong tu sang sb,
chuyén tur s6 sang tuong tu. )

Ban déu bang mach vao/ra fat don gian chii yéu 1a mach dién két ndi véi b xtr 1y
chinh, cong vao/ra ctia bd xirl§ chinh nhuhla cong xung nhip hay dén LED dugc dinh
thoi trén bang. Phan ctimg€ua 1/0 dién hinh dugc lam tir tit ca hodc mot sb két hop cua 6
bd logic chinh sau:

Phuong tién truyén thongy duong truyén khong day hodc c6 day két ndi vai thiét
bi vao/ra dén dir liéu thf)&n va cl‘luyén do6i cua bang mach nhung. ’

Cong thong tin 1a phuong tién truyén thong ket noi tdi bang mach hodc néu c6 hé
thong khong day thi nhan tin hiéu khong day.

Giao dién truyén thong, bo phan quan 1y dit lidu thong tin gitta CPU chu va thiét
bi vao/ra hodc diéu khién vao/ra va né chiu trach nhiém ma hoa va gidi ma dir
lidu va tir mire logic ciia mot IC va muc logic cia mot cong vao/ra. Giao dién nay
c6 thé dugc tich hop & trong bo xir Iy chinh hodc ¢ thé 1a mot IC riéng ré.

Mot diéu khién vao/ra xir Iy quan 1y thiét bi vao/ra.

Puong truyén din vao/ra 1a cai két ndi giita bang mach vao/ra va bd xir Iy chinh
B xtr 1y chinh tich hop vao /ra.
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Monitor

Printer

Hinh 2-15: Cac cong va bo diéu khién thiét bi diéu khién trén mot bang
mach nhiing

Bang mach vao/ra ¢ thé gi6i han tir thanh phan hé thong phtrc Hinh 2-16a. Mot
sO thanh phan bang mach vao/ra tich hop&em Hinh 2-16b.

A

Communicarion port

> CRT

Embedd. .

Transmission

Memaoty Video i Parallel medium

' (Frame Buffer) ' Controller " Port

Integrated master CPLI
Parallel Interface

secsseep

The master processor
integrated 70 and
communication interface

Hinh 2-16a: Bang mach I/O phuc tap

Master CPU

+V

(XXX -

The master processor
integrated 10

Hinh 2-16b: Bang mach I/O don gian
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Hién tai sy lap rap cta 1 h¢ thong cai dét vao/ra ¢ trén 1 bang mach nhing, c6 thé
dung két ndi va cong hoic dung 1 thiét bj diéu khién vao/ra, 1 phy thudc cua th1et bi két
n6i vao/ra dinh vi trén bang mach nhiing. N6 c¢6 nghia 14 trong khi mot s6 chi s6 nhu 1a
an toan va mé rong rat 1a quan trong trong vi¢c thiét ké mot hé théng vao/ra. Poc cac
thong s6 ciia bd phan chinh sau khi thiét ké hé thong vao ra chinh 1a duong bao quanh
thiét bi vao/ra - gi61 han muc dich ~chét luong.

2.1.3.1 Quin 1y dir ligu ndi tiép

Bang mach I/O nay c6 thé truyén dir liéu va nhan dit liéu nbi tiép. Phan cting /O
ndi tiép 1a kiéu duoc tao san ciia hé thong dugc két hop 6 phan logic chinh da dugc néi
qua & trén. Su truyén thong ndi tiép bao gdm hé théng con 1/OQ bén trong mot cong ndi
tiép va mot giao dién ndi tiép.

Giao dién ndi tiép 1a chubi dit liéu duoc tmyén va nhan gitta CPU chinh va mot
s6 thiét bi 1/0 hodc bd diéu khién ctia né. Chiing bao gom nhan va truyén dir lidu tir bo
dém t&1 bo luu trlr va gidi ma hodc ma hoa dir liéu va chiing c6 trach nhiém truyén dor
liéu t6i CPU chinh khac hodc thiét bi vao ra khac. Nhu vy 1a su that 13 truyén va nhan
dir liéu trén mot tir, dir liéu truyén va nhéan gidi han bdi ghép ndi tiép.

Dit liéu c6 thé truyén giﬁa 2 thiét bi trong I#ctia 3 hudng: trong 1 chidu hudng
jtrong ca 2 hudng trong thoi gian riéng, boi vi né co thé chia s& nhiing duong dir liéu
giong nhau va ca 2 hudng tuo’ng thich. Chudi dir liGu théng tin vao/ra dir liu nbi tiép
vao/ra c6 thé dung so d6 don gian mé ta ditdiéu ndi tiep €6 the truyén hodc nhan trong 1
bd xtr Iy (Hinh 2-17a)

So d6 ban song cong mo ta chudi dit lidu ed thé tmyén hoac nhan & mot by vi xur
ly khac nhung 1 bo xir Iy chi truyén 1 1an (Hinh 2:17b). So do chudi song cong md ta
chudi dix liéu co thé truyén hodc nhan ¢'bo vi xtr ly’khac tuong thich (Hinh 2-17¢)

Embedded Board Printer
Serial Interface Serial Interface |
Transfer Dam?- > ; Receive Data
(TxData) . ‘ : (RxData)
; Serial Poit Serial Port i
GmundiGﬂd]f, Ground (Gnd))

Hinh 2-17a: Vi du so d6 truyén don gian

Embedded Board ‘ Mem

i Seria ] Interface

¢ Transfer Data
i (TxData)

¢ Seral Interface :
Transfer Data £
(TxData) =

WIS -
: Serial Serial
Receive Data © Port Port
(RxData)

Ground (Gnd) & { Ground (Gnd)

Hinh 2-17b: Vi du so db truyén ban song cong
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Embedded Board | ‘ VoIP Phone
Serial Interface ] Serial Interface
Transfer Dzna i : Transfer Data
(TxData) : ¢ (TxData)
i Serial Serial i
§ Port Port ;
Receive Data | * Receive Data
(RxData) : ¢ (RxData)
Ground (Gnd) . Ground (Gnd) i

Hinh 2-17¢c: Vi du so dd truyén song cong

Vi DU : CONG NOI TIEP VAO/RA : lién két mang va truyén thong RS232.
Giao thirc vao/ra ndi tiép co thé truyén déng bd hodc khong ddng bo: RS232,
EIA232. EIA hi’ép héi cong nghiép dién tur. Mot s6 chuan din}} nghia nhitng thanh phan
chinh ctua hé thong RS 232, nhiing céi dugc thuc hién trong phan cing.
_ Thanh phan cta phan cimg 1a tat ca 16p 4nh xa vat 1y cia OSI ( xem Hinh 2-18)
phan mém yéu cau khoi dong chirc nang anh xa RS232°dén nhimng doan dudi ciua dudng
dir liéu, nhung chiing ta s€ khong thao luén & phéan nay.

A

Application

Presentation

Session

Transport

Metark

Ethérnen

Physical

s E

H’nh 2-18: M6 hinh OSI

Su phu hop cua chuan EIA232, thiét bi thich hop ciia RS232( xem Hinh 2-19)
dugc goi 1a DTE va DCE. Thiét bi DTE 1a su khoi dau cta thong tin ndi t1ep nhu 1a PC
hay h¢ thong nhiing. DCE 14 thiét bi DTE mudn truyén qua. Vi du nhu thiét bi vao ra két
ndi véi hé thdng nhing.

DTE DCE

Transmission Medium

Embedded System 1 < » | Embedded System 2

Hinh 2-19: So ¢6 mang nbi tiép
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Ban chat dic tinh k§ thut cua RS232 :RS232 interface (xem Hinh 2-20). RS232
interface 13 dinh nghia chi tiét ctia cong ndi tlep va nhiing tin hi¢u voi nhiing mach dién
duoc bd sung 13 nhitng tin hiéu anh xa tir 1 cong giao dién dong bd hoic khong dong bd
(vi du UART) dugc mo rong boi thiét bi vao/ra. RS232 dugc dinh nghia nhu phuong tién
truyén dir liéu 1a nhitng day ndi tiép. Két ndi RS232 phai c6 ca hai cong truyén thong tin
(DTE va DCE hoic hé théng nhtng va thiét bi vao/ra).

RS-232 System Model

R5232 Cable

l Embedded Device

Serial Port

Master or Slave Processor

RS232 Interfac e

Hinh 2-20: So d6 khéi nhitng thanh phan ndi tiép

Dung s6 tin hiéu dé phan biét giita chuan EIA 232 va chuin RS232. Chuau RS
232 dung tat ca 25 tin hiéu goi 1a két ndi DB25 xemHinh 2-30a. Chuén EIA c6 8 tin hiéu
phu hop véi két néi DB9 xem Hinh 2-21b. Chuan EIA 561 c6 8 tin hiéu phu hop véi két
ndi RJ45 xem Hinh 2-21c.

';’n ¥ome | Siph Be bpin ¥lige | WE | DE
1 FG Frame GroundBhi eld Out In
2 BA TaD Transmit Data =12 In Out
] BB RiD Receive Data -12 Out In
4 CA RTS Request To Send +12 In Cut
3 CB CT3 Clear To Send +12 In Out
fi CcC DER Diata Set Ready +12
7 AB G Signal Ground
g CF DCD Data Carrier Detect +12 In Out
9 Puositive Test Volage
10 Megative Test Voltage
11 Mot Assigned
12 sDCD | Secondary DCD +12 In Out
13 sCTS Secondary CTS +12 In Out
14 sTel Secondary TxD) -12 Ot In
15 DB TsC DCE Transmit Clock In Out
16 sBxll | Scondary RxD -12 In Ot
17 oD RxC Receive Clock In Out
18 LL Local Loophack
19 sRTS Secondary RTS +12 Out In
0 1] OTR Diata Terminal Ready +12 Ot In
1 RL 5Q Sigral Quality +12 In Cut
2 CE RI Ring Indicator 412 In Out
23 SEL Speed Selector DTE In Out
24 DA TCK Speed Selector DCE Ot In
25 ™ ™ Test Mode +12 In Out

4

o«
fwolio th i Ginto r
DB25 Male
Sec. Clear to Send .~ Shigld -~ Test Mode
Sec. Receiied Line Signal Detect P>~ == Transmitter Signal Timing (DTE Source)
(Unassignad) —__j; ™™ "y Data Signal Rate Selector
{reserved for testing) ——n__ . Ring Indicater
{reservied for testing) V- 21— Remote Loopback
Received Ling Signal Detect —— B~ M —p DTE Ready
-— Signal Ground - '“— = Sec. Request o Send
DCE Ready - = Local Loopback
Clear to Send - - - = Receiver Signal Timing (DCE Source)
Request to Sen = Sec. Received Data
Teceived Data ~~Transmitter Signal Timing (DCE Source)
Transmitted Data “ Sec. Transmitted Data
Shield /
fnlip thiD i Gbfor
DB 25 Femnale
Shield - = 5ec. Received Data
Received Dnm e M ’_, Transmitter Signal Timing (DCE Source)
Transmitted Data - :: -y Sec. Transmitted Dala
Clear to Send — 4 17— Receiver Signal Timing (DCE Source)
Request to Send — 5 15 ——»= Local Loophack
DCE Ready — 19— Sec, Clear to Send
-— Signal Ground - . = DTE Ready
Received Line Signal Detect - - -, == Remote Loopback
(reserved for testing) = " = Ring Indicator
(reserved for testing) "“ ¥ = Data Signal Rate Selector
(Unassigned ) I; = :‘ Transmitter Signal Timing (DTE Source)
Sea, Received Line Signal Detect Shield & Test Mode

Sec. Request to Send

Hinh 2-21a: Céc tin hiéu RS-232 va d4u ni DB25
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Leading Inte DTE Device DBY Male

Signal Ground 5

DTE Ready 4

Transmitted Data 3

Received Data 2

Received Line Signal Detect |

9 Ring Indicator

8 Clear to Send

7 Request to Send

6 DCE Ready

Leading Into DCE Device DB9 Female

Received Line Signal Detect |

Transmitted Data 2

Received Data 3

DTE Ready 4

Signal Ground 5

O

C O OO

CHONONE,

Hinh 2-21b: Céc tin hiéu RS-232 va dau néi DB9

6 DCE Ready

7 Clear to Send

8 Request to Send

9 Ring Indicator

Same Leading Into DTE Device and DCE Device

Request to Send 8
Clear to Send 7
Transmit Data 6
Receive Data 5

Signal Ground 4

Data Terminal Ready 3
Data Carrier Detect 2
Ring Indicator 1

~

4c tin hiéu RS-232 va dau ndi RJ45

Hinh 2-21

DES | Name | Signal Description Voltaze | DTE | DCE
1 109 DCD Doata Carrier Detect +12 In Ot
2 104 RxD Receive Data -12 Out In
3 103 T:D T anm it Data -12 In Ot
. 4 108 DTR_ | Data Terminal Reagt +12 Out | In
3 102 & Mo 1Gm nd
6 17 DR Diata Bt Read y +12
7 10613 | RTS Requestd Bn d +12 In Out
8 106 [&] Char d &n d +12 In Out
9 125 RI Rindnd icator +12 In COut
DEY n oo .
Pin Name Signal Description Voltage DTE DCE
1 135 RI Ring Indicator +12 In Ot
2 1) DCD Doata Carrier Detect +12 In Ot
3 108 DTR Data Terminal Ready +12 Ot In
4 102 (] Bmna 1 Ground
5 104 ExD Receiw Data 12 Out In
[ 103 T T anm it Data 12 In Out
7 106 CF Char T 8n d +12 In Ot
8 105/13 RTS Requestd &n d +1 In Ot

Hai thiét bi DTE ¢6 thé két ndi v6i nhau thong qua null modem. DTE co
truyén va nhan dir li¢u trén 1 chan. Nhitng chan null modem trao d6i nhan va truyén két
noi trén moi thiét bi DTE duoc dicu phoi.

2.1.3.2 Giao dién cdc thanh phin I/O

thé

Phan cung vao/ra dugc lam tur tAt ca hodc két hop cta bo xur ly chinh vao/ra hoac bd
dicu khién vao/ra, bus vao/ra va moi truong truyen dir liéu. Xem Hinh 2-22.
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Hinh 2-22: Hé théng con I/O miu
Giao dién thiét bi I/O v6i bang mach nhiing

T}lié't bi vao/ra vi du nhu ban phim, LCD, may in két hop bang mach nhung thong qua
cong thong tin. Mo6i truong khong day Hinh 2-23b- hodc moéi truong day Hinh 2-23a.

Transmission Medium

Received Line Rynal Detect 1 () () 6 DCEReady

D___J £
Transmitted Data 2 () () 7 Clearto&ad D]
B___J Received Line Signal Detector
RecgivedData 3 () () 8 Renesttofind .-. Cable Transmit Data
DTEReady 4 () () 9 Ring Indicatar .-. o
Bralgud 5 () D) ]
- D]
b Communication Port
(Serial Pore)

Hinh 2-23a: Phuong tién truyén tin dung day

Infrared (IR) Wireless Transmission Medium

*.
= ..
. - e .
Commuanication Port - W W ..
(IR Transmitter)

Hinh 2-23b: Phuong tién truyén tin khong day

Trong hinh 2-23a, méi truong truyén dir liéu gilia thiét bi vao/ra va bang mach
nhiing bang day dan. Trong hinh 2-23b, mdi truong truyen dir licu 1a khong day.

Giao dién diéu khién thong tin, bo xu ly chinh thong qua bus vao/ra trén hé ~th6ng
nhung (xem Hinh 2-36) bus vao/ra v€ ban chat 1a tdp hop truyén dit liéu bang day dan.
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Thiét bi vao/ra c6 thé két ndi bo xur 1y chinh théng qua cong vao/ra. Neu thiét bi
vao/ra dinh vi trén bang mach hoic c6 thé két ndi gian tiép dung 1 giao dién truyen thong
trong bd xir Iy chinh hodc trén 1 IC riéng biét trén bang mach va 1 cdng giao tiép. Giao
dién thong tin két ndi truc tiép voi thiét bi vao/ra hodc con tro diéu kién thiét bi vao/ra.
Ngoai tim mach cua thiét bi vao/ra cac thanh phan bang mach vao/ra c¢6 lién quan thong
qua bus vao/ra.

/O Controller
: :-1 g . ) O B ] Received Line Signal Detec)
........... i Received Line Signal Detect (”_
i . | Transmit Data
oy Transmit Data 0 [0 ] - R
f' 0 | 5 e ) _

1 1
| Communication |
h Interface h
+ Controller
1

Communication (e
Interface

Master CPLI

_______________

Hinh 2-24: Giao dién cong truyén tirl t6iI/O tim bang mach khac

. Y "
Giao dién mot by dieu khién I/O va CPU chi o

Hé con bao g@)m 1 bd diéu khién quan ly thiét bi vao/ra, thiét ké giao dién gitta bd
dicu khién I/O va CPU chu thong gua lgiao dién thong tin — 4 yéu cau co ban sau :

- Nang lyc ctia may chu CPU khoi tao va diéu chinh thiét bi vao/ra. Bo diéu khién
vao/ra c6 thé ddc trung ¢ho cau hinh théng qua bd diéu khién bo ghi va bo diéu
chinh thong qua tréng thai bo ghi. Nhiing bo ghi duoc dinh vi trén bd diéu khién
vao/ra: Dit liéu bd ghi, droc may chu xtr Iy c6 thé diéu chinh cau hinh trén bo
diéu khién vao/ra. Trang thai bd dém chi doc trén bd dém, may chu co thé xtr ly
thong tin phu thudc vao trang thai cia bo diéu khién vao/ra. May chit CPU ding
trang thai va bo diéu khién thé nhd thong tin dén thiét bi vao/ra thong qua bo dicu
khién vao/ra.

- Puong di ctia bo xtr 1y chinh dén yéu cau thiét bi vao/ra: bd xir Iy chinh yéu cau
thiét bi vao/ra thong qua bo diéu khién vao/ra.

- Duong di ctia thiét bi vao/ra két ndi voi may chu CPU: bo diéu khién vao ra két
nbi v6i may chit CPU thong qua cac ngat.

- B0 dan dong thay ddi dit lidu: trong 1 chuong trinh bd xr Iy chinh nhan dir li¢u tur
bd didu khién vao/ra trong bo dém va CPU truyén dit liéu dén bo nho.

2.1.3.3 1/O va hi¢u suit
Gom céc dic trung:

e Tbc do truyén dir liéu cta thiét bi vao/ra
e Tdc dd cta bo xir Iy chinh
e (Cach déng bd hoa gidi han cia bd xur ly chinh va gidi han cia thiét bi
vao/ra.
e Céch dé vao/ra va bo xtr 1y chinh lién lac
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Nhiing thanh phan dé do dic trung cua thiét bi vao/ra gdm :
e Luu luong cia cac thanh phan vao/ra khac nhau
e thoi gian thuc hién cta cac thanh phan vao/ra
e thoi gian phan hoi hodc 1a d9 tré cua thiét bi vao/ra.

2.1.5 Hé th6éng Bus

Tét ca cac bd phéan chinh khac nhau tao nén mét bang nhiung- bo xr li téng thé,
bd phan vao ra I/O, bd nhé - dugc két ndi v6i nhau thong qua cac bus trén bang nhiing.
Pinh nghia ban dau, bus 1 mot két ndi don gian cia tp hop cac ddy mang cac tin hiéu
khac nhau, dia chi, va kiém soat tin hiéu (tin hiéu dong ho, yéu cau, nhan biét tin hiéu, ...)
giita tit ca cac thanh phan chinh khac trén bang nhung, trong d6 bao gém céac hé thdng
con vio ra I/0, hé thong bd nhd con va bd xir li tong thé. Trén bang nhung co it nhat 1
bus lién két voi cac thanh phan chinh khac trong hé théng (Hinh 2-26).

| Video Processor |1—
| Audio Processor |1—
|

Hinh 2-26: Céu trac bus chung
/

FCBUS | (137273

Trén mot ban phie tap, nhiéu bus cé thé duogc tich hop trén mot bang. Mot bang
nhiing v&i mot vai két nbi caesthanh phan dé lién lac, cau (bridge) trén cac bang két nbi
bus khac nhau va mang thong tin tir bus khac. Trong Hinh 2-27 cau PCI 1a mét trong
nhitng vi du. Mot cau c6 thé tu ig cung cip mot cach minh bach ban d6 cua dia chi
thong tin khi dir liéu duoc di chuyén tir mot bus khéc, thuc hién diéu khién tin hi¢u yéu
cau cho cac bus nhan chu ky, vi du nhu: cling nhu stra do6i cac dir liu dugc truyen di néu
chuyén ddi giao thirc khac tir bus dén bus. Néu mot byte sip xép khac, cau co thé xir ly
viéc trao doi byte.
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Hinh 2-27: Kién tric MPC620 véi cAu

Bang bus dic trung boi mot trong 3 loaizhé thong bus, bus da ning, hoic bus vao
ra I/0O. H¢ théng bus ( cling dugc xem la chinh, cuc bg, bo xit 1i, by nhd bus) két ndi bén
ngoai bd nh¢ chinh va giit CPU chi va/hode bét ki bridge dén bus khac. Hé thdng bus
thuong ngin hon, tdc do cao hon, tiiy.¢hinh bus. Backplane Bus da ning thuong nhanh
hon bus ma & bo nhd két ndi, bo xirdi tong thé, /O tat ca trén 1 bus. Cac bus 1/O ciing
dugc goi 1a bus “ md rdng”, « bén ngoai” hodc “chu”, két qua hoat dong nhu ph'?ln mé
rong ctia hé thong bus dé két ndi cac thanh phan con lai cho CPU véi nhau, dén hé thong
bus qua bridge va/hodc dén-cae hé thong nhing ctia riéng minh, qua cong thong tin 1/0.
Céac Bus 1/0 1a cac bus die trung tiéu chuan hoa co thé ngan hon, tbc do bus cao hon,
nhu PCI va USB hoac bus dai hon, cham hon vi du nhu SCSI.

Su khac biét chinh giit hé thong bus va bus I/O 1a ¢6 IRQ diéu khién tin hiéu trén
bus 1/O. C6 nhiéu cach khac nhau I/O va bo xir Iy chu c¢6 thé giao tiép va ngit 1a mot
trong nhitng phwong thirc phd bién nhat. Mot IRQ vao ra trén I/O trén mot bus dé cho
phép dén bo xu li trung tdm mot su kién da xay ra hodc mot hanh dong da duoc hoan
thanh boi tin hi€u trén bus IRQ. Khac I/O bus c6 thé c6 tac dong khac trén so do6 ngat.
Mot bus ISA, vi nhu nhu yéu ciu mdi thé ma tao ra ngit phai chi dinh cua né gia tri IRQ
duy nhét. Bus PCI cho phép hai hoic nhiéu thé I/O phan chia gié tri gidng nhu IRQ.

Trong moi loai bus, nhiéu bus c6 thé duogc chia thanh hodc bus 1a m& rong hoac
la khong m¢ rong. Mot bus mé rong (PCMCIA, PCI, IDE, SCSI, USB....) 1a mot trong
nhitng thanh phin bd sung c6 thé cim trong bang on-the-fly, nhung trai lai mot bus
khéng mé rong (DIB, VME, 12C 1a nhimng vi du) 14 mdt trong nhimng thanh phan b
sung khong thé cim don gian trong bang va sau d6 lién lac trén bus dén cac thanh phan
khac.

Trong khi thyc hién hé théng bus dugc mo rong linh hoat hon boi vi cac thanh
phan c6 thé dugc thém ddc biét cho cac bus va lam vi¢c “ ngoai khung”, mé rong cac
bus c¢6 xu hudng dat hon khi thuc hién. Néu bang khong duoc thiét ké ban dau voi tat ca
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cac loai c6 thé c6 cua cac thanh phan c6 thé duoc thém vao trong by nhé sau nay, chat
lugng c6 thé bi anh hudng xau boi viée bd xung qua nhiéu “dudng dan” hoic cac thanh
phan duogc thiét ké kém trén bus mé rong.

2.1.5.1 TRONG TAI BUS VA PINH THOI

Puoc lién két voi bus 12 mot sd loai giao thirc dugc dinh nghia céach cac thiét bi
truy nhdp vao bus (trong tai) cac qui dinh kém theo cac thiét bi phai tuan dé giao tip trén
bus (bat tay) va céc tin hi€u lién két véi cac dong bus khac nhau.

Bang cac thiét bi duoc truy cap vao mot bus dang ding mot hé thdng trong tai
bus. Trong tai Bus dugc duwa trén cac thiét bi dang duoc phan loai nhu 1a mot trong hai
thiét bi chi (cac thiét bi c6 thé bat ddu mot giao dich bus - transaction) hodc cac thiét b
phu (14 cac thiét bi ma c6 thé truy nhap vao mot bus dé dép ung v6i yéu ciu cia thiét bi
chi). Mot hé théng trong tai bus don gian nhat 1a chi c6 mot thiét bi ¢ trén bang (board) —
xtr Iy chu dé duge cho phép t6i may chu, trong khi tit ca cac thiét bi khac 1a thiét bi phu.
Trong trudng hop nay, khong can co trong tai khi ¢6 thé chi 1a mot may chu.

Nhiéu bus ¢ thé cho phép nhiéu may chi, c6 mot s6 phan xtr (phan chia so do
mach phﬁn cung) xéac dinh téng thé mot may chu duge diéu khién cua bus. Co mot vai so
dd trong tai bus duoc st dung cho bus nhing dang duoc phd bién nhét song song tap
trung dong, tap trung theo timg chudi (daisy-chain) va tu lya chon phan phbi.

Su phén xir song song tép trung dong la s@ dd trong do6 trong tai ¢ vi tri trung tam. Tt
ca cac bus chu két ndi v6i trong tai trung tam. Trong so' dd nay, cic may chil sau khi
duoc cap quyén truy cap dén bus thorg qua FIFO hodc duoc vu tién trén co s hé thong.
Thuét toan FIFO thuc hién mét sdloai hang doi luu trir trong danh sach cua cac thiét bi
chu sin sang st dung bus theo thir ty ciayéu ciu bus. Cac thiét bi chi dugc thém & cudi
hang doi va dugc phép truy nhap dén bus trdau hang dogi. Mot nhuogc diém chinh la kha
nang cua trong tai khongan thiép néu mot may chi o trude hang doi duy tri kiém soat
cua bus khong hoan thanh heac khong cho phép may chu truy cép bus.

B,
Device Device Device e g ) p 1
Ic My | o] Ma | My | My M1 M2
0 1 N
' I 3 A
| L, ]
busy i
8| |z 2| |z 2| (% Bus | @t Arbitrator §
% & 5 5 ty ? i
-
- -
arb
Hinh 2-28a: Su phan xtr song song tap trung dong Hinh 2-28b: Su phén xir trén nén tang FIFO
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Hinh 2-28c: Su phan xur trén nén quyén wu tién

He¢ théng phan xtr vu tién phan biét voi may chu dwa trén tam quan trong tuong
d6i v6i nhau va hé théng. Vé co ban thi mdi thiét bi chli dwoc wu tién gan gia tri, hanh
dong nhu mot chi thi cua thir ty vu tién trong hé thdng. Néu bod phan xu thue hién quyen
wu tién trén co so hé thong, thiét bi chu véi quyén tru tién cao nhat ludn ludn co thé chin
true nhimg thiét bi chi c6 vu tién thap hon khi chung mudn truy cap dén bus, didu do
c6 nghia 1a mot may cha dang truy cép vao bus ¢6 thé bi budc phai giai phdng boi trong
tai néu mudn wu tién may chii hon bus. Hinh 2-28c @ thé hién 3 thiét bi cht (1, 2, 3, thiét
bi 1 13 wu tién thap nhat, uu tién cao nhét 1 thiét bi 3).

Thir ty phéan xir trung tam, ciing dugc xem nhu.chudi phan xu, 14 mot hé thong
trong d6 bd phan xtr duoc két ndi v6i cacmay chu va cde mdy chi duogc két ndi thanh
chudi. Khong ké dén viéc may chii taoyéu cau cho bus, may chu dau tién & trong chudi
dugc cip bus va chuyén sang “cap buis” cho may chu tiép theo trong chudi néu/khi bus
khong can thiét hon nita (Hinh 2-29).

L
Ehice b ice B ice T 5
‘_E{ll'll 0 I N
-
| | /1 |
arb | _ release ;,;J,
- Iy
- i/

regst
Hinh 2-29: Sy phan xtr tuan tu/chudi tap trung

Céc hé thong phan b su phéan xtr, diéu d6 c6 nghia la khong c6 bd phan xu trung
tdm, khong c6 mach bd xung (Hinh 2-30). Trong cac h¢ théng, may chu tu phan xir bang
cach trao doi wu tién thong tin dé quyét dinh néu may chu vu tién cao hon 1a tao yéu cau
dén bus, hodc déu nhau bang cach loai bo tat ca cac dong phan xir va chd xem néu ¢ su
xung dot trén bus, c6 nghia 13 bus dang lam viéc voi hon mot may chi dang ¢b st dung
no.

43



Device Device Device

0 I N

| [ busy |

Arbitration lines removed/ 71 request
collision detection based bus 7/ lines

Hinh 2-30: Sy phan xur phan tan qua su ty chon

Mat khac tuy thudc vao bus , cac bd trong tai bus co thé cép 1 bus dén mot may
cha atomically (cho dén khi may chu hoan thanh viéc truyén dan vdi nd) hodc cho phép
phan chia truyén dan, noi ma bo phéan xtr c6 thé tranh céc thiét bi ¢ gitra viéc thuc hién,
chuyén d6i gitra cac may chii dé cho phép cac may chu khic truy cap bus.

Mot thiét bi chi dugc cap bus, chi c6 2-thiét bi mot 1a may chi va thiét bi khac
phu thudc vao kiéu giao tiép qua bus tai bat'ctr thoi diém ndo. Chi c¢6 2 kiéu thyuc hién
mot kiéu thiét bi c6 thé duge ( hoac nhéan) va/hoac viét (tmyén). Céc giao dich nay co thé
dién ra gitra mot trong 2 bo xtr 1i ( mot 1a may chily, mot 1a diéu khién 1/0) hodc bd xir 1i
va by nhd (mot may chu va bd nhd). Trong moi loai giao dich, du doc hay viét cling co
mot vai qui tic cu thé ma mdi thiét bi can lam theo thi tur dé hoan thanh mot giao dich.
Céc qui tac c6 thé thay dbi nhiéu giira c4c kiéu thiét bi thong tin, ciing nhu tir bus dén
bus. BO qui tic, thong thuong duge goidabit taybus, dang co s cua bat ki giao thirc bus
nao.

Co s& cua bat ki bat tay bus nao 1a giéi han sau cing boi bus dinh thoi. Cac bus
dua trén mot hodc mot vai su-két hop dong thol hoac khong dong thoi ciia hé théng bus
dinh thoi cho phép cac thagh phan gan lién v6i bus dong bd truyen héa né. Mot bus dong
bo bao gorn mot tin hié¢a dong ho gifra céc tin hi¢u khac n6 truyen tai, chang han nhu dir
liéu, dia chi hodc cdc thong tin diéu khién khac. Cac thanh phan str dung bus dong bo tat
ca deu chay gidng nhu nhip dongthd nhur bus, (tiy thude vao ting bus) va dit liéu dugc
truyén trén xung cao hoac thip ctia chu ki xung nhip. Tht ty 1am viéc ctia mot hé thong,
cac thanh phan hodc phai déng 1an can cho tét d6 xung tang lén, hoac toc do xung phai
chim cho bus lau hon. Mot bus qua dai véi 1 tbc 6 xung qua nhanh (hodc qua nhleu
thanh phan gan lién véi bus) s& gay ra d¢ léch trong dong bo truyen di, bai vi viée truyén
di trong mot hé théng nhwr vay s& khong dong bd v6i xung nhip. Dién hinh cc bus nhanh
hon sir dung dong bo hé thong bus dinh thoi.

Mot bus khong dong bd truyen tin hiéu khong ¢ xung ddng ho, nhung thay vao
do6 1a truyén tin hiéu “ bit tay”, chang han nhu yéu ciu va nhan tin hiéu. Trong khi hé
théng khong dong bo phirc tap hon cho cac thiét bi ¢ yéu ciu phan phdi 1énh, tra 1oi
1€nh, va nhu vay mdt bus khong dong bd khong cé van dé gi voi dg dai cua bus hodc mot
s6 16n hon cua cac thanh phan giao tiép trén bus, boi vi mot xung nhip khong phai 1a co
so dé giao tiép dong bo. Tuy nhién mot bus khong dong bo can mot « bo dong bd” khac
dé quan 1i su trao doi thong tin va dé khoa cac thong tin lién lac.

C6 hai giao thirc phd bién nhat dé bat ddu bat ctr bat tay bus nao 1a chi din hoic
yéu cau mdt giao tiép (hodc doc hodc viet) va phu thude vao dap ung dén chi dan giao
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tiép hodc yéu cau (vi du nhu mét sy thira nhdn ACK hogc yéu cdu ENQ). Co s6 cua hai
giao thtrc nay 1a diéu khién truyén tin hi¢u thong qua diéu khién mot dai bus riéng hoic
qua mot dai dir 1iéu. Du nd 1a mét yéu clu dir li¢u tai bd nhé hay 1a gia tri ciia bo diéu
khién I/O diéu khién hoic trang thai dang ki, néu phu thudc vao dap Gng trong viéc xac
dinh dén yéu cau truyén ciia cc thiét bi chu, sau d6 hodic 1a mot dia chi cia dir li¢u lién
quan dén viéc truyen dugc trao d6i qua mot dai bus riéng hodc dai dir liéu hodc la dia chi
nay duoc truyén nhu mot phan cia viée truyén gidng nhu yéu cau truyén ban dau. Néu
dia chi nay hop ¢, sau d6 trao dbi dir liéu trén duong truyén dit liéu (thém hodc bt mot
tap cac nhan biét qua mot dai khac hodc ghép vao cung mot chudi). Chu y giao thirc bt
tay bién d6i khac véi bus. Vi dy, mét bus yéu cau truyén tai cua yéu cau va/hodc nhan
biét v6i moi duong truyén, cac bus khac chi don gian 1 cho phép truyén quang ba cua
may chu dén tat ca cac thiét bi bus, va chi phy thude cac thiét bi lién quan dén giao dich
truyén dir lidu lai cho noi giri. Mot vi du khac vé sy khac nhau giira cac giao thae bt tay,
thay vi trao do6i phuc tap cua diéu khién tin hiéu thong tin dang duoc yéu cau mot xung
ddng ho c6 thé 1a co s cua tat ca bt tay.

Céc bus c6 thé hop thanh mot tap hé thdng truyén, ra 1énh nhu thé nao dé bus
truyén dir liéu. Cac hé thong phd bién nhat 14 don 1¢, noi-ma mot dia chi truyén di trudc
thong tin truyén cta dit liéu va chin, noi dia chi dugc truyén mot 1an cho nhiéu thong tin
ctia dir liéu. Mot h¢ thong truyén bi chin co thé ting bang thong ciia bus (khong co thém
khong gian va thoi gian cho viéc truyén cuing mot'dia chi) va doi khi cho phép dé tach roi
truyén hé thong. N6 dugc dung pho bién trong cac loai giao tiép bo nhé, vi du nhu giao
tiép viung nhé dém. Tuy nhién, mot hé théng bi chin, tac dong tiéu cuc dén hiéu suét caa
bus trong d6 cac thiét bi khac c6 thé phai chd l1au hon dé truy cap vao bus. Mot trong
nhimg thé manh cta hé théng truyén‘don 1¢ bae gdm céc thiét bi khong phu thudc vao
yéu cau dé c6 bo dém dé luu trir did chi va cac thong tin cua dit liéu dugc lién két voi dia
chi cling nhu khong sir 1i bat ki van dé ginay sinhvoi nhiéu thong tin hodc dén theo thir
tu hodc khong truc tiép lién kétwéi mot dia chi.

Bus khong mé rong:

Vi du: 12C Bus p

Cac bus 12C két néi véi cac bo xir 1i co két hop mot 12C trén giao dién chip, cho
phép truc tiép truyén thong tin gitra cac bo xur 1i trén bus. Mot may chi/ may phy thude co
mdi quan hé véi cac bd xur If ton tai ¢ tat ca cac giai doan, voi may chu hoat dong nhu may

cha nhan hodc truyén. Hinh 2-31, bus I2C 1a bus hai day v6i mot chudi dai dit liéu ( SDA)
va mdt chudi dai Clock (SCL). B xtr li duoc két ndi qua 12C dinh dia chi béi mot dia chi
duy nhat 12 mgt phan cua mot ludng dit liu dugc truyén gitra cac thiét bi.
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Hinh'2-31: Bang mach mau TV
/
May chu I12C batdawtruyén dit liéu va tao ra cac xung nhip cho phép truyén. Vé co

ban SCL c6 chu ki 1a murc cao thap .

Mot méay chu sau khi s& dai SDA (nhu SCL 14 chu ki ) dé chuyén dir liéu dén
cac may phu, mot phién dugc bat dau va két thac nhu Hinh 2-32. “START” 1a bat du khi
may chu kéo cong SDA & murc thap trong khi tin hiéu SCL ¢ mirc cao, nhung trai lai diéu
kién “STOP” bat dau khi may chi kéo SDA ¢ mirc cao khi SCL ¢ miic cao.

Dbi voi viée truyén tai dir liéu, bus 12C 1a mot diy bus 8 bit. Diéu ndy co nghia 1a
trong khi khong c6 gidi han vé s luong byte c6 thé duoc truyén di trong mot phién, chi co
1 byte (8 bit) cta dir liéu duoc truyén di ciing mot luc, 1 bit tai mot thoi diém. Cach dich
vao trong su dung cac tin hi¢u SDA va SCL 1a mét bit dir li¢u “ doc” mdi lan tin hiéu
SCLchuyén tir mirc cao xuéng mirc thap, suon dén suon.
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|
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MBC622

Hinh 2-32: Cac diéu kién START va STOP ctia [12C

Néu tin hiéu SDA ¢ mirc cao tai diém ctia mot sudn, sau do6 bit dir liéu s& duoc doc
1a “1”. Néu SDA & mirc thép tai diém ctia mot suon, sau do bit dir liéu duoc doc 1a “0”.
Mot vi du vé byte “ 000000017 truyén, Hinh 2-33a, trong Hinh 2-33b cho thiy vi du vé
hoan thanh mot phién truyén.

| |
|
_ SN dummy :
SDA ‘ [ acknowledge | '
| ; (HIGH) | |
! | ! |
! ! ! !
SCL | A /]_\ \ / R ; \. ./ . \.\ / o \ ff | |
SCL 1 NN 2 SN NSNS
S ACK | St
[ I _
|[+——— Switbyte 00000008 ——| MBC633
/
\ ’ A ~ 1A A
Hinh 2-33a: Vi du truyén dir liéu trén [12C
4
o !
—L / T/ \ / VT T TN —
SDA |\ | / X X >‘ X \ >< { }‘ _ :>< \
: : MSB T acknowled gement o _uc}\nowlmgcmcm S :
1 | signal from slave signal from receiver 1 |
! 1 ! 1
: : byte complete : :
1 \ interrupt within slave 1 |
: ! clock line held low while : !
| : interrupts are serviced | :
I . - I I
I | / \'\_ N\ / \'\ S\ /‘J \ /0 /N /g \ xj \-. ./ ! !
SCL 3{ :\_ AR S AN A WA SN SN/ as ANV ilr |
[ ACK ACK [
__a __a
START or STOP or
repeated START repeated START
condition condition
MSC608

Hinh 2-33b: So db truyén dir liéu hoan chinh trén 12C

Vi du bus ¢6 thé mé rong : PCI(Peripheral Component Interconnect):

PCI Local Bus Specification Revision 2.1, xac dinh yéu ‘cﬁu (dién, thoi gian, giao
thtre ...) cua viéc xur li mot bus PCI. PCI 1a mot bus dong bg, diéu d6 c6 nghia la né dong
bd hoa thong tin lién lac bang cach stir dung xung clock.Ti€u chuan dinh nghia thiét ké mot
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bus PCI véi it nhat 33MHz xung nhip (1én dén 66 MHz) va d6 rong ciia mot bus it nhat 1a
32 bit (1én dén 64 bit) c6 thé dua ra thong luong tdi thiéu xAp xi khoang 132 Mbytes/gidy
va 1én dén 528 Mbytes/gidy, 16n nhat véi 64bit truyén cho 66 MHz xung, PCI chay & mot
trong nhimg téc do xung, khong ké dén toc d6 xung nhip ma tai d6 cac thanh phan kém
theo n6 dang hoat dong.

O Hinh 2-34 bus PCI ¢6 2 giao dién két ndi, mot ndi b giao dién PCI két ndi voi
bang chinh (dé xu 1i...) qua kénh EIDE va mé rong giao dién PCI, bao gdm céc khe bén
trong PCI dé cidm thé (audio, video...). Cac giao dién mé rong lam cho PCI mé rong bus,
n6 cho phép cac phin cimg cim vao bus, cho toan bd hé thong ty dong diéu chinh va hoat

Driven by Description
Master Bus Clock (normally 33MHz: DC okay)
Master Indicates start of a bus cycle

Master/Target

Address/Data bus {multiplexed)

Master Bus command (address phase)
Byte enables (data phases)

Master Ready signal from master

Targel Ready signal from target

Trget Address recognized

Master System Reset

Master/Target

Parity on AD, C/BE#

A ’ ,
dong chinh xac.
( Add;ir;(ards Femed | Signal Name
/] sigals 4 | CLK
Processar S6K I !
System ™| Modem .;'r / FRAME#
/] AD[31:0]
7S [
oV P C/BE#[3:0]
Host Expansion wsomd | | ':‘EiEu?
et Bus ool I B IRDY#
E Bridge [ | Contus
."‘ Caid TRDY#
| | \ |7 | DEVSEL#
< | | PCI Local Bus ‘ ‘fl ‘ > RST#
! PAR
scsl 100 Mbit i STOP#
Controller Ethernet | Motherboard Graphics
Card IDSEL
L PERR#
SERR#
1 LAN REQ#
GNT#

Taczet Raequest to stop transaction

Chip select during initialization transactions
Receiver Parity Error
Any Catastrophic system error

Request Bus
Bus Grant

Hinh2-34: Bus PCI

v

2.1.5.2 GHEP BUS VOI CAC THANH PHAN BAN MACH KHAC

Céc bus thay doi trong ¢

Required Pins
AD[31:0]
C/BE[3:0]#
PAR
FRAME#
TRDY#
IRDY#
STOP#
DEVSEL#
IDSEL#
PERR#
SERR#
REQ#
GNT#
CLK

RST#

actinh vat li cia no, cac dac tinh nay tuong tng voi
cac thanh phan ma bus két noi, chu yeu 1a cac so do chan ctia bg xur i va cac chip bd nhd,
n6 phan anh céc tin hi€u ma bus c6 thé truyén (xem Hinh 2-35).

Optional Pins

PCl
Compliant 1IC

AD[63:32]
CIBE[T: 4%
PARG4
REQ64%#
ACKGAE
LOCK#
INT &%
INTB#
INTCE
INTD#
SBO#
SDONE
TDI

TDO

TCK

TMS
TRST#

Hinh 2-35: IC tuong thich chuan PCI
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Bén trong mot kién truc, cling ¢6 hd trg chiric ning giao thic bus. Nhu vi du,
MPC860 bao gém bus diéu khién tich hop 12C.

Bus 12C 1a bus véi 2 tin hi¢u: SDL va SCL, c4 hai tin hi¢u ndy dugc thé hién bén
trong khdi so db ctia bo diéu khién PowerPC 12C. Do 12C 1a bus ddng bo, mot thiét bi tao
ra toc do baud bén trong bd diéu khién cung cip xung nhip néu PowerPC hoat dong nhur
mot may chu, theo 2 bd ( nhan va truyén ) bao phu xtr 1y va diéu hanh sy truyén tai bus.

Trong bd diéu khién tich hop 12C, dia chi va thong tin dit liéu duoc truyén qua
bus théng qua thanh ghi truyén dir liéu va ra thanh ghi dich. Khi MPC860 nhan dit liéu,
dir liéu duoc truyén vao bén trong thanh ghi nhan dit liéu qua mot thanh ghi dich.

2.1.5.3 HIEU SUAT BUS.

Niéng sudt ctia bus duoc tinh qua bing thong cua no, ) lwong dir liéu ma bus co
thé truyén trong mot khoang thoi gian, mot cau trae cua bus ca cau truc vat li va giao
thire lién két cia nd sé tac dong dén hiéu suit cua no. Trong gio1 han cua giao thirc, vi
du, hé thong bat tay don gian bang thong cao hon. Thyc té cac thiét ké vat li cua bus (do
dai, sb dong, s6 luong cac thiét bi duoc ho trg...) gioi han hogc tang hi¢u suit cua no.
Céc bus ngan hon, cac thiét bi duoc két ndi it, nhiéu d li¢u hon thudng nhanh hon céc
bus va bang thong cao hon.

S lugng cac dai bus va cach sir dung cac dai bus — Vi du, cho du c6 nhiéu duong
day riéng cho moi tin hiéu hay c6 nhiéu tin hiéu da boi it dugc chia sé trén dudng 1a cac
yéu td tac dong bd xung cho bang thong cua bus. Cang nhiéu dai bus thi cang co nhiéu
dir liéu c6 thé duoc truyen qua cungmot thoi diém. It dai hon co ‘nghia la nhiéu dir liéu
c6 thé chia sé vao dai dé truyén, két qua la c6 it dir liéu duoc truyén trong cing mot thoi
gian hon. Lién quan dén chi phi, hiy luu ¥ su gia ting trong chat din dién trén bang
mach, trong truong hop daycua bus lam tang-chi phi trén bang. Tuy nhién, chi y rang,
su don dai s& dua ra d0 #8 trén eudi mdi durong truyén, cic yéu cau ¢ cudi bus dén tin
hiéu don kénh va phan kénh dugc tao thanh tir cac tin hi€u thong tin khac.

Céc yéu t6 khac gop phan vao baing thong cia bus 1a sd bit dir liéu ma mot bus c6 thé
truyén trong mot chu ki bus, day goi 1a d6 rong cua bus. Cac bus thuong c6 bang thong la
s6 mii nhi phan 2, chang han nhu 1(2°) cho cac bus v6i d6 rong bus nodi tiép, 8(2°) bit, 16
(2% bit, 32 (2°) bit... Vi dy, cho di liéu 32 bit can duogc truyen neu mot bus noi riéng c6
do rong la 8bit, sau do dir lieu dugc chia va gui trong 4 lan truyén riéng; neu bus c6 do
rong 16 bit, thi c6 2 goi dir liu riéng dé truyen di, bus c6 32 bit dit liéu truyén mot goi,
mot bit bat ké lac nao cung co thé duoc truyén. Do rong cua bus gidi han bang thong cua
bus vi n6 gi6i han s6 bit dit lidu c6 thé duoc truyén trong bat ki mot giao dich nao. Do tré
c6 thé say ra trong mdi phién truyén boi vi giao thirc bat tay, luu luong bus va tan sb
xung nhip khac cac thanh phan giao tiép, dat cac thanh phan nay trong h¢ thong tré,
chang han nhu trang thai cho. D6 tré ting vi s6 goi dit liéu can duoc truyén ciing ting. Vi
vy do rong clia bang thong 1én hon, d¢ tré it hon va bang thong 16n hon.

Dbi véi bus co giao thire bat tay phuc tap hon, hé théng truyén thuc hién co thé
anh huong 16n den hiéu suit. Mot khéi hé thong truyen tai cho phép bang thong 16n hon
qua hé thong truyén tai don 1&, boi vi ¢6 it sy trao ddi giao thirc bét tay trén mbi khdi véi
nhitng tir don 1¢, cac byte dit liéu. Truyén tai khdi c6 thé thém thoi gian chd dé cac thiét
bi chd 1au hon cho viée truya cdp bus. Tir khi mot khéi truyén tai dya trén chuyén giao

49



mdt khdi kéo dai 1au hon 1a truyén tai don 1¢ co s& chuyén giao. Mot giai phap phd bién
cho loai thoi gian chd 14 bus cho phép chia chuyén giao, 1a noi ma bus duwgc hoat dong
trong sudt qua trinh bit tay, chang han nhu trong khi chd doi x4c nhén tra 10i. Diéu nay
cho phép cac giao dich khac dién ra va cho phép céac bus rdi con lai cho thiét bi chuyén
giao. Tuy nhién, n6 gin véi do tré cua cac giao dich bang cach yéu cau bus co dugc
nhiéu hon mét 1an giao dich duy nhat.

2.2 Cdc thanh phan phan mém cua hé théng:

2.2.1. Trinh diéu khién thiét bi
Cdc vi du vé bg diéu khién cong 1/0

Cdc bg phén cua h¢ théng con I/O yéu cau mot s6 dang quan ly phé}l mém bao gdm
cac thanh phén QHQC tich h(_)’p san trong by xur Iy chd, nhu bd diéu khién‘thu dQng I/0.
Cac b(f)"dié}l khiép I/O déu gobm c6 mot bd trang thai va cac thanh ghi diéu khién duoc
dung dé diéu khién b(f) xu Iy va kim ham trang thai cua n6. Phu thudc vao h¢ thong con
1/0, th()ng‘thuc‘rng tat 9& hodc mdt vai h¢ thong trong 10 dac trung tir danh sach chuc
nang bg di€u khién thiét bi da dugc gi6i thiéu ¢ phan dau cua chuong s¢ thye thi trong bo
diéu khién I/O, bao gom:

1/0 Startup, 1a phan khoi dong ctia ngudn ¢dp cho I/0 hodc khoi dong lai.

1/0 Shutdown, thiét lap I/O tré vé trangdhai tat ngudn cia nd

1/0 Disable, cap phat chuong trinh khac dé ngan chan hoat dong cua I/0

1/0 Enable, cép phat chuong trinh khae'dé kich hoat hoat dong ciia I/O

/O Acquire, cap phat chuong/rinh khac @é khuéch dai truy cap don 1é (chdt) t6i
/O

1/O Release, cap phat chueng trinh khac dé nghi (mé chdt) /O

I/0 Read, ¢ap phat chuong trinh khae dé doc dit liéu tir I/O

1/0 Write, cAp phaf chuong trinh khac dé viét dir li¢u 1én /0

I/O Install, cép phat ehuong trinh khac dé cai dit hoat dong méi cua 1/0

1/O Unistall, cAp phat chuo’ng trinh khac dé g& bo hoat dong cta I/O da duoc cai
dat.

Céac chuong trmh con khdi dong Ethernet va RS232 I/O cho PowerPC va céc cau triic
ARM dugc cung cap nhu trong vi du cta hé thong thiét bi khoi dong (thiét 1ap) /0. Cac
vi du @6 chi ra cach I/O dwoc thuc thi trong cic cdu tric lién hop, nhu PowerPC va
ARM, va né co thé duge dung nhu mot ban chi dan dé nim bét cach viét cac hé thong
1/0 1én cac bd xtr Iy phtrc hop hodc kém phirc hop hon PowerPC va cau tric ARM.

Vidu khéi tao Driver RS-232:

Mot trong nhing chudi giao thirc /O khong ddng bd duge thiét 1ap 1a RS-232 hoic
EIA-232 , dya trén nén tang chuan cua hoi cong nghiép dién tir. Cac chudn nay xac minh
nhirng bo phan chinh ctia bat ctr hé thong gbc RS-232 nio dugc thuc thi trong phan cimg.

Firmware (software) yéu cau kich hoat anh xa dic trung t6i phién thip hon cia 16p
lién két dir liéu vat 1y. Cac b phan phan ctng c6 thé dugc anh xa hét t6i 16p vat 1y cua
mo hinh OSI, nhung n6 s& khong dugc néi d&én trong phan nay.

Bo phan RS-232 duoc tich hop sin trong bo xir Iy chu dugc goi 1a giao dién RS-232,
no6 ¢ thé duge 1ap trinh truyén din dong bo hay khong dong bo. Vi du, loai dan tuyén
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khong df‘)ng bd, chi co firmware (software) dugc thuc thi RS-232 nim trong by phan
UART , n6 sé& thuc thi viéc truyén dan dit liéu 1an luot.

Dir liéu dugc truyén khong dong bo qua RS-232 nidm trong mét chudi cic bit ma
dugc chuyén véi téc do khong doi. Khung truy cap boi UART niam trong khudn mau
dugc néu trong Hinh 2-36.

Transmission Example

1 1 1 1 1 01 1 oO0OOOT1 O1 1 1 1
|| |- P [ S—|
Trailing Idle Bnﬂ Character A t Leading Idle Bits
Stop Bit Start Bit
Parity Bit Data Flow

Hinh 2-36: So d6 khung RS-232

2.2.2. Hé diéu hanh th&i gian thwe
He¢ diéu hanh thoi gian thuc 1a mot hé diéu hash hd tro cau tric cta hé thong thoi
gian thuc.

Trang thai dinh thoi ciia OS nén dwge du doén trudc:

Dbi véi mdi dich vy cua hé diéu hanh (OS), rang budc trong thoi gian thyc hién
can dugc dam bao. Trén thuc té co cae'muc do du doan khac nhau. Vi du, c6 thé co bd
ctia dich vu hé diéu hanh goi ma rang bude duoc bict va sy thay ddi cua thoi gian thuc
hién 14 khong dang ké. Cac 1énh goi nhy 1a « dua cho t6i thoi gian trong ngay” c6 thé ¢
trong 16p nay. Ddi véi cac 1énh goi khac €6 thé thay doi rat 1én. Cac 1énh goi nhu “ dua
cho t61 4MB b nhd doc 1ap™ €6 thé roi & trong 16p thtr hai nay. Pac biét, ban liét ké
danh sach caa RTOS can phai duoc xac dinh (tiéu chuin Jave khong chd i vé mat nay,
nhu 13 khong ¢6 thi tu thue hién doi véi thuc thi “ chudi” — cac ludng dugc qui dinh).
Mot trudng hop dac biét khac, ehung ta dé cap dén viéc thu thap dir liéu rac. Trong pham
vi Java, c6 nhiéu c6 gang da thuc l%n dé cung cap thu gom dir lidu rac.

Ciing c6 thé trong sudt thoi gian 1énh ngit c6 thé khong co kha ning gay tro ngai
pha hiy giita cac nhiém vu (n6 1a mot cach rat don gian dam bao loai trir 1an nhau trén
mot hé thdng bd vi xir i don). Trong cac giai doan, cac ngat bi vo hiéu hoa c6 thé hoan
toan ngan dé tranh sy cham tré khong thé du doan dugc trong viée sir Iy cac bién ¢d quan
trong.

Pébi véi RTOS thuc hién thé théng tap tin, nd co thé can thiét dé thuc hién céc tap
tin k& nhau( file dugc Iuu trit ké nhau trong dia) dé han ché sy chuyén dong cua dau dia
khong du doén trudce dugc.

OS can phai dwoc quan li thoi gian va lich trinh cac nhiém vu.

Lich trinh dugc dinh nghia nhu sy 4nh xa tir tdp cédc nhiém vu dén cac khoang
thoi gian thyc hién. Bao gom anh xa dé bat dau nhu 1a mét trudng hop dédc biét. Ngoai ra,
OS c6 thé nhan biét dugc nhiém vu ding thoi han d€ OS c6 thé 4p dung lich trinh ki
thuat thich hop (trong do lich trinh la hoan toan thuc hién gian tiép va OS chi can cung
cap cac dich vu dé bat dau nhiém vu & thoi diém cu thé hodc cac murc dJ wu tién). OS can
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phai cung cap cac dich vu thoi gian chinh xac véi d6 chinh xac cao. Thoi gian dich vy
dugc yéu cau, vi du, dé phan biét gitra ban gbe va cac 16i ccon. Viduy, n6 ¢6 thé gitp xéc
dinh ning luong ctia may, dé chiu trach nhiém cho viéc mat ngudn.

OS cén phai nhanh

Ngoai viéc du doan duogc, OS cin phai c6 kha nang hd trg cac ung dung véi thoi
han trén ti 16 gidy. Mdi RTOS bao gébm mot thoi gian thuc goi 1a hé théng diéu hanh
chinh. B6 phan quan 1i chinh nay 13 ngudn duoc tim thiy trong mdi hé thong, bao gdm
bo xur li, bd nhd, va hé théng gi0. BO phan bao vé cac thiét bi may (loai tir an toan, an
toan, hay li do bao mat) khong can c6 mit.

. Chuc nang chinh trong b phan chinh bao gém cac quan li nhiém vu, nhiém vu
dong bd va truyén dit liu, quan li thoi gian, quan 1i b nhd.
Trong khi mot sé RTOS duoc thiét ké cho cac tmg dung gan néi chung, cac ng

dung khac tap trung trén mot khu vuc cu thé. Vi du, OSEK/VDX OS tap trung diéu khién
tu dong. Do tap trung ndy, né 1a mot hé diéu hanh khé nho.

Twong tu, trong mot s6 RTOS cung cap API chuan nhiing céi khac dén cing véi
dic diém riéng cua ching, API doc quyén. Vi du, mot vai RTOSs phu hop véi POSIX
RT mé rong cho UNIX, véi OSEK/VDX OS hoic y6i ITRON dic bién phat trién nhiéu
& nhat ban. Nhiéu loai RT chinh ctia OS c6 riéng API. ITRON, duoc dé cip trong truong
hop nay 1a mot RTOS hoan chinh sir dung liénkét cawhinh.

2.2.3. Middleware

Khai quat chung nhit, middlewate 13 phan mém hé théng bat ki, n6 khong chi 1a mot
bd phan chinh ctia hé diéu hanh,¢ac bo diéu khién thiét bi, hay cac phén mém ung dung.
Chu ¥ rang mot vai OS c6 thé tich hop middleware vao trong cac bo thyc thi ctia hé diéu
hanh. Cac middleware hé thong nhing thong thuong dwoc dit bén trong cac bo diéu
khién thiét bi hay dugc dat'é phan trén cing ctia hé diéu hanh, va thi thoang c¢é thé duoc
hop nhat lai bén trong chinh hédiéu hanh.

Middleware thuong la phén nim trung gian gitra cac phan mém tmg dung voi bo
phan chinh hay 1a phan mém dleu khién thiét bi. Middleware ciing 12 phan mém trung
gian va diéu khién cac phan mém Ung dung khac. Dac biét, middleware 1a mét 16p cau
trac chung duoc sir dung trén hau hét cac thiét bi nhung voi 2 hodc nhidu ing dung véi
muc dich dé dap ting duogc tinh phic tap, tinh bdo mat, tinh linh dong, tinh lién Két,
truyén thong v6i nhau, tinh tuong thich giita cic tmg dung. Mot trong cac thé manh
chinh khi st dung middleware d6 1a n6 cho phép giam thiéu dwoc sy phuc tap cua céac
tmg dung boi co s& ha ting phan mém trung tdm. Tuy nhién, khi gioi thiéu vé
middleware hay gi6i thiéu vé mot hé thdng, cai can gidi thidu dau tién 1a cai nhin tong
thé, n6 c6 thé tac dong rat 1én dén tinh mo rong va hiéu niang. Trong mot thoi gian ngén,
middleware tac dong t6i hé théng nhung tai tat ca cac 16p.
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Application Laver U Application Layer
Application Laver
System Software Layer System Software Layer
‘ Middleware Operating Sydem System Software Layver
[ Operating System i Middleware ] [ Middleware D
L 3
‘ Device Drivers | Device Drivers Ij I Device Drivers D
dddware Lave r ﬁ kidwore Lave r dhdvare Lave r

Hinh 2-37: Middleware trong mé hinh hé nhiing

Trén day co thé ké ra cic thanh phan middleware khic nhau nhu phan
middleware dinh hudéng thong bao (MOM-message oriented middleware), cac thuc thé
trung gian yéu cau d6i twong (ORBs-object request brokers), goi thil tir xa (remote
procedure call-RPCs), co s& dit li¢u/truy nhap co sé dir li€u, va cac giao thirc mang trén
tang driver thiét bi. Tuy thé, hau hét cac loai middle nhin chung déu roi vao mot trong 2
loai sau:

+General —purpose: nghia 1a ching dugc thue thi trén cac thiét bi khac nhau nhu
giao thirc mang nam bén trén 16p dieu khiénthiet bi va nam bén dudi 16p ting dung
trong mo hinh OSI, c4c hé thong tap tin ha}(o'rf mot vai thiét bi ao nhu JVM.
s

+ Market-specific: nghia la chung’1a doc at trong mét gia dinh riéng bit cta cac
h¢ thong nhing nhu mot phan mém tfén nén tiéu chuan TV sb dit trén hé didu hanh hay
trén JVM.

Du ching la general purpose hay market —specific, thi thanh phﬁn middleware c6
thé dugc phan chia rd hon theo “déng”, no la cac phan mém dugc cung cip béi mot cong
ty v6i ban quyén s dung choyphép ta ¢6 thé sir dung no, hoic “mé” , nghia la n6 la mgt
chuin qui dinh boi cac hoi dongledng nghiép va chung dugc cai dit hay cap phép boi bt
ki bén nao co lién quan.

Khi nguoi ta tim ra mot cong nghé c6 thé dap g duoc tit ca cac yéu ciu cua ing
dung riéng biét nao do, thi lic nay cac hé thong nhing tré nén phirc tap hon va doi hoi
phai c¢6 thém nhiéu hon cic linh kién nhung. Trong truong hop d6, cac linh kién
middleware ca nhan duoc chon lya tuy thudc vao kha nang thao tac voi cac linh kién
khac, dé tranh dugc cac van dé sau nay khi chung dugc tich hop lai. Trong mot vai
truong hop, cac goi middleware tich hop cta thanh phan middleware di mang sén tinh
thwong mai, st dung cho hé théng nhing nhu cac giai phap nhung Java cua SUN,
Microsoft’s, Framework, va CORBA tir nhom quan li dbi twong (OMG), dé dat tén cho
mot vai hé thong nhing. Nhiéu nha cung cip hé diéu hanh nhing cling cung clp cac goi
middleware tich hop chay theo kiéu “out of box” véi hé diéu hanh twong Umg va nén
tang phan cing cia ho.

Vi du middleware driver mang:
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Mot trong céc cach don gian nhat dé cé thé hiéu vé cac thanh phan can co dé lap dat
mot mang trong mot thiét bi nhing dé hién thi hoa céac thanh phén cua mang theo mo
hinh OSI va lién quan téi mé hinh hé thong nhiing. Trong Hinh 2-38, phin mém dugc dat
nam trén 16p lién két dir liéu va 16p phién, n6 c6 thé duoc xem nhu thanh phan phan mém
cta middleware mang.

051 Model

;
—_—
Ml
Sppiatnlae B

L)
L)
L)
.
H
Prasentation Layer ' ! Application Software Layer
'
i
'
L]

[Satmine )

Networking

Wi Al saicare Svetem Software Laver

Hdware Layer

Hinh 2-38: M6 hinh OSI va middleware
4

Trong vi du & phan nay, ta s& dé cap toi hai giao thire UDP va IP (Hinh 2-40a va b),
day 1a cac giao thirc trong chdong gido thitc TCP/AP va dugc thuc thi nhu middleware.
Nhu da gidi thi¢u trong chuong 25 m6 hinh TCP/IP dugc tao nén tu 4 16p: 16p truy nhap
mang, 16p mang, 16p giao vén, va l6p ung dung. Lop ung dung ciia m6 hinh TCP/IP hop
nhat chiic ning ciia 3 16p tréf cling trong mo hinh OSI (16p tng dung, 16p trinh dién, va
16p phién), va 16p truy nhéip hop mhat chircning cua hai 16p 1a 16p vat 1i va 16p lién két
dit liéu. Lop internet tuong g vo1 16p mang trong md hinh OSI va 16p giao van thi
gidng nhau cho ca hai mo6 hinh,Didu d6 c6 nghia 13, khi xem xét md hinh TCP/IP can
cha ¥, middleware mang nam b udi 16p giao van, 16p internet va nam bén trén 16p
truy nhd@p mang (Hinh 2-39a).

54



"""l Transport Layer ’
"l Presentation Layer '
esontoe )

Application Software Layer

Application Layer ’

Transport Layer '
[NewoncLayer [
Data-Link Layer ’

Transport Layer
Internet Layer '

System Software Layer

Network Access
Layer

i

: el Physical Layer
i
]

Hdware Layer

Hinh 2-39a: So 6 kh6i mé hinh OSI, TCP/IP va mé hinh hé nhing

‘ Applicatign Software Layer

System Software Laver

Transport Layer
Middleware
Protocols

Transport Laver
Middleware
Protocols

Network Acgess
Layer Middleware
Protocols

G - Ethernet ""' """""""""" e

v

[Ethemner [J [msa [

MH-dware Laver

Hinh 2-39b: So db khéi mé hinh TCP/IP va cac giao thic
2.2.4 Phan mém rng dung

La loai phin mém 16p trén cung trong h¢ théng nhing (application  software).
Trong hinh 2-40, phan mém tmg dung nam & phan trén cing ctia 16p phan mem hé thong
va phu thudc, chiu sy quén li va chay cac ung dung tuy thudc vao phan mém hé thong.
N6 12 mot phan mém nam bén trong 16p tmg dung, qui dinh loai thiét bi nao duoc dung
trong hé théng nhung, béi vi chirc ning cia mot 16p tmg dung 1a dic ta myc dich cao
nhat ctia hé thong nhing d6 va lam tat ca cac cong viée lién quan gan nhat voi ngudi sir
dung hodc quan li thiét bi d6 néu cai thiét bi nao ton tai . Khi nguoi st dung bam nat thi
c6 thé kich hoat chirc ning diéu khién ctia mot cach truc tiép bang cach dong/ngit theo
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tuan tu, tot hon so v&i mot ung dung phu thudc vao mot nguoi 1ap trinh vién lam cong
viéc do bang tay.

>

g{ ahi
Hinh 2-40: L6p Umg dung va md hinh h¢ nhiing

Giong nhu céc tiéu chudn nhing, cac ing dy
market specific va general purpose.

+ marker specific (thuc thi chi trén duy nhit mé
yéu cau video trong mdt TV s0 tuong tac).

+ general purpose (co thé chi duoc thuc loai thiét bi khac nhau, nhu

mot trinh duyét web).
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Céau hdi 6n tap

Su khéc biét gitra von Neumann model va Havard model?

V& so d6 phan cap bd nhd trong hé thong va giai thich.

Ban d6 bo nhé 1a gi?

Céc loai bo nhé nao thuong duoc sir dung trong hé théng nhung.

Loai by nhd nao tich hop trén chip, trén board.

Viéc quan Iy bod nhé ngoai cé thé thuc hién bang cac phuong phap nao?
Muc dich cua I/O trén bang mach 1a gi?

Dinh nghia bus?

Muc dich cua bus la gi?

A A o b

. Lay vi du mot so0 loai bus pho bién.

—_— —
—_ O

. Su khac bi¢t gitra bus mé rong duoc va khong mo rong duoc

—
[\

. Su khac bi¢t gitra bus master va slave

—
[98)

. Tai sao lai can trong tai bus?

—_—
B

. Trong tai bus lam nhiém vu gi?

—
W

. Néu 3 loai trong tai bus phd bién?

—
[®)

. V& s0 do cdc co ché cua trong tai bus va giai thich.

—
~

. Su khac bi¢t gitra serial va parallel I/O.
. Su khac biét gitra UART va SPI.
. V& so db hoat dong cua I12C va giai thich cac tin hi¢u.

N = =
S O 0

. V& biéu d6 hoat dong theo thoi gian cﬁg 12C va giai thich.

[\
—

. V& so dd hoat dong cua SPI va giai thich cac tin hi¢u.

N
N

. V& biéu dd hoat dong theo thoi gian ctia SPI va giai thich.

23. Trinh diéu khién thiét bi (gvice driver) 1a gi?
24. V& so d0 cac vi tri c6 thé eta 16p trinh diéu khién thiét bi trong kién triic hé
thong nhung.

25. Liét ké va mo ta chirc ning ctia cdc ham trong trinh diéu khién thiét bi.

26. Hé diéu hanh nhing lam chtc ning gi?

27. V& so d0 vi tri ¢6 thé ctia h¢ didu hanh nhung trong phén 16p hé théng nhung.
28. Nhan hé diéu hanh (kernel) lam nhitng nhiém vu chinh nao?

29. Middleware 1a gi?

30. V& so dd vi tri ¢6 thé ctia middleware trong phan 16p hé thong nhung.

31. Liét ké cac loai middleware

32. Pinh nghia phin mém tng dung?

33. Phan mém tng dung nam & vi tri nao trong phan 16p hé thong nhung.

34. Phan loai phdn mém tmg dung?



CHUONG 3 - HE DIEU HANH THO' GIAN THU'C DUNG
CHO CAC HE THONG NHUNG

3.1 Yéu cdu chung cho cédc hé diéu hanh thoi gian thuc

Thoi gian thyc 12 mot khai niém rat kho dinh nghia. Theo nghia den, hé thong phai phan
(g tirc thi, thich hop theo yéu cau. Theo dung ¥ nghia, thoi gian thuc ctia mot su kién
nghia 1a né xay ra ngay lap tirc. Mot vi du khi ta chuyén khoan tién giita cac tai khoan,
dbi voi mot hé théng thoi gian thuc, ching ta s& dugc cdp nhat tai khoan ngay lap
tuc. Tuy nhién, dbi voi mot hé thong khong phai thoi gian thue, viéc xir ly s€ dugc thuc
hién vao cudi mdi ngay, do d6 viéc cap nhat co thé phai doi dén ngay hom sau. Mot vi du
khac 1a mot h¢ théng da phuong tién, khi choi cac file media, hé thong nay phai di kha
nang xt Iy video, audio dting theo thoi gian cta chuan dir liéu, néu khong, s& xay ra hién
tugng giat hinh, tré tiéng, tré hinh hoic cac 16i khac.

Ngoai viéc phan tng du nhanh, hé théng thoi gian‘thue can phai tin cay va chinh xac.
Doi véi cac hé thong diéu khién nhu trong 6 t6, trong day chuyén san xuat, d§ chinh xac
rat quan trong.

Tuy theo mirc d6 cia yéu cau vé thoi gian, hé thong thoi gian thuc c6 thé phan thanh thoi
gian thyc cung (hard real-time) hay tho1 gian thue mém (soft real-time):

e Thoi gian thyc cing (hard real-time): Mot hé thong thot gian thyc cing can mot
su dam bao vé thoi giandap _ing trong truong hop xau nhat. Ca hé thong bao gom
hé diéu hanh, tng@ung, phan cting, ... phai dugc thiét ké dam bao cac yéu cau
vé thoi gian dap tng) Thoi gian dap ung c6 thé 1a ms, ns nhung chung phai ludn
duoc dam bao. Néu khéng c6 thé sé co nhimng hau qua nghiém trong ddi véi hé
théng. Vi du nhu cac hé théng qudc phong, cac hé thdng diéu khién xe cd hoidc
may bay, cac hé thong thu'thap dir li€u, cac thiét bi y té. ..

e Thoi gian thuc mém (soft real-time): Di voi hé thong thoi gian thyc mém, viée
dap Umg yéu cau vé thoi gian khong phai luc nao ciing can thiét. Vi du nhu hé
thong xem phim, thinh thoang co thé hé thong bi treo, hoac giat hinh. Nhiing su
cd nay khong ¢6 héu qua 1o6n. Tuy nhién néu hé thong khong phan mg dung thoi
gian qué nhiéu lan, hé thong c6 thé coi nhu khong dat yéu cau. Vi du nhu thoai
VoIP, hé théng audio, video,.

POSIX 1003.1b dinh nghia thoi gian thyc cho h¢ diéu hanh 13 kha ning cta hé diéu hanh
dé cung cap murc do cua dich vu trong mét thoi gian gioi han.
Céc dac tinh sau c6 thé dugc gan vai h¢ thong thoi gian thyc:

e Da nhiém/Da ludng (Multitasking/multithreading): Mot h¢ diéu hanh thoi gian
thuc phai c¢6 kha nang xu ly da nhiém va da ludng.
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Co ché uu tién (Priorities): Hé diéu thanh thoi gian thuc pha1 c6 co che uu tién
cho céc tac vu. Cac chirc ning ¢ yéu cau gidi han vé thoi gian cao can duge uu
tién xtr 1y.

Thira ké wu tién (Priority inheritance): Hé diéu thanh thoi gian thuc phai c¢6 co
ché thira ké uu tién.

Chiém quyén (Preemption): Hé diéu hanh thoi gian thuc can c6 tinh ning chiém
quyén, c6 nghia 1a khi mot tac vu c6 mirc wu tién cao hon sin sang chay, nd ¢
thé chiém quyén cua mot tac vu ¢6 mirc vu tién thép hon.

Tré ngat (Interrupt latency): Thoi gian tre ngat 1a thoi gian tur khi mot ngat tir
phan climg xdy ra dén khi ham xtr 1y ngat chay. Mot hé dleu hanh thoi gian thyc
can co tré ngat c6 thé doan duoc va thuong cang nho cang t6t.

Tré 1ap lich (Scheduler latency): Pay 1a thoi gian bat dau tir khi tac vu c6 kha
nang chay dén khi tac vu thuc su chay. Mot hé diéu hanh thoi gian thuc can c6 tré
14p lich ¢6 thé xac dinh duoc.

Pong bd va thong tin gilta cac process (Interprocess communication and
synchronization): Kiéu thong tin pho bién nhat glua cac tac vu trong mot h¢ thong
nhung 14 giri cac ban tin. Mot hé diéu hanh thoi gian thuc can c6 mot co ché xtr Iy
ban tin ¢ thoi gian khong doi.

Phan phdi bd nhé dong (Dynamic memory allocation): Mot hé diéu hanh thoi
gian thuc can cung cap cic ham cung cApbé nhé véi thoi gian cb dinh.

3.2 Cdc chirc ndang chinh cua phan 16i trong hé diéu hanh thoi
gian thuwc

3.2.1. Kernel

Trong mot h¢ diéu hanh bét ky, kernel 1a thanh phan trung tdm nhat cta hé diéu hanh, n6
1a cu ndi gitra cac tmg dungva viéc xtr Iy ditJieu & mirc phan ctng.

Applications
! A U
|
3 ¥ -
Kernel
S Y Y
CPU Memory | | Devices

Hinh 3-1. Kernel trong hé thong

Nhiém vu chinh cta kernel 1a quan 1y tai nguyén hé théng, cac tai nguyén nay thuong
bao gom:

CPU: Kernel chiu trach nhiém quyét dinh chuong trinh nao s& dugc chay trén
CPU hoic cic CPU tai mot thoi diém nhét dinh.
B0 nhé: Kernel chiu trach nhiém quyét dinh mdi tac vu s& duoc sir dung phﬁn bo
nhd nao, va xac dinh s€ 1am gi khi khong du bo nhd.
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e Cac thiét bi vao/ra (I/O devices): Kernel cung cap cac yéu cau tir cac ung dung dé
thuc hién céc tinh nang truy cap vao/ra cho cac thiét bi tuong tng.

3.2.2 Tac vu va da nhiém

Polling va ngit

Cac h¢ théng thoi gian thup duoc hiéu 1a duge diéu khién tuy theo su kién, C('), nghia lé}
chirc nang chinh cia h¢ thong la phan ing theo sy kién xdy ra. Co hai cach tiép cén van
de nay: dung polling hoac ngat.

Vi du vong lap polling nhu sau:

int main (void)
{
sys _init();
while (TRUE)
{
if (event 1)
service event 1();
if (event 2)
service event 2();
}
0 day, chuong trinh bat dau chay cai dat ¢ho hé thong, sau d6 vao mot vong lap vo han.
Dbi voi mdi su kién (event) co mot ham (mot tagwvu) tuong Ung. Madi tac vu dugc quyén
diéu khién 1an luot. Khi tac vu motHoan thanh, nd chuyén quyén diéu khién cho tac vu
hai, lan luot nhu thé dén hét, sauddo lai lap lai. Phuong phép nay con goi 1a lap lich ndi
tiép (sequential scheduling hodc mot tén khac la round-robin scheduling).
v

Mic dii phuong phép nay heat dong tot voi cac hé thong don gian, tuy nhién no ciing c6
mot s6 mat han ché. Thoi gianshé théng phan ng lai su kién phu thudc vao vi tri ma
chuong trinh chay vong lap. Vi'dwnéu su kién event_1 xdy ra ngay trude cau 1énh
if(event 1) thi thoi gian phan ungg rat ngan Tuy nhién, néu no xdy ra ngay sau khi
chuong trinh kiém tra cdu lénh do, hé thong s& phai doi mdt chu ky vong lap dé thuc hién
phan tng d6i vai event 1 do.

Dbi voi mot s6 hé thong don gian, phuong phap nay chap nhan dugc. Tuy nhién dbi voi
cac hé thong phure tap, khi vong lap qua l16n, néu hé thong phan tmg khong kip voi sur
kién xay ra, h¢ théng co thé bi sy c¢d. Vi du trong mot hé théng diéu khién day chuyen lap
rap, néu hé thong khong phan tng kip lai mot sy kién nao qua lau, ca day chuyén cé thé
bi truc trac.

Mot van dé nira 13 tat ca cac tac vu déu co uu tién ngang nhau. Trén thyuc té trong mot hé
thdng bao gio ciing c¢6 nhiing tac vu cd quyén wu tién cao hon cac tac vy khac.

Vén dé tha ba 1a sb lugng tac vu. Néu s6 lugng tac vu trong hé théng qua 16n, h¢ théng
s& khong thé xur 1y kip cac yéu cau, tham chi moi tac vu chi chiém mot lugng thoi gian

han che.
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Phuong phap thi hai 13 ngat. Phuong phap nay hiéu qua hon va duogc str dung rong réi
trong cac hé diéu hanh thoi gian thyuc hién nay. Khi ¢6 mot sy ki¢n xay ra, sy kién nay s&
ngit chuong trinh dang chay hién tai va goi ham xu 1y ngit. Him nay s& phan tng lai su
kién vira xay ra. Sau khi hoan thanh, chuong trinh lai chay vé doan chay do. Cac su kién
xay ra s¢ dugc dap ung ngay va khong phai cho doi ca vong lap polling.

Tac vu

Dé hé thdng c6 thé phan tmg kip v6i cac su kién bén ngoai, cac hé diéu hanh nhung déu
phai c6 kha ning da nhiém (multi-tasking). Cac van dé 16n s& dugc chia thanh cac van dé
nho hon, don gian hon. Mdi mot vin dé con nay tré thanh mot tac vu. Mdi tac vu chi lam
mat thir va phai don gian. Cac tic vu ndy c6 thé duoc cho riang chay song song véi nhau.
Nhung trén thuc té, trén hé théng c6 mot bd VXL, céc tac vu chia nhau tai nguyén cua bo
VXL. Mdi tac vu s& chiém ding bo VXL mot khoang thai gian. Cée khoang thoi gian
nay rat nho, cho nén ta c6 thé coi nhu céc tac vu chay song song.

Giéng nhu mot chuong trinh bat ky, mot tac vy chira ma 1énh dé thuc hién tinh nang ma
tac vu duoc thiét ké cho. M3 1énh nay dugc chira trong cac ham tuong ty ham main()
trong mdt chuong trinh C binh thuong. Tuy nhién, su’khéc biét 1a mdi tac vu c6 ngit canh
(context) trong ngan xép (stack) cta no.

Task 1 Task 2

Stack Code

Mailbox

" Hinh 3-2. C4u truc cua tac vu

MGéi tac vu bao gom:
¢ DPoan ma thuc hién chirc nang
e Ngin xép dung ngir canh
e Hop thu (mailbox) dé lién hé véi cac tac vu khac

Céc tac vus khac nhau c6 thé doc 1ap v&i nhau, tuy nhién chiung thuong duogc tao ra dé
thuc hién mot nhiém vu nao dé theo thiét ké. Do d6, trong tac vu can c6 mot co ché
thong tin dé né c6 thé lién lac va dong bd véi cac tac vu khac. Co ché thudng dugc ding
la mot hom thu (mailbox).

Vi du mot doan code tac vu.

void téc vu (void *data)

{

init task();
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while (TRUE)

{

Wait for message at task mailbox();
switch (message.type)

{
case MESSAGE TYPE X:

break;
case MESSAGE TYPE Y:
break;

}

}

Trong doan code trén, tac vu dugc bt dau béng mot ham khéi tao. Sau do, nd sé€ di vao
mot vong l1dp vo han (VD while (TRUE)). Trong vong lap do, tac vu hau nhu khong
su dung tai nguyén, ma chi dgi mét su kién nao dé xay ra.

Khi c6 su kién xdy ra, tac vu s€ thirc ddy,va khi nhandugec mét ban tin, tadc vu s€ giai ma
ban tin do va xu ly bang 1énh switch nhu vi du tréns Sau khi xtr Iy ban tin xong, tac vu s€
quay lai dé doi su ki¢n tiép theo.

Hé diéu hanh thoi gian thuc theo ddi cac ta€ vu thong qua khéi diéu khién tac vu (tac vu
control block hoic TCB). Pay 1a noi hédiéu hanh thoi gian thuc luu cac thong tin vé cac
tac vu. Mot khéi TCB thuong luu cae'thong tin sau:

Tac vu ID: Thuong la s6 cila tacvu.

Tinh trang cua tac vu: thuong la san sang, bi chan,..

Thtr ty wu tién cia ta4c vu: thuong la s6-hodc mirc dd wu tién.

Dia chi cua tac vui Noi doan ma cia‘tac vu dugc luu trong bd nhd

Con tré ngan xép cua tae vu

ba nhiém (Multi-tasking) y i

Tur trén 6 the thay cac tac vu gianh phan 16n thoi gian cho doi sy kién. Thoi gian xur Iy
thuong rat it so voi thoi gian cho doi. Pay 1a 1y do dé c6 thé dung da nhi¢m (multi-
tasking).

Pa nhiém 1 cach ma nhiéu tac vu c6 thé chia sé tai nguyén xu 1y chung (VD nhu mét
CPU). Trong truong hop hé thdng chi c6 mot CPU, tai mot thoi diém chi co mot tac vu
chay. biéu d6 co nghia la CPU chi phuc vu tac vu do. Pé co thé chay da nhiém, h¢
thdng can co6 co ché 1ap lich dé cho cac tac vu c6 thé chia sé tai nguyén ctia CPU. Trong
khi mot tac vu dang chay, tdc vu khac s€ xép hang cho dén luot. Thong tin chi tiét s&
dugc trinh bay & phan sau.

3.3.3 Lap lich th&i gian thwe (Real-time Scheduling)

Trong mot hé diéu hanh thoi gian thuc, viée 1ap lich duoc thuc hién bai mot bo phan cua
nhan (kernel) goi ’lé bd lap lich (scheduler). B 1ap lich s& quan 1y viéc phan chia tai
nguyén cua h¢ thong cho cac tac vu khac nhau.
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Do yéu cau nghiém ngit vé thoi gian trong cac hé diéu thoi gian thuc, b 1ap lich phai
dam bdo cac tac vu phai dap Gng vé thoi han. Do do, bd 1ap lich phai phan chia mirc do
wu tién ctia cac tac vu va dam bao rang chi c6 duy nhit tic vu v6i mirc vu tién cao nhét
dang duoc chiém dung tai nguyén CPU.

Trén thuc té, bd 1ap lich xem xét cac tdc vu nhu mot hé théng may trang thai (state
machine). Cac trang thai nhu sau:

Dang hoat dong (running): Day la trang thai hoat dong cua tac vu. Khi dugc nhan
hé diéu hanh trao quyén, tac vu s& chuyén tir trang thai sin sang sang trang thai
hoat dong. O trang thai nay, tac vu s€ thuc hi¢n cac cong viéc cia minh. Tac vu
c6 thé chuyén tir trang thai hoa dong sang khoa trong trrong hop chd doi mot sy
kién nao dé, hodc sang trang thai san sang néu c6 mdt tac vu khac véi mie do vu
tién da trd thanh sin sang. Qua trinh nay goi 1a chiém quyén thyc thi
(preemption)
Sén sang (ready): Day la trang thai chuan bj hoat dong ctia tac vu. Khi ¢ trang
thai san sang, tac vu sé chuyén sang trang thai hoat dong khi dugc cung cap
quyén wu tién cao nhat.
Mot tac vu c6 thé chuyén sang trang thai sdn sang ttr mét trong hai truong hop :
o Khi mot tac vu dang bi khoa thi cosu kién xuét hién, vi du nhu c6 mot
ngit hodc mot ban tin giri dén hap thur.
o Khi tac vu dang ¢ trang thai hoat dong thi eo mot tac vu khac chiém
quyén thyc thi.
Khoa (blocked): Py 1a trang thai khonghoat dong cia tac vu. Tac vu chuyén
sang trang thai nay trong truéng hop dang cho-doi mot sy kién xay ra

Wait for

\ Preempted by
event N

\higher priority task
AN

Now
highest
priority

7

BLOCKED

Event occurs

Hinh 3-3. Céc trang thai cia tac vu

63



Lap lich theo chu ky:

Nhiéu tic vu thuong can thuc day theo chu ky va thyc thi cong viéc, sau do, tac vu
quay lai trang thai ngu. Ddi voi céac tac tu nay, viéc 1ap lich duogc tinh theo chu ky.
VD: Ct dén mot thoi diém nht dinh, tac vu phai kiém tra mot sb tinh nang cua hé
théng.

Dé thuc thi, trong cac hé diéu hanh nhung thuong c6 ham tré Delay (), cac tac vu
duoc quan 1y dé thirc day va hoat dong trong khoang thoi gian tré nay.

Mot phuong phap khac 1a khai bao cdo tac vu c6 tinh chat chu ky. Trong trudng hop
ndy, bo 1ap lich s& danh thirc cac tac vu thirc ddy trong moi khoang thdi gian ma
khong phu thudc vao thoi gian chay cua tac vu (VD ctr mdi 4s lai go1 mat tac vu).
Mot tac vu c6 tinh chit chu ky goi mot ham tuong tu nhu WaitUntilNext (),
ham nay sé& chin tac vy dén thoi diém chay tiép theo.

Lap lich khong theo chu ky:

Khac voi cac tac vu c6 tinh chu ky, mot s6 tic vu chi chay & mot thoi diém ngiu
nhién dé phan tng lai mot sy kién xay ra. Su kién do co thé 1a mot cong tac da duge
bat, mot bo cam tng da doc dir li¢u. Thuong thi eac sy kién nay duoc két ndi véi may
tinh qua cc b ngat (interrupt). Cac chwong trinh con dich vu ngit (ISR) sé thong tin
vé viéc xay ra ngat voi cac tac vu chiu trachnhiém cho viéc xir 1y su kién.

Lap lich chiém quyén thue thi: 0

Trong mot hé théng thong thuong,khico mot ngat xay ra, h¢ thong goi chuong trinh
con ISR dé phuc vu chongit. Néuco mét tic vibyvéi mirc vu tién thip dang chay va
mot tac vu c6 mue uvu tién dang ¢ trang thai khoa (block) dé cho sy kién xay ra,
chuong trinh con dich vu ngat ISR s& chuyen tac vu voi mirc uu tién cao hon chuyén
sang trang thdi sdn sang (ready). Sau do, bo 1ap lich xac dinh tac vy c6 mue vu tién
cao hon dang ¢ trang théi sin sang va chuyén no 1én trang thai hoat dong (running).
Nhu vay, tdc vu véi mic utl tién th'?ip hon di bi chiém quyén thue thi.

Céc hé théng cho phép chiém (Xyén thuc thi cung cép cho ta hé thong véi thoi gian
phan mg c6 thé dé dang doan dugc hon boi cac su kién voi mue d6 wu tién cao duoc
xir Iy sém hon. Day 1a moét dicu can ban ciia hé thong thoi gian thuc, no s& co thé
dam bao thoi gian t6i da dé xir Iy mot sy kién. Trong truong hop hé thong khong
chiém quyén thuye thi, khong c6 su dam bao vé thoi gian trudce khi tac vu dang chay
s€ thoat.

3.3.4 Pong bd

Trong hé théng, cac tac vu c6 thé doc lap véi nhau. Tuy nhién, chic nang cua ca h¢
thong cho mdt cong viéc yéu cau cac tac vu phai c6 sy lién h¢, phoi hop. Viéc dong b
gitra cac tac vu trong h¢ di€u hanh thoi gian thuc dugce thuc hién bang tap hop cac dich
vu truyén thong gitra cac tac vu.

Mot s6 co ché thong tin va dong bd hoa thuong dung nhu sau

e Semaphore: duoc sir dung cho viéc dong bo va khoa tai nguyén
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e (o su kién (Event Flag): Dung dé thé hién mot hay nhiéu sy kién xay ra. Co su
kién cho phép ddng bo khoa trong truong hop ¢ nhiéu su kién két hop.
e Hom thu (mailbox), hang doi (queue) hay dudng éng (pipe): Cac co ché nay ding
dé chuyén dir liéu gitra cac tac vu v6i nhau.
Ngoai ra, trén thyc té c6 thé st dung mét s6 co ché khac.

Semaphore:

V& mit chirc ning, semaphore hoat dong giéng nhu mot chiée chia khoa cho viéc truy
cap tai nguyén. Tac vu vao gilr chiéc chia khoa ndy méi c6 quyén sir dung tai nguyén hé
thong.

VD: Trong truong hop c6 2 tic vu ciing truy cap mot chiéc may in. Néu khong co6 co ché
déng bd gitra 2 tac vy, may in s€ in bét ¢t dit liéu nao ma n6 nhan dugc. Khi d6 cac ban
tin s& bi tron 1an.

Trén thyc té, dé co thé sir dung tai nguyén hé thdng, tac vu can yéu cau chia khoa
(semaphore) bang cach goi t6i mot dich vu thich hgp. Néu chia khoa & trang thai sin
sang (co nghia 1a tai nguyén hién tai dang khoéng dugc sir dung boi tac vunao), tac vu co
thé duoc phép sir dung tai nguyén, déng thoichia khoa s& duoc giit lai. Sau khi str dung
xong, tac vu d6 phai tra lai chia khoa (semaphore) dé%ée tac vu khac co thé sir dung tai
nguyén hé thong.

Nguoc lai, néu tai nguyén dang dugc stt dung béi tac vu khéc, tac vu do s€ bi khoa cho
dén khi semaphore dugc tra lai. Trong trudng hop ciing mot liic co nhiéu tic vu yéu cau
semaphore khi tai nguyén hé thong dang dugestr dung thi tAt ca tac vu d6 sé bi khoa lai.
Cac tac vu bi khoa sé duoc xép hang theo'thu tu V& mat wu tién hay vé mit thoi gian theo
yéu cu semaphore.

Hop thw (mailbox):

Khong nhiing chi tao cac tin hicu cho cac su k1en céc tic vu thuong xuyén can chia sé
dir liéu. Viéc chia s¢ nay dugc thuc hién bung co ché hop thu (mailbox). Mot tac vu (1a
nguoi gui) s€ giri mot ban tin (message) to1 hdp thu trong khi tac vu khac (nguoi nhan)
cho ban tin tai hom thur. Néu khc“)*cc') ban tin trong hop thu khi tdc vu nhan cho ¢ hop
thu, tc vu do s& bi khoa dén khi ban tin dugc dua t6i.

Send (Post)
message
Task 1 >

Get (Pend)
message
> | Task 2

Hinh 3-4. So d6 hop thu

Hang doi (queue) hay dwong dng (pipe):

Hang doi thudng 14 hop thu co kha ning chira nhiéu thu ciing mét lac. Khi tao ra mot
hang doi, can xac dinh kich thudc cua hang, sb ban tin hang doi ¢6 thé luu. Trong hang
doi ngoai cac 1énh gtri va chd nhu hdp thu, mot hang doi can co cac dich vu dé chuyén
ban tin ¢6 tu tién cao hon 1én dau hang hodc x6a cac ban tin trong ca hang.
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Trong co ché dudng dng, viée sap xép dit lidu lai khac mot chat. DSi v6i hop thu va hang
doi, viée dich chuyén dit liéu duogc thuc hién theo khéi (ban tin). Con trong co ché duong
bng, mot ludng dir liéu (byte stream) lién tuc dugce nbi giira hai tac vu. Mot tac vu s doc
duong dng, con mot tac vu khac ghi 1én dudng ong.

3.2.5 HAL (Hardware Abstraction Layer)

Pé viéc trién khai hé diéu hanh thoi gian thyc trén cac phan ctng khac nhau duoc dé
dang hon, can c6 viéce dét ra cac giao dién chuan cho viéc lap trinh. Khi 1ap trinh vién
chuyén sang mot nén tang (platform) mai, cac giao dién 1ap trinh nay dugc gitr nguyén
mic du phan cimg phia du6i thay doi.

VD: Hai nén tang khac nhau co thé c6 cac bd dém khac nhau. Mdi bd dém can mot phién
ban ma mai dé khai tao va thiét 1ap cau hinh thiét bi. Néu st dung HAL, giao dién 1ap
trinh s& khong thay d6i mic dung ca phan ctng va phan mém déu thay doi.

HAL 12 mot 16p phan mém cung cip mot tap hop cac giao dién lap trinh x4c dinh, che di
cau truc phan cung. HAL duogc thyc thi bang cach 40 hoa nén tang phan cing, lam cho
cac trinh diéu khién c6 thé chuyén gitra cac phan cung khéac nhau.

Phén mém HAL giao tiép v6i mot thiét bi ngoai vi chuyén bict dugc goi la trinh diéu
khién thiét bi (device driver). Mot trinh di€u khién‘thiét bi cung cap giao di¢n 1ap trinh
ung dung chuan (API) dé doc va ghi téi thiét bingoai vi do.

Trén thuc té, khi phat trién cac bo mach nhung, cac hing thuorng cung cép gbi phan mém
phat trién kém theo (BSP). Cac goi phan mém cho viée phat trién nay twong dwong véi
HAL.

HAL thudng hd tro' cac thanh phan phan cling sau:
e CPU, cache, va MMU.
Thiét 1ap ban d6°bd nho.
HO tro xtr Iy ngét va cae truong hop dic biét.
Truy cap bo nhé truc tiép (BMA).
Céc bo dém (Timers).
Console cua hé thong.
Quan ly giao dién bus.
Quan 1y ngudn.

3.3 Giéi thiéu cdc hé diéu hanh thoi gian thuc

3.3.1 FreeRTOS:

FreeRTOS 1 mot hé diéu hanh thoi gian thyuc mién phi. H¢ diéu hanh nay duogc Richard
Barry cong bd rong rii tir naim 2003, dén nay, hé diéu hanh nay dang duoc phat trién
manh mé& va dugc cong dong mang ma nguon mo ung hg. FreeRTOS c6 tinh kha chuyén,
ma ngudn md, 15i ¢ thé dugc tai mién phi va n6 co thé dung cho cac tng dung thuong
mai. N6 pht hop v6i nhitng hé nhing thoi gian thuc nho. Hau hét cac code duogc viét
bang ngon ngit C nén no6 cé tinh phit hop cao véi nhidu nén khac nhau.
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Uu diém ciia n6 1a dung lugng nho va c6 thé chay trén nhimg nén phan clng ma nhiéu hé
diéu hanh khac khong chay dugc. Co thé port cho nhiéu kién trac vi diéu khién va nhiing
cong cu phat trién khac nhau.

FreeRTOS duoc cip gidy phép boi ban di duoc chinh stra boi GPL (General Public
License) va c6 thé sir dung trong cac img dung thuong mai véi gidy phép nay. Ngoai ra
lién quan dén FreeRTOS c6 OpenRTOS va SafeRTOS. OpenRTOS la ban thuong mai
ciia FreeRTOS va khong lién quan gi dén GPL. SafeRTOS 1a vé co ban dya trén
FreeRTOS nhung dugc phan tich, chimg minh bang tai lidu va kiém tra nghiém ngit voi
chuén IEC61508. Va chuan IEC61508 SIL3 di dugc tao ra va phat trién doc 1ap dé hoan
thién tai liéu cho SafeRTOS.

So sanh gitta FreeRTOS va OpenRTOS:

FreeRTOS OpenRTOS
Mién phi Co Khong
C6 thé sir dung trong tmg dung thwong mai? Co Co
Mién phi trong tng dung thuong mai? Co Co
Phai dua ra mi ngudn cia code g dung? Khong Khong
Phai dua ra thay d6i ma ngudn cua 15i? Co Khong
Phai dua vio béo cdo néu sir dung FreeRTOS? C6, duong dan | Khong
Phai cung cap mi FreeRTOS cho nguoi st dung? Co Khong
C6 thé nhéan hd tro thuong mai? Khong Co

Bang 3.1: So sanh gitra FreeRTOS va OpenRTOS

Cdc dic diém chinh ciia FreeRTOS:
e L0i FreeRTOS ho trg ca preemptive, cooperative hodac két hop gitra 2 kiéu lap
lich nay.
2 ~ 14 /V 3\
e SafeRTOS Ia san pham dan xuat, cung cap ma nguon riéng ¢ muc d cao.
e Duoc thiét ké nho, don gian va dé sir dung.
e Céau trac ma ngudn rat linh dong dugc viét bang ngon ngir C.
e HO trg ca task va co-routine.
e (6 lya chon nhan biét tran ngan xép.
e Khong gi6i han sd task c6 thé tao ra, phu thudc vao tai nguyén cta hé théng.
e Khong gi6i han s6 mic vu tién duoc sir dung.

e Khodng gioi han s6 task cung mot mue uu tién.

e HOJ tro truyén thong va dong bo giita cac tac vu hodc giira tic vu va ngat thong
qua nhiéu chién lugc khac nhau.
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Céc cong cu phat trién mién phi, port cho Cortex-M3, ARM7, PIC, MSP430,
HS8/S, AMD, AVR, x86 va 8051...

Mién phi ma ngudn phan mém nhiing.
Mién phi trong ing dung thuong mai.

Tién c4u hinh cho cac (mg dung thir nghiém, tir d6 dé dang tim hiéu va phat trién.

Cdc dong vi diéu khién da duwoc thir nghiém véi FreeRTOS:

Vi diéu khién ST STM32 Cortex-M3.

ARM Cortex-M3 dua trén vi diéu khién st dung ARM Keil (RVDS), IAR,
Rowley va cong cu GCC.

Atmel AVR32 AT32UC3A: vi diéu khién flash st dung GCC va IAR.

Cac vi dién td ST: STR71x (ARM7), STR75x( ARM7), STR9 (ARMDY)
(STR711F, STR712F, ... ).

LPC2106, LPC2124 va LPC2129 (ARM?7). Gdm ma nguédn cho 12C driver.
H8S2329 (Hitachi H8/S) véi EDK2329 demo. .

Atmel AT91SAM7 family (AT91SAM7X256, AT91SAMT7X128,
AT91SAM7S32, AT91SAMT7S64, AT91SAMT7S128, AT91SAM7S256). Bao
gdm ma ngudn USB driver cho IAR K}ckstart, ulP va IwIP nhung vao Ethernet
TCP/IP.

ATI91FR40008 v6i Embest ATEB40X demo.

MSP430 v61 demo cho LC% driver. MSPGCC and Rowley CrossWorks dugc hd
tro.

HCS12 (MC9S12C32 loai bo nhd nho va MC9S12DP256B kiéu bank nhé)

Fujitsu MB91460 series (32bit) and MB96340 series (16FX 16bit) st dung trinh
dich Softune va Euroscope debugger.

Cygnal 8051 / 8052.

Microchip PICMicro PIC18 (8 bit), PIC24 (16bit MCU) va dsPIC (16bit DSC) va
PIC32 (32bit).

Atmel AVR (MegaAVR) véi STKS500 demo.
Vi diéu khién RDC8822 v&i demo cho Flashlite 186 SBC.
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e PC (chay ¢ FreeDOS hodc DOS khéc).

e ColdFire.

o Zilog Z80.

e Xilinx Microblaze chay trén Virtex4 FPGA.

e Xilinx PowerPC (PPC405) chay trén Virtex4 FPGA.
Nggéi ra cac trinh dich d hd trg cho cac ban thu nghiém FreeRTOS trén cac vi diéu
khién : Rowley CrossWorks, Keil, CodeWarrior, IAR, GNU GCC (nhiéu loai), MPLAB,
SDCC, Open Watcom, Paradigm va Borland.

Ciu triic thw muc cdc file ciia FreeRTOS:

FreeRTOS

TraceCon

License

Source

Portable
Common

MemMang Ports
o

Hinh'3-5. So'd6 ciu truc thu muc cta FreeRTOS

Céc ban download FreeRTOS ftén www.freertos.org bao gdm ma nguén cho cac ban
port trén cac bd vi xir Iy va cac tng dung demo. Cau trac thu muc kha don gian, va nhan
FreeRTOS chi bao gom dung 3 files(hay 4 file véi tinh ning co-routines — day 1a mot
dang rut gon cua task thuong duoc dung cho cac hé thong v6i bo nhé rat gidi han).

Tt thu muc géc, ban download FreeRTOS gém 2 thu muc con :

FreeRTOS
|
|
+-Demo Chtta céc Ung dung tht nghiém.
|
|
+-Source Chtta ma ngudn ctia nhan.

Phén 16n nhan freeRTOS (cu thé hon 13 md ngudn cia bd 1ap lich phan bo - scheduler )
chira trong 3 file chung v&i moi kién trac vi xir 1y 14 tasks.c, queue.c va list.c (hodc thém
file croutine.c thuc thi chirc ndng co-routines)trong thu muc Source.
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MB&i kién tric vi xtr 1y s& yéu cau 1 phin ma nhan nho cho riéng kién trac d6. Ma riéng
cho timg kién triic dugc nam trong thu muc /Source/Portable.

FreeRTOS

i

+-Demo Chtta céc tng dung thut nghiém.

| |

! +-Common Céc file tung dung chung cho t&t cad céc port.

i i

| +-ARM7 AtmelSAM7S64 IAR Ung dung mdu cho AtmelSAM7S64 tool IAR.
| |

! +-ARM7 AT91SAM7X256 Eclipse Ung dung mdu cho AT91SAM7X256, tool
Eclipsse

| +—-. ...,

|

+-Source Chita cdc file mi ngudn clia bdé lip lich (sheduler)

@)
I
|
I
|
|
|

3 file ma ngudn cua bd lap lich chung cho tédt cd céac port
(4 vbdi chtc ndng co-routines)

+-include Cé4c file header.
|
;—portable Lop port cho cédc bd vi xi ly khac nhau.
|
#—MemMang B& cép phat bd £1héd mau.
I <
+LGCC Lop port cho cédc'wvi xu 1y su dung tool GCC compiler

-RVDS Lop port choscéc vi xt1ly st dung tool RVDS

+ -+ -

v/ .
5 file headeg trong thu muc /Source/Include chinh chtra cac khai bado cac tham so, dinh
nghia cac ki€u dit liéu va cae khai bao prototype ctia cac API cua FreeRTOS do6 1a :

FreeRTOS.h : chira khai'bao cac file header va cac dinh nghia duoc yéu cau cho
vi xu ly s€ duge st dungl‘kiém tra c4c marco can thiét phai viét cho riéng timg
vi xur ly da dugc dinh nghia chua. Cac marco nay phai dugc dinh nghia trong
FreeRTOSConfig.h trong thu muc demo cua tirng port.

Task.h : chira cac khai bao vé cdc ham va cac marco lién quan dén cac thu tuc tao,
x06a, thiét 1ap va chinh stra cidc tham s6 cua céac task(stack, trang théi(running,
ready, block), muc uu tién,...), cac tac vu lién quan dén bg scheduler.

List.h : chtra cac khai bdo vé cac ham va cdc marco xay dung cau tric danh sach
de scheduler dung dé quan ly cac task.

Croutine.h: chtra cac khai bao vé cac ham va cac marco xay dung cac co-routine.

Portables.h : chira khai bao cac header phu hop vai ting port va cho pheép tao tinh
linh dong do6i véi ting cau hinh port.

Ngoai ra con mot sd cac header chira cac khai bao vé cac API hd tro cac thuat toan cho
phép truyén thong gitra cac task nhu queues.h, semphr.h.

a) FreeRTOS.h:
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Gom 2 phan:
e Chtra cac khai bao vé cac file header viét riéng cho timg port:

/* Chta céc dinh nghia co ban */
#include "projdefs.h"
/* Chlta cdc dinh nghia vé& céac tham sb clu hinh */
/* cho bd scheduler */
#include "FreeRTOSConfig.h"
/* chtta cidc dinh nghia cho tung port */
#include "portable.h"
e Kiém tra cac khai béo cin thiét vé cac tham sb cau hinh va cac marco, thiét lap
cac gia tri mac dinh véi cac tham sb chua duogc thiét lap gia tri cy thé.

/*kiém tra cdu hinh cho chinh sich st .dung trong bd scheduler */
#ifndef configUSE PREEMPTION

ferror Missing definition: configUSE PREEMPTION should be

defined in FreeRTOSConfig.h« as either 1 or 0. See the
Configuration section of the FreeRTOS APRI documentation for
details.

#endif

..... { ’

/*kiém tra cdu hinh st dung co-routine hay khéng*/

#ifndef configUSE_CO ROUTINES

#error  Missimg definition: configUSE _CO ROUTINES should
be defined in FreeRTOSConfig.h as either 1 or 0. See the
Configuration sec¢tion of the « FreeRTOS API documentation for
details.

#endif

/*kiém tra clu hinh tham sé cho semaphores va thiét lap*/
/*gi& tri mic dinh khi can thiét~*/
#ifndef COHfigUSE7COUNTINGisEMAPHORES
#define CODfigUSE_COUNTING_SEMAPHORES 0
#endif

b) Task.h:
Gom cac khai bao vé cac API lién quan dén task, chia theo 5 chirc ning:
Cdc API lién quan dén tao va xéa task:

Gdm 2 task chinh thuc hién 2 nhiém vu quan trong la tao mai va xoa task.
e API tao task : xTaskCreate().
e API x0a task: vTaskDelete().
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Khai bao day du ciia xTaskCreate() 1a:
POrtBASE TYPE xTaskCreate (
PdTASK CODE pvTaskCode,

const char * const pcName,

unsigned short usStackDepth,

void *pvParameters,

unsigned portBASE TYPE uxPriority,

xTaskHandle *pvCreatedTask

);

API nay s€ tao ra 1 mét task mai va thém no6 vao danh sach cac task san sang thyc
thi. Task dugc tao ra c6 quyén truy cap toan by doi véi toan bo ban d6 bd nhd cua vi
xtr ly. Doi véi cac hé thong ma c¢6 thém ho trg MPU, c6 thé tao ra mdt task vdi cac
tham s0 rang bugc bd1 MPU thong qua API xTaskCreateRestricted().
Thuc chat thi khai bao cua xTt askCreate() 1a moOt marco goi dén thu tuc
xTaskGenericCreate() trong tasks.c. Pay la mot ham cho phép tao ra céac task voi
nhiéu tuy chon hon, phu hop véi cac cau hinh khée nhau cua h¢ thong, cu thé trong
treong hop nay, nd tao ra mot task trong cau hinh khong st dung khoi MPU.

/*dinh nghia API xTaskCreate ()*/

#define xTaskCreate( pvTaskCode, pcName, usStackDepth, pvParameters,

uxPriority, pxCreatedTask ) xTaskGenericCreate( ( pvTaskCode ),
(pcName ), ( usStackDepth ), (“pvParameters ), ( uxPriority ),
(pxCreatedTask ), (NULL ), NULL )

Cidc API diéu khién task: tao ra €ac ham diéu khién API cu thé 1a cac nhiém vy nhu sau:

e Gay tré task véi cac’dién kién khacnhau: vTaskDelay() va vT askDelayUntil().
vTaskDelay() dung dé tao tré trong /mot khoang thoi gian twong ddi bat dau tir
thoi diém goi API nayscodn vTaskDelayUntil() tao tré trong mot khoang thoi gian
xac dinh.

e Cac tac vu lién quan dén'ic wu tién: xTaskPriorityGet() va vTaskPrioritySet().
Hai API nay 1am nhi€ém vy xac dinh mutc vu tién dang c6 va dat mac uu tién cho
task.

e Cac APl lién quan dén trang thai task nhu chin, khoi phuc task: vTaskSuspend()
nham dé chan bat ky task nao. vlaskResume() dugc goi sau khi task bi dung
mudn quay ve trang thai sin sang. Mudn goi ham vTaskResume() tir ngat thi sir
dung xTaskResumeFromISR().

CicAPI tién ich cho task: chira cic API cung cép cac tién ich hé théng cho task nhur:
o xTaskGetTicksCount: tra lai gia tri cac tick dém duoc tir khi vTaskStartScheduler
bi huy bo.
» uxTaskGetNumberOfTasks(void): tra lai so lugng cac task ma kernel dang quan

ly. Ham ndy con bao gom ca cac task dd san sang, bi khoa hoic bi treo. Task da bi
delete ma chua dugc giai phong béi idle cling dugce tinh vao.
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e vTaskList(): ham nay s khong cho phep ngit trong khoang thoi gian n6 lam viéc.
N6 khong tao ra d€ chay céc trng dung binh thuong nhung giup cho viéc debug.

o vIaskStartTrace(): danh dau viéc bat dau hoat dong cua k;rnel. Viéc danh dau
chia ra dé nhan ra task nao dang chay vao lic nao. Banh dau file duoc luu triv ¢

dang nhi phan. St dung nhig tién ich doc 1ap cua DOS thi goi convtree.exe dé
chuyén chung sang kiéu text file dang ma c6 thé dugc xem va duogc vé.

o ulTaskEndTrace(): ’Dl‘mg dénh dau kernel hoat dong, tra lai sb byte ma da viét
vao bd dém danh dau.

Cic API diéu khién nhan: gom cac API cung cp cac giao dién d6i véi bo scheduler
nhu:

o vTaskStartScheduler() : khoi dong bo scheduler, cu thé 1a kich hoat hoat dong cua
freeRTOS.

o vIaskEndScheduler() : chAm dit hoat dong cua scheduler.

o taskDISABLE INTERRUPTS()/taskENABLE INTERRUPTS() :cam/cho  phép
ngat.

o taskENTER CRITICAL()/taskEXIT CRITICAL() : bao hi€u cac doan ma quan

trong can c6 nhitng xir 1y phu hop.
4

Cic API lién quan dén MPU: gdbm€ac API ma Gmg dung khdi MPU trong cac cdu hinh
port c6 ho trg MPU:
o xTaskCreateRestricted()s tao 1 taskwéi nhimng rang budc vé quyén truy cip dén
tai nguyén b nhd€ua vi xtr 1y. N6 cting nhu x7askCreate(), 1a mot Macro tham
chi¢u dén xTaskGenericCreate() tuy nhién n6 c6 thém cac tham so vé MPU.

#define xTaskCreate%;stricted( x, pxCreatedTask )

xTaskGenericCreate ( (x) —>pvTaskCode), ((x)->pcName), ((x)-
>usStackDepth), ((x)->pvParameters), ((x)->uxPriority),
(pxCreatedTask), ((x)->puxStackBuffer), ((x)->xRegions) )

o vIaskAllocateMPURegions() :thay d6i hodc cp phat lai cac ving nhé rang budc
cua cac task duoc tao bdi xTaskCreateRestricted().

c) Listh:

File nay chura céc khai bdo vé cac ham va cac marco lién quan dén céc thu tuc tao,
x06a, thiét 1ap va chinh stra cac tham s0 cua cac task.

FreeRTOS xay dung mdt cau truc danh sach céc task, moi task 1a mdt phan tir c6 cau
truc:

/*khai bado kiéu cua cic phidn ti trong danh sach*/

struct xLIST ITEM

{
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}i

/*két hop véi miGc uu tién dung trong sdp xép danh sach */
portTickType xItemValue;

/*Con trd dén phdn tir trudc nd trong dach sach */
volatile struct xLIST ITEM * pxNext;

/* Con trd dén phidn tt sau né trong dach sach */

volatile struct xLIST ITEM * pxPrevious;

/*con trd dén task, cu thé la Task Control Block (TCB) */
void * pvOwner;

/*con trd dén danh sach ma né ndm trong doé*/

void * pvContainer;

/*Pinh nghia danh sach*/

typedef struct xLIST

{

/*kich thudc cua danh sach*/

volatile unsigned portBASE TYPE uxNumberOfItems;

/*pxIndex: dung d&é& chi &én phén £0 hién thoi cua danh sach*/
volatile xListItem * pxIndex; S
/*danh diu k&t thuc danh sach*/

volatile xMinilListItem xListEnd;

} xList;

Di kém céu trac danh sach-duwoc st dung trong bo scheduler 1a cac API thao tic trén
cac phan tir ciia danh sa¢h va danh sach:

Khei tao danh sachwvListInitialise().
Pat ddi tuong so hﬁ’u& phﬁn tr cuia danh sach.

Dit gia tri ciia phan tir danh sach. Trong hau hét truong hop gia tri d6 dugc
dung de sap xép danh sach theo mot thir ty nhat dinh nao do.

Dé 14y gia tri ctia phan tir danh sach. Gia tri ndy co thé biéu thi bat ctr cai gi,
vi du nhu mirc uu tién cua tac vu hodc thoi gian ma task c6 thé bi khoa.

Xéc dinh xem danh sach con chira phan tr nao khong, chi c6 gia tri true néu
danh séach rong.

Kiém tra s6 phan tir trong danh sach.

Xéc dinh phan ti tiép theo ctia danh sach.

Tim chuong trinh chu ciia phan tir dau tién trong danh sach.
Kiém tra xem phan tir c6 nam trong danh sach khong.
Thém phan tir vao danh sach.

Loai bé phan tir tir danh sach.
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Vi du:

/*API xac dinh d6 dai hién tai cua danh sach*/

#define 1istCURRENT LIST LENGTH( pxList ) ( ( pxList ) —

>uxNumberOfItems )

/*API kh&i tao danh séach*/

void vListInitialise( xList *pxList );

d) Croutine.h:

Chtra cac khai bao v€ cac ham va cidc marco xay dung cac co-routine. Trong
Croutine, can chil y mot s6 cac API quan trong tuong g voi cac thao tac trén task
khai bao trong task.h:

e xCoroutineCreate() : tao mdi mot co-routine va dua n6é vao danh sach cac co-
rountine san sang chay.

e crDELAY() : tré mdt co-routine() trong mot chu ki thoi gian xac dinh.
e crSTART()/crEND() : khai chay/két thuc mét co-routine.

Vi du vé ciu trac chung cua mot co—routﬁle: s
void vACoRoutine ( xCoReutineHandle xHandle, unsigned

portBASE TYPE uxIndex )

{
// Khai bao cac biét.
static long ulAVariable; /
// bit dau co-rdutine;
crSTART ( xHandle/) ;

for( ;; ) ~
{

// cac céu lénh cua co-routine.

}
// k&t thuc co-routine
crEND () ;

}
Portables.h:

Khai bao file header twong tng voi port s¢ dugc st dung. File header dugc dua vao
s€ tuong rng v4i marco vé ban port dugc sir dung:
/*kiém tra cé phai 1la port cho avr, tool gcc*/
#ifdef GCC MEGA AVR
#include "../portable/GCC/ATMega323/portmacro.h"
#endif

/*kiém tra cé phai 1la port cho avr, tool IAR*/
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#ifdef IAR MEGA AVR
#include "../portable/IAR/ATMega323/portmacro.h"
#endif
/*kiém tra cé phai 1la port cho PIC24, tool MPLAB*/
#ifdef MPLAB PIC24 PORT
#include "..\..\Source\portable\MPLAB\PIC24 dsPIC\portmacro.h"
#endif

Thém nita, file nay ciing bao gdm céc khai bao vé cac thu tuc quan Iy bo nhd ddi véi
tung port:

/%
* Map to the memory management routines required for the port.
*/

void *pvPortMalloc( size t xSize ) PRIVILEGED FUNCTION;

void vPortFree( void *pv ) PRIVILEGED FUNCTION;

void vPortInitialiseBlocks( void ) PRIVILEGED FUNCTION;

size t xPortGetFreeHeapSize( void ) PRIVILEGED FUNCTION;

Thém vao cic file ciia nhan can quan tam 2 file FreeRTOSConfig.h va portmacro.h.
Trong d6 FreeRTOSConfig.h chtra cac-tham $6 cdu hinh phil hop véi timg port cu thé
con portmacro.h chira cac API riéngd6i véi ting port nhur cau hinh timer, cac tha tuc sao
luu va khoéi phuc context.

3.3.3 Hé diéu hanh Embedded Linux:

Thue chit cua hé dicu hanh embedded Linux 1a mot phién ban ctia hé diéu hanh
Linux dwoc dung trong cac hé thé ng nhung nhu mobile phone, PDA, set-top box, cac
thiét bi dién tir gia dung, cic thiét'bi mang, cac thiét bi didu khién,.... Theo théng ké hién
c6, Linux hién dugc sir dung bdi khoang 18% cac k¥ su nhung.

Khong giéng nhu phién ban danh cho desktop va server ciia Linux, phién ban
embedded Linux duoc thiét ké cho cac thiét bi v6i tai nguyén giéi han. Boi nhitng han
ché vé gia thanh va kich thudc, cac thiét bi nhiing thuong c6 it RAM va bd nhé thir cip
hon so véi desktop, va thudong str dung bd nhé flash thay vi cac 6 dia cimg. Boi vi cac
thiét bi nhiing thyc hién cac chirc nang chuyén dung nén cac nha phat trién da tdi wu cac
phién ban nhing cua Linux cho cac cau hinh phan cung cua cac hé thong nhung. Nhimng
t6i wu nay giup giam thiéu cac ung dung phan mém va cac trinh diéu khién thiét bi, va
cho phép thay d6i nhan Linux dé né tré thanh 1 hé diéu hanh thoi gian thuec.

Thiét ké cia Linux phan biét giita cac ma phu thudc va bo xir 1y can thay ddi cho mdi
kién trac va ma c6 thé duoc kha chuyén don gian chi br:ing viéc bién dich lai no6. Vi vay,
Linux da dugc kha chuyén cho nhiéu cac kién trac bo vi xir Iy khac nhau nhu:

- Motorola 68k va céc bién thé ciia né.

- Alpha.

- Power PC.
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- ARM.

- SPARC.
- MIPS.

- AVR32.
- Blackfin.

Viéc str dung Linux trong cac thiét bi nhung c6 uu diém 1a ban quyén mién phi,
nhan 6n dinh, va dugc hd tro lon tur cong ddéng ma nguon mo, nha phat trlen duoc tu do
thay d6i va phan phdi ma nguon Tuy nhién nhugc diém do6 1a n6 yéu cau b nhé tuong
dbi 16n cho nhan va hé thdng file goc, sy phirc tap trong viéc truy nhép bd nhé ¢ ché 4o
nhan va ché do nguoi sir dung ciing nhu nén tang trinh diéu khién thiét bi phuc tap.

Céc dic diém quan trong ctia Linux gom:

- Da nhiém : b6 1ap lich phan b trong Linux sir dung thudt toan 1ap lich _preemptive
trong d6 mot tién trinh véi mic wu tién cao hon sé& dugce wu tién 14 tién trinh tiép
theo dugc CPU thyc hién khi x4y ra mét su kién khong dong bo.

- Pa ngudi str dung : Linux phat trién tir Unix 14 mot hé thong chia sé theo thoi gian
cho phép nhiéu ngudi sir dung chia sé chung mot may tinh. Vi vay ¢6 rat nhidu cac
chirc ning hd tro viéc bao vé dit liéu va tinh riéng tu.

- Paxir ly: Linux cung cip hd trg mé rong cho.da xir 1y d6i ximg SMP(Symmetric
Multi-Processing).

- B0 nhé dugc bao vé: Mdi tién trinh trong Linux hoat dong trong khong gian nh¢
riéng ctia n6 va khong dugce cho phép truy cap true tiép den khong gian nh¢ ciia mét
tién trinh khac. Diéu nay tranh nhiing con tro 16i trong mét tién trinh gy pha hoai
khong gian nhé cua tién trinh khaé. €ac truy cap sai dugc bay boi phan cing bao vé
bd nh¢ cua b xur Iy va tién trinh s& bi ngat véicanh bao tuong tmg.

- Hé thong file phan cap
Hién nay, voisu yéu cau giam thicu thoi gian phat trién, embedded Linux dang 1a

mot xu hudng phat trién mafih mé trong thé gidi nhung.

3.3.4 Hé diéu hanh uCLinux:

uClinux hay micro-controller-Linux 1a mot phién ban ciia Linux duoc thiét ké cho
cac bo vi xur Iy ma khong c6 khot quan 1y bo nhdé MMU(Memory Management Unit).
Viéc khong ¢6 MMU la mot ddc diém kha chung ddi véi cac bd vi xir 1y gia thanh thap.
uCLinux la mét giai phap ma ngudn mé va mién phi ban quyén, muyc dich 1a nhim tuong
thich v&i Linux.
Du 4n uCLinux dugc bit ddu nam 1997 véi muc dich cho ra mot phién ban cua nhan
Linux 2.0 danh cho cac vi diéu khién gia thanh thdp do Jeff Dionne, Kenneth
Albanowski va mot nhom cac nha phat trién khac dé xuét trong qua trinh ho thao luan vé
viéc nhung Linux va cac bd diéu khién mang khong c6 MMU nhim giai quyét bai toan
truyén thong trong hé thdng truyén thong. Phién ban dau tién ciia uCLinux 13 duoc phan
bd v6i bo xir Iy Motorola 68000, dwa trén bd vi xtr Iy MC68328 duoc trién khai trong
mot bo didu khién SCADA.

Ngay nay, uCLinux da duoc port cho rat nhiéu dong vi diéu khién nhu ColdFire, Axis
ETRAX, ARM, Atari 68k,...
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Céau hoi 6n tap

1.

S A ol o

11

Hé diéu hanh thoi gian thuc 1a gi?
Nhiém vu cta hé diéu hanh thoi gian thuc?
Céc dic diém cua hé diéu hanh thoi gian thuc.

V& so d6 vi tri hé diéu hanh thoi gian thuc trong model hé théng nhing.

Liét ké mot sé hé didu hanh thoi gian thuec.

Kernel 1a gi?

Li¢t ké va mo ta cac tinh nang chinh cua kernel.

Céac model ciia hé diéu hanh bao gdm nhitng model nao?
Su khéc biét gitra process va tac vu?

. Su khac biét giira chiém quyén va khong chiém quyén
. Cac trang thai ctia tic vu bao gdm cac trang thai nao?

12.
13.

Viéc déng bo duge thue hién nhu thé nao?

Li¢t ké cac ham chinh trong FreeRTOS va mo ta cac chirc nang ctuia cac ham?
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CHUONG 4: THIET KE VA CAI DAT CAC HE THONG
NHUNG

4.1 Thiét ké hé théng
4.1.1 Xac dinh yéu cau

Mot dic diém cta hé thong nhung la ca phan cimg va phan mém phai dugc
tinh toan, can nhéc trong thoi gian thlet ké chung. Boi vay, loai thiét ké nay con dugc goi
1a dong thiét ké phan ctrng/phan mém (hardware/software codesign). Muc dich cudi ciing
1a tim dwoc su két hop thich hop ciia phan cimg va phin mém dé san pham tao ra c6 day
du cac dic diém ky thuat da dé ra. Boi véy, cac hé théng nhang khong thé duoc thiét ké
boi mot qua trinh tong hop chi ghi chép lai cac dap ing ky thudt vao ban ké khai. Tét
hon, cac phan tir cdu thanh sin co dé dung phai duoc liét ké cho hé théng. Ciing co cac ly
do khac cho diéu bat budc nay: giam thiéu viéc ting d6 phuc tap ctia hé thdng nhung, cac
yéu cau nghiém ngit vé thoi gian dwa san phim t6i khach hang, kha ning dung lai cta
san pham. Diéu nay din dén thuat ngir platform-based design (thiét ké trén nén):

Mét platform (nén) la mét ho kién tricc thodman mot tgp hop cac rang bugc dp
dat dé cho phép ding lai cdc phan tir phan_cieng va phan mém. Tuy nhién, mét nén phan
citng la chwa di. Cdc thiét ké nhanh, tin €@y, cé tinh dan xudt cao thirong yéu cdau sir
dung mot nén giao dién Idp trinh irng dung (API) dé tir A6 phdt trién, mo rong dé dat t6i
phan mém img dung. Nhin chung, mot nén (platform) la mot [op khai niém trieu twong
trong do bao gom nhiéu sang loc kha di dé dwa t61 mét mirc thap hon. Thiét ké trén co s
nén la mot cach tzep cdn meet-in-the-middle: Theo dong thiét ké tir dinh xuong, nguoi
thiét ké sé Idp ban d6 chc némitiecao t6i thap, va cong bé nhitng rang budc thiét ké giira
chung [Sangiovanni-Vincéntelli, 2002].

Viéc 1ap ban dd 1a mot quad trinh lap di 1dp lai, cac cong cu danh gid hoat dong
trong qué trinh nay dwge huéng dan & phan tiép theo. Hinh 4-1 thé hién cach tiép can
nay:

Hoat dong thiét ké phai tinh dén sy ton tai ctia nhing platform san c6 va ghi
ching vao bang ké khai. Trén thuc té c6 mot lwong 16n cac hoat dong thiét ké, nhung chi
mot vai hoat dong trong s0 ching dugc trinh bay ¢ day va viéc tham chiéu den cac
platform sin c6 khong phai luon ludn duoc thé hién. Cac hoat dong thiét ké bao gdm:

Quan ly cac'nhiém vy cung mirc: Hoat dong nay c6 lién quan vdi viéc xac dinh
cac nhiém vu phai duoc hién dién trong h¢ thng nhiing cubi ccung. Nhitng nhiém vy nay
c6 thé khac v6i nhiing nhiém vu da bao gdm trong cac dic diém k¥ thuat, tir d6 c6 nhimg
1y do tét dé cho viéc sat nhap va chia tach cac nhiém vu.

Cic bién ddi cip cao: Nguoi ta da nhan thdy rang c6 nhiéu bién do6i cép cao toi
uu co thé duoc Umg dung trong ky thuat. Vi dy, cac vong lap c6 thé duoc thay 601 dé truy
xuit dén cac phan tr mang ¢ nhiéu ving khac nhau. Ngoai ra, cic phép toan s6 hoc dau
phay dong co thé thuong xuyén duoc thay thé bai cac cac phép toan sé hoc déu phay cd
dinh ma khong c6 bat ky ton thit dang ké trong chit lwong. Nhitng bién ddi cép cao
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thudng vuot ra ngodi kha ning cia trinh bién dich c¢6 sin va phai duoc ap dung trude khi
bat dau bat ky mét qua trinh bién dich nao.

Phén hoach phin cirng/phin mém: Chung ta thay rang trong truong hop chung,
mot s6 chirc nang phai dugc thuc hién bsi phan cimg dic biét dé dap img yéu cAu ting
téc do tinh toan ciia hé thong [De Man, 2002]. Phan hoach phan cung/phan mem la hoat
dong phén chia chirc ning can thuc hién cho phan cimg hodc phan mém.

Bién dich: Nhiing phan cua dic diém ky thudt dugc anh xa toi phén mém
phai dugc bién dich. Hi€u quda cua ma tao ra dugc cai thi¢n néu
trinh bién dich khai thac tot kién thirc v& bd vi xir Iy (va c6 thé bd nhd) nim bén dudi
phan ctmg. Boi vay, c6 nhitng chuong trinh bién dich "nhan thitc phan cing" dic biét
cho hé thong nhung.

‘System behavior| | System architecture ‘

|

¥
‘ Performance simulation ‘

W

| Impléementation |

Hinh 4-1. Thiét ké trén nén (platform)
’

Lap lich trinh: Lap lich trinh (sip dat thoi gian bt dau cac hoat dong) phai duoc
thuc hién trong mét vai bot éanh. Lich trinh phai dugc ang chung (gan chinh xac) trong
thot gian phan vung phan cimg/phan mém, trong thdi gian quan 1y cac nhiém vy dong
mirc va ciing c6 thé trong thoi gl%blen dich. Lich trinh chinh x4c ¢6 thé nhan duoc cho
ma chuong trinh cudi cung.

Khio sat khong gian thiét ké: Trong hau hét cac truong hop, s& c6 mot vai thiét
ké dap tmg duge cic thong sé ki thuat. Khao sat khong gian thiét ké 1a qua trinh phan
tich chi tiét tap cac thiét ké kha di (c6 thé thyc hién). Trong sd céc thiét ké dap tmg duoc
cac thong s6 ky thuat, chi duy nhat mot thiét ké dugc chon.

Nhitng ludng thiét ké riéng biét co thé sir dung cac hoat dong nay theo trinh ty khac
nhau. Khong c6 mot tap ti€u chuan cia cac hoat dong thiét ke.

4.1.2 Dic ta

C6 thé van con nhimg truong hop ma dac ta ky thuat cua cac hé théng nhung
dugc thu thap trong mot ngdn ngtr tu nhién, nhu tiéng Anh. Tuy nhién, cach tiép can nay
1a hoan toan khong thich hop vi n thiéu yéu cau quan trong cho cac ky thuat dic ta: can
thiét dé kiém tra dic diém k¥ thuat day du, khong c6 mau thuin va né phai duogc trién
khai c6 thé xuat phat tir dic diém k¥ thuat theo mot cach c6 hé théng. Vi vay, dic ta k§
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thuat nén dugc thu thap trong cic ngdn ngit may chinh thirc co thé doc dugc. Ngon ngit
dic ta k¥ thuat cho cac hé thong nhing phai c6 kha ning dai dién cho céc tinh ning sau
day:

Sw phén cip: Con ngudi thudng khong c6 kha nang thau hiéu hé théng co
chua nhleu d6i tuong (cac trang thai, cac thanh phan) c6 quan hé phirc tap v6i nhau. Viéc
mo ta tit ca cac hé thong thue té can nhiéu hon cac dbi twong ma con nguoi co the hiéu
dugc. Phan cip 1a co ché duy nhat gitp giai quyét tinh trang kho xur nay. Phén cap c6 thé
dugc dua vao ma nhu vay con ngudi chi cin phai xtr Iy mot sé nho cac dbi tuong tai bat
ky thoi diém nao.

C6 hai loai phan cip:

- Céc phén cip theo hanh vi : phan cip theo hanh vi 1a cac phan cép chira
cac doi tugng can thiét dé mo ta hanh vi hé thong. Cac trang thai, cac sy ki€n va céc tin
hiéu dau ra 1a nhiing vi du cho céc doi tuong nhu vay.

- C4c phan cip céu tric: cac phan cip ¢du tric mé ta cac hé théng dugc bao
gom nhitng thanh phan vat Iy nhu thé nao.

Vi duy, cac h¢ thong nhing c6 thé duge bao gom bo vi xur 1y, bd nhd, cac co
cau chap hanh va cac cam bién. Cac bo xur ly, theostrinh tu, lai bao gom cac thanh ghi,
cac bo don kénh va cac bd cong. Cac bd don kénhdai bao gom trong né 1a cac cong logic.

Thoi gian-hanh vi: mot khi cdc yéu cau tinh toan thoi gian 1o rang (chinh
xac) la mot trong nhitng dic trung cua héthong nhung, cac yéu cau tinh toan thoi gian
phai dugc thu thap trong dac ta k¥ thuat:

Hanh vi dinh huéng trang thai: N6 da duge dé cap trong chuong 1 ma cac
thiét bi ty dong cung cap mot coché tét cho mo6 hinh héa cac hé théng phan tng. Vi vay,
hanh vi dinh huéng trang thai cung cap bai céc thiét bi tuy dong s& d&é mé ta. Tuy nhién,
cac md hinh thiét bi tur dong co dién 1a khong di, vi ching khong thé mo hinh hoa thoi
gian va vi su phan cip la’khéng dugc hé tro:

Xir Iy-sw ki¢n : Do tinh chat phan tng tu nhién ciia cdc hé théng nhing, cac
co ché cho viéc mé ta cac sy kién phiai ton tai. Cac sy kién nhu vay c6 thé 1 cac su kién
bénngoai (giy ra boi moi truong) hodc cc su kién noi bd (gy ra boi cac thanh phan cua
hé thong).

Khong c6 nhirng tré ngai cho viéc tao ra nhirng thwe thi hiéu qua: vi cac
hé thong nhung phai hi¢u qua, khong cd nhiing trd ngai ngén can viéc tao ra nhitng thuc
hién hi€u qua can phai the hién trong dac ta.

HG tro cho viéc thiét ké cac hé thong dang tin ciy: Cac ky thuat dic ta can
phai cung cip su hd trg cho viée thiét ké nhimg hé thdng dang tin cdy. Vi du, ngdn ngir
dic ta k¥ thuat nén c6 ngir nghia 1d rang, tao diéu kién thuan loi cho su xac minh hinh
thirc va c6 kha nang mé ta bao mat va nhitng yéu cau an toan.

Hanh vi huwéng ngoai 1¢: Trong nhiéu truong hop thuc té, nhitng ngoai 1¢ hé
thdng xudt hién. Dé thiét ké hé théng déng tin ciy, phai that kha di dé mo ta nhing hoat
dong dé xur 1y nhimng ngoai 1¢ mét cach dé dang. Khong chap nhan dugc rang nhiing
ngoai 1¢ phai dugc chi thi cho moi va moi trang thai (glong nhu trong truong hop nhiing
so d6 trang thai c6 dién). Vi du: Trong Hinh 4-2, dau vao k c6 thé twong tng t&i mot
ngoai I¢.
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Vi¢e chi rd ngoai 1€ nay tai mdi trang thai lam cho so dd rat phuc tap. Tinh
hinh s& t6i t& hon cho so d6 trang thai 16n hon vé6i nhiéu su chuyén tiép. Chung ta sau d6
s& biéu thi, lam thé nio tat ca cac qua trinh chuyén tiép c6 thé duoc thay thé bang mot
chuyén tiép duy nhit.

Hinh 4-2. So d6 trang thai véi ngoai 1€ k

Truy cip dong thoi: nhitng hé thong thyc 13 nhitng hé théng phan tan, ton tai
dong thoi. Do do, can thiét dé co6 thé xac dinh dong thoi thuén tién.

Pong bd hoa va truyén thong: cac hoat dong dong thoi phai c¢6 kha ning
lién lac va n6 phai kha di phu hop véi viée st dung cac tai nguyén. Chang han, can thiét
biéu thi su loai trir lan nhau.

Su hién dién ciia cic yéu t6 1ap trinh: cic ngon ngir 1ap trinh thong thuong
da dugc chimg minh la mot phuong tién thuan tién dé thé hién cac tinh toan can phai
duogc thyc hién. Do o, cac yéu td ngon ngiklap trinh nén ¢6 san {trong ky thuét dac ta
duogc sir dung. Nhiing so do trang thai ¢6'dién khong dap ing yéu cau nay.

C6 thé thyc hién dwo¢: Nhimg dic ta khong tw dong phu hop v6i nhimg ¥
tudng trong dau con ngudi. Thue hién ¢ac dic ta ky thuat 1a mot phuong tién kiém tra
dang tin cdy. Cac ddc ta ky thuat st dung ngoén.ngir 1ap trinh c6 mét 1gi thé rd rang trong
ngir canh nay.

H$ tro cho viée thiét ké cac hé thong 16n: C6 mot xu thé hudng toi cac
chuong trinh phan mém nhung Ién va phirc tap. Cong nghé phan mém d3 tim ra nhiing
co ché dé thiét ké nhtrng hé thérgén nhu vay. Chéng han, huéng dbi tuong la mot co
ché nhu vdy. N6 cin phai san sang trong phuong phap dic ta k¥ thuat.

HS tro linh vue chuyén biét: Tt nhién sé& 1a tot hon néu cung mot ky thuat
dic ta co thé duge ap dung cho tat ca cac loai khac nhau cua hé thong nhung, vi diéu nay
s& giam thiéu cac nd luc dé phat trién céc ky thuat dac ta k¥ thuat va cong cu hd tro. Tuy
nhién, do pham vi rong céc linh vuc tmg dung, ¢ rat it hy vong ring mot ngén ngit co
thé duoc st dung dé dai dién hiéu qua cho cac dic ta k¥ thuat trong moi linh vuc. Chéng
han, nhimg linh vuc tng dung tp trung va phan tan, thién vé diéu khién, thién vé xir ly
dir liéu déu c6 thé hudng loi tir cac tinh ning ngdn ngit chuyén dung déi véi cac linh vuc
do.

Co thé doc dugc: TAt nhién, nhiing dac ta k§ thudt phai doc dugc bdi con
nguoi. Tt nhat 13, chung ciing ¢ thé doc duoc biang may trong trinh tu dé xir Iy chung
trong mQt may tinh.

Tinh khé chuyén va linh hoat: Cac dic ta ki thuat phai dugc doc lap véi cac
nén tdng phan cing cu thé dé ching c6 thé dé dang sir dung cho mot loat cac nén tang
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muc tiéu. Chung can phai linh hoat sao cho nhiing thay d6i nho cua tinh ning hé thong
cling chi yéu cau nhitng thay do6i nhoé trong dac ta.

Piém két thiic: N6 phai c6 tinh kha thi dé x4c dinh qua trinh s& hoan thanh tir
dac ta ky thuat.

HJ tro cac thiét bi 1/0 khong tiéu chuin: Nhiéu hé théng nhiing sir dung cac
thiét bi I/O khéc véi céc thiét bi thong thuong duogc tim thay trén may PC. Can phai c6
kha nang mo ta nhitng dau vao va nhitng dau ra cho nhirng thiét bi do thuén tién.

Nhirng thugc tinh khong hoat dong: cac hé thong thuc té phai thé hién mot
s6 thugc tinh khong hoat dong, chang han nhu sai hong cho phép, kich thudc, tinh co
dan, thoi gian séng du kién, cong suat tiéu thy, trong luong, than thién v4i nguoi su
dung, twong thich dién tir (EMC) v.v. Khong cé hy vong rang tat ca nhimg thudc tinh nay
c¢6 thé duoc dinh nghia mot cach chinh thirc.

Mo hinh tinh toan thich hep: Dé mo ta tinh toan, cdc mo hinh tinh toan 1a
bat bugc. Cac mo hinh nhu vay s€ dugc mo ta trong phan tiép theo.

Tir danh sach cac yéu cau, da the hién 10 rang rang s& khong ¢o bat ky ngon
nglr chinh thirc nao c6 kha nang dap ung tat'ca cdc yéu cau nay. Boi vy, trong thuc té,
ching ta phai song voi nhing thoa hiép. Viée lua chon ngon ngtr duoc sur'dung cho mot
thiét ké thuc té s& phu thudc vao cic mién tng dufig va moi truong ma trong do thiét ké
s& duge thyc hién. Trong phan sau, chiing ta s& trinh bay mot khao sat cac ngon ngit co
thé dugc sir dung cho cac thiét ké thuc té.

a. M6 hinh tinh toan

Nhiing img dung cong nghé thong tin dd ton tai cho dén nay rat nhiéu dwa vao
mo hinh may tinh von Neumann/cua tinh toan tudn ty. Mo hinh nay la khong thich hop
cho cic hé thong nhiing, dic biét 13 nhing hé théng co yéu cac cau thoi gian thyc, vi
khong c6 khai niém vé thoi gian trong may tinh von Neumann. Cac md hinh tinh toan
khac day du hon.

b. Biéu do trang thdi (StateCharts)

Ngébn ngit thue té dau tién s& duoc trinh bay la StateCharts. StateCharts da
dugc gig1 thiéu vao ndm 1987 bdi David Harel va sau d6 md td chinh xdc hon.
StateCharts mé ta viéc truyén thong trong nhitng mdy trang thai hitu han. N6 dua trén
khai niém bo nhé chia sé truyén thong.

c. Nhirng dic trung ngon ngir khai quat

Phan trudc cung cap cho chiing ta mot s6 vi du dau tién vé cac thudc tinh cua
cac ngdn ngir dac ta ky thut. Nhimg vi du nay giup chung ta hiéu dugc mot cudc thao
ludn tong quat hon cac thugc tinh ngén ngir trong phan nay trude khi chung ta tiép tuc
thao luan vé ngdn ngir trong cic phan tiép theo. C6 mot sé dic diém ma trén d6 chung ta
c6 thé so sanh nhing thudc tinh ciia cac ngdn ngit. Thudc tinh dau tién 1a lién quan dén
viéc phan biét gitta cac moé hinh xac dinh va khéng xac dinh da dugc dé cap dén trong
cudc thao luédn cua chiing ta vé StateCharts.
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4.1.3 Phan hoach phan cirng - phan mém

Trong qua trinh thiét ké, ching ta phai giai quyét van dé thuc hién cac dic ta
k¥ thuat hodc trong phan ctng hodc ¢ dang ciia cac chuwong trinh chay trén bd vi xu 1y.
Phéan nay mé ta mot s6 k¥ thuat dé 1ap ban dd nay. Ap dung cac ki thuat nay, chung ta s&
c¢6 thé quyét dinh nhiing phan phai dugc thuc hién trong phin cing va nhitng phan s&
dugc thyc boi phan mém.

Boi phan hoach phan ctmg/phﬁn mém, ¢o nghia la ching ta anh xa cac nut
biéu d6 nhiém vu cho mot trong hai phan cung hodc phan mém. Mot tha tuc tiéu chuan
cho viéc nhiing phan ving phan cu:ng/phan mém vao tién trinh thiét ké tong thé duoc
hién thi trong Hinh 4-3. Chiing ta bat dau tir mot dai dién chung ctia dic ta k¥ thuat, vi du
¢ dang dd thi nhiém vu va thong tin vé nén (platform).

Dbi voi mbi nut cua dd thi nhiém vu, ching ta ¢an théng tin lién quan dén cac
nd luc can thiét va nhitng 1¢1 ich nhan duogc tir viéc lya chon mot su thuc hién nao do cac
nat nay. Vi du, thoi gian thuc hién phai duoc du doan. Rat kho dé dw doan thoi gian can
thiét cho truyén thong. Tuy nhién, hai nhiém vy do1 hoi mot bang thong truyén thong rat
cao tot nhat nén dugc 4nh xa t6i cac thanh phan glong nhau. Phuong phdp lap duge su
dung trong nhiéu truong hop. Mot giai phap ban déu cho van dé phan ving dugc tao ra,
phan tich va sau dé dugc cai thién.

Mot s6 phuong phap tiép can cho phan hoach duoc giéi han dé anh xa cac nut
d6 thi nhiém vy t6i hodc phan ctng chite ning chuyén biét hoic phan mém chay trén
mot by xur Iy don. Viéc phan hoach nhuvay co thé duoe thuc hién vai cac thut toan
bipartitioning (phan d6i) cho cac do thifhiém vu.

Nhirng thuat toan phan hoach phirc tap hon'co kha nang lap ban dd cac nut d6
thi cho hé thong da xir Iy va phan ctmg. Trong phan sau, chung ta s€ mo ta cach lam viéc
cua thuat toan nay bang cach siedung mot k¥ tlylat t61 wu hoa tiéu chuan tir cac hoat dong
nghién ciru, 1ap trinh s6 nguyén, Trinh bay cua chung ta dwoc dua trén mot phién ban
don gian hoa clia cac d&xudttdi ru héa cho cong cu thiét ké COOL (codesign tool) .

behavior| | platform

[SWpart - PRONG | o
—— ___q.- re
compilation ‘ HW—synthems

—
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no es 7
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Hinh 4-3. Tong quan vé& phan hoach phan ctmg/phan mém
a. COOL

Déi voi COOL, dau vao bao gdbm ba phan:

Cong ngh¢ muc tiéu: Phén nay cua dau vao cho COOL bao gdém nhing
thong tin vé cac thanh phan nén phan cing san c6. COOL ho trg hé thong da xtr, nhung
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yéu cau tit ca cac bd xu 1y 1a cung loai, vi n6 khong bao gdm sy lwa chon bd vixuly tu
dong hay bang tay. Tén cua bd xir ly dugce sir dung (cting nhu cac thong tin vé trinh bién
dich twong tng) phai duoc bao gdm trong phan nay cua dau vao cho COOL. Pbi voi
phan cimg tng dung chuyén biét, cac thong tin phai c6 du dé bat dau tong hop phan ctng
ty dong voi tat ca cac thong sO can thiét. Dac biét, thong tin vé cac thu vién cong nghé
phai dugc cung cap.

Nhiing rang budc thiét ké: Phan thir hai ctia ddu vao bao gom nhiing rang
budc thiét ké nhu thong luong yéu cau , dd tre, kich thudc bd nho téi da, hodc dién tich
toi da cho phan cting tng dung chuyén biét.

Hanh vi: Phan tht ba ctia diu vao mo ta hanh vi tong thé duoc yéu cau. Db
thi nhiém vu phan cap dugc st dung cho viéc nay. Ching ta ¢6 thé nghi ra, vi du bang
cach st dung d6 thi nhi€ém vu phan cap cho viéc nay.

COOL sur dung hai loai gioi han (edge): gioi han truyén thong va gidi han vé
phén dinh thoi gian. Gidi han truyén théng co thé chita thong tin v€ sO luong thong tin
dugc trao doi. Gidi han vé phan dinh thoi gian cung cap nhitng sy rang budc vé phan
dinh thoi gian. COOL doi hdi cach xtr Iy cia moi nat trong cac nut 1a (leaf node) cua
phan cap do thi da biét. COOL cho 1a cach xir Iy nay da duge quy dinh trong VHDL.

Dbi voi phan ving, COOL sir dung cac bude sau:
1 Chuyén d6i hanh vi thanh mot mé hinh @6 thi ndi bo.
2 Chuyén d6i hanh vi cia moi nit tir VHDL véo C.

3 Bién dich tAt ca cac chwong trinh C cho bo xtr Iy muc ti€u da chon, tinh
toan kich thudc cia chuong trinh két.qua, du toan thoi gian thuc hién két qua. Néu mo
phong duoc st dung sau do, thi dir licu dau vao mo, phong phai dugc san sang.

4 Tong hop cac thanh phéan phin cung: Pbi v6i mdi nit 14, phan cimg tmng
dung chuyén biét phai dugc tong hop. Tir d6 mot s6 16n thanh phan phan cimg ¢o thé
phai duoc tong hop, tong hgp phan cimg khong nén qua chdm. Co thé nhan thay rang cac
cong cu tong hop thuwong mai tap trung tong hop & muc cong c6 thé 1a qua cham dé co
ich cho COOL. Tuy nhién, cac ¢ong cu tong hop cao cap lam viéc tai mtrc-chuyén doi-
thanh ghi (sir dung cac bo cong,’cac thanh ghi, va bd don kénh nhu 1a cac thanh phan
thay vi cac cong) cung cap tbc d6 tong hop day du. Ngoai ra, cac cong cu nhu vy co thé
cung cap day du cac gia tri chinh xac cho nhiing thoi gian tri hoan va dién tich silic yéu
cau. Trong thuc hién thuc té, cong cu téng hop cap cao OSCAR [Landwehr and
Marwedel, 1997] dugc sir dung.

5 Trai phang su phan cap: Budc tiép theo s& khai trién mot do thi nhiém vu
phang tir Iuu d6 c6 phan cap. Khi khong ¢ viéc sat nhap hodc chia tach cac nut dugc
thuc hién, do chi tiét dugc s dung boi nha thlet ké dugc duy tri. Chi phi va théng tin
thuc hién thu dugc tir qua trinh bién tap va tong hop phan cting duoc bd sung vao cac
nat. Bay thue sy 1a mot trong nhitng y tudng chinh cia COOL: cac thong tin can thiét
cho phén ving phan cu:ng/phan mém dugc tinh toan trude va nd dugc tinh voi do chinh
xac tot. Thong tin nay thiét 1ap co s& dé tao ra céc thiét ké chi phi tbi thiéu thoa méan cac
rang budc thiét ké.

6 Tao ra va giai quyét mot md hinh toan caa van dé toi uwu héa: COOL sur
dung 1@p trinh s6 nguyén (IP) dé giai quyét van dé t6i uu hoa. Mot thiét bi gidi [P thuong
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mai dugc dung dé tim nhing gia tri cho nhiing bién quyét dinh dén viéc tdi thicu hoa chi
phi. Giai phap 12 t6i vu ddi v0i cac ham chi phi bét ngudn tir nhing thong tin c6 san. Tuy
nhién, chi phi nay chi bao gom mdt sy xap xi tho cua thoi gian truyén thong. Thoi gian
truyén thong giita hai nut bat ky ctia dd thi nhiém vu phy thudc vao viée anh xa cac nit
nay tuong ung toi cac bd xir Iy va phan cimg. Néu ca hai nut dugc anh xa t6i cing mot
bo xtr Iy, truyén thong s€ la cuc bo va do do kha nhanh. Néu cac nut duoc 4nh xa t6i cac
thanh phan phan cimg khac nhau, truyén thong s€ 1a khong-cuc b va co thé bi cham hon.
Mo hinh hoéa cac chi phi truyen thong cho tit ca cic anh xa co thé c6 cua céac nut do thi
nhiém vu s& lam cho mé hinh rét phuec tap va do d6 dugc thay thé boi cac cai tién 1ap cua
giai phap ban dau. Chi tiét hon vé budc nay sé duoc trinh bay dudi day.

7 Cac cai tién Lip: Dé lam viée v6i cac udc lugng t6t vé thoi gian truyén
thong, cac nut lién ké dugc anh xa tdi cung mot thanh phan phan cung bay gio dugc hop
nhat. Su hop nhat nay dugc thé hi¢én trén Hinh 4-4.

Chung ta gia dinh rang cac nhiém vu T1, T2 va T5 duoc 4nh xa t6i cac thanh
phan phan cing H1 va H2, trong khi d6 T3 va T4 dlmc anh xa t61 b0 xu ly P1. Tuong
g, truyén thong gitra T3 va T4 1a truyen thong cuc bd. Vi vdy, ching ta hop nhit T3
va T4, va thira nhan rang viéc giao tiép gitra hai nhiém vu khong doi hoi mot kénh truyén
thong. Thoi gian truyén thong bay gior ¢6 thé duge udie. lugng véi do chinh xac dugc cai
thién. D6 thi két qua sau do dugc st dung nhu dauvao mai cho viée tdi wu hoa toan hoc.
Céc bude trude d6 va hién tai dugc 1ap lai cho dén khi khéng con nit db thi nao 13 co thé
duogc sat nhap.

H1 H2 H1 H1 H2  Hi
NG PO
—l — NS - _l _' _/‘J |
(T, =T — Tﬁl/f\ ;\T;
\—’X/"'\ '“\% = - \/‘;\ 7 ~
( TB | — T4 { T. I
N TR \3
Y Va I
N - - |
N g y
P1 P1

Hinh 4-4. Hop nhét cac nat nhiém vu duge anh xa dén cung mat thanh phén phén
cung

8 Tong hop giao dién: Sau khi phan vung, theo trinh tu logic doi hoi phai tao
ra giao di¢n gilra cac bo xtr ly, phan ciing ung dung chuyén biét va bo nhé.

Tiép theo, ching ta s&€ mo ta budce 6 chi tiét hon. Cac mo hinh IP cung cap
mot phuong phap tlep can chung dé mé hinh hoa nhimng van dé t6i vu héa. Cac mé hinh
IP bao gom hai phan mot ham chi phi va mot tap cac rang budc. Ca hai phan cung bao
ham cac tham chiéu dén mot tdp X = {xi} ctia nhiing bién gia tri nguyén. Nhitng ham chi
phi phai 1 nhitng ham tuyén tinh ctia nhitng bién d6. Vi vay, chung phai c6 dang chung:

C= Z ax;, witha, ell,x, ell (4.1)

x;eX
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Tap J cuia céc rang budc ciing phai chira cic ham tuyén tinh cta cac bién gia
tri nguyén. Chung phai c6 dang:
Vield: Zb X; 2 c;, with b,

1,777 i,j2
x;eX

c,ell (4.2)

. ~ Luuy rz‘ingv > c6 thé duoc thay thé boi < trong phuong trinh (4.2) néu cac
hang so b;;j dugc stra doi phu hop.

Dinh nghia: Van dé 1ap trinh s6 nguyén (IP-) 1a van dé cua viéc tdi thiéu hoa
ham chi phi (4.1) 18 thudc vao nhing rang budc nhin dugc trong bicu thuc (4.2). Néu tat
ca céc bién bi cuong buc la 0 hodc 1, thi mé hinh tuong g dugc goi 1a mét mod hinh 1ap
trinh s6 nguyén 0/1. Trong trudng hop nay, cic bién ciing duge biéu thi nhu nhitng bién
quyét dinh (nhi phan).

Vi du, gia dinh rang x;, x, va x3 khong am va phai la sb nguyén, tip cac
phuong trinh sau dai dién cho m¢t mo hinh 0/1-IP:

C=5x; +6x5 + 4x3 (4.3)

X]+X2 +X3>2 (4.4)

x; <1 (4.5)

x<1 (4.6)

x3< 1 (4.7)
’

Vi nhimg rang budc, tat‘ca cac bién déu chi co thé 1a 0 hodc 1(sd nguyén
khong am). Co bon giai phap khadi. Cac giai phap nay dugc liét ké trong Bang 4-1. Giai
phép v&i mdt chi phi bang 9 1a to1 vu.

Céc tmg dung doi hoi phai t6i da hoa mot vai loi ich thi ham C' ¢ thé duoc
thay vao dang thitc ¢ trén bang cach dat C=-C".

g X2 X3 C
0 1 I 10
1 0 I 9
1 1 0 11
1 1 I 15

Bang 4-1. Cac giai phap kha di cta van dé IP dang duoc trinh bay

Céac md hinh IP ¢6 thé dugc giai quyét t6i wu bang cach sir dung cac k¥ thuat
1ap trinh toan hoc. That khong may, lap trinh s6 nguyén la NP- -day du va thoi gian thuc
hién c6 the tré nén rat 16n. Tuy nhién, no rat hiru ich cho viéc giai quyét cac van dé tbi
uu hoa m1en 1a kich thuéc m6 hinh khong phai la v6 cung 16n. Thoi gian thuc hién phu
thudc vao s6 luong cac bién, cau trac va s0 lugng céc rang bude. Cac b giai IP t6t (nhu
Ip_solve hay CPLEX) co6 thé giai quyet cac van dé& duogc cau tric tot co chira mot vai
nghin bién trong thoi gian tinh toan chap nhan duoc (vi du: vai phut). Pé biét thém thong
tin vé 1ap trinh sb nguyén va 1ap trinh tuyén tinh lién quan, hdy tham khao cac cuon sach
cung chu dé (vi du: to Wolsey). M6 hinh hod nhitng van dé t6i wu héa nhu vin dé lap
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trinh s6 nguyén lam cho c6 cam giac bat chip su phic tap clia vin dé nhiéu van dé co
thé duoc giai quyét trong thoi gian thuc hién chap nhan dugc va néu ching khong thé,
cac mo hinh IP ciing cung cip mot diém khoi dau tt cho chan doan.

Tiép theo, chung ta s& mo ta viéc phan vung ¢ thé duoc md hinh bang cach
st dung mdt mo hinh 0/1-IP nhu thé nao. Cac tap chi so sau s€ dugc st dung trong viéc
mo ta vé mo hinh IP:

* Tap chi s6 1 biéu thi nhiing nut dd thi nhiém vu. Mdi i e/ tuong tng voi mot nut biéu
dd nhiém vu.

* Tap chi s6 L biéu thi nhiing kiéu nat do thi nhiém vu. Mdi / e L tuong ng véi mot
kiéu nat dd thi nhiém vu. Vi du, c6 thé co cac nit md ta can bac hai, cac tinh toan bién
ddi Cosine réi rac (DCT:Discrete Cosine Transform) hodc bién ddi Fourier nhanh roi rac
(DFT:Discrete Fast Fourier Transform). Mdi loai trong chung duoc tinh 13 mot kiéu.

* Tap chi s6 KH biéu thj cac kiéu thanh phan phan ctng: Mdi k € KH tuong Gmg véi mot
kiéu thanh phan phan ctg. Vi dy, c6 thé ¢ cac thanh phan phan cting dic biét cho DCT
hodc DFT. C6 mot gia tri chi s6 cho cac thanh phan phan cimg DCT va mdt cho cac
thanh phan phan cing FFT.

* P6i voi mdi thanh phan phan ctng, c6 thé co nhiéu ban sao, hay nhiing "truong hop".
MB&i trudng hop duoc xac dinh boi mét chiséj e J.

* Téap chi s6 KP biéu thi nhiing bo xir Iy. Mdi k e &KP xac dinh mot trong nhitng bo xr 1y
(tit ca déu 1a cung loai).

Céc bién quyét dinh sau day dugc yéu cau boi'mé hinh: )

* X, bién nay s& 1a 1, néu nat v; duge’anh xa téi kiéu thanh phan phan cimg k € KH va
0 néu khong.

* Y, bién nay sé 1a 1, néu nut vduoc dnh xa t6i bg xu 1y k € KP va 0 néu khong.

* NYlk bién nay s€ la 1, néu it nhat mot nitloai / dugc 4nh xa té1 by xu Iy £k € KP va 0
néu khong.

* T 1a mot anh xa I — L tir ¢éc nit d6 thi nhiém vu ti cac kiéu twong rng cua chung.

Trong trudng hop cu thé cua chuy ta, ham chi phi tich liiy téng chi phi cua tit ca cac
donvi phéan cimg:

C = céc chi phi cho by xir 1y + cac chi phi cho bd nhd + céc chi phi ciia phan
cung ung dung chuyén bi¢t

Chung ta rd rang s& giam thiéu tong chi phi néu khong c6 cac bo xir 1y, bd nhd va phan
ctmg tmg dung chuyén biét di duoc bao gom trong "thiét ké". Do nhitng rang budc, day
khong phai la mét giai phap phap ly. Bay gio chung ta c6 thé trinh bay mot mo ta ngin
gon cua mot sb cac rang budc cua mo hinh IP:

* Nhirng rang bugc 4n dinh hoat ddng: Nhiing rang budc ndy bao dam rang mdi hoat
dong dugc thuc hién hodc trong phan cing hodc trong phan mém. Nhing rang budc
twong tmg c6 thé dugc cong thirc hoa nhu sau:

Viel : Y X, +>. Y, =

keKH keKP
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Trong vin ban gdc, diéu niy c6 nghia nhu sau: voi moi nat d6 thi nhiém vu i, rang budc
sau day phai dugc duy tri: 1 duge thuc hién hodc trong phan cimg (thiét lap mot trong
nhiing bién X, t6i 1, cho gié tri k nao d6) hodc né duge thyc hién trong phan mém (thiét
1ap mot trong nhitng bién ¥;; t6i 1, cho gia tri k nao d6).

Tét ca cac bién duoc gia dinh 1a cac s6 nguyén khong am:

Xix € IN,, (4.8)

Xi’k 3 IN, 0 . ) (49)
Nhimg su rang budc b6 sung bao dam rang nhiing bién quyét dinh Xj; va Y;x co 1 nhu
mot gidi han trén va, do do, 1a cac bién thuc te c6 gia tri 0/1:

Viel : VkeKH : X, <1
Viel : VkeKP : Y, <l

Néu chire nang cua madt nut nhét dinh cta kiéu / duoe anh xa t&i bo xir 1y k nao do, thi bo
nhé chuong trinh ciia bo xir 1y nay phai bao gdm mot ban sao ctia phan mém cho chirc
nang nay:
VielL,Vi : T(v)=¢,VkeKP : NY,k >Y,,

Trong vin ban gbc, diéu nay c6 nghia la:véi moi kiéu [ thudc cac nut d6 thi
nhiém vu va véi moi nat i thude kiéu ‘nay, rang budc sau day phai dugc duy tri: néu i
dugc anh xa to1 bo xur ly k nao do (biéu thi boi ¥;; 1a:1), thi phan mém tuong (mg voi
chtre nang / phai duoc cung cap boi bo xtr Ay k; va phan mém twong tmg phai ton tai trén
bo xir 1y d6 (biéu thi boi NY;, 1a 1).
Nhiing su rang budc bd sung bao dam rang nhimg bién quyét dinh N¥,; ciing 13 nhiing
bién gia tri 0/1:

Vie IiNloc KP :  IN¥, <1

Nhirng rang budc tai nguyén: Tap tiép theo ciia cac rang budc dam bao rang
"khong qué nhiéu" cée nit duge anh xa té1 cung mot thanh phan phan cing tai cung mét
thoi diem. Chung ta gia dinh rang,.ctr moi chu ky dong ho, nhi€u nhat 1a mot hoat dong
c6 theé dugc thuyc hién trén moi thanh phan phan cing. That khong may, di€u nay co
nghia rang thut todn phan vung cling phai tao ra mot lich trinh dé thuc hién cac nit do
thi nhiém vu. Viéc 1ap lich tu n6 da 1a mdt van d€ NP-day du cho hau hét cac truong hop
van dé c¢ lién quan.

Nhirng rang bu§c mirc wu tién: Céc rang budc nay dam bao réng lich trinh dé
thuc hién cac hoat dong phu hgp véi cac rang budc mirc vu tién trong do6 thi nhiém vu.

Nhirng rang budc thiét ké: Nhitng rang budc nay dit mot giéi han vé chi phi cua
cac thanh phan phan cting nao do, chang han nhu b nhd, cac by xtr Iy hodc khu vuc
danh cho phan ctiing trng dung chuyén biét.

Nhirng rang budc vé phan dinh thoi gian: Nhiing rang budc vé phén dinh thoi
gian, néu hién di¢n trong dau vao cho COOL, thi dugc chuyén do6i thanh céc rang budc
IP.

Mot sb su rang bude bd sung, nhung it quan trong hon khong duoc bao gém trong
danh sach nay.
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Hinh 4-5. D6 thi nhiém vu

Vi du: Trong phan sau, chung ta s& trinh bay vé viéc cac rang budc nay ¢ thé duogc tao ra
nhu thé nao cho dd thi nhiém vu trong Hinh 4-5.

Gia str rang chung ta c6 mot thu vién thanh phan phan ctng ¢6 chira ba kiéu thanh phan
la H1, H2 va H3 véi chi phi tuong tmg 1a 20, 25 va 30 don vi chi phi. Hon nira, gia su
rang chiing ta cling c6 thé sir dung mot bo xir Iy P v6iphi 1a 5. Ngoai ra, chung ta gia
dinh rang Bang 4-2 md ta thoi gian thyuc hién cta cac nhiém vu ciia ching ta trén céac
thanh phan nay.

T HI H2 H3 P

1 20 100
2 20 100
3 12 10
- 12 10
5 20 100

Béang 4-2. Thoi gian thue hi€n ctia cac nhiém vu tir T1 dén T5 trén cac thanh phén

Céac nhiém vu T1 dén"T5 chi co thé dwoc thuc hién trén bo xir 1y hodc trén mot
don vi phﬁn cung Ung dufig chuyén biét. R6 rang, bo xtr ly dugc coi 1a ré nhung cham
trong viéc thue hién cac nhi€m vu T1, T2, va T5.

Nhiing sy rang budc an dinh hoat dong sau day phai dugc tao ra, gia thiét rz‘?lng tbi
da mot bo xur 1y (P1) s€ dugc su dung:

Xi,1+ ¥1,1= 1 (Nhiém vu 1 dugc anh xa hodc t61 H1 hodc t6i P1)
X2,2+ ¥Y2,1= 1 (Nhiém vu 2 dugc anh xa hodc té1 H2 hodc té1 P1)
X33+ Y3;= 1 (Nhiém vu 3 dugc anh xa hodc t61 H3 hodc t4i P1)
X3+ Y41= 1 (Nhiém vu 4 dugc anh xa hodc té1 H3 hodc té1 P1)
Xs1+ ¥s53= 1 (Nhiém vu 1 dugc anh xa hodc t61 H1 hodc toi P1)

Hon nira, gia dinh rang cac kiéu cta cac nhiém vu T1 @én T51a/=1,2,33 va 1,

twong tmg. Tiép theo, nhimng rang budc tai nguyén bd sung sau day duoc yéu cau:

NYi,1 =2 Y (4.10)
NYy1 = Y
NY31 = Y
NYz; = Y41
NYi,1 = Ys, (4.11)

Phuong trinh (4.10) c6 nghia la: néu nhiém vu 1 duoc 4nh xa téi bo xir 1y, thi
chire nang / = 1 phai dugc thuc hién trén bo xur Iy d6. Chirc nang tuong tu cling phai
duogc thyc hién trén bo xir Iy nay néu nhi¢m vu 5 dugc anh xa té1 b xtr Iy (Phuong trinh

(4.11)).
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Chung ta khong bao gdm nhimng rang budc vé phan dinh thoi gian. Tuy nhién, &
rang la bo xur ly cham trong thuc hién mot s6 nhiém vu va phan ctimg tung dung chuyén
biét 1a can thiét cho nhiing rang budc thoi gian nho hon 100 don vi thoi gian.

Ham chi phi la:

C = 20%#(H1) + 25%#(H2) + 30k#(H3) + 5*x#(P)

Trong do #() biéu thi s6 lugng cac truong hop str dung cua cac thanh phan phan
ctng. S6 nay c6 thé duge tinh toan tir nhitng bién duoc gi6i thiéu cho dén lic nay néu
lich trinh cling dugc dua vao ban ké khai. V&i mét rang bude thoi gian ctia 100 don vi
thoi gian, thiét ké chi phi t6i thiéu bao gdm cac thanh phan H1, H2 va P. Diéu nay co
nghia réng nhiém vu T3 va T4 dugc thuc hién trong phﬁn mém va tat ca nhtrng nhiém vu
khac dugc thue hién trong phan cimg.

Noi chung, do su phtre tap cua viéc phan hoach két hop va céc Van dé 1ap lich, chi
nhimng truong hop van d& nho cua van de két hop co6 thé duoc giai quyét trong thot gian
chay co thé chap nhéan dugce. Vi vay, van dé 1a su suy nghiém dugc tach thanh van dé lap
lich va phan hoach: mgt phan hoach ban dau duge dua trén thoi gian thyuc hién dy tinh va
1ap lich cudi cung dugc thuc hién sau khi phan hoach. Néu n6 chi ra réng lich trinh da
qué lac quan, thi toan bd qu4 trinh phai dugc lip lai v6i nhitng su rang bude vé phan dinh
thoi gian chat hon. Thi nghiém ddi véi cac vi du nho da cho thay rang chi phi cho cac
giai phap suy nghiém chi 13 1 hodc 2% 16n hon chi phi ciia cac két qua tdi uu.

Phén hoach ty dong c6 thé duge st durig dé phén tich khong gian thiét ké. Trong
phan sau, chung ta s& trinh bay céac két qua.cho mot phong thi i nghiém am thanh, bao gém
cac khéi mixer, fader, echo, equalizer va balance. Vi du nay sir dung cong ngh¢ nham
muc tiéu trudc d6 dé chimg minh tac.dung cta phan hoach: Phan cimg muc tiéu gém c6
mot bd xir Iy SPARC (cham), bo nlié ngoai, va phansetmg tmg dung chuyén biét s& duoc
thiét ké tir mot thu vién 1u ASIC(LAi thai). Tong thoi gian tré cho phép dugc thiét 1ap 1a
22675 ns, tuong ung vdi toc.do léy mau 1a 44,1 kHz, nhu duoc str dung trong dia CD.
Hinh 4-6 cho thay nhu‘ng diém thiét ké khac nhau ma c6 thé duoc tao ra bang cach thay
d6i rang budc vé thoi gian tré

Pon vi A tham chiéu t6imot don vi chiéu dai phu thudc cong nghé. N6 vé ban
chit 1a mot nira cua khoang cachiﬁn nhit giita cac tdm cta hai day kim loai trén chip
(con got 1a half-pitch). Diém thiét ké ¢ bén trai twong tng v6i mot giai phap thue hién
hoan toan trong phan ctng, diém thiét ké & bén phai 1a mét giai phap phan meém. Nhirng
diém thiét ké khac sur dung mot sy pha tron cua phan cimg va phan mém. Piém tuong
ung voi dién tich 78,4 A% 1a diém ré nhét thoa man vach cim.

RS rang, ngay nay cong ngh¢ da tién bd dé cho phép mot thiét ké phong thi
nghiém am thanh trén nén phan mém 100%. Tuy nhién, vi du ndy chimg to phuong phap
thiét ké tiém 4n trong d6 cling c6 thé duoc sir dung cho nhiéu tmg dung doi hoi khat khe
hon, dac biét 1a trong linh vuc da phuong tién tdc d6 cao, nhu MPEG-4.
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Hinh 4-6. Khong gian thiét ké cho phong thi nghiém am thanh
4.1.4 Thiét ké hé théng

Viée co tai liéu kién trac rd rang s& giap cac ky su va lap trinh vién cua doi
phat tr1en thuc hién h¢ thong nhing phu hop vdiccac yéu cau. Trong sudt tai liéu nay, cac
dé xuat thyc te da dugc 1am dé thuc hién cac thanh phan khac nhau ctia mot thiét ké déap
g cac yéu cdu nay. Ngoai sy hiéu biét cde thanh phan va khuyén nghi nay, diéu quan
trong 14 hiéu nhitng gi ma cac cong cu.phat trién sin sang tro giip trong viée thyc hién
mdt hé thong nhing. Viéc _phat trién va tich hop ¢ac thanh phan phan cing va phin mém
khac nhau cua mot he thong nhung dugc thuc hién co thé thong qua cac cong cu phat
trién cung cap moi thir tir viée nap. phan.mém vao phan cimg dén viéc cung cip diéu
khién hoan toan qua nhiing thénh phan h¢ théng khac nhau.

Céc h¢ théng nhing thuong khong duge phat trién trén mot hé thong don 1¢
(vi du, bo mach phan cing cuache thong nhing) nhung thuong can it nhat mot hé thong
may tinh khac két nbi véi nén tang nhing dé quan 1y su phat trién cta nén tang d6. Ngin
gon hon, mot mdi truong phat trién thuong hinh thanh mot dich (h¢ thong nhung dang
duogc thiét ké) va mot may cha (mét PC, Sparc Station, hodc mot sd hé thong may tinh
khéc noi ma ma thuc su dugc phat trlen). Dich va may chu dugc két ndi boi phuong tién
truyén dan nao @6 nhu ndi tiép, Ethernet, hodc phuong phap khac. Nhiéu _cong cu khac,
chang han nhu cic cong cu tién ich dé ghi EPROM hoic céc cong cu g& 18i, co thé duge
sir dung trong moi trudng phat trién cting v6i may chu va dich. (Xem Hinh 4-7)

Céc cong cu phat trién quan trong trong thiét ké nhung c6 thé dugc dat trén
may chu, trén dich, hodc co thé ton tai doc 1ap. Nhimng cong cu nay thuong thudc mot
trong ba loai: ti¢n ich, dich thugt, va cac cong cu go 16i. Cac cong cu tién ich 1a cic cong
cu chung ma hd trg trong phat trién phan mém hoic phan ctng, chang han nhu trinh soan
thao(cho viéc viét ma ngudn), VCS (dleu khlen phién ban phan mém) cac phan mém
quan ly tap tin, bo ghi ROM cho phep phan mém dugc dua vao ROM... Cac cong cu dich
thuat chuyén d6i ma phat trién du dinh cho dich thanh dang ma dich co thé thuc thi, va
cac cong cu g& 16i co thé duogc sir dung dé theo ddi va sira 16 trong hé thong. Tét ca cac
loai cong cu phat trién 1a quan trong ddi v&i mot du an nhu thiét ké kién trac, boi vi néu
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khong co cac cong cu dung, viéc thuc hién va g 16i hé théng s& rat kho khan, néu khong
phai 1a khong the.

Target Board

Hinh 4-7. Mbi truong phat trién
N

Cong cu phin mém tién ich chinh: viét mi trong mot triﬁan thao
(Editor) hodc mdi trwong phat trién tich hop (IDE)

Ma nguén thuong 1a dugc viét v6i mét cong cu nhu mot trinh soan thdo van
ban chuan ASCIL, hoidc mot méi truwong phat t¥ién tich-hop (IDE) nim trén nén may chi
(phat trién), nhu trong Hinh 4-8. Mot IDE Ot tap hop ca cu, bao gém mot trinh
soan thdo van ban ASCII, tich hop vao mot dung giao dién nguoi dung. Trong khi
trinh soan thao van ban ASCII bét ky.€0 $é duge sir dung dé viét bat ky loai ma nao, doc
1ap v6i ngdn ngir va nén ‘tang, motIDE 1a cu thé danh cho mét nén tang va thuong dugc
cung cap bai nha cung cip cua INE mot nha san xuat phan cing (trong mot b starter kit
thudng bao gdm bang mach.p cing voi ng cu nhu mét IDE hodac trinh soan
thdo van ban) nha cung ‘ hanh, hoa a cung cap ngodn ngir (Java, C, vv).
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Hinh 4-8. IDE
Thiét ké trg giip may tinh (CAD) va phin cing
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Cac cong cu Thiét ké tro giup may tinh (CAD) thuong dugce sir dung boi cac
k¥ su phan cimg dé mo phong mach dién & cip d6 dién dé nghién ctru hanh vi ciia mot
mach trong nhiing diéu kién khéc nhau trude khi ho thuc su xay dung cac mach.

Hinh 4-9a 1a mot ban chyp cua mdt trinh mé phéng mach phé) bién tiéu chuén,
duoc goi 1a PSpice. Phin mém md phong mach nay 1a mot bién thé ciia mot trinh mo
phong mach khic ma da dugc phat trién tai Pai hoc California, Berkeley goi 1a SPICE
(Simulation Program with Integrated Circuit Emphasis: Chuong trinh mé phdéng véi
Mach Tich Hop Quan Trong). PSpice 1a phién ban PC cua SPICE, va la mét vi du cua
mat trinh m6 phong ma c6 thé lam mét so loai phén tich mach, chang han nhu phi tuyén
ngin han, DC phi tuyén, AC tuyén tinh, nhidu, va sy méo dang. Nhu trong Hinh 4-9b,
cac mach dugc tao ra trong trinh mé phong nay co thé duoc tao thanh tir mot loat cac
phan ttr tich cyc va/hodc thu dong. Nhleu cong cu md phong mach dién thuong mai san
c6 n6i chung 1a twong tu nhu PSpice vé muc dich tong thé, va chi khac nhau chu yéu la
vé nhitng phan tich co6 thé dugc thuc hién, cac thanh phén mach ¢6 thé dugc mod phéng,
hoac vé bén ngoai cta giao dién nguoi dung cua cong cu.
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Hinh 4-9a. Vi du trinh m6 phong PSp1ce CAD
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Hinh 4-9b. Vi dy mach PSpice CAD

) J

thiét ké phan cimg va cac chi phi lién quan, c6 nhiéu
nganh k¥ thuat cong nghi¢p m ng d6 cac cong cu CAD duogc st dung dé mo phong
mach. Cho mot tép phire tap cac mach trong mot bo xur Iy hodc trén mot bang mach, rat
1a khé khan, néu khong phai 1a khong thé, dé thuc hién mot mo phong trén toan bo thiét
ké, do d6 mot hé théng phan cip cic mo phong va mod hinh thuong dugc s dung. Trong
thue té, viée stt dung cac mé hinh 1a mot trong nhitng yéu t6 quan trong nhét trong thiét
ké phan cing, bat ké hidu qua hodc tinh chinh xac ciia mod phong nay.

Do tdm quan trong

O cép dd cao nhat, moét mé hinh hanh vi cia toan bd mach duge tao ra cho ca hai
mach tuong ty va s, va dugc sir dung dé nghién ctru hanh vi ctia toan by mach. M6 hinh
hanh vi ¢6 thé duoc tao ra v6i mot cong cu CAD ma cung cép tinh ning nay, hodc co the
dugc viét bang mot ngdn ngit lap trinh tiéu chuan. Sau do, phu thu¢c vao kiéu va cau
thanh ctia mach, cac mo hinh b sung duoc tao ra xuong dén céc thanh phan tich cuc va
thu dong riéng 1¢ ctia mach, ciing nhu cho bét ky yéu t6 phy thudc méi truong nao (vi dy:
nhiét d6) ma mach c6 thé co.

Ngoai viée sir dung mot s phuong phap cu thé dé viét cac phuong trinh mach
cho mét gia lap cu thé, chang han nhu cac phuong phép tiép cin hoat canh hodc stra ddi
phuong phap nit, c6 cac ki thuat mé phong dé xir Iy cac mach phirc tap bao gdm mot
hodc mot su két hop nao do cua:
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- phan chia cac mach phirc tap hon thanh cac mach nhé hon, va sau d6 két hop
cac két qua.

- sir dung céc dac tinh dac biét ctia mot s6 loai mach nhat dinh.
- sit dung cac may tinh vector va/hodc may tinh song song toc do cao.

* Nhirng cong cu phién dich: cac b tién xir Iy, cac trinh thong dich, cac trinh
bién dich, va cac trinh lién ket.

Viéc dich ma da dugc gidi thiéu dau tién trong Chuong 2, cung véi mot 101 gioi
thiéu ngén gon to1 mot ) nhirng cong cu dugc dung trong viéc Dich ma, bao gém cac bd
tién xu 1y, cac trinh phién dich, céc trinh bién dich, va cac trinh két ndi. Nhu mot téng
quat, sau khi ma nguén da duoc viét, né can phai dugc dich sang ma may, vi md may 1a
ngoén ngir duy nhét ma phan ctig c6 thé tryc tiép thuc hién. Tat ca cac ngon ngtr khac
can cong cu phat trlen dé tao ra md may tuong Gmg ma phan ctmg c6 thé hiéu. Co che
nay thudng bao gdm mot hoidc su két hop nao d6 cua cac k¥ thuat phat ma may nhu tién
xu 1y, bién dich, va/hodc thong dich. Cac co ché nay duogc thuc hi¢n trong mot loat cac
cong cu phat trién phuc vu cho viéc dich.

Tién xtr 1y 1a mot budc tuy chon c6 the xuét hién trude khi dich hoic thong dich
ma ngudn, va chirc nang nay thuong dugc thyc hiénboi-mot bo tién xtr . Vai tro cia bo
tién xir 1y 1 t6 chue va cau trac lai ma ngudn déthuce hién dich hodc thong dich ma nay
dé dang hon. Bo tién xur 1y co thé 1a mot thucthé riéng biét, hoac co thé duoc tich hop
bén trong khdi bién dich, hodc thong dich.

s

Nhiéu ngdn ngit chuyén doi ma ngué)n hodc truc tiép hodc sau khi da dugc tién
xu ly, t61 mé dich (m@ mdy) thong qua vi€c sudung mét trinh bién dich, mét chuong
trinh tao ra mot sO ngon ngir dich; chang han nhu ma may, mi Java byte, v.v., tir ngon
ngit ngudn, chang han nhu hop ngit, C, Java, v.v. (xem Hinh 4-10).

4
Source Code
Compiler

Preprocessing

L

Compiling

-

Target Code

Header File (s) for languages like C and C++

F Y

Hinh 4-10. So d6 bién dich

Mot trinh bién dich théng thudng dich tit ca cic ma ngudn t6i ma dich trong mot
lan. Nhu thuong 1a truong hop trong cac hé thong nhiing, hau hét cac trinh bién dich
dugc dat trén may chua cua 1ap trinh vién va tao ra cdc ma dich cho cac nén tang phan
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cung khac biét voi nén tang ma trinh bién dich thyc sy dang chay trén do. Cac trinh bién
dich nay thuong duogc goi 1a trinh bién dich chéo. Trong truong hop hop nglr, mot trinh
bién dich hop ngli 1a mot trinh bién dich chéo dac biét goi 1a trinh dich hgp ngir
(assembler), va n6 s€ ludn ludn tao ra ma may. Céc trinh bién dich ngon nglr bac cao
khac thuong duogc goi bang tén ngdn ngit cong v6i "trinh bién dich" (vi du: trinh bién
dich Java(Java compiler), trinh bién dich C (C compiler)). Cac trinh bién dich ngon ngir
béc cao c6 thé thay doi rong vé nhimg gi duoc tao ra. Mot sO tao ra md may, trong khi
nhimg cai khac tao ra cac ngoén ngir cap cao khac, ma sau do yéu cau nhimg gi duoc tao
ra phai dugc chay thong qua it nhat mot trinh bién dich nira. Van con céc trinh bién dich
khéc tao ra ma hop nglr, ma ma sau do phai dugc chay thong qua mot trinh dich hop ngi
(assembler).

Sau khi tit ca viéc bién dich trén may tinh chi cua lap trinh vién dugc hoan
thanh, cac tap tin ma dich con lai thuong duoc goi 1a mot tép tin ddi tuong (object file),
va c6 thé chtra bat cr diéu gi tir md may dén m3 byte Java, _tuy thudce vao ngdn ngir lap
trinh duge s dung. Nhu trong Hinh 4-11, mot trinh lién két(linker) két hop tap tin ddi
tuong nay voi bét ky thu vién hé thong can thiét khéc, dé tao ra tap tin thuong duogc goi
la mot tap tin nhi phan c6 thé thyc thi, hodc truc tiép dua vao bd nhé cua bang mach hoac
san sang dé duoc chuyén t6i bo nhé cia hé théng nhung dich béi mot bo nap (loader).

G Spurce File (s)
C Compiler
Préprocessing + C Header File (s)
Compiling
h 4
C Object File (s)
k 4
Linker - C System Libraries
L J
C Executable File

Host Computer

Embedded System ‘1'
E Loader

H1nh 4-11: céac buoc bién dich/lién két va tap tin dbi tugng két qua, thyuc hién trong C

Mot trong nhitng diém manh co ban cia mot quy trinh dich 13 dya trén khai niém
vé sy sap dat phan mém (con goi 14 su sap dat dbi twong), kha nang phan chia phan mém
thanh cac module va tai dinh vi cdic module ma va dir liéu nay ¢ bét clr noi ndo trong bo
nhé. Pay 1a mét tinh nang ddc biét hitu ich trong cac hé thdng nhung, boi vi: (1) cac thiét
ké nhung co thé chira mot vai loai khac nhau ctia bd nhé vat 1y, (2) chung thudng c6 mot
sb luong han ché bo nhd so voi cac loai hé théng may tinh khac; (3) by nhé cé thé
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thuong tré nén rat phan manh va chirc nang chong phan manh la khéng c6 san out-of-
the-box hodc qué dat tién, va (4) mot s6 loai phan mém nhiing c6 thé can phai duoc thuc
hién tir mot vi tri b nhd cu the(xac dinh).

Kha ning sip dit phdn mém theo vi tri nay c6 thé duoc hd trg boi bo xir Iy
chﬁ(master) trong d6 cung cap cac chi dan chuyén dung ma cé thé duoc sir dung dé tao
ra "ma doc lap vi tri", hodac nod co thé duoc chia cach boi cac cong cu dich phf?ln mém
riéng. Trong ca hai truong hop, kha nang nay phu thudc vao liéu cé trinh hop dich/trinh
bién dich chi co thé xir 1y cac dia chi tuyét d6i, noi ma cac dia chi bat dau duoc ¢b dinh
b6i phan mém trude khi sy hop dich xir Iy mé, hodc liéu c6 su hd trg mot so d6 dinh dia
chi tuong dbi ma trong d6 dia chi bat dau ctia ma co thé duoc chi 6 sau va noi module
md dugc xir 1y lién quan dén sy bat dau ciia module. Truong hop mot trinh bién
dich/trinh hop dich tao ra cac mo-dun tai dinh vi, cac dinh dang chi dan qua trinh, va c
thé thyuc hién mot sd bién dich lién quan dén cac dia chi vat ly (tuyét déi), vi du, dich cac
dia chi tuong dbi con lai thanh dia chi vat 1y, vé co ban viéc sap dit phin mém, duogc
thuc hién bang trinh lién két.

Trong khi cac IDE, cac trinh tién xir 1y, ¢éc trinh bién dich, cac trinh lién két van
van nam trén hé thong phat trién chi, mot s6.-ngén ngi, chéng han nhu Java va cac ngon
nglr kich ban, c6 trinh bién dich hodc trinh thong dich nam trén dich. Mgt trinh thong
dich tao ra (phién dich ra) ma may tor mot dong ma nguon tai mot thoi diém tir ma ngudn
hodc mi dich duoc tao ra boi mot trinh bién dich trung gian trén hé théng may chi (xem
Hinh 4-12 dudi day).

s

Target Code for
Source L1
Source L1

Sourced.2 P Target'Code for
Source L2

Souree, 3

Source L4 1} Target Code for
Source L3

Soncce’LS

Sou ['Ce LG ““““““““

Hinh 4-12: So d6 su phién dich

Mot nguoi phat trién nhing co thé 1am mot tac dong 16n trong vi¢c lya chon cac
cong cu dich cho mét dy 4n boi su hiéu biét lam thé nao trinh bién dich 1am viéc va, néu
c6 nhitng tiy chon, bang viéc chon trinh bién dich manh nhat c6 thé. Diéu nay 1a do trinh
bién dich, trong phﬁn 16n, xac dinh kich thudc ctia cac ma thuc thi béi cach thirc n6d dich
mi nhu thé nao.

Diéu nay khong chi c6 nghia 1a lga chon mdt trinh bién dich dua trén su hd tro
ctia bo vi xtr 1y chi, phan mém hé thong dic biét, va cac cong cu con lai (mdt trinh bién
dich c6 thé dwoc mua riéng r&, nhu mot phan ctia mot starter kit tir mot nha cung cép phan
cung, va’hodc tich hgp trong mot IDE). N¢ cling c¢6 nghia 1a lga chon mot trinh bién dich
dwa trén mot tap hop tinh niang téi uu hoa tinh don gian, toc do, va kich ¢& ciia ma.
Nhitng tinh ning nay c6 thé, tit nhién, khac nhau giira cac trinh bién dich cta cic ngén
nglt khac nhau, hodc tham chi céc trinh bién dich khac nhau cta cung mdt ngén ngfr,
nhung nhu 13 mot vi du s& bao gdm viéc cho phép dit cac dong 1énh hop ngit (in-line
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assembly) bén trong ma nguén va cac ham thu vién chudn ma lam cho viée 1ap trinh ma
nhting dé dang hon mot chut. Viéc tdi wu hoa ma cho hiéu suét c6 nghia Ia trinh bién dich
hiéu va su dung céc tinh nang khac nhau ctia mgt ISA cu thé, chéng han nhu hoat dong
toan hoc, tap thanh ghi, nhan biét dugc cac loai ROM va RAM tich hop trén chip (on-
chip), s6 luong cac chu ky déng hd cho cac cac loai truy cp, v.v. Boi viéc hiéu lam thé
nao trinh bién dich dich ma, mot nguoi phat trién c6 thé nhan ra nhing gi hd trg dugc
cung cap boi trinh bién dich va tim hiéu, vi dy, 1am thé ndo dé chuong trinh trong ngén
ngit bic cao duoc hd tro bai trinh bién dich mot cach hiéu qua ("ma than thién trinh bién
dich" ), va khi ¢é mi trong mot ngdn ngit bac thap hon, nhanh hon, chang han nhu hop
ngtr.

Trinh bién dich nhung ly tuong

Cdc hé théng nhiing c6 cdc yéu cau khdc thuong va nhitng rang bugc khong dién
hinh cua thé gici khong-nhing ciia cdc mdy tinh va cdc hé thong I6n hon. Trong nhiéu
cdch, nhitng tinh ndang va kj thudt thwc hién trong nhiéu thiét ké trinh bién dich nhing
phat trién tir cdc thiét ké cua trinh bién dich khong nhung. Cdc trinh bién dich nay lam
viéc tot cho sw phdt trién hé thong khong nhiing, nhung khong giai quyét cdc yéu cau
khdc biét cua sw phdt trién cdc hé thong nhing, ching han nhw gioi han vé toc dé va
khong gian. Mot trong nhitng Iy do chinh ma hop ngit van con rat thinh hanh trong cac
thiét bi nhiing sir dung cdc ngén ngit bic cao honda cde nha phdt trién khong thé nhin
thdy dwoc nhitng gi cdc trinh bién dich lam véi‘mé bdc cao hon. Nhiéu trinh bién dich
nhiing khong cung cap théng tin vé cdch ma dwoc taowa. Vi viy, cdc nha phdt trién da
khong c6 co so dé dwa ra quyét dinh lap trinh khi sw dung mot ngon ngit o bdc cao hon
dé cai thién ve kich thuée va hiéu sudt. Cac tinh nang trinh bién dich ma sé giai quyet
mét s6 yéu cau, chang han nhu cac yéu cau vé kich thude va toc dé lién quan dén thiét ké
hé thong nhiing, bao gom:

- Mot tdp tin danh sach trinh bién.dich ma‘dinh moi dong ma voi nhitng dy toan
vé sé lan thuc hién dw kién, pham vi du kién cua thoi gian thuc hién, hoac mot 6 logi
cong thirc dwoc ding dé tifth todan (thu thip tir cdc théng tin muc tiéu cu thé cia cdc cong
cu khac dwoc tich hop voi trinh bien dich).

- Mot cong cu bién dich eho phep nha phat trzen xem mot dong ma dudi hinh thurc
bién dich cua nd, va danh ddu ba ving van dé tiém tang nao.

- Cung cdp théng tin vé kich thudc cia md théng qua mét ban do kich thude
chinh xdc, cung voi mot trinh duyét cho phép lap trinh vién xem bao nhiéu b nho dang
dwoc s dung boi cac thu tuc con riéng biét.

Nhé dén céc dée tinh hitu ich nay khi thiét ké hodc khi mua mét trinh bién dich nhung.

Cong cu g 16i

Bén canh viéc tao ra kién tric, viée g0 16i m ¢6 1& 1a nhiém vu kho khan nhét cta
chu ky phat trién. G& 16i chu yéu 1 nhiém vu dinh vi va ¢ dinh 15i trong hé thng. Cong
viéc nay dugc thuc hién don gian khi 1ap trinh vién 1a quen thudc véi céc loai cong cu go
16i sén c6 va cach thirc ho co thé str dung (loai thong tin dugc hién thi trong Bang 4-3).

Nhu di thay tir mot s6 cac mo ta trong Bang 4-3, cac cong cu gd 16i cur tri va két
ndi trong mot vai sy két hop cua nhiing thiét bi doc 1ap, trén may chu, va/hoac trén bang
mach dich.

Mt nhin xét nhanh trén vigc do lwong hiéu sudt hé théng véi cdc chuin dinh gid
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Ngoal cdc céng cu g6 10, moz khi bang mach dwoc khéi dong va chay, chudn
danh gia la cac chwong trinh phdn mém thuong dwoc sir dung dé do lwong hiéu qua hoat
dong (do tré, hiéu qua, vv) cua cdc tinh nang riéng biét trong mot hé thong nhing, nhw
bo vi xur Iy chu, hé dieu hanh, hodc JVM. Trong truong hop cua mot hé diéu hanh, vi du,
hiéu sudt dwoc do bcfng hiéu qua cua viéc bo vi xur ly chu dwoc s dung boi cac chuong
trinh ldp lich cua hé diéu hanh. Bé ldp lich can an dinh dinh lwong thoi gian thich hop -
thoi gian mot qua trinh duoc tié}? can voi CPU- cho mot qua trinh, vi néu dinh luong
thoi gian la qud nho, sw xung dot sé xudt hién. '

Muc tiéu chinh cua mot ung dung chudn danh gia la dai dién cho mot khoi luong
cong viéc thuc té cho hé thong. Cé rdt nhiéu img dung chudn danh gid c6 san. Chiing
bao gom cdac chudn danh gia EEMBC (Embedded Microprocessor Benchmark
Consortium), tiéu chudn cong nghiép dé danh gid kha ndng cia cdc bé xir 1y nhing, cdc
trinh bién dich, va Java; Whetstone, trong dé mé phong cde teng dung khoa hoc sé hoc
chuyén sau; va Dhrystone, trong d6 mo phong cdc ing dung lap trinh h¢ thong, thuong
bdt nguon tir MIPS dwege gidi thiéu trong Phan II. Céc han che ciia cdc chuan danh gid
la chiing cé thé khéng dweoe thiee té hodc cé thé tdi san xudt trong mot thiét ké thé gidi
thuwe ¢6 lién quan dén nhiéu hon mot tinh nang ciia mot hé thong. Vi vay, thuong la tot
hon khi sir dung cdc chwong trinh nhiing thue s ma sé dwoc trién khai trén hé thong dé
xac dinh khong chi hiéu suat cia phd‘n mém, ma toanihé. hiéu sudt hé théng.

Tom lqi, khi lam sang to cac chuan danh gia, dam bao ban hiéu chinh xdc nhitng
gi phan mém da chay va nhitng gi cae chudn dainh gid'da do hodc da khéng do.

Loai | Congcu gd 16i Mo ta Vi du vé str dung va nhiing han ché
cong cu
Phan B6 md phong Thiét < bi hoat | * giai phap go 16i dat nhat dién hinh,
cung trén mach(In- dong thay thé bo | nhung c6 nhiéu kha nang go 16i
Circuit vi xir 1y trong hé | * c6 thé hoat dong & toc do day du ctia
Emulator: ICE) | théng “1'b6 xtt 1 (phu thude vao ICE) va t6i
phén con lai ciia hé théng do 1a bd vi
xu ly
‘ * cho phep co thé xem va co thé thay
d6i duoc ndi dung bd nhé trong , cac

thanh ghi, cac bién, v.v..trong thoi
gian thuc

* twong ty nhu nhiing trinh g& 1di, cho
phép dit nhitng diém dirng, thyuc hién
tung budc,...

* thuong c6 16p che bo nhé dé mo
phong b nhé ROM

*bo xur Iy phu thudc

B mo phong Cong cu hoat | * cho phép sira ddi ndi dung trong
ROM dong thay thé | ROM (khong gidng nhu mot trinh g&
ROM véi cac cép | 16i)

két ndi v6i RAM | * c6 thé dat breakpoint trong md ROM,
cong kép bén | va xem md ROM thoi gian thuc

trong  bd md | * thuong khong hd trg ROM on-chip,
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phong ROM, md
phong ROM. N¢6
& mot thiét bi
phan cung trung
gian két ndi voi
cac dich thong
qua mot sd cap
(tac 1a BDM), va
két ndi voi may
chu thong qua

ASIC tuy chinh, v.v.. N
* ¢0 the tich hop v6i nhiing trinh go 161

cong khéc
Ché d¢ g& 16i Phan cing BDM | * thuong ré hon so véi ICE, nhung
nén trén bang mach khong linh dong nhu ICE
(Background (cong va bo gidam | * quan sat su thuc hién phin mém mot
Debug sat g& 16i tich hop | cach kin d4o trong thoi gian thuc
Mode: BDM) vao CPU chu), va | * ¢4 thé dit breakpoint dé ding su thuc

trinh g& 16i trén hién phan mém

may chil, két ndi | * cho phép doc va ghi téi cic thanh

thong qua mot ghigRAM, céc cong 1/0, v.v..

cap ndi tiép @én | * phu thudc bo xir Iy/dich, giao dién g&

cong BDM. Pau | 161 déc quyén ciia Motorola

noi trén cap dén | ...

cong BDM, 3

thuong duge goi

1a wiggler. G& 16

BDM doi khi

duroc goi 1a g&.16i

On-Chip (On-

Chip Debugging:

OCD)
IEEE 1149.1 phan cimg twong | * tuong tw nhu BDM, nhung khong
Joint Test thich JTAG trén | doc quyén cho kién trac cu thé (1a mot
Action Group bang mach tiéu chuan mo)
Jdrtag) | |
[EEE-ISTO Céc ty chon cia | * cung cap kha ning md rong chirc
Nexus 5001 cong JTAG, cong | ning g& 16i tuy theo mirc d6 twong

tuong thich thich ctia phan cimg

Nexus, hoacca | ...

hai, mot sb 16p

phu hop (phu

thudc do phuc tap

cua bo xu ly chu,

lya chon ky thuat,

V.V..)
Oscilloscope Thiét bi tuong ty | * giam st t6i 2 tin hiéu dong thoi

(may hién séng)

thu dong vé do
thi dién ap (trén

* c6 thé dat mot dién ap kich hoat dé
bat gilt dién ap trong nhitng di€u kién
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tryc thang dung)
so vO1 thot gian
(trén truc ngang),

cu thé
* st dung nhu 1a von mét (mac du dat
hon nhiéu)

cho phép tim ra * ¢6 thé kiém tra mach dang lam viéc

dién ap chinh xac | bang cach xem tin hiéu trén bus hodc

tai mot thoi diém | cac cong /O

nhét dinh * bat gitr nhitng thay d6i trong mot tin
hiéu trén céng /O dé kiém tra cac doan
cia phan mém dang chay, tinh toan
thoi gian tir mdi thay doi tin hiéu t6i
thay doi tiép theo, v.v..
* doc lap voi bo xur ly

Logic Analyzer | Thiét bj thu dong | * co thé dat

(b0 phan
logic)

tich

nay c6 thé chup
va theo doi dong
thoi nhiéu tin
hiéu va c6 thé vé
d6 thi chiing

* thuong chi co thé theo ddi 2 mirc
dién ap (VCC va GND); céc tin hiéu
nam & khoang gitra duge v& nhu VCC
hay GND

* ¢d thé Tuu trit dit lidu

#2 ché do hoat dong chinh (thot gian,
trang. thai) cho phép kich hoat trén
nhimg thay do6i trang thai cta tin hiéu
(tac 1a cao-’xuéng-thép hodc thap-lén-
cao )

* bat gitr nhitng thay d6i trong mot tin
hi€u trén céng /O dé kiém tra cac doan
cia phan mém dang chay, tinh toan
thoi gian tir mot thay ddi tin hiéu dén
mot thay ddi tin hiéu tiép theo, v.v..
(ché d6 thoi gian)

* ¢6 thé duge kich hoat dé bat gitr dir
liéu tr mOt sy kién xung nhip bén trong
dich hodc mdt xung nhip bén trong bd
phan tich logic

* ¢6 thé kich hoat néu bo xir 1y truy cép
vao ving cAm cta bd nh¢, ghi dit liéu
khong hop 1€ vao bo nhd, hodc truy cap
mot loai 1énh dic biét (ché do trang
thai)

* mot s6 s& hién thi ma hop ngit, nhung
thuong khong co thé dit breakpoint va
chay budc don thong qua ma st dung
bd phén tich

* bo phan tich logic chi co thé truy cap
dir liéu dugc truyén tir bén ngoai dén
va tu bd xu ly, chr khong phai by nho
trong, cac thanh ghi, v.v.
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* bo xur Iy doc 1ap va cho phép xem h¢
thong thuc hién trong thoi gian thuc
v6i rat it sy xam nhap

Voltmeter Do dién 4p chénh | * dé do cac gia tri dién ap dac biét
léch gitra 2 diém | * dé xac dinh su hién dién cta ngudn
trén mach tai tat ca cac diém trén mach
* ré hon nhitng cong cu phan cing
khac
Ohmmeter Do dién tro gitta | * ré hon so véi cac cong cu phan cling
2 diém trén mach | khéc
* 3¢ do nhiing thay d6i vé dong
dién/dién ap trong mbi quan hé voi
dién tro (dung dinh luat Om V=IR)
%k
Multimeter Do ca dién ap lan | * gidng nhu volt va ohm meter

dién tro

Phan
mém

Debugger (trinh
gd 101)

Cong cu g& 16i
churc nang

Phu thudc vao trinh g& r6i - ni chung:

* nap/chay tung budc/giam sat ma trén
dich

* thyc hién nhimg diém breakpoint dé
dung su thuc hién phan mém

* thyc hién nhimg diém breakpoint c6
diéu-kién dé dung néu diéu kién dic
biét xuat hién trong thoi gian thue hién

* ¢ thé sira d6i ndi dung cia RAM,
thuong khong thé stra d6i ndi dung cua
ROM

Profiler Thu thap gié tri * thoi gian bat gitt phu thudc (khi)
theo thoi gian ciia | hanh vi ctia phdn mém dang thuc hién
céc bién, cac * dé bat mau thyc hién (¢ dau) cua
thanh ghi... dugc | phan mém dang thuc hién
lua chon

Monitor Giao dién g5 16i | * twong ty nhu in phat biéu nhung
tuong tu nhu nhanh hon, it xd&m nhap, lam viéc tbt
ICE, voi ph'?m hon cho gidi han thoi gian thuc mém,

mém g& 16i chay
trén dich va may
chi. Mot phan
clia monitor nam
trong ROM cua
bang mach dich
(thuong dugce goi
1a tic nhan g& 16i
hoac tac nhan

nhung khéng tot cho thoi gian thuc
cung

* chirc ning twong t t6i trinh g& rbi

* Hé diéu hanh nhung c6 thé bao gdm
monitor cho nhiing kién triic dic biét
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dich), va mot hat
nhan g 16i trén
méy chu. Phan
mém trén méy
chu va dich
thudng giao tiép
nbi tiép hoic
thong qua
Ethernet (phu
thudc vao nhiing
gi ¢6 san trén
dich).

Trinh m6 phong
tap 1énh

Chay trén may
chu va mo phong
bo xtr 1y cha va
bo nhd (chuong
trinh nhi phan c6
thé thuc thi duge
nap vao trinh mo
phong nhu 1a né
s€ dugc nap vao
dich) va bat
chudc phan cimng

»

* thyong khong chay o ciing mot toc
d6 chinh xac nhu dich thuc té, nhung
c6 thé danh gia phan (mg va thong qua
thoi gian bang cach xem xét su khac
biét giira toc do may chu va dich

* thuong khong mo phong phan cing
khaé ma c6 thé ton tai trén dich, nhung
¢b thé cho phép thir nghiém cac thanh
phan dugc xay dung trong bo xir Iy

* ¢6 thé.mo phong hanh vi ngit

* bt gitr gia tri cia bién, bd nhd va cac
thanh ghi

* 88 khong mo phong chinh xac hanh
vi cua cac phan cimg thyc té trong thoi
gian thuc

“|* thuong phu hop hon dé thir nghiém

cac thuat toan chtr khong phai 1a phan
g d6i v6i cac sy kién bén ngoai cua
mot kién tric hay bang mach (dang
song va nhu vay can duoc méd phong
thong qua phan mém)

* thuong ré hon so voi ddu tu vao phin
cling va céc cong cu thuc

Manual
(thu
cong)

Ludn san ¢6, mién phi hodc ré hon so v&i cac giai phap khac, hiéu qua, don
gian dé st dung nhung thuong xam nhép cao hon cac loai cong cu khac, khong
dua kiém soat ddi voi sy lua chon sy kién, cach ly, hoac lap lai. Kho khan dé go
16i hé thong thoi gian thuc néu phuong phap thi cong phai mat qua 1au dé thuc

thi.

In cac bao céo

Cong cu gd 16i chire
nang, viéc in cac bdo
cao duoc dua vao
bén trong ma dé in
thong tin thay doi, vi
tri trong ma thong

* dé xem dau ra cua cac bién, gia
tri cac thanh ghi, v.v.. trong khi cac
ma dang chay

* @& kiém tra doan ma dang duoc
thuce hién

* ¢6 thé lam chim dang ké thoi
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tin, v.v.

gian thuc hién chuong trinh
* ¢4 thé dan dén mat thoi han trong
hé thong thoi gian thuc.

Dumps Cong cu gd 16i chuc | * giéng nhu in bao cao nhung cho
nang két xuat dir liéu | phép thoi gian thuc hién nhanh hon
vao mot sb loai cdu trong viéc thay thé mot sb bao cdo
trac luu trit trong thoi | in 4n (dic biét 1a néu c6 mot bd loc
gian chay xac dinh nhiing loai cu thé cua

thong tin dé két xuat hodc nhiing
diéu kién can phai dugc dap ung dé
két xuat dir liéu vao ciu truc)

* xem nd1 dung cua bd nhé tai thoi
gian chay dé xac dinh néu co bat ky
su tran stack/heap

Counters/Timers | Cong cu g& 16i hiéu | * thu thap thong tin thoi gian thyc
suat va hiéu quama | hién chung bang cach giam bét
trong do6 cac bo dém xung nhip hé théng hodc dém cac
hodc cac bo dinh thoi | chu ky bus, v.v..
thiét duoc thiét lap * mot s6 xam nhap
lai va tang lén tai cac | ......
diém khac nhau ena 0
ma

Fast Display Cong.¢ugd 16i chirc ™ | * twong tu nhu in bdo cdo nhung
nang trongdo cac nhanh hon, it xam nhép, lam vi¢c
dén LED duge bat/tit | tdt cho cac gi6i1 han thoi gian thye
hodc cac man hin * cho phép x4c nhan cac phan dic
LCD don gian dugc | biét cia ma dang chay
diing dé biudién | .......
mot 86 dit lidu

Ouput ports Cong cu g 16i chitc | * v6i mot may hién song hodc may

nang hi¢u suét, hiéu
qua trong doé cac
céng dau ra bat/tit tai
cac diém khac nhau
trong phan mém

phan tich logic, c6 thé do khi cong
bi bat/tit va nhan duoc thoi gian
thuc hién gilra céac lan bat/tit cua
cong

* gidng nhu trén nhung co thé thiy
trén may hién séng ma dang duogc
thuc hién tai vi tri dau tién

* trong hé théng da nhiém/da ludng
gan nhitng cong khac nhau téi mdi
ludng/nhiém vu dé nghién ctru hanh
vi

Bang 4-1: Nhitng cong cu g 16i
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Mot s trong nhimg cong cu nay la cac cong cu g 16i tich cuc va xAm nhap dugc
vao cac hoat dong cua h¢ thong nhung, trong khi cac cong cu g& 16i khac thu dong nam
bét cac hoat dong cua hé thong khong cé su xdm nhap khi hé théng dang chay. G& 15i
mot hé thong nhing thudng doi hoi mot su két hop cua nhitng céng cu nay dé xac dinh
tat ca cac loai khac nhau ctia cac van dé c6 thé phét sinh trong qua trinh phat trién.

Cdch ré nhat dé gé 16

Thém chi véi tdt ca cac cong cu c6 san, cdc nha i phat trién vd~n con phdi c6 ging
daé giam thot gian go loz va chi phi, boi vi 1) chi phi 16 tang dén gan hon véi thoi gian
sdn xudt va tién do trién khai dwoc, va 2) chi phi ciia mét loz la logarit (né c6 thé ting
mueoi lan khi dige ' phat hién boi mgt khach hang so voi néu né da dwoc tim thdy trong
qud trinh phdt trién cua thiét bi). Mot sé cdc phiong tién hiéu qua nhat cia viéc giam
thoi gian gé 16i va chi phi bao gom:

- Khéng phdt trién qud nhanh va cdu thd. Cdach ré nhdt va nhanh nhat dé gé 16i la
khong chen bat ky [6i nao & vi tri dau tién. Phat trién nhanh va cdu tha thuc su lam chdm
tré tién d¢ voi phan 1om thoi gian tiéu ton choviée go 16i nhitng sai lam.

- Kiém tra hé thong. Piéu nay bao gom caé'kiém tra phan cimg va phan mém
trong sudt qud trinh phdt trién ma dam bdo rdang ede nha phdt trién dang thiét ké theo
cdc dac ta ky thudt kién triic, va bat ky tiéu chiian naovkhde dwoc yéu cau cia cde kj su.
Ma hay phan cung khong dap ing cac tieu ¢hudn sé phai dwoc "sira 161" sau dé néu cdc
kiém tra hé thong khong dwoc sir dung dé dwara ching ra nhanh chong va ré (lién quan
dén thoi gian tiéu ton cho viéc go 10i' var dinhi tat ca 16i ma véi phan ciing va code
nhiéu hon sau do).

- Khéng sir dung phan cieng bi l6ihodc md dwoc viét toi. Mot thanh phan thuong
la san sang dé duwoc thiét ké ddikhi cac ky sw.chiu trach nhiém lo so viéc thuc hién bat ky
thay doi nao doi véi thankiphan 16i do.

- Theo déi cdc 16i trongmdt tdp tin van ban chung hodc sir dung mét trong nhiéu
cdc cong cu phan mém theo doildi c6 san. Néu cac thanh phan (phan cimg hodc phan
mém) dang tiép tuc gdy ra nhﬁ“n&d’n dé, thi c6 thé danh thoi gian dé thiét ké lai thanh
phan dé.

- Pirng tiét kiém voi cdc cong cu gb 16i. Mot cong cu g& 16i tot (mdc di ddt hon)
sé cat giam thoi gian gé 101 thi ¢é tri gid hon mét td cdc cong cu ré hon ma, véi khong
ton nhiéu thoi gian va nhire dau, chi cé thé theo déi cdc logi 16i gdp phdi trong qud trinh
thiét ké mét hé thong nhiing.

Va cudi cung, mot trong nhitng phwong phap 16t nhat de giam bot thoi gian va
chi phi gé 16i la doc tai liéu dwoc cung cap boi cac nha cung cap va/hodac cac ky sw chiu
trach nhiém dau tién, trude khi co gang chay hodc sira doi bat cir diéu gi. Téi dd nghe
néi nhiéu, nhiéu 1oi bao chita trong nhitng ndm qua, tir "T6i khéng biét doc cdi gi" dén
"Cé tai liéu hudng dan khong?"-La tai sao mot ky sw da khong doc nhiing tai liéu hudng
dan. Cdc ky sw nay da danh nhiéu gio, néu khéng phdi nhiéu ngay, ve cdc van dé riéng 1é
voi viée cau hinh phan ciing hay viéc nhin dwoc mot phan cia phan mem chay dung. Toi
biét rang néu cdc ky sw nay doc tai liéu ¢ ngay thoi diém dau tién, vin dé sé duoc giai
quyét trong vai gidy hodc vai phiit - hodc c6 thé chang ¢6 vin dé khé ndo xudt hién.
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Néu ban dang qud tdi véi tai liéu va khong biét nhitng gi dé doc dau tién, bcft cur
tiéu dé nao doc theo dong nhu “Getting Started...”, “Booting up the system...”, hodc
"README" la cdc chi thi tot ciia mot noi dé bat dau. HO’n nita, danh thoi gian daé doc tat
ca cdc tai liéu diege cung cdp véi bat ky phan cirng hay phan mém dé tré nén quen thuc
voi nhitng logi thong tin nay, sé giup ich trong truong hop can thiét sau nay.

—--Duya trén bai viét "Firmware Basics for the Boss" cua Jack Ganssle,

Embedded Systems Programming, thang 2 ndm 2004

Khéi dong (Boot-Up) hé thong

V6i nhimng cong cu phat trién sin sang dé thir, va hodc mot bang mach tham chiéu
hodc mot bang mach phat trién két ndi véi méay chii phat trién, d6 1a thoi diém dé khoi
dong he thong va xem nhiing gi s€ xdy ra. Khoi dong hé thong ¢6 nghia 1a mot vai loai
cap nguon hodc khéi dong lai nguodn, chang han nhu mot khoi dong lai cliing bén
trong/bén ngoai (trc 13, tao ra boi mot 18i kiém tra dimg, cic co quan giam sit phan
mém, mat khoa cia PLL, b g0 16i, v.v. ), hodc mét khoi dong lai mém bén trong/bén
ngoai (tc 1a, tao ra bdi mot trinh stra 16i, ma ung dung, v.v.), xuat hién. Khi nguén duoc
cap t6i mot bang mach nhing (béi mot khoi dongdai), ma khoi dong (start-up code),
cling dugc goi 1a boot code, bootloader, ma bootstrap, hoac BIOS (hé théng vao ra co
s0) tiy thudc vao kién trac, trong ROM cua héthéng durge nap va thue hién bai bo xir 1y
chu. Mot s6 kién tric nhung (master) ¢c6 mot bo dém chuong trinh ndi b dugc cau hinh
tu dong véi mot dia chi trong ROM ma trong d6 su bat dau-cta ma boot-up (hodc bang)
dugc dinh vi, trong khi nhitng cai kha¢ dwoc ndi cimg dé bat dau thyuc hién tai mot dia
diém cu thé trong bd nho.

Ma Boot khac ¢ chicu dai va chiic nang tiy thugc vao thoi diém trong chu ky
phat trién bang mach, cting nhureac thanh phar; ctia nén tang thuc té can sy khoi tao. Cac
chirc ning chung (toi thiél) duge thuc hién béi ma khoi dong trén cac nén tang khac
nhau, nhitng cai khoi tao chiic nang co ban phan cimg, bao gom vo hiéu hoa ngit, khoi
tao cac bus, thiét 1ap cac bo xir ly chu va to trong mot trang thai cu thé, va khoi tao bd
nh¢. Phan khéi tao phan climg dalytién ndy cia mé boot-up vé co ban 1a thuc hién cac
trinh diéu khién thiét bi khéi tao, nhuw duoc thao luan trong Chuong 2. Lam thé nao khoi
tao 1a thue sy duoc thuc hién, d6 la-thtr tw ma céc trinh diéu khién duoc thuc hién-
thuong dugc phac thao boi tai liéu kién trc tong thé hay trong tai liéu dugc cung cép boi
cac nha san xut bang mach. Sau chu01 khoi tao phan cimg, thye hién thong qua khoi tao
cac trinh diéu khién thlet bi, phan mém h¢ théng con lai, néu co, sau d6 dugc khai tao.
M3 bd sung nay co thé ton tai trong ROM, cho mét hé théng dang dugc van chuyén ra
khoi nha may, hoic nap tir mot nén tang may chu bén ngoai (xem hop 10i thoai véi
bootcodeExample).

bootcodeExample ()
{

// Serial Port Initialization Device Driver
initializeRS232 (UART, BAUDRATE, DATA BITS,STOP BITS, PARITY) ;
// Initialize Networking Device Driver

initializeEthernet (IPAddress, Subnet, GatewayIP, ServerIP);
//check for host development system for down loaded file of
rest of code to RAM
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// through ethernet

// start executing rest of code(i.e. define memory map,
load 0S, etc.)

}
Vi du khéi dong bang mach dung MPC823

B6 xu Iy MPC823 chira mot bo diéu khién khoi dong lai ma cé trach nhiém dap
{mg lai toi moi ngudn khoi dong lai. Nhirng hanh dong dugc thue hién boi bo diéu khién
khoi dong lai khac nhau tuy theo ngudn goc cua mot su kién khoi dong lai, nhung nhin
chung qua trinh bao gom Ciu hinh lai phan cung, va sau d6 lay miu cic chan dir liéu

hodc str dung mot hing s6 mic dinh ndi bd dé xac dinh cac gia tri khoi dong lai ban dau
cta cac thanh phan h¢ thong.

|N\-‘RAM| ‘ RAM | | FLASH |
I I I RED
< B TABUS > PORESET
I I " HRESET + -
e SRESET
ko  k—*
SWITCH BCSR MPC8xx EEPROM
Sk e
W1 r STTM Wl .
0 0 r— Ch —
LED LER e
b fio
— Hite L
— | b B
SRe [T
TRST
g g 3 .
b Z b s
|F’CMC]A| ‘ RS-232 ‘ | RS-232 | ENET | | FENET|
1

P6 ) P3Py P5) P ML) P MZ) B ASET
P

TAP PCMCIA RS-232 MONITOR @ BASET B ASETK B BUG T [LlT‘t
P4 P2

TOD 304

Hinh 4-13a: So dd giai thich
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Power On Intamal

Power On). Sample MODCK pins and init clocks
Resat /. HRESET* and SRESET* are asseried

Intemal or Inifiated 1" SRESET" aseert
Exlemal SRESET +The time counter ie set to 512
PORESET is negated and PLL lock SRESET
asserted
Interal or Imemal *, yRESET* and SRESET* sssert . ,
_Exlemal Indiated |, The fime counter is setto 512 Timer expires (after 512 clocks)
HRESET
HRESET
aeseried . : :
Timer expires (aftar 512 clocks) 16 Clocks expire %asrfglgf:bngcp;r;iﬁ:mqurﬂhan from
, . . 4 DSCK high « Nogate SRESET*
Sample configuration from data pins 3
+ Negate HRESET* and SRESET* * Wait for 16 clocke
+ Wait for 16 clocks

16 Clocks expire

16 Clocks expire
& DSCK low

Testfor
HRESET or
SRESET

+ DSDI is sampled o determing

clockad or seff-clocked mode

Hinh 4-13b: So db giai thich

4.2 Cai dat va thae nghiém hé thong nhing

Trong s6 cac muc tiéu cua viée thu nghiém va dam bao chét lugng cuia mot hé
thong 1a tim 15i trong thiét ké va theo ddi xem céc 16i.dugc cd dinh. Bao dam chét lugng
va thir nghiém tuong ty nhu gé 16i, dd théo&ﬂz‘m & trén, ngoai trir cac muc tiéu cua go 10i
1a thyc sy dé sira 161 dugc phat hién. Motkhac biét chinh giltra g0 16i va thtr nghiém hé
thong 1a g& 15i thuong xdy ra khi nha phat trién. gap mot'van dé trong cd gang dé hoan
thanh mot phan cua thiét ké, va sau.d6 thuong thirnghiém dé thong qua nhing sira chita
18i (c6 nghia 1a cac thir nghiém chi dé dam bao hé thong t6i thiéu lam viéc dudi truong
hop thong thuong). Voi thir nghiém, mat khac, 16i duwgc phat hién nhu 13 két qua cua su
co gang dé pha v& hé thong; bao gdm ca testing-to-pass Vi testing-to-fail, noi ma nhing
yéu kém trong hé thong ditoc tham do.

v6i ddc ta kién trac hodc khongeo kha ning kiém tra hé théng. Cac loai 16i gip phai
trong thu nghiém phu thudc vao loai thir nghiém dang dugc thuc hién. Nhin chung, cac
k¥ thuat thte nghiém thudéc mot trong bén mé hinh: thir nghiém hop den tinh, tht nghiém
hép trdng tinh, thir nghiém hdp den dong, hodc thir nghiém hdp trdng dong (xem ma tran
trong Hinh 4-14). Thir nghiém hop den xay ra voi mot bd thitr nghiém ma khong co6 kha
nang hién thi cac hoat dong noi bo bén trong cua hé thong (khong c6 so dd nguyén ly,
khong c6 ma ngudn, v.v.). Thir nghiém hop den duoc dya trén tai liéu cac yéu cau san
pham néi chung, trai nguoc véi thir nghiém hop trang (con goi 1a thir nghiém hop trong
sudt hodc thir nghiém hop thuy tinh) trong d6 bd thir nhiém co6 thé truy cdp vao ma
ngudn, so d6 nguyén Iy v.v. Thir nghiém tinh duoc thuc hién trong khi hé thong khong
hoat dong, trong khi thir nghi€ém dong duoc thuc hi¢n khi hé théng dang chay.

Duéi thir nghiém, cae lii thuong xuat phat tir hodc hé thong khong trung thanh

Thir nghiém hop den (Black Box
Testing)

Thir nghiém hdp trang (White Box
Testing)

Thir Thir nghiém cac dac ta ky thuat cta | Quy trinh xem xét lai can than phﬁn
nghi¢m san pham bai: cung va ma cho cac 161 ma khong
tinh 1. tim kiém cac van d€ co ban cap | thuc hién no.
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cao, cac trudng hop so suat, bo sot
(vi dy, gid vo 1a khach hang, nghién
chru cac huéng din/tiéu chuan hién
hanh, xem xét va thar nghiém phan
mém tuong tu, vv.)

2. thir nghiém dic ta ky thuat cip
thip boi dam bao day di, chinh xac,
su tinh té, nhat quan, phu hop, kha
thi, v.v.

Thu
nghiém
dong

Yéu cau dinh nghia nhitng gi phan
mém va ph?m cung thuc hién, bao
gom:
* thir nghiém dir liéu, 6 1a viéc kiém
tra thong tin cac dau vao va dau ra
nguoi st dung
* thu nghiém diéu kién bién, d6 la
thir nghiém céc trang thai tai canh
cua cac gioi han hoat dong du kién
ctia phin mém
* thir nghiém dau vao, d6 1a thu
nghiém véi dir liéu vo gid tri, khong
hqp 1€. i

* thir nghiém trang thai, d6 1a thir
nghiém cac phuong thirc va qua trinh
chuyen d6i gilia_cac ¢hé do phan
mém Vi cac bién trang thai
tic 1a, cac dicu kién' chay dua, thu:
nghiém sy lapdai (If do chinh la de
phat hién ro ri bd nhd), ung suat
(phan mém doi =wbo nhd thip, cpu
chdm = mang cham), tai (ngudn cap
dir liéu phin mém &t n6i nhiéu
thiét bi ngoai vi, xur Iy mot lugng 16n
dit liéu, web server c6 nhiéu khach
hang truy cép vao no, v.v.), ...

Thir nghiém hé thong dang chay
trong khi theo ddi mi, cic so do
nguyén ly, v.v.

Truc tiép thir nghiém ¢ muc do thap
va muc do cao dua trén sy hiéu biét
hoat dong chi tiét, truy cap vao cac
bién va cac két xuat bo nhé. Tim
kiém céc 18i tham chiéu dit ligu, cac
16i khai bao dit liéu, 10i tinh toan, cac
16 s0 sanh; 18i luu d6 diéu khién, cac
16i tham s6 cho chuong trinh con, cac
161 /0, v.v.

4

Bang 4-2: Ma tran mo hinh thtr nghi¢ém

Bén trong m01 mo hinh (nhu trong Hinh 4-14), thir nghiém c6 thé duogc tlep tuc

chia nho dé bao gdm cac thir nghiém unit/module (thix nghiém gia tang cac yéu to riéng
I¢ trong h¢ thong) thi nghi¢m tinh twong thich (thtir nghiém rang cac phan tir khong gay
ra cac van dé vOi cac phan tir khac trong hé thong) thir nghiém su tich hop (tht nghiém
gia tang cac yeu t6 tich hop), thir nghiém hé thong (thir nghiém toan bd hé théng nhung
Vi tat ca cac yéu tb tich hop), thir nghiém hoi quy (quay lai cac thu nghiém da dugc
thong qua trudc do sau khi stra d6i hé thdng), va thir nghiém san xudt (thir nghiém dé
dam bao rang viéc san xuat hé thong khong dwa ra 151).
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Ttr cac loai thir nghiém nay, mot tap cac hiéu qua cua cac truong hop thir nghiém
c6 thé nhan duoc tir viée kiém tra réng mot yéu to va/hodc h¢ thong dap tng cac dac ta
ky thuét k1en tric, ciing nhu xac nhan rang cac yéu t6 va/hodc hé thong dap tmg cac ' yéu
cau thuc té, c6 thé hodc c6 thé khong dugc phan anh mot cach chinh xac hodc & tat ca
trong tai liéu. Mot khi céc truong hop thtr nghiém da dugc hoan thanh va cac thur nghiém
duogc chay, cac két qua duoc xtr Iy ¢6 thé thay doi tiy thudce vao su to chic nhu thé nao,
nhung thuong khac nhau gilta nhitng cai khong chinh thirc, noi thong tin dugc trao doi
ma khong can bat ky quy trinh cu thé nao theo sau, va sy xem xet lai thiét ké chinh thirc,
hodc sy xem xét ngang hang noi ma cac nha phat trién thanh vién trao doi cac yéu t6 dé
thir nghiém, walkthroughs noi cac ky su chiu trach nhiém chinh thic duyét cac so dd
nguyén 1y va ma ngudn, kiém tra noi ma ai d6 khac cac k¥ su chiu trach nhiém s& thuc
hién duyét thiét ké...Cac phuong phap thir nghiém cu thé va cde mau cho cac trudng hop
thir nghiém, cling nhu toan b qua trinh thir nghiém, da duge dinh nghia trong mot s6 cac
tiéu chudn thir nghiém va dam bao chét luong cong nghiép thong dung, bao gdm cac tiéu
chuan dam bao chét lwong ISO9000, Capability Maturity Model (CMM), va ANSI /
IEEE 829.

Cudi cung, nhu voi go 18i, ¢6 nhiéu loai tu dong hoa, cong cu thir nghlem va k¥
thuat ma co the trg giip trong toc do, tinh hiéu qua, va tinh chinh xac cua viéc thur
nghiém céc yéu t6 khac nhau. Chung bao gdm cae'cong cu tai, cong cu Ung suat, may
phun nhiéu, may phat tiéng On, cic cong cu phan tich, ghi va phat lai macro, va macro
dugc 1ap trinh, bao gdm céac cong cu duge liét ke trong Bang 4-3.

<
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Céu héi 6n tap
1. Liétké cac budc trong qua trinh thiét ké hé théng nhing
2. Mb ta cac budc trong qua trinh thiét ké hé théng nhing
3. Liét ké cac budc trong qua trinh cai dat va thir nghiém hé thong nhiing
4. Mb ta cac budc trong qua trinh cai dat va thir nghiém hé thong nhiing
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CHUONG 5 PHAT TRIEN HE THONG NHUNG DUA TREN
VXL ARM

5.1 Gioi thiéu chung

Trong cac hé thdng nhung hién nay, vi xir Iy 16i ARM duoc st dung rong rii nhat. Trong
chuong nay, céc kién thirc cin ban vé kién trac vi xtr Iy 16 ARM va tap 1énh ARM dugc
gidi thi¢u. Sau do, cac kién thuc cin ban vé viéc thiét ké cac thanh phén can ban cua hé
thdng nhing dugc dé cap. Phan cubi sé tap trung véo thiét 1ap hé diéu hanh nhing trén
nén ARM.

5.2 Kién trac cuda hé vi x& ly nhiing ARM

5.2.1 L6i ARM

Kién trac ciia ARM dugc t,hié't’ kéﬁ chuyén dungcho cac tmg dung nhiung. Do do,
hién thuc hoa chip ARM duogc thiét ké dé cho cac ing dung nho nhung c¢6 hi¢u nang cao,
tiéu thu it nang luong.

L5i ARM dugc thiét ké theo kién trae¢'RISC, nd ¢chira cac kién trac RISC chung
e Cac thanh ghi déng dang,

e Kién tric dang Load-Store. Cac dia chi Load/Store chi dugc xac dinh tur ndi dung
thanh ghi va cac chi Iénh

e Cackiéu danh dia chiden gian.

e Cac chi 1énh c6 do dai codimh va dong dang, do d6 don gian hoda viéc gidi ma cac
cau Iénh

* Thay vi chi dung 1 chu ki xung nhip cho tat ca cac chi 1énh, ARM thiét ké dé sao
cho to1 gian s6 chu ki xung nhip cho mét chi 1€nh, do dé tang duogc su phuc tap
cho cac chi lénh don 1é.

Ngoai ra, kién traic ARM c6 thé cung cap:

e Dibu khién ca lgh(f)i logic s6 hoc (ALU) va bo dich chuyén (shifter) trong cac 1énh
xu 1y dir liéu dé toi da hoa viée str dung ALU va b dich chuyén.

e Céac ché d¢ dia chi tu tang hodc tu giam dé t6i uu hoa cac 1énh vong lap
e Céc lénh nhan Load/Store dé t6i da dit liéu truyén qua.

Nho céc tdi vu trén nén kién tric RISC cin ban, 161 ARM c6 thé dat duoc mot su can
bang gitta hi€u ndng cao, kich thudc ma nguon it, cong suat tiéu thu thap.
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5.2.2 Thanh ghi va cac ché dé hoat dong

L61 ARM ¢6 37 thanh ghi trong d6 ¢6 31 thanh ghi da dung. Tuy nhién tai mét
thoi diém chi c6 16 thanh ghi da dung va 2 thanh ghi trang thai hién thi. Cac thanh ghi
khac & dang an, chi hién thi & mot s6 ché do hoat dong riéng.

Céc thanh ghi da dung c6 thé ding dé Iuu dit lidu hodc dia chi. Cac thanh ghi nay
dugc danh ddu bang ky hiéu r. Tt ca cac thanh ghi déu 1a 32 bit.
Trong céc thanh ghi da dung trén, ¢6 3 thanh ghi con duoc dung dé cc chirc nang hoic
nhi¢m vu dic biét riéng: r13, r14, rl5.
e Thanh ghirl13 dugc dung lam stack pointer (sp).
e Thanh ghi r14 duoc goi la thanh ghi két ndi (Ir) chira dia chi quay lai ctia chuong
trinh khi chuong trinh chay mgt ham con.
e Thanh ghi r15 12 b dém chuong trinh (pc) va chua dia chi ciia 1énh tiép theo.

Hai thanh ghi trang thai bao g6m thanh ghi trang thai chuong trinh hién tai (cpsr)
dung d€ giam sat cac trang thai hoat dong hién tai va thanh ghi trang thai chuong trinh
luu (spsr) dung dé€ luu trir gié tri cia cpsr khi co6 mot trudong hop ngoai 1€ xdy ra.

Thanh ghi trang thdi chwong trinh hién tai(cpsr).: cpst cé 4 trudng, modi truong co

8 bit: co, trang thai, mé rong va diéu khién. Hién taf phﬁn trang thai va mé rong duogc du
trit cho céc thiét ké twong lai.
4

<

) 28 27 B7654 0
NZCV unused IF|T| mode

e o

Hinh5-1 Ciu triie eiia thanh ghi trang thai chwong trinh hién tai

Céc co cua cpsr nhu sau:

N: Negative- ¢& nay duge bat khi bit cao nhat cia két qua xir Iy ALU bang 1.

Z: Zero- cd nay duoc bat khi két qua cudi cung trong ALU bang 0.

C: Carry- c& ndy duoc bat khi két qua cudi cung trong ALU 16n hon gia tri
32bit va tran.

V: Overflow-¢0 béo tran sang bit dau.
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Cac thanh ghi hién

Abort Mode 0
ri
r? R
r3 Cac thanh ghi an
rd
r5
6 User FlQ IRQ svcC Undef
r7
rg rg
ro ro
r1i0 r1i0
ri1 ri1
ri?2 ri?2
ri3 ri3 ri3 ri3 ri3 ri3
rl4 ri4 ri4 ri4 ri4 rl4
ris
cnsr
spsr I sSnsr II sSnsr II sSnsr II spsr

Hinh 5-2 Céc thanh ghi cua 16i ARM

Ché d6 hoat dong ctia bd VXL sé& xac difih thanh ghi ndo hoat dong va quyen truy
cap toi thanh ghi cpsr. Mdi ché d6 hoat dong cua bo VXL s€ la ché d6 dic quyén va
khong dic quyén: ché do dic quyén cho phép doc va ghi téi thanh ghi cpsr. Nguoi lai
ché d6 khong dic quyén chi cho phépdoc truong diéu khién cia cpsr nhung van cho
phép doc va ghi t6i cac co diéu kién:

C6 bay (7).ché do hoat.dong cia bd VXL: sdu ché d6 dic quyén (abort, fast
interrupt request, interruptrequest, supervisor, system, and undefined) va mot ché 4o
khong dic quyén (user)Sed@o ce thanh ghi cac ché d6 nhu hinh dudi.
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User FIQ IRQ SVvC Undef Abort

ro User User User User User
ri mode mode mode mode mode
ro-r7, ro-ri2, ro-riz, ro-ri2, ro-riz,
r2 ris, ris, ris, ris, ris,
r3 va va va va va
ra cpsr cpsr cpsr cpsr cpsr
r5
ré
r7
r8 r8
ro ro
rio rio
ril ril
ri2 ri2
ri3 ri3 ri3 ri3 ri3 ri3
rl4 rid ril4 rid rld ri4
ris
cDSsr
SDSr sSnsr SDSK sSpsr Spsr
7

Hinh 5-3 Cac ché d6 hoat dong va cac thanh ghi

Hoat dong cua cac ché d6 nhu saus
e B0 VXL hoat dong & ché dd Abortkhi by VXL khong thé truy cap bd nhd.
e B0O VXL hoat dong ¢°ché a0 interruptwequest (IRQ) va fast interrupt request
(FIQ) twong tng vihai mirc ngit cia chip ARM.
e Bo VXL hoat dong 0 ehé do Supervisor khi sau khi hé thong khéi dong (reset) va
khi nhan cua hé diéu hz‘:%)at dong.
o B6 VXL hoat dong & ché d¢ System khi hé théng 6 thé truy cap va doc, ghi toan
b6 thanh ghi cpsr. Pay 13 mét ché d6 dic biét ctia ché do User.
e BO VXL chuyén sang ché d6 Undefined khi bd VXL gdp mot 1énh khong xac
dinh hodc khong dugc hd trg.
e Bo6 VXL hoat dong ¢ ché d6 User la dé chay cac chuong trinh va cac ing dung
thong thuong.
Dbi véi timg ché 40, c6 thé c6 cac thanh ghi riéng cho timg ché do do.

5.2.3 Pipeline

Céch t6 chirc cia nhan ARM khong thay dbi nhidu trong khoang 1983-1995:dén
ARMT7-str dung dong chdy 1énh st dung 3 tac vu. Tur 1995 tré vé sau, da xuit hién mot
vai nhan ARM mdéi dugce gidi thiéu c6 dong chay Iénh sir dung 5 tac vu. Cac dong ARM
sau nay co thé ¢co dong chay lénh 6 tac vu (ARM10), 9 tac vu (ARM11) hoac 13 tac vu
(ARM Cortex).
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Dong chay Iénh 3 tac vu:

Bao gém tac tac vu sau: Fetch-decode-Excute (nhén 1énh, gidi ma, thyc thi)

1 Ifetch ADDI decode l execute l

]

[fetch STR| decode |calc. addr| data xfer |

l decode | execute I
4 | decode ] execute |

5 |fetch ADDl decode | execute l
instruction

(/]

= time

Hinh 5-4: Dong chay 1énh 3 tic vu ap dung trong trudng hop 1 1énh ¢6 nhiéu chu ki may

Dong chay Iénh S tac vu:
Bao gdm cac tac vu : Fetch-decode-excute-buffer/data-write back

Dong chay Iénh 6 tac vu:

« Fetch va doan nhanh \ A
e Issue

e Decode va doc thanh ghi

o Execute shift va ALU, hodc tinh dia chi, hoac nhan

e Truy cap bd nhg, hoac nhan
o  Ghi vao thanh ghi 4

Dong chay lénh 9 tac vuz
e Ba tac vu Fetch. \
e Mot tac vu Decode

e Mot tac vu Issue

e Bon tac vu integer execution pipeline

5.2.4 Cau truc bus

Khi mudn thiét ké riéng mot vi diéu khién, ciing nhu thiét ké mot hé thong nhiing,
ngoai quan tdm dén cac chirc ning cac khéi, bus két ndi cac khdi lai véi nhau ciing 1a
mot vin d& nén dugc xem xét k§ ludng. Cac hé thdng nhang sir dung cac k§y thuat bus
khac véi thiét ke trén cac PC dya trén ho x86. Mot dang bus PC thong dung nhét do 1a
bus PCI két ndi cac thiét bi nhu card dd hoa, bd diéu khién dia cumng,... dén bus bo vi xtr
ly x86. Pay 1a loai bus ngoai(off-chip), nghia 1a n6 két ndi cac thiét bi bén ngoai t4i
chip.Nguoc lai, cac thiét bj nhiing sir dung bus on-chip ndm & bén trong chip va cho phép
cac thiét bi ngoai vi dugc két ndi véi 161 ARM.
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C6 hai loai thiét bi khac nhau gin véi bus : 12 master va slave. Trong d6 16i ARM
1a master — c6 kha niang diéu khién qua trinh truyén dir liéu voi thiét bi khac trén cing
bus, va céac thiét bi ngoai vi — céc slave chi c6 thé dap ung voi sy diéu khién mot thiét bi
master.

Kién truc bus vi diéu khién tién tién goi tat 1a AMBA (Advanced Microcontroller
Bus Architecture) dugc gidi thiéu nam 1996 va da dugc sir dung lam kién trac bus on-
chip danh cho cac bd xtr Iy ARM. Cac bus AMBA dau tién dugc gidi thiéu 1la ARM
System Bus (ASB) va ARM Peripheral Bus (APB). Mot thiét ké bus khac cia ARM
duogc gidi thiéu sau d6 1a ARM High Performance Bus (AHB). V&i AMBA, cac nha thiét
ké ngoai vi c6 thé sir dung lai cung thiét ké trén nhiéu project khac nhau.

Bai vi ¢6 nhiéu cac ngoai vi dugc thiét ké vai giao dién AMBA nén cac nha thiét
ké ph??m cung co nhiéu lua chon dbi véi cac ngoai vi da dugc kiém thir nhdm st dung
trong thiét ké cua ho.

AHB cung cip bang thong dir liéu cao hon so véi ASB bai no dugc thiét ké dua
trén luge d6 bus ghép kénh tap trong hon 1a thiét ké bus hai chiéu ASB. Su thay d6i nay
cho phép bus AHB chay & tdc do clock cao honva la bus ARM dau tién hd tro do rong
bus 1én t6i 64 va 128bit. ARM ciing d3 gi6i thiéu 2 bién thé cua bus AHB la Multi-layer
AHB va AHB-Lite. Ngugc lai v6i bus AHB ban dau.chi cho phép mot master tich cuc
trén bus tai moi thoi diém, Multi-layer AHB cho_phép nhiéu master cing tich cuc mot
uc. AHB-Lite 1a mdt tdp con cua bus AHB, nd/bi gidi han chi c6 mdt master trén bus.
Bus nay duoc phat trién cho cac thiét ké khong yéu cawdiy du chic ning ciia bus AHB
chuan. ’

Déi véi lap trinh vién, c6 thé coi LPC2378 gém 1/bus duy nhét co d6 rong 32bit
tirc cho phép hd trg 1 dai bd nhé lién tuc 1én téi 4Gbyte. Tuy nhién, thyc té vi diéu khién
nay gém nhiéu bus.

Ldi ARM7 dugc két ndi dén bus AHB. Nhu vy thuong cac ngoai vi nao co tdc
dd hoat dong cao s¢ dugc Kkét néi truc tiép v6i bus nay. Vi du dién hinh trong LPC2378
1a khéi diéu khién ngatva mot cau két ndi dén 1 bus khac 1a VPB —VLSI peripheral bus.
Tat ca cac ngoai vi nguoi st dung duoc két noi dén VPB. Cau VPB gdm 1 bo chia tan
cho phép bus VPB c6 thé hoat dfng & toc do thap hon téc do 16i ARM7 va bus AHB. Ky
thudt ndy dem lai 2 loi ich : thir nhat, giup tiét kiém cong sut tiéu thy; thir hai, cho phép
tiy chon tich hop thém cac ngoai vi téc do thap hon 16i ARM7 ma khong gay that nut c6
chai trén bus AHB.

Chu y, sau khi reset, bd chia tan VPB dugc thiét 1ap hé¢ s6 chia 14 4 nén céc thiét
bi ngoai vi on-chip s& chay ¢ tbc d6 bang Y tan s ctia CPU.

Mot bus thir 3 nifa trong vi diéu khién LPC2378 dung dé két n6i bo nhé Flash va
RAM on-chip t6i 161 ARM7. Mic du c6 thé st dung bus AHB dé két ndi bd nhd chuong
trinh va dir liéu toi 161 ARM?7, tuy nhién do nhiéu ngoai vi khac cung su dung bus nay
nén sé& gy ra van dé canh tranh quyén sir dung bus. Bus thtr 3 ndy giup giai quyét vin dé
nay va cai thién dang ké hiéu ning hoat dong ctia 16i ARM7.
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Vectored

ARM 7 Interrupt
Controler
y EY
Local Bus v v

g

Advance High Performance Bus

¥

AHB/VPB
Bridge

I VLS Peripheral Bus

Program
Code/Data

ON Chip
Peripherals

Hinh 5-5 . C4u trtc bus LPC2378

5.2.5 Ban do6 bd nho:

Dir liéu va chuong trinh duoc luu trir trong bo nhé. Bo nhé ndy c6 thé tich hop trén
cung vi xur ly hodc co thé 1a mot chip tach bi¢t. B nhé dugce dat trong khong gian nhd
ctia vi xtr 1y va bo xir Iy giao tiép voi bd nhé théng qua tap cac bus dir liéu va bus dia chi.
Pé doc(ghi) vao mot vi tri cu thé trong bd nhé, bd xir 1y dau tién phai ghi dia chi cua vi
tri can doc(ghi) 1én bus dia chi. Mot mach logic(hode'tich hop trén cting vi xir Iy hodc 1a
mdt mach ngoai) dugc goi la b giai ma dia chi sé'bién dich céc bit dia chi nay trén bus
dia chi va chon bd nhé hodc ngoai vi phu hop. Dt 1igu sau d6 s€ dugc truyén trén bus dir
lidu. ¢

Thém nita, ciing c¢6 cac tin hiéu cho viée doc va ghi dén nhiéu thiét bi trong khong
gian bo nhd cua bo vi xtt Iy ma thuongdwoc goi l1a bus dia chi. Nhitng tin hi¢u bus diéu
khién nay goém tin hiéu doc, tin hiéu ghi, tin hiéu chon chip (chip-select hodc chip-
enable). Tin hiéu doc va ghi thuong két hop cing nhau thanh tin hiéu
doc/ghi(read/write). Tin hi¢u chon chip s€ dugc thiét lap dén mrc tich cuc cua no6 khi dia
chi trén bus dia chi roi vao-dai dia chi caa mét thiét bi nao d6. Vi du gia st c6 mot bd
nhd RAM chiém dai dia ehi tir 00000 dén 0xOFFF, khi 1énh phan mém truy cép gia tri &
dia chi 0x02F2, tin hi¢u chon ehip cho RAM sé& dugc tich cuc.

y
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4.0 GB

375 GB

35 GB

3.0 GB

20 GB

1.0 GB

0.0 GB

AHBE PERIPHERALS

AFB PERIPHERALS

RESERVED ADDRESS SPACE

EXTERMAL MEMORY BANK 1 (64 kB)

EXTERMAL MEMORY BANK 0 (64 kB)

BOOT ROM AND BOOT FLASH
({BOOT FLASH REMAPFED FROM ON-CHIP FLASH)

RESERVED ADDRESS SPACE

ETHERMET RAM (16 kB)

GEMERAL PURPOSE OR LISE RAM (8 k)

RESERVED ADDRESS SPACE

32 kB LOCALON-CHIF STATIC RAM

RESERVED ADDRESS SRACE

TOTAL OF 542 kB ON-CHIF MON-VOLATILE MEMORY

Hinh 5-6 ¥Ban dd b nhé ctia LPC2378

OuFFFF FFFF

O 000 Q000

OnE 000 0000

OocZ000 Q000

OB 00 FFFF
OneEH 00 0000

OMBO00 FFFF
OHBO00 0000

OwYFED 3FFF
Oy FED Q000

Ow7FDO AFFF
OwTFDO 0000

Oned OO0 BOCD
Oned OO0 7FFF

Oned OO0 0000

OneQI002 0000
Q00T FFFF

OneQI000 0000
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APE Peripheral Base Address Peripheral Hame
] 0=EDQDD 0000 ¥eatchdog Timer
1 0=EDDD 4000 Tirner 0
2 0=EDDD 3000 Tirmer 1
3 0=EDDD CODD JARTO
4 0=EDD1 0000 JART
5 0=EDD1 2000 Mot used
i 0=EDD1 2000 AN
7 0xEDD1 CODD ZZ0
8 0=EDD2 0000 5P
g 0=EDD2 2000 RTC
10 0xEDD2 3000 GPO
11 O=EDD2 CODD Fin Connect Block
12 0=EDD3 0000 55M
13 0=EDD3 2000 ADC
14 0=EDQD3 2000 CAM Acceptance Fiter RAMIL
18 0=EDQD3 CODD CAN Azcestance Fiter Registersid
16 0=EDQD4 0000 CAN Commen Registerstt
17 0=EDD4 4000 CAN Contraller 111
18 0=EDQD4 2000 CAM Contraller 201
1840 22 0=EDD4 CODD to 0xEDDS 5000 Matwsed
23 0=EDDS CODD 1
24 0=EDDS 0000 Mot used
25 0=EDDS 2000 Mot used
24 0xEDDS 3000 B3P0
27 0=EDDS SO0 DAC
28 T=EQOF 000 Tirner 2
24 O EDDT 4000 Tirer 3
30 OxEDCT A000 JARTZ
# 0=EDDF 000 JARTZ
32 0xEDDE 0000 ]
33 0=EDDE 2000 Battery RAM
34 0=EDDE 3000 25
35 0=EDDE CODD SOMMC Card Interfacell]
36 io 124 0xEDDE 0000 to IxED1F BFFF Mot used
2r d=ED1F COO0 System Controd Block

Bang5-1 : Dia chi cua cac ngoai vi két ndi véi VPB

Khi tim hiéu vé mét vi diéu khién hay vi xir 1y, nén thiét 1ap mot bang biéu dién tén
va dai dia chi ctia mdi thiét bi nhd va ngoai vi dit trong khong gian bo nho. Bang nay
duge goi 1a ban d6 bd nhé - memory map. Thuong ban nay duoc cung cip boi nha san
xudt trong tai liéu ki thuat di kém véi vi diéu khién/vi xir 1y.

Flash on-chip déat ¢ dia chi 0x00000000 va RAM dat & 0x40000000. Cac vi diéu
khién LPC2xxx dugc lap trinh trude trong qua trinh sdn xuat boi mot bootloader FLASH
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va mdt chuong trinh giam sat thoi gian thuc cua ARM, chung duoc dat dudi dia chi
0x80000000. Khoang dia chi tir 0x80000000 dén 0xE0000000 danh cho bd nhd ngoai.
Céc ngoai vi nguoi st dung két ndi véi VPB duoc anh xa vao ving 0xE0000000 va
0xF00000000 nhu trong bang 1.

5.2.6 Tap Iénh ARM
VXL ARM sir dung cdu triic load-store. Didu d6 c6 nghia la: tit ca cac 1énh déu
duogc thuc hién trén thanh ghi. Cac 1énh ARM thuong co6 2 dén 3 toan tu.

Mic du cac phién ban kién tric ARM khéc nhau hd tro cac tap 1énh khac nhau, céc
phién ban ma1 thuong tuong thich ngugce véi céc tap Iénh cii.

Danh sach cac 1énh cia ARM

Cac Iénh xir ly dir liéu

Cac Iénh xtr ly dir li¢u thyc thi cac phép tinh’d(‘)i vo1 dir liu trén céc thanh ghi. Cac
1énh d6 bao gom chuyén dir liéu, cac phép tinh s6 hoc, logic, cac phép so sanh va phép
nhan.
Néu céac 1énh nay c6 thém S & cudi, no s& cap nhat co'trén thanh ghi CPRS./Céc 1énh dich
chuyén va phép toan logic cdp nhat co Carry C, co'Negative N, va co Zero Z.

Cic 1énh dich chuyén )
MOVE 14 1énh don gian nhat trong/cde 1énh ¢iia ARM. Lénh thay copy gia tri N dén
thanh ghi dich Rd.

Cu phap : <instruction>{<cond>} {S} Rd, N

C6 2 I¢nh dich chuyén 1
MOV: Chuyén mot gia tri 32 bit dén thanh ghi (Rd=N)
MVN: Chuyén gia tri ddo 32 bit dén thanh ghi (Rd=~N)

Vidu:
Trudc: r5=5 )
r7=8
MOV 17,15 ; letr7 =15
Sau r5=5
r7=5

MOVCS RO, R1 ; carry SET thi RO:=R1

MOVS RO, #0 ; R0:=0 Z=1, N=0
;C, V khong thay doi

Cic 1énh sb hoc
Céc 1énh s hoc thue hién cOng va trur cac gia tri 32 bit co diu va khong cé dau. Két
qua 1a 32 bit va dugc dat trong mdt thanh ghi. Cau trac cua Iénh c6 3 dia chi.

Cu phap : <instruction>{<cond>} {S} Rd, Rn, N
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Vidu:

Trudec:

SUB 10, r1, 12
Sau:

r0 = 0x00000001
Trudc:

r0 = 0x00000000

rl = 0x00000077
Sau:

r0 = -r1 = Oxffffff8
Cac 1énh logic

ADD RO, R1, R2
ADC RO, R1, R2
SUB RO, R1, R2
SBC RO, R, R2
RSB RO, R1, R2
RSC RO, R1, R2

r0 = 0x00000000
rl = 0x00000002
r2 = 0x00000001

; RO=RI1+R2

; RO =RI1+R2+C

; RO=RI1-R2

; RO =R1-R2+C-1
; RO=R2-R1

; RO =R2-R1+C-1

RSB 10, r1, #0 ; Rd = 0x0 - r1 (gia trikam'cua rl)

Céc 1énh logic thuc hién cdc phép toan logic flico bit trén cac thanh ghi
Cu phap: <instruction>{<eond>}4{S} Rd, Rn, N

AND RO, R1, R2
ORR RO, R1, R2
EOR RO, R1, R2
BIC RO, R1, R2

Vidu:
Trudc;

;R0 =R1 and R2
; RO=R1eor R2
; RO =RI xor R2
; RO=RI and (~R2)

Sau:

Trudc:

r0 = 0x00000000
rl = 0x02040608

r2 = 0x1030507056

ORR 10, r1, 12
r0 = 0x12345678
rl =0bl111

r2 =0b0101
BIC 10, 1, 12
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Sau:
r0=0b1010

Trudc:
r1=0x11111111
r2=0x01100101
BIC 10, r1, 12
Sau:
R0=0x10011010

Cac Iénh so sanh

Céc I¢nh so sanh dung dé so sanh hodc kiém tra mot thanh ghi vé1 mot gia tri 32 bit.
Céc 1énh nay khong anh hudng dén céc thanh ghi, chi thay ddi cap nhat cac bit co trén
thanh ghi CPRS. Cac 1énh nay khéng can thém S
Céu trac: <instruction>{<cond>} Rn, N

CMP RI1,R2 ;setcd cho két qua R1-R2
CMN RI1,R2 ;setcd cho két qua RI+R2
TST R1, R2 ; set ¢o cho Kkét qua R1 and R2
TEQ RI1,R2 :setcd cho két qua R1 xor R2

Céc Iénh nhan

Cac 1énh nhén thyuc hién phép nhén gia tri trén hai thanh ghi va c6 thé thyuc hién cong
don véi mot thanh ghi khac. Kétqua cudi cing duoe ghi vao thanh ghi dich hodc hai
thanh ghi néu két qua 1a 64 bits.

v
Cau tric:
MLA {<cond>} {S} Rd;Rm, Rs, Rn
MUL {<cond>}{S} Rd, R%Rs

MUL RO,RI,R2  ;RO=(RIxR2)[31:0] (32 bits)
MLA R4, R3,R2, Rl ;R4 =R3xR2+R1

Cac 1énh ré nhanh

Céc I¢nh r€ nhanh thay ddi chu ‘Erinh chay cua chuong trinh, hodc dung dé g01 mot
ham con khac. Viéc nay lam thay doi gia tri thanh ghi chuong trinh PC lam thanh ghi PC
tré dén mot dia chi mai

Céu tric:
B{<cond>} label
BL{<cond>} label
BX{<cond>} Rm
BLX{<cond>} label | Rm

B label ;chuyén dén dia chi label, pc=label
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BL label: 1& nhanh c6 lién két, pc=label, dia chi quay lai dugc luu vao thanh ghi

Ir (R14)
BX Rm; 1& nhanh trao d6i, pc = Rm & Oxfffffffe, T=Rm &1 (T 1a Thumb bit
trén CPSR)
BLX
Vi du:
B label
label: ... ; chuong trinh s& chuyén dén dia chi label
MOV RO, #0
loop:
ADD RO, RO, #1
CMP RO, #10 )
BNE loop ; vong lap lai loop néu RO khac 10
Vidu:
BL sub ;goisub
CMP RI,#5 ; quay lai dia chi nay
MOVEQ R1, #0
sub: ;
MOV PC, LR ;quay lai

Cic Iénh chuyén dir litu Load-Store

Cac 1énh chuyén dtr liéuload-Store chuyén dir liéu gitra bd nh¢ va cac thanh ghi trén
CPU. C6 ba loai 1énh load=store : chi dung mot thanh ghi, dung nhiéu thanh ghi hoac trao
dbi gitra thanh ghi va bo nhé
Load-store dung mot thanh ghi 4

Céc 1énh load-store dung mot thanh ghi ding dé chuyén dir lidu vao va ra khoi thanh
ghi. Cac 1énh nay hd tro cac kiéu dir lidu c6 dau va khong c6 dau, kich ¢ c6 thé 1a 32 bit,
16 bit hodc 8 bit (byte)

Céu truc:
<LDR|STR>{<cond>} {B} Rd,addressing
LDR {<cond>}SB|H|SH Rd, addressing
STR {<cond>}H Rd, addressing

LDR RO, [R1] ;RO := mem32[R1]
STR RO, [R1] ;mem32[R1] := RO

LDR, LDRH, LDRB lan lugt cho 32, 16, 8 bit
STR, STRH, STRB lan lugt cho 32, 16, 8 bit

Vi du:
; Nap thanh ghi r0 v6i ndi dung & dia chi do rl tré dén
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LDR 10, [r1]; = LDR 10, [r1, #0] )
; Luu ndi dung cua thanh ghi r0 vao dia chi do r1 tré dén
STR 10, [r1] ; = STR 10, [r1, #0]

Cac ché d6 danh dia chi
VXL ARM hd trg ba ché d6 danh dia chi:
* Pre-indexed addressing (LDR RO, [R1, #4]) without a writeback
Vidu:
Trude
r0 = 0x00000000
rl = 0x00090000
mem32[0x00009000] = 0x01010101
mem32[0x00009004] = 0x02020202

LDR RO, [R1, #4] ; RO=mem[R1+4]
; R1 unchanged
r0 = 0x02020202
rl = 0x00009000 >

LDR RO, [R1,]1

Hinh 5-7:

‘
DR RO, [R1, #4]!) calculation before accessing

to-indexing addressi
ith a writeback

LDR RO, [R1, #4]! ; RO=mem[R1+4]
: RI=R1+4

r0 = 0x02020202

rl = 0x00009004

LDR RO, [R1,JH1!

e

Hinh 5-8. So d6 hoat dong 1énh LDR (Auto-indexing addressing)
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e Post-indexed addressing (LDR RO, [R1], #4) calculation after accessing with a
writeback
Vidu:
LDR RO, R1,#4 ; RO=mem|[RI]
; RI=R1+4
r0 =0x01010101
rl = 0x00009004

LDR RO, [R1,JH1!

A\

=0

Hinh 5-9. So d6 hoat dong 1énh LDR (Post-indexing addressing)

Load-store dung nhiéu thanh ghi

Khi can chuyén dit liéu giita nhiéu thanhghi va bo nhé hoac CPU, céc 1énh load-
store cho nhiéu thanh ghi c¢6 thé duoc dung. Qud trinh chuyén dir liéu tir dia chi gbc do
thanh ghi Rn chi dén. Viéc sir dung caelénh naysé c6 hiéu qua hon khi can chuyén mot
khéi dir liéu giita bo nhd va thanh ghi hodc giita caéwvitri trong bo nhé

Céu truc:
<LDM|STM>{<cond>} <addressing mode> Rn{!},<registers>{"}

LDM Nap nhiéu thanh<ghi
STM Luu nhiéu thanh gl‘

Ché do danh dia chi:

Dudi  ynghia

IA tang dia chi sau khi thyc hién

IB tang dia chi trude khi thyc hién
DA giam dia chi sau khi thuc hién
DB giam dia chi trudce khi thuc hién

IA increment after REn En+4*N — 4 Rn+4*N
1B increment before Rn+4 En+4*N Rn+4*N
DA decrement after En—4*N + 4 En Rn—4*N
DB decrement before Rn—4*N Rn—4 Rn—4*N
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Vidu:
Trudc:

Sau:

mem32[0x80018] = 0x03
mem32[0x80014] = 0x02
mem32[0x80010] = 0x01

r0 = 0x00080010
rl = 0x00000000
r2 = 0x00000000
r3 = 0x00000000

Memory
Address pointer address Data
0x80020 | 0x00000005
0x8001c | Ox00000004
0x80018 | 0x00000003
0x80014 | 0x00000002
r0 = 0x80010 — | 0x80010 | 0x00000001

0x8000c | 0x00000000

LDMIA r0!, {r1-r3} \

r0 = 0x0008001c N &

rl = 0x00000001

r2 = 0x00000002 \

r3 = 0x00000003 .
Memory

Address pointer “address Data
0 20 | 0x00000005
r0 = 0x8001¢ — | 0x8001c | 0x00000004

0x80018 | 0x00000003
0x80014 | 0x00000002
0x80010 | 0x00000001
0x8000c | 0x00000000

Néu dung 1énh LDMIB

ri=0x00000000
r2 = 0x00000000
ri =0x00000000

14

ri=0x00000003
r2=0x00000002
ri=0x00000001
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Memory

Address pointer address Data

0x80020 | 0x00000005
r0) = 0x8001¢ — | 0x8001c | 0x00000004
0x80018 | 0x00000003 | r3=0x00000003
0x80014 | 0x00000002 | r2=0x00000002
0x80010 | 0x00000001 | r/ = 0x00000001
0x8000c | 0x00000000

Vidu : Ung dung céac Iénh trén dé copy mot khdi dit liéu

RO: dia chi nguén
R10: dia chi dich ‘
R11: dia chi cudi cua ngudn

High memory

ril
. 1. Source —
ro
Copy
memory
location
. Destination
rig” 4 < il
Lowmermory

loop: LDMIA R9!, {R0-R7} ; nap 32 byte tir nguon va cap nhat con tré R9
STMIA R10!, {RO-R7}; luu 32 byte tir ngudn va cap nhat con tré R10
CMP RO9, R11; so sanh dia chi copy va dia chi cudi cung
BNE loop
Céc 1énh nay c6 thé img dung trong stack

Trao ddi dir liéu ciia thanh ghi v6i bd nhé (swap)
Lénh swap ddi chd nodi dung ciia bd nhé va thanh ghi.

Céu truc:
SWP{B} {<cond>} Rd,Rm,[Rn]
SWP ddi ndi dung 32 bits giita thanh ghi va b nhd
tmp =mem32[Rn]
mem32[Rn] = Rm
Rd = tmp
SWPB d6i ndi dung 8 bits giira thanh ghi va bo nhé
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tmp =mem8[Rn]
mem8[Rn] = Rm
Rd = tmp
Vidu
Trudc:
mem32[0x9000] = 0x12345678
r0 = 0x00000000
rl =0x11112222
r2 = 0x00009000
SWP 10, r1, [r2]
Sau:
mem32[0x9000] = 0x11112222
r0 = 0x12345678
rl =0x11112222
r2 = 0x00009000

5.2.7 Tap Iénh Thumb

_ Mot tinh nang quan trong cua ARM 12 ho'tro tap 1énh Thumb. Tap l1énh Thumb bao
gom cac 1énh 16 bit. Do d6 chung chiém it b nh¢ hefi va ¢6 hi€u nang caohon doi vai
cac dir liéu 16 bit. D41 véi cac tng dung nhiing can to1 wu bd nhd, mat do 1€nh rat quan
trong.

5.3 Thiét ké cdc thanh phan co'ban cta bé xtr ly nhing

5.3.1 Lap trinh cac thanh ghi

D6i voi mdi ngoai vi s& ¢4 mot bd didu khién, bo diéu khién nay giao dién véi
chuong trinh phdn'mém quad-hoic nhicu thanh ghi. Bo xur 1y giao tiép véi cac bo dicu
khién bang viéc doc va ghi cac bit1én cac thanh ghi ndy thong qua cac 1énh truyén 1 byte
hay 1 tir t6i 1 dia chi cong lO. Cac 1énh I/O nay sé& kich khoi cac dudng bus dé chon
dung thiét bi va chuyén cac bif tdi hoic doc cac bit tir mot thanh ghi thiét bi. Cac thanh
ghi nay duoc anh xa vao khong gian‘dia chi cua b vi xtr ly. Ky thuat nay duoc goi 1a ky
thuat I/O anh xa b nhé - memory-mapped I/O.

. Mot :chiét bi dién hinh gém 4 thanh ghi duogc goi la thanh ghi trang thai, thanh ghi
di€u khién, thanh ghi dir li¢u vao (data-in), thanh ghi dir li¢u ra (data-out):
- Thanh ghi dik liéu vao — data-in register : duoc doc boi CPU dé doc dau vao
- Thanh ghi dir liéu ra — data-out register : dugc ghi boi CPU dé giri dir lidu toi
thiet bi
- Thanh ghi trang thai — status register : chia cac bit co thé duoc doc bai CPU.
Nhitng bit nay chi trang tl}éi c1:1a thiét bi nhu yéu cau hién thoi da duqc~ thuc thi
xong chua, mot byte da san dé doc trong thanh ghi data-in chua, c6 101 xay ra
khong,...
- Thanh ghi diéy khiénv— control register : co th,é duogc ghi bai CPU dé bat dau 1
yéu cau hodc dé thay do6i mode hoat dong cua thiét bi.
Céc thanh ghi dif ligu dién hinh c6 kich thude 1 dén 4 byte. Mot vai bo diéu khién c6
cac chip FIFO — mot bd nhé st dung nguyén 1y first in first out — dé chua nhiéu byte div
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liéu ddu vao hodc ra nham tdng lghé nang cua bd diéu khién S0 Vol kicl} thudc cua thanh
ghj dir liéu. Mét chip FIFO c6 thé chl'{a 1 lugng dir li¢u cho dén khi thiét bi hoac CPU co6
thé nhan nhiing dit li¢u nay, hay c6 thé goi day 1a bo dém.

Thudng dé thuan tién str dung cac thanh ghi ndy, ching ta sir dung khai bao cac dinh
danh dén cac thanh ghi trong mét file header giup dé dang nhé tén cac dinh danh thay vi
phai nh¢ dia chi ctia cac thanh ghi. Vi du khai bao cac thanh ghi cho LPC2378, trong file
Ipc23xx.h di kém bd cong cu KeilC.

/* Vectored Interrupt Controller (VIC) */

#define VIC BASE ADDR  OxFFFFF000

#define VICIRQStatus (* (volatile unsigned long . *)(VIC BASE ADDR +
0x000))

/* Pin Connect Block */
#define PINSEL BASE ADDR 0xE002C000
#define PINSELO (* (volatile unsigned long *) (PINSEL BASE ADDR + 0x00))

/* General Purpose Input/Output (GPIO) */
#define GPIO BASE ADDR 0xE0028000
#define IOPINO (*(volatile unsigned long *)(GPIO BASE ADDR +.0x00))

/* Memory Accelerator Module (MAM) */
#define MAMCR (*(volatile unsigned long *) (SCB BASE ADDR + 0x000))

<

5.3.2 Thiét ké diéu khién 1/0

Vi diéu khiétn LPC2300 c6 lén to1'5 port vao ra da dung goi tat 1a GPIO — General
Purpose 10, moi port gom 32 duong 10 dugc /énh xa vao 32 bit ctia cac thanh ghi diéu
khién, trang thai.

Pé tuong thich véi cac edic dong LPC21xx, PORTO va PORTI co thé dugc diéu
khién béi tap cac thanh ghi diéu khién ké thira tir cic dong cii dugc giao tiép thong qua
bus APB, tuy nhién, viéc diéu khién thong qua cac thanh ghi ndy c6 toc d6 kha cham. Dé
cai thién van dé nay trong LPC2300 c6 thém 1 tap cac thanh ghi diéu khién cho cac port
GPIO dat ¢ bus cuc bd dugc goi l1a cac thanh ghi Fast GPIO dé c6 duoc tde d6 didu khién
nhanh hon.

Gidng nhu céc loai vi diéu khién khac,mdi pin cia LPC2378 bao gdm nhiéu chirc
ning cu thé 1a mdi chan co tir 1 dén 4 chirc ning. Viée chon chirc nang ciia mdi pin thong
qua cic thanh ghi PINSELn ma trong datasheet ctia nha san xuat s& noi ro chi tiét. Khi
reset, mac dinh céc pin la cac GPIO.

Vé co ban mdi port GPIO duogc diéu khién théng qua tip gom 4 thanh ghi véi céc
churc nang:
- IOPIN : thanh ghi gia tri cac pin cua Port. Trang thai hién tai cua cac pin cua Port
¢6 thé dugc doc tir thanh ghi nay.Gia tri ctia pin tuong tmg dugc biéu dién qua
bit turong tng ctia thanh ghi.Bit thir 1 s€ mo ta trang thai ctia pin thir 1 cua port
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- IOSET: Thanh ghi set dau ra Port. Thanh ghi nay cing vé&i thanh ghi IOCLR
dugc dung dé diéu khién trang thai dau ra cua cac pin cua port. Viét 1 vao mot
bit ndo d6 thi twong g s& tao ra mirc cao & pin twong tmg véi bit d6. Viét 0 vao
s€ khong tac dong gi

Vidu:
IOSET= 1>>10 ; // Dwa pin 10 lén mirc cao

- TOCLR : twong tu nhu thanh ghi set, tuy nhién khi viét 1 bit nio d6 twong tng véi
dua pin d6 vé muc thap.

Vi du : IOCLR= (1<<1)|(1<<2); //Pwa pin 1 va pin 2 vé miic thip

- IODIR : thanh ghi chon huéng cua pin 13 input hay output.Néu bit twong Gng véi
pin trong thanh ghi bang 1 thi pin d6 1a pin output con bit d6 bang 0 thi pin twong
ung la pin input.

Pay chinh 14 tap thanh ghi diéu khién véi thoi gian dap tng cham. Nhu d3 gidi thiéu
LPC2378, cac port con c6 thé dugc diéu khién véi dap ting thoi gian nhanh hon thong
qua cac thanh ghi fast v&i chic nang tuong ty la FIODIR,FIOSET,FIOCLR,FIOPIN.

Chu y khi lam viéc véi cac thanh ghi fast IO, n6 con c6 thém mdt thanh ghi khéc
1a FIOMASK, viéc thiét 1ap bit twong ung 1a 0 cia moi pin s€ cho phép viée set,clear,
doc trang thai twong tmg cua pin do qua cac thanh ghi FIOSET,FIOCLR,FIOPIN, khi gia
trj bit nao d6 1a 1 thi pin twong tmg v6i chan d6 s&khoéng dap tng lai voi su thay doi do
tac dong cua cac thanh ghi FIOSET, FIOCLR,FIOPIN.

+3,3V
28
IC9o
74LVC244
L B0
E?.J—% 1A1 11
P26~ 4 10a  1v2

E2‘5——g A3 1v3
P24 8 44 qv4

>20E

P23 VL1501 oy
P22 13 ) 5ap oy
EZJ% A3 2Y3
P20 171 op4  2v4

+3,3V  GND
=

+3,3V

Hinh 5-10. So dd két ndi cac chan 10 véi cac led trén board MCB2300
Vi dy 1 : Diéu khién nhay led

Sau day la chuong trinh diéu khién tat mo cac led két ndi vai cac Pin 0 dén 7 ctia port
2 gom 1 viét bang assembly va 1 viét bang C
Chuong trinh assembly:

AREA RESET,CODE,READONLY
ARM
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ENTRY

start  ;bat dau chuong trinh
;khoi tao cac chan io tu p2.0-->p2.7 lam output

1dr r1,PINSEL10 ;tat chuc nang ETM tren port 2
mov r0,#0
strr0,[r1]

1dr r0,FIO2DIR ; chon chan 2.0-->2.7 lam chan output
mov r3,#0xff
str r3,[r0]

1dr r0,FIO2MASK ;cho phep'dieu khien cac pin
mov 13,#0x00
str r3,[r0]

mov r3,#0xff
; vong lap chinh,nhay cac led

led blinky
Idr rO,FIO2SET ;bat |
str 3,[r0] .
bl delay ,delay trong khoang’1/2 sec

1dr r0,FIO2CLR ;tat Jed

str13,[r0]

bl delay ;delay tr({ng khoang 1/2 sec
b led" bli 4

delay ;h
( 1dr rfO,DELA

loop_delay
subs r0,r0,#0x01
bne loop_delay

elay
AL ;khot tao gia tri dem

bx Ir ;tro ve chuong trinh chinh

; khai bao cac thanh ghi dac biet cho viec dieu khien cac io

FIO BASE_ADDR EQU  0x3FFFC000
PINSEL10 DCD  0xe002c028

FIO2DIR DCD  (FIO_BASE_ADDR + 0x40)
FIO2MASK ~ DCD  (FIO BASE ADDR + 0x50)
FIO2PIN DCD  (FIO_BASE_ADDR + 0x54)
FIO2SET DCD  (FIO BASE ADDR + 0x58)
FIO2CLR DCD  (FIO BASE ADDR + 0x5C)

DELAY VAL DCD 50000
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END

Chwong trinh viét bang C:
#include <LPC23xx.H>
//ham tao tre
delay ( n)

{
while (n—--) {}

}

main ()

//kh&i tao céc pin io tu P2.0-2>P2.7 la output
PINSEL10 = 0x00;

FIO2DIR = 0Oxff;
FIO2MASK = 0x00;
FIO2CLR = O0Oxff;
while (1)

{
//Set cac pin‘lén mic cao
FIO2SET=0xff;
delay (5000009 ;

<

//Cledr, cidc pin wé_mic thip
FIO2CLR =0xff;
delay (500000) ;

} v’
return O;
}
Vi du 2: Doc phim bam;

Trén board MCB2300, phimS2 dugc két néi t6i P2.10.
V& hoat dong:

= O trang thai binh thuong: P2.10 & mirc cao qua dién tro kéo 1én 3.3V

= Khi phim S2 dugc nhan: P2.10 ¢ trang thai thap

ISP
fam]—oF210
J10
INTO
— . a=]
' & S c21 U8
= =
Li 100n | AT

Hinh 5-11. So d6 két ndi cia button S2
Chuong trinh ctia chiing ta s€ thuc hi¢n doc phim, khi phim duoc nhén no sé& thé hién
thong qua viéc sang Led trong 1 khoang thoi gian
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Chuong trinh:

#include <LPC23xx.H>

void delay ()
{
int 1i;
for (i=0;i<=4000000;41i++) {}
}

int main()
{
unsigned int status=0;
//inits Port 2
PINSEL10 = 0y
FIO2MASK 0;
FIO2DIR = Oxff; //pin 0..7 are ou;put pins
//pin 10 is input pin

//clear pins 0..7 to turn off all leds }"V
FIO2CLR = Oxff; ,
while (1)

{

//checks button s us
1f ((FIO2PING& (1<<1 ==0) y

{ N
FT02CLR <0xTE;

FIO2SET = (l<<status) ;
statu§f+;
status %= 8;
detayl) ; y
1
} S

5.3 trinh diéu khién inh th&i (Timer) va bd dém (Counter)

Time nter 1a cac thiét bi ngoai vi duoc thiét ké dé dém sb chu ki cua 1 clock bén
trong hé théng hoac tir mot nguén clock ngoai. Trong LPC2378 c6 bdn bd
Timer/Counter. Tét ca déu giéng nhau vé ciu trac va cach sir dung. Cac timer déu hoat
dong dua trén cac bo dém timer 32 bit. Nguén clock bén trong cho tat ca bo dinh thoi 1a
clock ngoai vi PCLK dworc lay tir clock danh cho 161 CCLK

Reset Enable
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Hinh 5-12. M6 hinh b0 timer

Tbc d6 tick cua bd timer duoc diéu khién boi gia tr1 dugc luu trong thanh ghi
Prescaler Reg. Gia tri b dém Prescaler sé ting theo mdi xung ctia PCLK cho dén khi nd
dat dén gia tri trong Prescaler Reg. Khi né dat toi gia tri nay thi thanh ghi Timer Counter
duogc ting 1én 1 va thanh ghi Prescaler reset vé 0 va bat dau dém tiép. Thanh ghi diéu
khién Timer Control chi gém 2 bit ma duogc sir dung dé cho phép/cam bd timer va reset

bo dém cua nd.
ﬂCA:PLW | Timer Counter

Logic

| Capture Register

[ | Capture control

register

Hinh 5-13 So dd hoat dong cac thanh ghi Timer

Ngoai chirc ning co ban ctia mdt bo timer, moi timer con c6 thém 4 kénh capture.
Céc kénh capture cho phép ban chdp lai gid tfi cia bd timer counter khi c6 mdt sy
chuyén mtc ciia tin hi¢u & 1 kénh dau véo.

M&i mét kénh capture c6 mot pin twong ting duoc cho. phép thong qua khéi két ndi
pin. Thanh ghi capture control register co thé cau hinh swon nao do kich hoat 1 sy kién
capture hodc ca 2 suon. Khi sy kién/capture xay ra, gia tri trong timer counter s& dugc
ghi vao thanh ghi capture tuong (g vanéu ¢an thiét, mot ngat co thé dugc tao ra.

Mo ta cac pin danh cho b Timer/Counter:

Pin Type M0 ta
Cap0[1:0] | Input |‘Capture Signals— [ su chuyén mirc trén 1 pin capture c6 thé
Capl[1:0] duoge eau hinh dé copy vao thanh ghi Capture tuong tng gi tri
Cap2[1:0] hién thdiiciia bo dém thoi gian TC (Timer Counter) va tily chon
Cap3[1:0] ¢6 thé tao ra cac ngat
MATO[1:0] | Output | External Match Output — Khi 1 thanh ghi match(MR3:0) bang
MATI[1:0] vGi gié tri trong bd dém thoi gian TC (Timer Counter) dau ra
MAT?2[1:0] nay co thé duoc cu hinh dé thay ddi muc, thiét 1ap mtrc cao,
MAT3[1:0] thiét 1ap murc thap.

M6 ta cdc thanh ghi lién guan dén bo Timer/Counter:

Thanh ghi M5 ta Kiéu truy cip

IR Interrupt Register : IR c6 thé duoc ghi | Read/Write(R/W)
vao dé xoa cac ngat hodc c6 thé duoc
doc dé nhan dién mot trong tim ngudn
ngat c6 thé dang cho dugce xtr Iy

TCR Timer Control Register : dugc su R/W
dung dé diéu khién céac chlrc nang ctia
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bd Timer/Counter. N6 c6 thé dimg
hoac reset bd Timer/Counter

TC

Timer Counter : 1a thanh ghi 32 bit
tang theo moi chu ki PR+1 cua PCLK.
Duogc dic¢u khién bai thanh ghi TCR

R/W

PR

Prescale Register : khi thanh ghi
Prescale Counter bang gia tri trong
thanh ghi nay thi & chu ki clock tiép
theo n6 tang TC va clear PC

R/W

PC

Prescaler Counter : la thanh ghi 32 bit,
thuc hién chirc nang dém gia tri clock
va so sanh v&1 PR

R/W

MCR

Match Control Register : dugc su
dung dé diéu khién néu mot ngét duoc
tao ra va néu TC reset khi c6 mot s
kién Match x4y ra

R/W

MRO0/1/2/3

Match Register 0/1/2/3 : MRn c6 thé
dugc cho phép qua MCR, khi gia tri
trong thanh ghi MRn bang véi gid tri
trong TC n6 co thé tao ra cie dap ung
nhu reset TC, dung ca TC va PC hoac
tao ra 1 ngit hoic khéng 1am gi

R/W

CCR

Capture Control Register: CCR diéu
khién suon nao‘cua cac dau vao
Capture dé copy gid tri cac Capture
Register va c6 hodc khong tao ra mot
ngét khied mot su kién | capture xay
ra

R/W

CRO0/1/2/3

Capture Register 0/1/2/3 : CR0/1/2/3
s€ duge load vao gid tri cia TC khi c6
mot su k&apture xay ra ¢ pin
capture tuong rng

ReadOnly(RO)

EMR

External Match Register : diéu khién
cac chin ngoai MATn.0-3

R/W

CTCR

Count Control Register: chon mode
hoat dong la Timer hay Counter va tir
d6 chon tin hiéu clock nguon

R/W

1.1.  Chuong trinh diéu khién:

Vi du bén duéi sé str dung bdo TIMERO dé tao ra tré chinh xac 0.5s. Ctr sau mdi
0.5s, cac led s€ dugc cap nhat.

Chu ¥ trong vi du ching ta thiét 1ap toc 46 PCLK cho TIMERO 1a 15MHz.

Chuong trinh:

#include <LPC23xx.H>

// PCLK for TIMERO

137




#define TIMER CLOCK 15000000

int main ()
{
int status=0;
/* inits timerQ */

/* reset timer */

TOTCR = 0x02;

/* Set value for PR to TC increments every 0.5s */
TOPR = (TIMER_CLOCK/Z)—

/* init leds */
PINSEL10 = 0O;
FIO2MASK = 0O;
FIO2DIR OxXFF;

while (1)
{
/* update leds */
FIO2CLR=0xFF;
FIO2SET=(1l<<status);
status++;
status%=8;

/* delay 0.5ms */&

TOTCR=0x02; M Timer0 reset
TOTCR=0x01; //TIMERO run
while (TOTC!=1) {}
TOTCR=0; //Timer0 stop
}
return 0; .

}

5.3.4 Dong ho th&i gian thuc

Dong ho thoi gian thye 14 mg&{) lich biéu cho phép thyc hién tinh todn quan 1y thoi
gian trong lich biéu nhu ngay , thang, nim, tuan 1&,.. va dic biét 13 tao ra gid chinh xéac
theo gio phut gidy.

B RTC trong LPC2378 tao ra lich biéu chinh x4c cho dén ndm 2099 va tiy chon c6
thé tao ra cac ngat khi thoi gian hién thoi pht hop véi nhimng thong sb thoi gian duoc
chon lya trong cac thanh ghi Alarm.Bo RTC c6 thé chon hoat dong trén thach anh
32KHz ngoai hogc tir PCLK bén trong. N6 cling ¢6 b nhé SRAM cong suét thap 2K bén
trong duoc goi la battery SRAM. RTC va battery SRAM duoc cung cap boi ngudn riéng
tir pin Vbat. Chiing duoc thiét ké dé tiéu ton cong suat thap va co thé chay tir ngudn pin.
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CLOCK

4' Reference Clock Divider

Seconds

Minutes

Hours

Day of month

Day of week

Day of year
Month

Year

Seconds Alarm
Minute Alarm
Hour Alarm

Day of month Alarm
Day of week Alarm
Day of year Alarm
Month Alarm

Yoar Alarm

Interrupt

on match

Hinh 5-14. So @6 RTC
Phia trén 14 hinh v&€ md t4 hoat dong chung cua by RTC, tin hiéu clock di vao bo
RTC qua khdi Reference Clock Divider s& duoc chia ra dé tao ra ngudn clock phu hop.
Tin hi€u clock nay vao by Clock tao ra tin hi¢u dieu khién cho cac bo dém Second,
Minute, Hours, ... Khi dugc tiiy chon, néu thoi gian hién tai phu hop voi cac gia tri thoi
gian trong céc thanh ghi Alarm thi né s& tao ra ¢ac ngattheo y mudn.

s
Mo ta cac pin danh cho chirc nang RTC:
Pin Type Mo ta
RTCX1 | Pau vao mach dao dong
RTC
RTCX2 0) P Pau ra tir mach dao dong
RTC
Vbat I Nguon cung cap cho bd
RTC
Mo ta cac thanh ghi danh cho chitc nang RTC:
Register Size | M6 ta Kiéu truy cap
ILR 2 Interrupt Location Register : doc thanh R/W
ghi nay dé nhan dién ngudn ngat va ghi 1
va bit twong tng s& clear ngit twong mg
CTC 15 Clock Tick Counter : dugc reset thong RO
qua thanh ghi CCR. N6 chura céc bit
diéu khién b¢ chia clock
CCR 4 Clock Control Register : diéu khién hoat | R/W
dong cua bd chia cloack nhu chon nguén
clock, reset,..
CIIR 4 Counter Increment Interrupt Register : R/W
chon lya bo dém nao trong cac bd dém
gidy, phut, gio ,.. sé tao ra ngit mdi khi
cac bo dém nay ting
AMR 8 Alarm Mask Register : duoc dung dé R/W
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chon lya t6 hop céc thanh ghi nao trong
cac thanh ghi Alarm dugc so sanh vdi
thoi gian hién tai d€ tao ra ngat

CTIMEO/1/2 | 32 Consolidated Time Register 0/1/2 : chira | R'W
t6 hop cdc gia tri thoi gian béc thap :
gidy, phut, gio, va ngay trong tuan.

SEC La céc thanh ghi chira gi4 tri thoi gian R/W
MIN hi¢n thoi
HOUR
DOM
DOW
DOY
MONTH
YEAR

ALSEC Céc thanh ghi Alarm chtra gia tri dé so
ALMIN sanh vé&i gia tri thoi gian hién thoi, thuc
ALHOUR hién cac tac vu tuong ting

ALDOM
ALDOW
ALDOY
ALMON
ALYEAR

PREINT 13 Prescale Value, integer portion - cung R/W
v6i thanh ghi PREFRAC n6 dugc str
dung dé tao ra gia tri chia pht hop khi st
dung ngudn clock 1a PCLK

PREFRAC 15 Prescale Value, fractional portion - cung | R/'W
yO1 thanh ghi PREINT n6 duoc su dung
détao ra gid tri chia phu hop khi str dung
nguon.clock 1a PCLK

Thiét ldp gid tri PREINT va PRE&C khi sur dung PCLK:

Nhu da gidi thi¢u, bo RTC cé thé hoat dong hodc tir b dao dong RTC 32.768 kHz
bén ngoai hodc tir PCLK cung cap béi clock hé thong sau khi da dugc thay doi boi bo
Reference Clock Divider

Bo Reference Clock Divider cho phép tao ra tin hiéu clock 32.768 tir bat cir ngudn
clock nao 16n hon 65.536 kHz(= 2x32.768 kHz). Dleu nay cho phép by RTC luén chay &
tdc d6 chinh x4c bat chap tc do cua tin hiéu cung cip. Bo chia trong trong Reference
Clock Divider cho phép chia tin hiéu vao tur PCLK vo6i 1 gia tri chwa ca phan nguyén va
phan phan s0. Nén toc do dau ra co thé bién thién theo thoi gian xong téng hop thi n6
luon dém duoc 32,768 1an trén 1 giay.

Ph?}n nguyén cua bd chia (chira trong thanh ghi PREINT) la gia tri 13 bit va phan
phén so( chira trong PREFRAC) 1a gia tri 15 bit. Cu thé tinh toan PREINT va
PREFRAC:

PREINT = phan nguyén(PCLK/32768) -1
PREFRAC =PCLK — (PREINT + 1) x 32768)
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5.3.5 Bd diéu ché doé réong xung

Bo diéu ché do rong xung PWM c6 churc ndng tao ra céc tin hi€u chu ki véi do rong
xung co thé diéu khién thong qua cac thanh ghi diéu khién voi gia tri chu ki, d§ rong
xung dugc tinh todn trudc theo yéu cAu cu thé cua ung dung. Cac b PWM hoat dong
dwa trén cac khoi Timer va ké thira cac chirc ning cia nd.

Nhu ta biét cac bd Timer duge thiét ké dé dém cac chu ki cua déng hd ngoai vi
PCLK va tuy chon c6 thé tao ra céc ngét hoac thyuc hién cac yéu cu nao do khi 1 gia tri
thoi gian x4c dinh thiét 1ap trén cac thanh ghi Match bang véi gia tri trong thanh ghi TC .
Chtrc ndng PWM dua trén céc chirc nang nay ctua bo Timer.

Vé6i kha nang diéu khién riéng cac thoi diém sudn duong va sudn 4m cua tin hiéu
PWM nén cac b PWM dugc su dung véi nhiéu ung dung hon. Vi du dién hinh 1a cac bd
diéu khién motor nhiéu phase.

V&i mdi tin hiéu dau ra caa bo diéu khién do rong xung dugc diéu khién thong qua 2
hoac 3 thanh ghi Match:

- Truong hop st dung 2 thanh ghi Match: dugc sur dung dé tao tin hiéu ra duoc diéu
khién theo 1 suon :
o Mot thanh ghi (PWMMRO) diéu khién chu ki tin hiéu
o Mot thanh ghi khac dung dé diéu khién vi'trf ¢iia suon
- Truong hgp st dung 3 thanh ghi Match: dugc st dung de tao ra tin hiéu ra dugc diéu
khién theo ca 2 suon:
o Mot thanh ghi (PWMMRO) diéu khién chiu ki tin hicu
o Hai thanh ghi con lai diéu khién cac vi tri clia2 suon.

Do sir dung cing chung PWMMRO nénchu ki cia cac tin hiéu dau ra gidng nhau
Hinh bén dudi mo ta cac thanh phan cia b PWM dudi quan diém 1ap trinh gom tap
cac thanh ghi diéu khién'va tlian hi trang thai, cung céc tin hi¢u dau ra.

Interrupt Rag

Timer Gontrol

Prescale

Prescale

S V— VL W S_—

Match Control

Extemnal Match Register J

Latch Enable Register ]

Capture Gontrol Riegister ]

Capture Register 0 - 4 ]

[
[
[
[
[
[ Maich Register 0 - & ]
[
[
(
[
(

Count Contral ]

Hinh 5-15. So dd b6 PWM
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M0 ta cac pin st dung cho bo PWM:

Pin Type Mo ta

PWMI[1] Output Dau ra tir b PWM kénh 1

PWM1[2] Output Dau ra tir b PWM kénh 2

PWMI[3] Output Dau ra tir bd PWM kénh 3

PWMI[4] Output Pau ra tir bd PWM kénh 4

PWMI[5] Output Dau ra tir bd PWM kénh 5

PWMI1[6] Output Dau ra tir bd PWM kénh 6

PCAPI1[1:0] Input Céc dau vao Capture sy chuyén mtc trén
pin capture c6 thé duo cau hinh dé copy gia
tri cuia TC vao thanh ghi Capture twong g
va tity chon c6 thé tao ra I ngit

Mo ta cac thanh ghi s dung cho b PWM:
Tap cac thanh ghi cia PWM giong véi by Timer va thém mot tap cac thanh ghi riéng

Thanh ghi

Mo ta

Kiéu truy cip

IR

Interrupt Register : IR co thé duoc ghi vao
dé x6a cac ngit hodc ¢ thé duge doc dé
nhan dién mot trong tamfigudn ngat c6 thé
dang cho dugc xu ly

R/W

TCR

Timer Control Register : dugc sir dung dé
diéu khién céc chitc ning caabo
Timer/Counter. N6 €6 thé cim hodc reset bd
Timer/Counter

R/W

TC

Timer Counter : 1a thanh ghi 32 bit tang
theo moi chu ki PR+1 cta PCLK. Pugc
diéu khién boi thanh ghi TCR

R/W

PR

Prescale Register: khi thanh ghi Prescale
Counter bang gia tri trong thanh ghi nay thi
o chu ki clock tiep theo né tang TC va clear
PC

R/W

PC

Prescaler Counter’ : 1a thanh ghi 32 bit, thuc
hién chirc nang dém gia tri clock va so sanh
voi PR

R/W

MCR

Match Control Register : dugc st dung dé
diéu khién néu mdt ngat duogc tao ra va néu
TC reset khi c6 mdt sy ki€n Match xdy ra

R/W

MRO/1/2/3/4/
5/6

Match Register 0/1/2/3/4/5/6 : MRn ¢6 thé
duoc cho phép qua MCR, khi gié tri trong
thanh ghi MRn bang voéi gia tri trong TC né
c6 thé tao ra cac dap ing nhu reset TC,
dung ca TC va PC hodc tao ra mdt ngét
hodc khong lam gi. Thém nita n6 dugc su
dung dé diéu khién cac dau ra bo PWM

R/W

CCR

Capture Control Register: CCR diéu khién
suon nao cua cac dau vao Capture dé copy
gié tri cac Capture Register va c6 hoac

R/W
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khong tao ra mot ngat khi c6 mot su ki¢n
capture xay ra

CRO/1/2/3 Capture Register 0/1/2/3 : CR0/1/2/3 s& RO
duoc load vao gié tri cua TC khi co 1 sy
kién capture xdy ra ¢ pin capture tuong ing

PCR PWM Control Register : cho phép cac d:‘iuﬂ R/W
ra PWM va chon loai cua kénh la diéu khién
don suon hay ca 2 suon

CTCR Count Control Register: chon mode hoat R/W
dong la Timer hay Counter va tu d6 chon tin
hiéu clock nguén

LER Load Enable Register : cho phép st dung R/W
cac gia tri Match méi trong b PWM. Chi
khi bit nay dugc cho phép thi dau ra méi
dap ung véi céc gia tri trong thanh ghi
Match

5.3.6 Diéu khién ngat

C6 hai loai bo diéu khién ngat dugc st dung.trong bo vi xir Iy ARM 1a bo diéu khién
ngat chuan va bd dic¢u khién ngat vector VIC —vecter interrupt controller.

Bo diéu khién chuin giri mot tin hiéu gt dén 161 vi xiely khi mot thiét bi ngoai yéu
cau phuc vu. N6 c6 thé dugce 1ap trinh dé.bd qua.y€u cau ngat tr mdt hodc nhicu thiét bi.
Trinh xtr Iy ngat xac dinh thict bi yéu cau phuc vu bang viéc doc mét thanh ghi cuia thict
bi trong bd dicu khién ngat.

VIC manh hon bg diéu khién ngat chuin ‘t}m no cho phep thlet 1ap cac muc uu tién
cho céc ngit va don gian qua trinh xac dinh nguén ngit. Sau khi gin mét muc vu tién va
dia chi trinh xt ly ngit voi mdi ngat, VIC chi can gui mot tin hiéu ngat t6i 16 neu murc
vu tién cua ngat méi cao hon frinh xtr 1y ngit dang thyc thi. Dya vao tin hiéu ngit nay,
VIC co thé goi trinh xtt Iy ngoai l&ngit chuan tai dia chi cia trinh phyc vu ngét cho thiét
bi tur VIC hodc tao mot 1énh nhay cho 151 den trinh xur ly ngit truc tiép. Cu the moi khi
c6 mot ngit xay ra, VIC s€ OR cac yéu cau ngat va tao ra mot tin hiéu ngit dén mot
trong hai ngat FIQ va IRQ tlly theo cac thong s6 cua cac thanh ghi cau hinh cho VIC, va
no s€ guri dia chi cua thuong trinh phuc vu ngat vao thanh ghi VICVectAddr. Trinh xur ly
ngit s& bat dau bang vige doc thanh ghi nay va nhay t6i dia chi dugc cung cap boi thanh
ghi nay. Va khi két thiic chuong trinh phuc vu ngit, ngoai viéc clear ¢ ngit ctia ngudn
ngit twong tmg, VICVectAddr phai duoc ghi vao mot gia tri bat ki dé update phan cting
murc uvu tién cua VIC.

CPU ARM c6 2 dudng phuc vu cho ngat ngoai 1a FIQ cho ngat nhanh va IRQ cho
ngit thong thuong. Mot hé théng ARM7 chi nén c6 mot ngudn ngit tao ra FIQ, cac ngat
khéc con lai s& duoc két nbi téi IRQ.
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ARM7 TDMI

A A
AHB nFiQ nikRQ

Vector Intermupt Controller

Hinh 5-16. CAu trtic hé théng xtr Iy ngit trong LPC2378

5.3.7 Giao tiép UART

May tinh truyén dit liéu theo hai phuong phéap : song song hodc n6i tiép Truyén dir
liéu song song thuong sir dung nhiéu duong day dan de truyén dir liéu dén mot khoang
cach xa vai mét vi du nhu trong giao tiép voimay in va 6 dia cing. Phuong phap nay cho
phep truyén véi téc do cao nhung khoang cach truyédl bi-han ché. Bé truyén dir liéu di xa
thi can phuong phap truyén nbi tiép. Theo phuong phéap nay, dir liéu dugc truyén di theo
tung bit.

Pé t6 chirc truyén tin ndi tiép, trudc hét byte dir lidu duoe chuyén thanh cac bit nbi
tiép nho thanh ghi dich vao song song —ra noi tiép. Tiép do du liéu dugc truyén qua mot
duong dir liéu don, & dau thu, nho mot thanh ghi dich vao nbi tiép-ra song song, dir liu
dugc nhén ndi tiép va duge goi thanh timg byte mot. Khi tin hiéu duogc truyén di xa, yéu
cau co mot modem dé diéu ché tifi hiéu va sau do giai diéu ché ¢ b thu.

Truyén tin ndi tlep c6 hai phuO’ng phap dong b}) va bit dong bd
e Dong bd: tuiyén mdi 1an mot khoi dir lidu

o Bit dong bo: ehitruyén timg byte mot.

Chuin RS-232

Trong truyén tin ndi tiép, RS ?2 13 mot chuan cho két ndi tin hiéu dir liéu nhi phan
ndi tiép gitta mot DTE (data terminal equipment) va mot DCE (data circuit-terminating
equigment) dugc xay dung nam 1960 nham tuong thich dit cac thiét bi truyén dit liéu ndi
tiép giita cac hang khac nhau. Ngay nay né la mot chuan duoc str dung kha rong dai. Tuy
nhién do chuén nay ra doi kha lau trudce khi ¢6 hg mach dién t& TTL vi vy muc dién ap
cua n6 khong twong thich vai TTL.

RS-232 dinh nghia murc dién thé ma tuong tng voi cac muc logic 0 va 1. Tin hi€u c6
muc dién thé nhu sau : muc logic 0: tr +3V dén +25V, muc logic 1 : tir -25V dén -3V.
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Hinh 5-17. Mirc dién thé biéu dién tin hiéu nhi phan

Vé b6 tri chan cia RS232 o
RS232 c6 2 phién ban giac dau noi 1a DB-25 va DB-9
1 13

14 25

Hinh 5-18. DB=25 va DB-9
Hién tai DB-25 it dugc st dung nén ta chi xem xét cach b tri chan dau ndi viia DB-9
thong quan bang dudi:

Chan M6 ta Y nghia

1 Data carrier detect(DCD) Tach tin hi¢u mang dir li¢u
2 Received Data(RxD) Dir 1i€u nhan duoc

3 Transmitted Data(TxD) Dt liéu duoc gui

4 Data terminal ready(DTR) Pau cubi dit liéu san sang
5 Signal Ground(GND) Dat cia tin hiéu

6 Data set ready(DSR) Dir liéu san sang

7 Request to send(RTS) Yéu cau gui

8 Clear to send(CTS) X6a dé gui

9 Ring indicator(RL) Béo chudng

Mot két ndi don gian nhat giita PC va bo vi diéu khién yéu cau tdi thiéu 3 chan TxD,
RxD, GND nhu trong hinh v& dudi day :
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DTE DTE
RxD RxD

bat

Hinh 5-19. Két néi tbi thiéu gitta PC véi vi diéu khién

Dinh dang ban tin:

Trong truyen bat dong bo, dudng lién két khong bao gdm mdt duong clock, vi trong
mdi dau cudi thiét bi déu co mot clock. Vi vay hai clock phai co chung tan sd,cho phép
sai khac nhé. Mdi mot byte duoc truyen gom mot bit Start dé dong bo cac clock, va mot
hodc nhiéu bit Stop dé bao hiéu két thiic mot tir truyén. Mot duong truyén bat déng bo sur
dung nhiéu dinh dang, nhung dinh dang phd bién nhit Ia 8-N-1 & d6 bd truyén s& giri mdi
byte dir liéu v6i 1 bit Start, theo sau 8 bit dit liéu, bat dau véi bit 0(LSB) va két thuc véi
1 bit Stop nhu mé ta hinh dudi

Logic "1 +5Y
Start
me_| o123« 5!]6 TS'WL.W

4
Hinh 5-20. Dinh dang 8-N-1

M0 ta cac chan UART:

Pin Type M0 ta
RXDO0/2/3 Input Serial Input : dit liéu nhan ndi tiép
TXDO0/2/3 Output Serial Output: dit liéu truyén ndi tiép
Mo td cdc thanh ghi:
Thanh ghi } Mo ta Kiéu truy cip
RBR Receiver Buffer-Register : chita byte dau trong bo RO

dém nhén FIFO cua cong UART ciing 1 byte duoc
nhén trude nhat. Bit DLAB trong thanh ghi LCR
phai 1a 0 d¢€ co the truy cap RBR.

THR Transmit Holding Register : 1a byte dau ctia bo dém | WO(WriteOnly)
truyén FIFO ctia cong UART ciing 12 ki tr mdi nhat
trong bo dém nay. Bit DLAB trong thanh ghi LCR
phaila 0 de truy cép THR. Byte nay s& duoc truyén
khi né tién dén cudi ciia bo dém

DLL Divisor Latch Két hop vOi nhau ching chira R/'W
LSB gia tri h¢ so chja dé chia ,tin
hiéu PCLK nham tao ra toc do
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DLM Divisor Latch baude phu hop. Gia tri chia la
MSB gia tri 16 bit véi DLL la byte
cao va DLM la byte thip. Chiing
chi dugc truy cap khi bit DLAB
bang 1

IER Interrupt Enable Register : dugc str dung dé cho phép | R/'W
hodc cam cac chirc ning ngat trong UART . Chi
dugc truy cap khi bit DLAB bang 0

IIR Interrupt Identification Register : thanh ghi nhan di¢n | RO
nguon ngat chira trang thai cac ngat dang yéu cau xu
1y lién quan dén chirc nang UART

FCR FIFO Control Register : diéu khién hoat dong cua R/W
cac bo dém FIFO nhén va truyén nhu : cho phép bo
dém hoat dong, reset by dém..

LCR Line Control Register : dung dé xac dinh dinh dang | R/'W
cua ki tu s€ dugc truyén hoac nhan nhu : d¢ dai ttr,
s0 lugng bit stop, tuy chon kiém tra chan 1¢..

LSR Line Status Register : chira thong tin vé trang thai RO
trén cac khoi TX va RX cua cong UART nhu da
nhéan dir liéu chua, 101, ...

Va con 1 s6 thanh ghi nira tuy nhién s& ]«f)\ng dé cap chi tjét trong tai liéu nay, tham

khao trong datasheet nha san xuat.
Tinh todn toc do baud:

saud FCLE
Baudrares -
160 (256 »/ DLM = DLL)
4
Chwong trinh vi du:
#include <LPC23xx.H> /*ﬁCZZ%OO definitions */
void init serial (void) {
/* Initialize Serial ‘Interface */
UOFDR =20, /* Fractional divider not used */
UOLCR = 0x83; /* 8 bits, no Parity, 1 Stop bit */
UODLL = 94; /* 9600 Baud Rate @ 14.4 MHZ PCLK */
U0ODLM = 0; /* High divisor latch = 0 */
UOLCR = 0x03; /* DLAB = 0 */
}
/* Implementation of putchar */
int sendchar (int ch) { /* Write character to Serial Port
if(ch=='\n') ch = 0x0d; /*new-line character*/
whlle (! (UOLSR & 0x20));
return (UOTHR = ch);
}
int getkey (void) { /* Read character from Serial Port

*

*/

/
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while (! (UOLSR & 0x01));
return (UORBR) ;

}

int sendstring(char * s) { /* write a string */
while (*s!="\0")
{
sendchar (*s) ;
s++;

}

int main ()
{
init serial();
while (1)
{

sendstring ("hello \n");

}

5.3.8 Giao tiép 12C

12C, viét tit cua Inter-Intergrated Circuity 1a mot loai busméi tiép duoc phat trién boi
hang san xudt linh kién dién tir Philipse Ban déu, loai bus nay chi dugc dung trong cac
linh kién dién tir cia Philips. Sau dé, do tinh uru viét va don gian cia no, 12C da duoc
chudn hoa va dugc ding rong rii trong cac module triyén thong ndi tiép trén cac vi mach
tich hop ngay nay.

I12C str dung chi 2 duong 2 chiéu 1a duorng dir ligu — SDA (Serial Data) va duong
cung cap xung nhip — SCL(Serlal Clock) , nén khong yéu cau khéi logic chon va phéan
quyén bus, viéc thiét ké phan Cng tr& nén don gian hon nhiéu. Moi thiét bi dugc gin
1én bus déu c6 dia chi duy nhat. Moi thiét bi nay hoat dong nhu 1 b thu hodc 1 bd nhan
hodcca thu va nhan. Vi du nhu 1 LCD thi chi nhan, trong khi 1 bd nh¢ thi thuc hién ca 2
churc nang.

Str dung chi 2 duong SDA va SCL trong 12C cho phép truyén dir liéu nbi tiép dudi
dang cac byte dia chi 8-bit v6i khong gian dia chi 7-bit cho phep ho tro 1én t61 xap xi
128 thiét bi str dung trén cung 1 bus.

Trong mot h¢ thdng sir dung bus, thiét bi khoi tao 1 qua trinh trao doi dit liéu dugc
goi la master, con thiét bi dugc dia ghi h('):a bd1 master hay diéu khién bdi master duoc
goi la slave. Thong thudng master di€u khién tin hiéu clock. I2C la mdt bus multi-master,
cd nghia la c¢6 thé c6 hon 1 IC c6 kha nang khai tao 1 qua trinh trao do1 dir li¢u.

Téc d:
Tdc do giao tiép ciia 12C c6 thé 1én dén 3.4Mbs véi nhiéu tity chon tdc do:

- Standard : 100 kbps
- Fast :400 kbps
- Fast mode plus 01 Mbps
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- High speed mode :3.4 Mbps

1 II :I : g?f
ucC ADC DAC ucC
Master || Slave || Slave || Slave

Hinh 5-21. Vi du bus 12C
Hoat dong:

Khi bat ddu 1 qué trinh trao ddi dit liéu, trudc hét master khoi tao qua trinh truyen
bang cach gui 1 start bit theo sau 1a dia chi 7-bit cia slave ma né muén giao tiép, tiép do
l1a 1 bit don mo ta qua trinh 1a ghi téi (bit 0) hay doc (bit 1) tir slave.

Néu slave ton tai trén bus thi n6 s& dap ung lai 1 bit ACK v61 dia chi trén. Master sau
do sé tiep tuc hodc truyén hoac gui.

Néu master mudn tiép tuc giri dir liéu dén slave thi no tiép tuc giri 1 byte va slave gt
lai 1 bit ACK

Néu master muén tiép tuc doc tir slave thi n6 tiép tuc nhan 1 byte tir slave va gui 1 bit
ACK sau moi byte nhan duoc.

Master mudn két thiic trao doi thi né s& giri 1 stop bit.lén bus.

B1 B En
Hﬁs -22. Luge'dd thoi gian

qua trinh tfﬁyen Moi _qua trinh truyén bat dau véi 1
‘ t ¢ ng thap trong khi SCL van ¢ mic cao. Sau d6 SDA bét
dau thiét 1ap bit dugce truyén tr 1 SCL murc thap va dir liéu dugc lay m:au (nhan) khi
SCL chuyén mirc. Khi qua trinh y‘e'n két thuc, 1 bit Stop(P) duge truyén bang cach
giai phong duong SDA dé né duoge kéo 1én muc cao trong khi SCL van ¢ murc cao.

Luoc dd trén mo taAl
bit Start(S) khi SDA bi kéo

S SLAVE ADDRESS RW A DATA A DATA NA P
A
| 4 i
“0" - write
“1" - read data transferred

(n Bytes + Acknowledge)

A = Acknowledge (SDA low)

“A = Not acknowledge (SDA high)
S = START condition

P = STOP condition

[ from Master to Slave
O ftrom Slave to Master

Fig 104.Format in the Master Transmitter mode
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O from Master to Slave
D from Slave to Master

S SLAVE ADDRESS R A DATA A DATA A P
| A
‘0" - write
“1" - read data transferred

(n Bytes + Acknowledge)

A = Acknowledge (SDA low)

A = Not acknowledge (SDA high)
S = START condition

P = STOP condition

Fig 105.Format of Master Receive mode

Hinh 5-23. Vi du qua trinh truyén tin

I12C trong LPC2378:

LPC2378 hd trg 3 cong giao tiép 12C.
Mo ta cac pin I2C:

Pin

Loai

Mo ta

SDA0/1/2 1/0

Duong dir licu SDA

SCL0/1/2 1/0

Mo ta cac thanh ghi I12C:

Puong tin hiéu dong ho SCL
s

Register

Mo ta

Kiéu truy cip

[2CONSET

12C Control Set Register : Thanh ghi thiét lap
diéu khién'dién khién 12C. Khi'1 duoc ghi
vao 1 bit.cua thanh ghi nay thi bit tvong ting
trong thanhighi diéu khién 12C s& duoc set.

R/W

[12STAT

Ghi 0 véo sé glg c6 higu ung gi

12C Status Register : thanh ghi trang thai 12C.
Trong hoat dong cua I12C, thanh ghi nay cung
cAp cac mé trang théi chi tiét cho phép phan
mém xac dinh d4p mg can thiét tiép theo

RO

I2DAT

12C Data Register : thanh ghi dix li¢u 12C.
Trong qué trinh truyén dit lidu, di liéu dé
dugc truyén s& dugc ghi vao ddy, con trong
qué trinh doc dit li€u, dir li¢u da nhan dugc s€
doc tur thanh ghi nay

R/W

[2ADR

12C Slave Address Register: thanh ghi di li¢u
slave, chira dia chi 7-bit cua slave khi thiét b
hoat dong & mode slave. Biét trong s6 nho
nhét x4c dinh rang slave cé dap ung t6i dia
chi goi chung hay khong

R/W

12SCLH

SCH Duty Cycle Register High Half Word :
ntra tr cao thanh ghi chu ky hoat dong SCH :
xac dinh thoi gian mirc cao cua clock 12C

R/W
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12SCLL SCH Duty Cycle Register Low Half Word : R/W
ntra tir thap thanh ghi chu ky hoat dong SCH
cung v6i [2SCLH xéac dinh tan s6 clock duogc
tao bdi 1 12C master va thoi gian phu hop
duoc str dung trong ché do slave. N6 xéac dinh
thoi gian muc thip caa clock 12C

[2CONCLR | I2C Control Clear Register : thanh ghi x6a R/W
diéu khién. Khi 1 dugc ghi vao mot bit cua
thanh ghi nay, bit twong tng trong thanh ghi
diéu khién s& duoc clear, ghi 0 vao s& khong
c6 hiu tng gi

Xdc dinh tan sé hoat dong ciia bus I2C:

Phin mém s& phai thiét 1ap cac thong s6 phu hop cho I2SCLH va I2SCLL dé thiét 1ap
tan sd hoat dong cua bus 12C. Trong d6 I2SCLH 1a s chu ky cta clock ngoai vi cung
cap cho module 12C PCLK ma SCL & mirc cao con 12SCLL 1a s6 chu ky cia PCLK ma
SCL ¢ mirc thap. Nén tan s6 clock ciia SCL hay ctia 12C La:

IZc - frafk
‘bitfrequency T T5CESCIH + I2CSCLL

4

5.3.9 Giao tiép SPI

Giao dién ngoai vi nbi tiép SPI (Sérial Peripheral Interface) 1a mot giao tiép nbi tiép
song cong. N6 c6 thé co nhiéu masterva slave cung duoc két ndi trén mot bus xac dinh.
Chi mdt master va mot slave c6 thé truyén dit liéu tai mdi thoi diém. Trong subt qua trinh
truyén dit liéu master luon ludnigtri tir 8 dén 16,bit dir liéu to1 slave va slave luén gui mot
byte dir li€u té1 master.

Ca SPLva I2C déu hd trg ot cho cac ngoai vi tdc d6 cham duoc truy cdp khong lién
tuc nhu EEPROM va Real-Time Clock nhung SPI c6 tdc do dir liéu cao hon 12C, thuong
1€n téi hang chuc Mbps, phu h¢ o cac ung dung truyén dit liéu theo ludng. N6 con
hiéu qua hon nho giao dién song cong day du , sir dung trong cac Gmg dung gitta 1 bod
codec va 1 bo xur 1y tin hiéu sd.

Ciing nhu trong 12C, master khéi tao qua trinh trao ddi dit liéu. Khi master tao ra
clock va chon thiét bj slave, dit liéu co thé duogc truyén theo 2 hudng dong thoi. Thuc té
thi dir liéu duoc truyén theo ca hai hudng, nén master va slave phai biét khi nao byte
nhan c6 ¥ nghia hay khong. Nén thiét bi phai viit bo byte nhan dugc khi no dang truyén
va tao ra 1 byte gia dé truyén khi n6 dang nhan.

3| SCLE

OS]
Mastar MIS0 Slave

55

Hinh 5-24. CAu hinh 1 master, 1 slave
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f;

SCLK @ [scuk
MO @ M1
Slave #1
TAISC o 1 MISO
5P Master —_— —
551 55
a2 ——
553
@ SCLK
B s MOSI
Slawe w2
@ MISD

3

I

SCLK
M|
AISD

Slave #3

3

.

Hinh 5-25. C4u hinh 1 master nhiéu slave

Giao tiép SPI gom 4 duong tin hiéu : clock (SCLK), dif li¢u ra tir master vao slave
MOSI (Master Out Slave In), dit liéu vao master tur slave. MISO (Master In Slave Out),
va tin hiéu chon slave SS (Slave Select).

Khi giao tiép sir dung SPI can dé y cip thong s6 cuc clock CPOL (Clock Polarity) va
phase clock CPHA (Clock Phase), cip thong sd nay dugc diung dé xac dinh suon ciia tin
hiéu clock ma dit liéu duoc 1ai va iy mau. M@i thong $6.c6 2 trang thai mirc cao — mirc
thap nén tong hop lai c6 4 t6 hop c6 thé ma mdi t6 hop déukhong twong thich véi cac to
hop con lai. Nén cip giao tiép master/slave phai sir dung dung cip thong s6 dé giao tiép.

Céc t6 hgp CPOL va CPHA xa¢ dinh:

- Khi nao bit dit lidu dau tién duoc thiét lap
- Khi nao céc bit dir liéu khéac duoc thiét fép
- Khi nao dir liéu durgeldy mau

Mdi quan hé nay duoc biéu dién*éng dudi

T6 hop CPOL va Bit dau tién duogc | Cac bit khac dugc | Dit liéu duoc lay
CPHA thiét lap thiét lap mau
CPOL =0, CPHA =0 Trudéc suon duong | Suon am SCK Suon duong SCK
SCK dau tién
CPOL =0, CPHA =1 Suon duwong SCK | Sudon duong SCK | Sudon am SCK
dau tién
CPOL =1, CPHA =0 Trugce suon am SCK | Swon duong SCK | Suon am SCK
dau tién
CPOL =1, CPHA =1 Suon am SCK déau | Suon am SCK Suon duong SCK
tién
Mo td cdc thanh ghi SPI:
Register Mo ta Kiéu truy cap
SOSPCR SPI Control Register : thanh ghi diéu khién R/W
hoat dong SPI
SOSPSR SPI Status Register : thanh ghi trang thai SPI, | RO
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thong bdo cac trang thai cia SPI

SOSPDR SPI Data Register : ddy 1a thanh ghi 2 chiéu R/W
cung cap dit liéu truyén va nhan cho SPI. Dit
liéu truyén duoc cung cép téi SPI0 dugc ghi
vao thanh ghi nay con dir liéu nhan dugc boi
SPIO c6 thé doc tir thanh ghi nay

SOSPCCR SPI Clock Counter Register : thanh ghi dicu | R/W
khién tan so cua master SCKO0

SOSPINT SPI Interrupt Flag : chira c& ngit cho giao R/W
dién SPI

Vi du sau g@)m cac ham co ban cho phép thuc hién truyén va nhan dir liéu trén SPI. Cac
ham nay c6 thé sir dung nhu 1a thu vién cho cac ung dung 16n hon.

#include "LPC23xx.h"

void SPIInit( void )
{

PCONP |= (1 << 8);
SOSPCR = 0x00;
/* enable ports */

PINSELO |= 0xC0000000;
PINSEL1 |= 0x0000003C;
TODIRO = 1 << 16; b, N
IOSETO = 1 << 16;
/* Setting SPI0 clock*/
SOSPCCR = 0x8;
SOSPCR = 0x00000020;
4
}
/* Send a bloek of data to the SPI port, the first */

void SPISend( unsigned char *buf, int Length )
{ "
int 1i;
unsigned char Dummy;

if ( Length == )

return;
for (1 = 0; 1 < Length; i++ )
{

SOSPDR = *buf;

while ( ! (SOSPSR & SPIF) );
Dummy = SOSPDR; /* Flush the RxFIFO */
buf++;

}

return;

}

/*the module will receive a block of data from SPI*/
void SPIReceive( BYTE *buf, int Length )
{

int i;
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for (1 = 0; i < Length; i++ )
{
*buf = SPIReceiveByte();

buf++;
}

return;

}
/*Receive one byte of data from the SPI port*/

unsigned char SPIReceiveByte( void )

{

unsigned char data;

/* wrtie dummy unsigned char out to generate
clock, then read data from MISO */

SOSPDR = OxFF;

/* Wait for transfer complete, SPIF bit set */

while ( ! (SOSPSR & SPIF) );

data = SOSPDR;

return ( data );

}

5.3.10 Thiét ké diéu kién giao tiép v&i thiét bi twong tw: ADC, DAC
Giao tiép v6i ADC

Céc bo ADC nhu tén goi di chi 16 1a cde thiét bi thuc hién chuyén ddi 1 tin hiéu lién
tuc thanh cac xung roi rac. Cu thé trong dién tir chiing chuyén d6i 1 dau vao tuong tu
thanh 1 gia tri s6 hoa twong duong véi mire cua bién do cua tin hi€u dau vao hoac & dang
dong dién hoac & dang dién the trén mot.dai gia tri biendd cua tin hi¢u dau vao.

Khi xét dén bo ADC céan quan.tam dén 2 tham §6 1a do chinh xac va téc do chuyén ddi.

Do chinh xac mé ta s6 cae'muc luong tir roi'rac ma bo ADC céd thé tao ra trén dai cac gia
tri tin hiéu dau véao tuong tu. Cac gia tri thong thuong dugce luu trong cac thiét bj s6 &
dang nhi phan nén d6 chinh xéecling dugc biéu dién dudi dang s6 bit. Vi du mot ADC
v6i d9 chinh xac 1a 8 bit c6 kha nang ma hoa mot dau vao twong tw sang 1 trong 256 mirc
khac nhau. Gié tri c6 thé 1a tir 0 dén 256 (sé nguyén khong diu )hodc tir 1a -128 dén 127
(s nguyén ¢6 dau)tiy thude vao ung dung.

Téc do chuyén d6i 13 thoi gian dap tng tir khi bd ADC bat ddu chuyén dbi cho dén
khi b ADC dua ra dugc muc lugng tir cia dau vao. Do chinh xac cang cao va thoi gian
chuyén ddi cang nhanh thi bd ADC c6 chat luong cang tot.

Bo ADC trong LPC2378:

Gom c6 6 kénh dau vao duoc ghép kénh véi do chinh xac 1a 10 bit, dai dién ap tinh
toan cho phép 1a tir 0 dén 3 V véi toc dd chuyén doi >= 2.44 uS. Ngoai ra nd con duoc
thiét ké dé cho phép diéu khién chuyén ddi thong qua xung khi c6 mét su dich chuyén
muc tur cac pin dau vao hodc khi c6 1 su kién Match trong bd Timer.Tin hi¢u clock duogc
cung cdp boi PCLK danh cho bd ADC, ddng thoi bén trong by ADC con co bo chia
clock kha trinh cho phép tao ra tin hi¢u clock phu hop

Mo ta cac pin:
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Pin Type Mo ta
ADO[5:0] Input Dau vao tuong tu
VREF Tham chiéu Pau vao dién ap tham chiéu : n6

cung cap cac muc dié€n ap tham
chiéu cho qua trinh chuyén doi

Mo ta cac than

h ghi ADC

Tén

M0 ta

Kiéu truy
cap

ADOCR

A/D Control Register. ADOCR phai dugc viét vao
de lug ch(;)n che do hgat (E(f)ng trudc khi viéc
chuyén doi AD c6 thé dién ra

R/W

ADOGDR

A/D Global Data Register. ADOGDR chtra cac két
qua cua qua trinh chuyén doi gan nhat

R/W

ADOSTAT

AD Status Register. ADOSTAT chira c6 DONE va
¢ OVERUN cho tat ca céac kénh AD, cling nhu co
ngat cua AD

RO

ADOINTEN

A/D Interrup Enable Register«Thanh ghi nay chura
c4c bit kich hoat ma cho phép co DONE cuia mdi
kénh A/D duoc bao gé)rmhoéc logi trur ra ty viéc
doéng gbp hodc tao ra cua mét ngat A/D

R/W

ADODRO-7

A/D Channel 0-7 Data Register. Cac thanh ghi nay
chura két qua cua qua trinh chuyén-doi gan nhat
duoc hoan thanh trén kénh 0-7

R/W

s \
Vi du st dung ADC. Trong vi du nay, chuwong trinh sé lién tuc doc gié tri dau vao

ADC va luu trong bién valués Cé thé mé rong chuong trinh dwa trén xu 1y gid tri nay dé
tao céc tinh nang mé rong hon eho tirng ung dung cu thé.

"LPC23xx. h"‘

#include
void ADC init( void )
{
/* Enable CLOCK into ADC controller */
PCONP |= (1 << 12);
/* select channel AD0.0 on P0.23 */
PINSEL1 = (1<<14);
/*set operation mode*/
ADOCR = ( 0x01 << 0 ) | /* SEL=1 */
(4 << 8 ) | /* CLKDIV = 4 *x/
(0 << 16 ) | /* BURST = 0 */
(0 << 17 ) | /* CLKS = 0 */
(1 << 21 ) | /* PDN = 1 */
(0 << 22) | /* TEST1:0 = 00 */
(0 << 24 ) | /* START = 0 */
(0 << 27 ); /* EDGE = 0 */
return;
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void start convert () {
ADOCR |=(1<<24);
}

void stop convert () {

ADOCR &= ~(1<<24);
}
int check done() {
if (ADOSTAT & 1 ==0) return 0;

return 1;

}

int get value() {
return (ADODRO>>6)&0x3ff;
}

/**************************

* % Main Function main ()
***************************/

int main (void)

{
int value;
ADC init();

while (1) |
start convert();
while (!check doné&()) {}

value=get value();
stop convert ()77

}
Giao tiép DAC /

Bo chuyén dbi s6 sang tweng tu DAC 1a thiét bi thuc hién chuyén d6i tin hiéu roi rac
dang s sang tin hiéu lién tuc tugg tu. Nhu vay no6 thuc hi¢én nhiém vu nguoc véoi bo
ADC:

Bo DAC trong LPC2378:
e B chuyén doi s6 sang twong tu 10 bit
e Kién triic chudi dién tré
e Dau ra dugc dém
e Ché do power down dé tiét kiém cong suat
e Tbcddva cong suit co thé lua chon duoc
Mo ta chan:

Tén Kiéu chan Mo ta

Analog Output. Sau khi thoi gian qua d6 duoc lua
AOUT Output chon sau khi DACR duoc viét mot gia tri mai, dién ap
trén chan nay 1a VALUE/1024.VREF
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VRFE Reference Voltage Reference. Chén nay cung cap dién ap tham
khdo cho by chuyén d6i D/A

VoA Analog power and Ground. Nhitng chan nay trén danh

Vesa Power nghia c6 cung dién ap la Vpp(3V3) va Vs, nhung
chung phai dugc cach ly dé t6i thiéu nhicu va 10i.

Luwru y: khi DAC khong dugc sir dung. Vpp va Vger phai dugc két ndi téi

nguon

cung cp va chan Vgga phai dugc két nbi voi dat. Nhimg chan nay khong dugc dé tha

noi.

Mo ta thanh ghi
Thanh ghi R/W chura gié tri s6 dé duoc chuyén ddi thanh analog va mot bit ma trao
dbi giira hiéu ning va coéng suat. Cac bit 5:0 duoc danh trude cho tuong lai, cho cac
bd D/A c6 d6 phan giai cao hon.

. - R Az Gia tri
Bit Ky hi¢u | Gia tri Mo ta Reset
Danh truge. Cac phan mém phai khong
5:0 - dugc viet cac bit/l vao cac bit nay. Gia tri NA
doc tlr cac bitdanh trudc khong cd y nghia
Sau khi thoi gian qua d¢ saukhi truong
15:6 | VALUE nay dugc viet mot gia tri mai, dién ap trén 0
chan Aout la VALUE/1024xVREF
0 Thot gian qua d6 cua DAC t6i da 1a 1ps, 0
16 BIAS va dong toida la 700 uA :
1 Thoi gian qua d6 cua DAC t6i da la 2,5us,
va dong t61 da 1a 350 pA
anh truge. Cac phan mém phai khong
3117 - yc viét cac bit 1 vao cac bit nay. Gia tri NA
doc tu cac bit danh trudc khdng co y nghia
Chuong trinh vi du sau thuc hi¢n tao 1 xung tam giac ¢ dau ra bd DAC. Tin hiéu thé

hién trén speaker cua bo kit MCB2300 1a mot 4m don kéo dai.

#include

"LPC23xx.h"

void DACInit ( void )

{

}

/* setup the related pin to DAC output */
/* set p0.26 to DAC output */

PINSEL1
return;

0x00200000;

/*k*************************

* x

Main Function

main ()

**k*k*k***********************/
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int main

{

(void)

unsigned long i = 0;

/* Initialize DAC */
DACInit () ;

while (

DACR

i++;

if

(

1

return 0;

}

)
= (1 << 6) | 0x00010000;

i == 1024 )

5.3.11 Vong khéa pha

PLL thuc chét 1a mot bo nhan tan, véi dau vao PLL 14 tin hiéu dao dong ngoai co tan
s6 tir 32kHz dén 50MHz tir thach anh, tin hiéu nay dugc nhan Ién va tao tin hi¢u dau ra
c6 tin sé tir 275MHz cho dén 550 MHz, két hop€ing khdi chia tan trong LPC2378 s&
cung cap tin hiéu xung clock cho 161 ARM7 ya cae ngoai vi. Str dung PLL cho phep
LPC2378 hoat dong & tan sb t01 da ngay cav61bd dao dong ngoal v6i tan sb thp, giam
anh huong khi ¢6 tin hiéu cao tin trong mach:

Taq s6 ddu ra cua PLL c6 thé thay'do1 duoc trong qua trinh CPU dang hoat dong, cho
phép tiét kiém cong suat trong trang thai idle.

Trong PLL c6 2 tham s6 xac dinh tan 6 dau ra 1a N va M.

Gia tri tan s6 dau ra dugc tinh nhu sau:
FCCO :(ZXMXFIN)/N
Trong d6

Fin — tan so tin hiéu dau vao bo PLL

Fcco — tan soO tin hiéu dau ra PLL

N - hé s6 chia cua PLL, lay tir c4c bit NSEL trong thanh ghi PLLCFG ctia PLL(
c6 gia tri bang truong NSEL+1, N=1+32).

M - h¢ s6 nhan cua PLL, liy tir céc bit MSEL trong thanh ghi PLLCFG cua
PLL(c6 gié tri bang truong MSEL+1, chi ¢6 1 so gia tri trong dai truong MSEL

dugc phu hop).
Mo ta cac thanh ghi I2C:
Register Mo ta Kiéu
‘ truy cap
PLLCON PLL Control Register. Thanh ghi chira cac bit diéu R/W
khién viéc cap nhat PLL. Cac gia tri dugc ghi vao
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thanh ghi nay s€ khong duoc ap ung ngay tai dau ra
PLL ma phai cho cho dén khi chudi gia tri tro giap
PLL dugc sur dung

PLLSTAT | PLL Status Register. Thanhi ghi ndy chira théng tin vé | RO
c4u hinh va diéu khién PLL. Néu PLLCON va
PLLCFG duoc cap nhat gia tri méi nhung chudi gia tri
tro gitp PLL chua dugc str dung thi gid tri méi nay sé
khong phan anh trang thai hién tai cua PLL. Doc thanh
ghi nay s& cung cép cac gia tri thuc dang diéu khién
PLL cling nhu trang thai PLL

PLLFEED | PLL Feed Register: thanh ghi nay cho phép cap nhat WO
cac gia tri thong tin cAu hinh va diéu khién PLL tir
PLLCOn va PLLCFG vao céac thanh ghi 4n ma thuc su
dang diéu khién hoat dong ctia PLL

Chudi tro gitip PLL phai duoc ghi vao thanh ghi PLLFEED d¢ thay cho cac thay dbi
trong PLLCON va PLLCFG dugc cap nhat thuc sy vao.cac thanh ghi dang diéu khién
PLL. Chudi nay gom:

(1) Ghi gia tri 0xAA vao PLLFEED

(2) Ghi gia tri 0x55 va PLLFEED

Vi du duéi giai thich cach cau hinh PLL ch6é PLL ’
void init PLL(void)
{
// Set multiplier and divider of PLL
PLLCFG = 0x00000024;

// Enable the PLL 7
PLLCON = _.0x00000001;

// Update PLLfregisters with feed sequence
PLLFEED 0x000000AA;
PLLFEED 0x00 Y H

// test Lock bit
while (! (PLLSTAT & 0x00000400));

// Connect the PLL
PLLCON = 0x00000003;

// Update PLL registers
PLLFEED = 0x000000AA;
PLLFEED = 0x00000055;

}

5.4 Thiét Iap hé diéu hanh nhing trén nén ARM

5.4.1 Firmware va Bootloader
Firmware thuong 1a phan ma ngudn duoc chay dﬁq tién trong mot hé thong nhing
khi khoi dong. Do do, nd 1a mot trong nhirng thanh phan quan trong nhat. Firmware rat
da dang, c6 thé chi 1a mot doan code khéi dong hodc ca mot phan mém nhing.
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C6 nhiéu dinh nghia vé firmware, chung ta dung dinh nghia sau:

_Firmware la phan mém nhung cap thap cung cip giao dién gitta phan ctng va cac
phan mém tng dung hodc h¢ diéu hanh. Firmware thuong dugc luu trén ROM va chay
khi hé thong nhiing dugc khdi dong.

DPbi v6i mot hé théng co hé dié}l hanh, khi khéi d@ng lén, hé théng can chay mot
chuong trinh ttr ROM dé nap h¢ di€éu hanh va dir liéu dé€ sau do c6 thé chay trén RAM.
Do d6, nguoi ta thuong dung dinh nghia sau:

Bootloader 1a mét ing dung dé nap hé diéu hanh hoic ing dung ciia mot hé thong.
Bootloader thudng chi ton tai t6i thoi diém hé didu hanh hogc Gmg dung chay. Bootloader
thuong dugc tich hop cung véi firmware.

Chu trinh chay thuong gip ctia mot hé thong nhung nhu sau
e Budc dau tién 1 thiét 1ap nén tang cta hé thong (hay chuin bi méi truong dé khoi
dong mot hé diéu hanh).

o Budc nay bao gdm dam bao hé thong duge khoi tao diing (VD nhu thay
d6i ban d6 bd nhé hoic thiét 1ap cA¢ gid tri thanh ghi..).

o Sau do, firmware s& xac dinh chinh x4¢nhan chip va hé théng. Thudng thi
thanh ghi s6 0 ciia by dong xif Iy luu loai VXL va tén nhasx.

o Tiep theo, phan mém chudn doan hé thong s€ xac dinh xem cé van de gi
v6i cac phan cimg co ban khong,

¢ Thlet lap giao dién stta 16i: kha nang sua 16i hd trg cho viéc sura 16i phan
mém chay trén phin cimg. Cac sy hd tro nay bao gom

= Thiét lap breakpoint tronﬁ RAM.

= Libtke vasia d6i bo nh.

= Hién thi ndi dung cua cic thanh ghi.

= Disassemble ndi dung bd nhé thanh cac 1énh ARM va Thumb.

o Thong dich dong lénh (Command Line Interpreter hoac CLI) : Tinh nang
thong dich dong 1{% cho phép ngudi str dung thay d6i hé diéu hanh duoc
khoi dong bang cach thay d6i cAu hinh mic dinh thong qua cac 1énh tai
command prompt. D6i v6i hé diéu thanh nhung, CLI dugc diéu khién tir
moét img dung chay trén may host. Viéc lién lac gitra host va target thuong
qua cap ndi tiép hodc két néi mang

e Budc tht hat la triru tuong hoa phan cing. Lop triru tugng hoa phan cing (HAL)
12 mot 16p phan mém gidu chi tiét vé& phan cung phia dudi bang cach cung cap
mdt tap hop giao dién 1ap trinh da dugc dinh sin trude. Khi chuyén sang mot nén
tang khac, cac giao dién lap trinh nay duoc gitr nguyén nhung phan cing phia
dudi co thé _thay d6i. Boi v6i mbi mot phan cung cu thé, phin mém HAL dé giao
tiép voi phan cting d6 goi 1a trinh diéu khién thiét bi (device driver). Trinh diéu
khién thiét bi cung cap giao dién 1ap trinh img dung (API) chuan dé doc va ghi téi
mot thiét bi riéng.

e Budc thtr ba 1a nap mot anh khoi dong dugc (bootable image). File nay co thé luu
¢ trong ROM, network hogc thiét bi luu trir khac. D6i v6i chip ARM, format ph
bién nhat cho image file 1a Executable and Linking Format (ELF).
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e Budc thtr tur 1 tir bo quyén diéu khién. Den day khi hé diéu hanh da bat dau duoc
nap 1én va chay, firmware s& chuyén quyén dleu khién hé thong cho h¢ diéu hanh.
Trong mot so truong hop dac biét, firmware van c6 thé gitr quyén diéu khién hé
thong.

o Trong hé théng sir dung chip ARM, trao quyén diéu khién c6 nghia 1a cap
nhat bang vector va thay do6i thanh ghi PC. Thay d6i bang vector s& lam
chung chi dén cac ham diéu khién céac ngat va cac ngoai 1¢. Thanh ghi PC
dugc cap nhat dé chi dén dija chi ban du cta hé diéu hanh.

5.4.2 Hé thong file (Filesystem)

Heé thong file 1a cach thirc dé luu trit va to chirc cac file va dir lidu trén may tinh.

Khac voi cac hé thong luu trir trén may tinh hay may chu, cac hé théqg nhing thuong
su dung cac thié} bi luu trir thé ran nhu flash memory, ﬂash disk. Céc thict bi nay phai
duogc thiét 1ap cau hinh h¢ thong file hoan chinh cho hé thong.

Cg’) nhiéu loai hé théng file khac nhau, sau day la mot s hé théng file phé bién cho
hé thong nhing:

ROMFS (ROM file system)
ROMEFS 14 hé thong file don gian nhat, litu cac dit liéwco kich thude nho, chi doc
dugc. Thuong cac dir liéu nay phuc vu qua trinh khoi tao RAM disk.

RAMdisk

Ramdisk (con goi la 6 nhd RAM a0 hodac 6 nhd RAM mém) 1a mdt 6 dia 4o dugc
thict 1ap tor mot khéi RAM. Hé thong may tinh sé 1am vi¢c voi khoi RAM nay nhu mdt 6
dia.

Hiéu ning cia RAMdiskthudng cao hon cac dang luu trir khac nhiéu, tuy nhién cac
dir li¢u luu trén RAM disk s€ bimat khi mat nguon.

CRAMEFS (Compressed RAM file 3'gys‘[em)

CRAMES la mot hé théng filetién dung cho cac hé théng luu trit thé ran. bay 1a mot
hé théng file chi doc ra, va ¢6 kha nang luu dit li€u Iuu trén hé théng c6 dang nén.
CRAMFS dung thu vién zlib dé nén di liéu.

Cong cu lam viée véi hé thdng file ndy 1a mkcramfs.

Journaling Flash File System (JFFS va JFFS2)

JFFS 14 hé thong file cb dién cho hé théng nhiing. JFFS hd tro bo nhé flash NOR.
Phién ban cap nhat ciia JFFS 1a JEFS2 c6 thém nhiéu tinh ning céi tién, hd trg bo nhé
flash NAND. Ddng thoi, JFFS2 ciing hd tro nén véi mot trong ba thuat toan : zlib, rubin
va rtime.

5.4.3 Thiét 1ap nhan (kernel)
Nhan cua hé diéu hanh 1a thanh phan phan mém trung tdm cua hé thong nhung. Kha
nang cua nhan cling 1a chi s cua kha nang cua ca h¢ thong.
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Kién tric, cdu tric ctia nhan hé dleu hanh nhing tuy theo tung hé diéu hanh c6 thé tir
don gian dén phuc tap. Cac tai liéu vé kién trac, cu trac, 1ap trinh, str dung nhan rat
phong phu va pho bién. Do pham vi vuot qua ndi dung lién quan, ¢ ddy chung ta chi de
cdp dén van dé chuan bi mot nhan cho hé diéu hanh nhing. Cac vi du dugc 13y 1a nhan
Linux.

Cu thé, chung ta s€ dé cap dén viéc lya chon nhan, cau hinh, dich va cai dat.
Luwa chon nhan

Hién nay co nhiéu hé diéu hanh nhung khéac nhau, mdi hé diéu hanh nhung co nhiéu
phién ban khéac nhau. Trén thuc té, nhiéu phién ban chi danh riéng cho mét s6 bo mach
nhung, mot $6 phién ban c6 thé hoat dong trén nhiéu bo mach nhung, nhung can dugc
stra d6i phu hop lai v6i cau hinh.

Dbi véi hé diéu hanh Linux, cac phién ban nhan cho chip ARM duge luu & trang web
http://www.arm.linux.org.uk/developer/. Ngoai ra, cic phién ban c6 thé dugc luu & cac
trang ma nguon khac, hodc di kém theo kit phat trién.

Sau khi download hodc copy phién ban nhandu dinh sir dung. Ta c6 thé can phai
dung céac ban va cho nhan (patch). Céc ban vasay co the stra chita cac 101 hoac thay doi

mot sO tinh nang trong nhan.
s

CAu hinh nhan

Thiét 13p cAu hinh nhan 13 bifoc dau. tién dé xdy dimg nhan cho bo mach. C6 nhiéu
cach dé thiét 1ap cdu hinh nhén, trong qué trlnh thiét 1ap cau hinh ciing c6 nhiéu lyra chon
khéc nhau. Tuy nhién, khong phu thudc vao cach 'dung hoac cach lya chon cac options,
nhan sé tao ra mot file .config vatao ra cac'lién két symbolic va céc file headers sé dugc
dung trong qua trinh con lai cta viéc xay dung nhan.

Cac lua chon: Co rat nhiéu lt chon khéc nhau, cac lya chon nay s€ dugc dung dé
thiét 14p nén nhan. Tuy theo yéu cau ciia bo mach va chip ma ta lua chon cdu hinh thich
hop. O day ta chi liét ké mot s6 lya chon chinh:

Code maturity level options

Loadable module support
General setup

Memory technology devices
Block devices

Networking options
ATA/IDE/MFM/RLL support
SCSI support

Network device support

Input core support
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Character devices
Filesystems
Console drivers
Sound

Kernel hacking

Cac cach thiét 1ap cAu hinh: c6 4 cach chinh

make config
Str dung giao dién dong 1énh (command-line interface) cho lan luot ting lira chon
make oldconfig
Str dung ,céu hinh trong md file .config sin c6 va chi héi nhitng lwa chon chua
duogc thiét 1ap.
make menuconfig
Thiét 1ap cAu hinh dung giao dién thuc don trén terminal.
make xconfig

Thiét 1ap cAu hinh dung giao dién X Window
s

Dé xem thuce don cau hinh nhan, c6 thé dung dong 1énh. VD do6i vdi dong chip ARM:
$ make ARCH=arm CROSS COMPILE=arm-linux- menuconfig

Sau do, ta c6 thé chon céetny chon chu hinh tuong ng cho bo mach. Nhiéq tinh
nang va trinh diéu khién thirong €6 san theo dang cac module va c6 thé dugc chon dé tich
hop trong nhan hoac kém thee dang module.

Sau khi hoan thanh viéc ¢ hinh nhan, thoat va luu ciu hinh nhan. File cau hinh s&
duogc luu lai trong mat file .conﬁg.}

Bién dich nhan

Bién dich nhén bao gdm ba budc chinh sau: Xay dung céc file phu thudc, xay dung
anh nhéan (kernel image), xdy dung cic module nhan. Mdi buéc déu ding céc 1énh make
va dugc giai thich duéi ddy. Tuy nhién, cac budc ndy c6 thé duoc 1am gop bang cach
ding mot 1énh duy nhat.

X4ay dung cac file phu thudc:

Phan 16n cac files trong mi ngudn ciia nhan phu thudc vao nhiéu file header. Dé xay
dung nhan, file Makefiles can biét tit ca cac phu thudc nay. Di véi mbi thu muc trong
cay thu muc nhan, moét file .depend dugc tao trong qué trinh xay dung cac phu thudc.
File nay chira danh muc céc header file ma céc file trong thu muc phu thude vao.

Ttr the muc gbe (root directory) cia md ngudn nhédn, dé xdy dung cac phu thudc cua
nhan dung I¢nh sau:
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$ make ARCH=arm CROSS COMPILE=arm-linux- clean dep

O day ARCH (kién trac) 1a nhan ARM. CROSS COMPILE 1a bién dich chéo, dung
trong viéc bién dich trén kién trac khic véi ARM (VD kién tric x86).
CROSS_COMPILE sé& duoc dung dé lya chon céng cu xay dung kernel. Trong truong
hop chay trén Linux, trinh bién dich 1a gcc, do do6 néu bo mach dich st dung chip ARM,
trinh bién dich s€ la arm-linux-gcc.

X4y dung file Anh nhan (kernel image):
File anh ctia nhan duogc tao ra bfing Iénh sau:

$ make ARCH=arm CROSS COMPILE=arm-linux- zImage

O day, file dich 14 zImage, c6 nghia 1 anh cua nhan dugc nén ding thuat toan gzip.
Ngoai thudt todn nay ra c6 thé dung vm/inux dé tao mot anh khong nén.
Xay dung cac module nhan:

Sau khi anh cua nhan da dugc xdy dung xong, cac module nhan ¢6 thé dugc xay
dung bang dong 1énh sau:
$ make ARCH=arm CROSS COMPILE=arm-linux- modules

Tuy theo cac tuy chon nhén da dugce lya chon xdy dung theo dang module trong qua
trinh thiét lap cau hinh nhan (thay vi tich hop trong nhéan), thoi gian cho qua trinh nay c6
thé dai ngan khac nhau.

Sau khi anh cua nhan va cac module¢ta.nhan di duge xay dung, ta cd thé cai vao
trong bo mach dich. Trudc khi cai, chung ta can backup file cu hinh nhan va don sach
mi ngudn ctia nhan bang cau 1énh sat:
$ make ARCH=arm CROSS COMPILE=arm-linux- distclean
Cai diit nhan y

Budc cudi cing 13 cai @it nhan vao bo mach dich. P6i voi mdi cau hinh nhén, ta can
copy bén file: file anh nhan dé@mén, file anh nhan khong nén, ban d6 symbil nhan va file
cAu hinh. File anh nhan d3 nén & ng thu muc arch/arm/boot/zImage, ba file con lai lan
luot 1a vmmlinux, System.map, va .config.

Bé dé dang nhéan dang céc ﬁle, chung ta can dat tén file theo phién ban ma nhan. Vi
du néu nhan dugce tao tir ma nguodn 2.4.18-rm5, ching ta copy céc file nhu sau:

cp arch/arm/boot/zImage ${PRJROOT}/images/zImage-2.4.18-rmk5
cp System.map ${PRJROOT}/images/System.map-2.4.18-rmk5

cp vmlinux ${PRJROOT}/images/vmlinux-2.4.18-rmk5

cp .config ${PRJROOT}/images/2.4.18-rmk5.config

Uy Uy Uy O

File Makefile cia nhan kém theo mét file modules_install cho viéc cai dat cac module.Theo
mac dinh, cac module dugc cai trong thu muc /lib/modules. B6i vi cac module nhan duogc dung
véi anh cia nhéan tuong Gng, cac module nay nén dugc cai trong thu muc véi té€n tuong ty nhu
anh cua nhan. Trong vi du trén nhan st dung la 2.4.18-rmk5 dugc cai trong thu muc
3{PRJROOT}/images/modules-2.4.18-rmk5. Toan bd ndi dung cta thu muc nay s€ duoc
copy vao hé thong file gbc ctia bo mach dich dé dung véi nhan twong tng, do d6 dé cai
cac module ta dung 1énh:
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$ make ARCH=arm CROSS COMPILE=arm-linux- \
> INSTALL MOD PATH=${PRJROOT}/images/modules-2.4.18-rmk5 \
> modules install

Sau khi da hoan thanh viéc copy cac modules, nhan s€ thuc hién viéc xay dung su phu thuge
ctia cac module can cho céc tién ich trong qua trinh chay thyc. Pé lam viéc ndy, chung ta can
cong cu xdy dung di kém voi goi phadn mém BusyBox. Download BusyBox vé, copy vao thu muc
3{PRJROOT}/sysapps va giai nén tai day. Tu thu muc BusyBox, copy file Perl script
scripts/depmod.pl sang thu muc 8/ PREFIX}/bin.

Ta dung 1énh sau d€ xay dung cac phu thudc module cho bang mach dich:
depmod.pl \
-k ./vmlinux -F ./System.map \
-b ${PRJROOT}/images/modules-2.4.18-rmk5/1ib/modules > \
${PRJROOT}/images/modules-2.4.18-rmk5/1ib/modules/2.4.18-
rmk5/modules.dep

VvV VvV V

é‘trén day tuy chon —k"dé xac dinh anh ctia nhan 1a khong nén, -F ding dé xac dinh
ban d6 hé thong, -b dung d¢ xac dinh thu muc can ban.
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