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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 cing
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 tmg ky thuat vao ban ké khai. Tét
hon, cac phan tir cdu thanh sin co dé dung phai duoc liét ké cho hé théng. Cling c6 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 pham t6i khach hang, kha ning dung lai cta
san pham. Diéu nay din dén thuat ngir platform-based design (thiét ké trén nén):

Mot platform (nén) la mét ho kién triic thod man 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
cieng la chua di. Cdc thiét ké nhanh, tin cdy, cé tinh dan xudt cao thuong yéu cau sir
dung mot nén giao dién Idp trinh irng dung (API) dé tir d6 phat trién, mo rong dé dat t6i
phan mém img dung. Nhin chung, mot nén (platform) la mot [0p khai niém trieu twong
trong do bao gom nhiéu sang loc kha di dé dwa t6i mot mirc thap hon. Thiét ké trén co s
nén la mot cach tlep cdn meet-in-the-middle: Theo dong thiét ké tir dinh xuong, nguoi
thiét ké sé Idp ban dé cdc nén tir cao t6i thap, va cong bé nhitng rang budc thiét ké giita
chung [Sangiovanni-Vincentelli, 2002].

Viéc 1ap ban dd 1a mot qué trinh 13p di 1dp lai, cdc cong cu danh gid hoat dong
trong qué trinh nay duoc hudéng dan & phan tiép theo. Hinh 4-1 thé hién cach tiép can
nay.

Hoat dong thiét ké phai tinh dén sy ton tai cta nhiing platform san c6 va ghi
ching vao bang ké khai. Trén thyc té c6 mot lwong 16n cac hoat dong thiét ké, nhung chi
mot vai hoat dong trong sd chung duoc trinh bay & ddy va viéc tham chiéu den cac
platform sin c6 khong phai ludn ludn duoc thé hién. Cac hoat dong thiét ké bao gdm:

Quan ly cac nhiém vy cung mire: Hoat dong nay c6 lién quan vdi viéc xac dinh
cac nhiém vu phai duoc hién dién trong h¢ thng nhiing cubi ccung. Nhiing 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 tir mang ¢ nhiéu ving khac nhau. Ngoai ra, cac phép toan s6 hoc dau
phay dong co thé thuong xuyén duoc thay thé bai cac cac phép toan sé hoc du phay cd
dinh ma khong c6 bat ky ton that 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 4p dung trude khi
bat dau bat ky mét qua trinh bién dich nao.

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

Bién dich: Nhiing phan cia 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 thirc phan cing" dic biét
cho hé thong nhung.

‘Sysiem behaviorl | System architecture ‘

Mapping
v
‘ Performance simulation ‘

I Refine !
v

| Implementation |

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

Lap lich trinh: Lap lich trinh (sdp dat thoi gian bit dau cac hoat dong) phai dugc
thuc hién trong mot vai bdi canh. Lich trinh phai duoc ang chung (gan chinh xac) trong
thot gian phén vung phan cimg/phan mém, trong thdi gian quan 1y cac nhiém vy dong
murc va ciing co thé trong thoi gian bién dich. Lich trinh chinh xac c6 thé nhan dugc cho
mé chuong trinh cudi cung.

Khio sat khong gian thiét ké: Trong hau hét cac trudong hop, s& c6 mot vai thiét
ké dap ung dugc cac thong sb ki thuat. Khao sat khong gian thiét ké 1a qué trinh phan
tich chi tiét tap cac thiét ké kha di (c6 thé thyuc hién). Trong s céc thiét ké dap tmg duoc
cac thong sb ky thuat, chi duy nhat mot thiét ké duoc chon.

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

4.1.2 Dic ta

C6 thé van con nhimng truong hop ma dic ta ky thuat cua cac hé théng nhiing
duogc thu thip trong mot ngdn ngir ty nhién, nhu tiéng Anh. Tuy nhién, cach tiép can nay
1a hoan toan khong thich hop vi n6 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 nd 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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thut 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 thong 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 twogng ma con ngudi 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 can 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 13 cac phéan cép chira
cac doi tugng can thiét dé moé 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.

- Cac phén cép cdu triic: cac phan cap cdu tric mo ta cac hé théng duoc bao
gom nhiing thanh phan vat 1y nhu thé nao.

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

Thoi gian-hanh vi: mot khi cac yéu cau tinh toan thoi gian rd rang (chinh
xac) la mot trong nhitng dic trung cua hé thong nhung, cac yéu cau tinh toan thoi gian
phai dugc thu thap trong dac ta ky thuat.

Hanh vi dinh huéng trang thai: N6 da dugc dé cap trong chuong 1 ma cac
thiét bi tw dong cung cAp mot co ché tét cho mo6 hinh hoa cac hé théng phan tng. Vi vay,
hanh vi dinh huéng trang thai cung cap bai cac thiét bi ty dong s& dé mé ta. Tuy nhién,
cac mo hinh thiét bi tur dong co dién 1a khong du, vi chung khong thé mé hinh hoa thoi
gian va vi sy phan cép 1a khong duge hd trg.

Xir Iy-sw kién : Do tinh chit phan tng tu nhién cua cic hé thong nhung, cac
co ché cho viéc mé ta cac sy kién phai ton tai. Cac sy kién nhu vay c6 thé 1a cac su kién
bén ngoai (gay ra bdi moi trudng) hodc cac sy kién ndi b (gay ra boi cac thanh phan caa
hé thong).

Khong c6 nhirng tré ngai cho viéc tao ra nhirng thuc thi hi€u qua: vi cac
hé thong nhing phai hi¢u qua, khong cé 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 ngit
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 v6i 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 nhat.

LB k:‘kfy?/’ Y,
"“-u.,_‘\‘ K
m K_“é‘/l K
—Z/

Hinh 4-2. So d6 trang thai voi 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 co thé x4c dinh dong thoi thuén tién.

Pong bd hoéa va truyén thong: cic hoat dong dong thoi phai c6 kha ning
lién lac va n6 phai kha di phu hop véi viée st dung céc tai nguyén. Chang han, can thiét
bicu thi su loai trir Ian nhau.

Su hién dién ciia cic yéu t6 1ap trinh: cac ngon ngir 1ap trinh thong thuong
da dugc ching minh 13 mét phuong tién thuén tién dé thé hién céc tinh toan can phai
dugc thyc hién. Do 6, cac yéu td ngdn ngtr lap trinh nén co san Ltrong ky thuét dac ta
dugc sir dung. Nhiing so do trang thai c6 dién khong dép ting yéu cau nay.

C6 thé thwe hién dwoe: Nhitng dic ta khong ty dong phul hop véi nhimg ¥
tuong trong dau con ngudi. Thuc hién cac dic ta ky thuat 1a mot phuong tién kiém tra
dang tin cay. Cac dic ta k¥ thuat sir dung ngdn ngir lap trinh c6 mot 1gi thé rd rang trong
ngtt canh nay.

H§ tro cho viéc thiét ké cac hé thong 16m: Co6 mot xu thé hudng toi cac
chuong trinh phdn mém nhung 16n va phirc tap. Cong nghé phan mém d3 tim ra nhiing
co ché dé thiét ké nhiing hé théng 16n nhu vay. Chfmg han, huéng dbi tuong 1a mot co
ché nhu vay. N6 can phai sdn sang trong phuong phap dic ta ky thuat.

HS tro linh vie chuyén biét: Tat nhién sé& 1a tot hon néu cung mot ky thuat
dic ta co thé duogc ap dung cho tat ca cac loai khac nhau cia hé théng nhang, vi diéu nay
s€ giam thiéu cac nd luc dé phat trién céc ky thuat dac ta k§ thuat va cong cu ho tro. Tuy
nhién, do pham vi rong céc linh vuc tmg dung, ¢ rat it hy vong rang mot ngdn 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 tap trung va phan tan, thién vé diéu khién, thién vé xir ly
dir lidu déu c6 thé huong loi tir cac tinh nang ngdn ngit chuyén dung d6i véi cac linh vuc
do.

Co thé doc dwoge: TAt nhién, nhimg dic ta ky thut phai doc duoc boi con
ngudi. Tot nhat 13, ching cling c6 thé doc duoc bang may trong trinh ty dé xir Iy ching
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/0O khéc véi céac thiét bi thong thuong dugc tim thay trén may PC. Can phai c6
kha nang mo ta nhiing dau vao va nhitng dau ra cho nhirng thiét bi do thuén tién.

Nhirng thugc tinh khong hoat dong: cac h¢ thong thuc té phai thé hién mot
s6 thuge 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 vdi nguoi su
dung, twong thich dién tir (EMC) v.v. Khdng cé hy vong rang tat ca nhimg thudc tinh nay
c6 thé duoc dinh nghia mot cach chinh thirc.

M&b hinh tinh toan thich hop: Dé mé ta tinh toan, cic mo hinh tinh toan Ia
bat bugc. Cac mo hinh nhu vay s€ dugc mo ta trong phan tiép theo.

Tir danh sach cac yéu cau, da the hién rd rang rang s& khong c6 bat ky ngon
nglr chinh thirc nao c6 kha nang dap ung tat cd cAc yéu cdu nay. Boi vay, trong thuc té,
ching ta phai song voi nhing thoa hiép. Viée lua chon ngén ngir duoc st dung cho mét
thiét ké thuc té s& phu thudc vao cic mién tng dung va mdi truong ma trong do thiét ké
s& duoc thuc hién. Trong phan sau, chung ta s& trinh bay mot khao sat cac ngdn ngit co
thé duoc sir dung cho cac thiét ké thuc té.

a. M6 hinh tinh toan

Nhiing img dung céng nghé thong tin da ton tai cho dén nay rat nhiéu dwa vao
mo hinh may tinh von Neumann cua tinh toan tudn ty. M6 hinh nay la khong thich hop
cho cac hé thong nhing, dic biét 13 nhitng hé théng c6 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 dd trang thai (StateCharts)

Ngon ngir thuc té dau tién s& dugc trinh bay 1a StateCharts. StateCharts da
dugc gigi thi€u vao ndm 1987 bdi David Harel va sau d6 mé td chinh xdc hon.
StateCharts mo ta viéc truyén thong trong nhitng may trang thai hitu han. N6 dua trén
khai niém bd nhé chia sé truyén thong.

c. Nhirng dic trung ngon ngir khai quat

Phan trudc cung cap cho chiing ta mot sé 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 thuc 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 mo 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, chiing 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 bo vi xu 1y.
Phéan nay mé ta mot s6 k¥ thuat dé 1ap ban dd nay. Ap dung cac k¥ 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 ti€u 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 cua dic ta ky thuat, vi du
¢ dang dd thi nhiém vy va thong tin vé nén (platform).

Dbi v6i mdi nat ctia do thi nhiém vu, chung ta can thong tin lién quan dén cac
nd lyc can thiét va nhitng 1¢1 ich nhan duogc tr viéc lya chon mot sy thuc hién nao do cac
nat nay. Vi du, thoi gian thuc hién phai duoc du doan. Rat kho dé du doan thoi gian can
thiét cho truyén thong. Tuy nhién, hai nhiém vy doi hoi mot bang thong truyén thong rat
cao tot nhat nén dugc anh xa t6i cac thanh phan glong nhau. Phuong phap lap duge su
dung trong nhiéu trudng hop. Mot giai phap ban dau cho van d& phan ving duoc tao ra,
phan tich va sau dé dugc cai thién.

Mot s6 phuong phap tiép can cho phan hoach dugc giéi han dé anh xa cac nut
d6 thi nhiém vy t6i hodc phan cig chirc ning chuyén biét hodc phan mém chay trén
mot by xur Iy don. Viéc phan hoach nhu vay co thé duoc thuc hién véi cac thuét toan
bipartitioning (phan d6i) cho cac do thi nhiém vu.

Nhirng thuat toan phan hoach phirc tap hon c6 kha nang lap ban dd cac nut d6
thi cho hé thong da xir Iy va phan ctg. Trong phan sau, chung ta s€ mo ta cach lam viéc
cua thuat toan nay bang cach str dung mot k¥ thuat t6i wu hoa tiéu chuan tir cac hoat dong
nghién ciru, 1ap trinh s6 nguyén. Trinh bay cta ching ta dwoc dua trén mot phién ban
don gian hoa ciia cac dé xuit toi vu hoa cho cong cu thiét ké COOL (codesign tool) .

behavior| | platform

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

—

simulation }

no es 7
ok?>-YCS

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 gém 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 tat ca cac bd xtr Iy 1a ciing loai, vi n6 khong bao gdm su lua chon b 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. Dbi 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 ctiing trng dung chuyén biét.

Hanh vi: Phan tht ba ctia diu vao mo ta hanh vi tong thé duoc yéu cau. Pd
thi nhiém vu phan cap dugc st dung cho viéc nay. Ching ta cé thé nghi ra, vi du bang
cach st dung d6 thi nhiém 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 chira thong tin vé s6 lugng thong tin
dugc trao doi. Gidi han vé phan dinh thoi gian cung cap nhiing sy rang budc vé phan
dinh thoi gian. COOL doi hdi cach xtr Iy ciia moi nuit trong cac nut 14 (leaf node) cua
phan cap do thi da biét. COOL cho la cach xir Iy nay da dugc quy dinh trong VHDL.

Dbi voi phan ving, COOL sir dung cac budc sau:
1 Chuyén d6i hanh vi thanh mot mo hinh d6 thi ndi bo.
2 Chuyén d6i hanh vi ciia mdi nat tir VHDL vao C.

3 Bién dich tAt ca cac chuwong trinh C cho by xtr Iy muc ti€u da chon, tinh
toan kich thudc cia chuong trinh két qua, du toan thoi gian thyc hién két qua. Néu mo
phdng dugce st dung sau do, thi dit liéu dau vao mo phdng phai dugce san sang.

4 Tong hop cac thanh phan phan cuing: Déi voi mbi nit 1a, phan cimg tmng
dung chuyén biét phai dugc tong hop. Tir d6 mot s6 16n thanh phan phan clng co thé
phai dugc tong hop, tong hop phan cing khong nén qua chdm. Co thé nhan thay rang cac
cong cu tong hop thwong mai tap trung tong hop ¢ muc cong co thé 1a qua cham dé c6
ich cho COOL. Tuy nhién, cac cong cu téng hop cao cap lam viéc tai mtrc-chuyén doi-
thanh ghi (sir dung cac bo cong, cac thanh ghi, va bd don kénh nhu 13 cac thanh phan
thay vi cac cong) cung cip toc do tong hop ddy 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] duoc stir dung.

5 Trai phang sy phin cap: Budc tiép theo s& khai trién mot d6 thi nhiém vu
phang tir Iuu d6 c6 phan cap. Khi khong co 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
nut. Bay thue sy 14 mot trong nhiing y tudng chinh cia COOL: cdc 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 man cac
rang budc thiét ké.

6 Tao ra va giai quyét mot md hinh toan caa van dé toi uwu héa: COOL sur
dung 18p 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 1a 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 x4p xi thd cua thoi gian truyén thong. Thoi gian
truyén thong giira hai nut bat ky ctia dd thi nhiém vu phy thudc vao viée anh xa cac nit
nay tuong ung tdi 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 anh 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 cac nut dd 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. Sy hop nhat nay dugc thé hién trén Hinh 4-4.

Chung ta gia dinh rang cac nhiém vu T1, T2 va T5 duoc 4nh xa t6i cac thanh
phan phan cung H1 va H2, trong khi do T3 va T4 duoc anh xa t61 bo xu ly P1. Tuong
g, truyén thong gitra T3 va T4 1a truyen thong cuc bd. Vi vdy, chiing ta hop nhit T3
va T4, va thira nhan rang viéc giao tlep gitra hai nhiém vu khong doi hoi mot kénh truyen
thong. Thoi gian truyén thong bay gior ¢6 thé duge ude lugng véi do chinh xac duge cai
thién. D thi két qua sau do dugc st dung nhu dau vao mai cho viée tbi wu hoa toan hoc.
Céc bude trude d6 va hién tai dugc 1ap lai cho dén khi khong con niit @b thi nao 1a ¢ thé
duogc sat nhap.

H1 H2 H1 H1 H2  H1
\ A Il f
| b | (R
: _?J( T2/1 | | (T,) |
- - T - =/
|/ -I__\I’/ i Hh---:\qkl/.-rlr\'s\ —_— |/-|:\i/\ TS\\
R P _ S = 1/ =Y
&(T\ /T \/ \:/T,\r/
3 4/ 3/
N F |
“ P - |
N o V
P1 P1

Hinh 4-4. Hop nhét cac nat nhiém vu duge anh xa dén cung mdt 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 cing ung dung chuyén biét va bo nhé.

Tiép theo, ching ta s&€ mo ta budc 6 chi tiét hon. Cac mo hinh IP cung cap
mot phuong phap tlep can chung dé mé hinh hoa nhing van dé t6i vu héa. Cac mé hinh
IP bao gom hai phan mot ham chi phi va mét 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 14 nhitng ham tuyén tinh ctia nhitng bién d6. Vi vay, chung phai c6 dang chung:

C=)> ax, witha ell,x el (4.1)

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

1,777 i,j°
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 sé 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 cudng buc la 0 hodc 1, thi mé hinh tuong g dugc goi 1a mdt mod hinh 1ap
trinh s6 nguyén 0/1. Trong trudng hop nay, cic bién ciing dugc biéu thi nhu nhitng bién
quyét dinh (nhi phan).

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

C=5x; +6x; +4x3 (4.3)
X|+tXo+x3>2 (4.4)
x; <1 (4.5)
x2<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 kha di. Cac giai phap nay dugc liét ké trong Bang 4-1. Giai
phép v&i mdt chi phi bang 9 1a toi vu.

Céc tmg dung doi hoi phai ti da hoa mot vai loi ich thi ham C' c6 thé dugc
thay vao dang thirc ¢ trén bang cach dat C =- C'.

X 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 mo 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 d& lap
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trinh s6 nguyén lam cho c6 cam giac bat chip su phic tap ciia 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& md ta viéc phan vung c6 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 mat
kiéu nat dd thi nhiém vu. Vi du, c6 thé c6 cac nit md ta can bac hai, cic 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 ching dugc tinh 13 mot kiéu.

* Tap chi s6 KH biéu thj cac kiéu thanh phan phan ctng. Mdi k e KH tuong Gmg véi mot
kiéu thanh phan phan ctig. Vi dy, c6 thé ¢ cac thanh phan phan cting dic biét cho DCT
hodc DFT. C6 mot gia tri chi sd 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 mot chiséj e J.

* Tap chi s6 KP biéu thi nhitng bo xir Iy. Mdi k € KP xac dinh mdt trong nhimng bo xtr Iy
(tit ca déu 1a cung loai).

Céc bién quyét dinh sau day dugc yéu ciu boi mé hinh:

* X1 bién nay s& 1a 1, néu nat v; dugc anh xa t6i kiéu thanh phan phan cimg k € KH va
0 néu khong.

* Y, bién nay sé& 1a 1, néu nat v; duoc anh xa téi bd x Iy k € KP va 0 néu khong.

* NY;: bién nay s& 13 1, néu it nhat mot nut loai / duwoc 4nh xa t6i bd xtr Iy k € KP va 0
néu khong.

* T 1a mot anh xa I — L tir cac nut d6 thi nhiém vu t6i cac kiéu twong tmg cua chung.

Trong trudng hop cu thé ciia chiing ta, ham chi phi tich lily tong chi phi cua tat ca cac
don vi phan cing:

C = céc chi phi cho by xir 1y + céc chi phi cho bd nhd + cac 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 budc 4n dinh hoat dgng: Nhiing rang budc ndy bao dam rang mdi hoat
dong dugc thuc hién hodc trong phan cing hodc trong phan mém. Nhitng 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).

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

Xi,k 3 IN(), (48)

Yi’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, <1

Néu chire nang cua madt nut nhét dinh cta kiéu / duoc 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:
VieLVi : T(v)=c,VkeKP : NY,,2Y,,

Trong vin ban gbc, diéu nay c6 nghia la: v6i moi kiéu [ thudc cac nut 66 thi
nhiém vu va véi moi nat i thude kiéu nay, rang budc sau ddy phai dugc duy tri: néu i
dugc anh xa to1 bo xur ly k nao do (biéu thi boi Yy 1a 1), thi phan mém tuong Gmg voi
chtre nang / phai duoc cung cap boi bo xir 1y k, va phan mém tuwong tmg phai ton tai trén
bo xir 1y d6 (biéu thi boi NY;, 1a 1).
Nhiing su rang budc bd sung bao dam rang nhimng bién quyét dinh N¥;, ciing 1a nhiing
bién gid tri 0/1:

VieL:VkeKP : NY, <I

Nhirng rang budc tai nguyén: Tap tiép theo ciia cac rang buoc dam bao rang
"khong qué nhiéu" cac nit dugce anh xa tdi cung mot thanh phan phan cing tai cung mét
thoi diém. Chang ta gid dinh rang, cit moi chu ky dong ho, nhiéu nhat 1a mot hoat dong
c6 theé dugc thyc hién trén moi thanh phan phan cing. That khong may, di€u nay co
nghia rang thuit todn phan vung ciing 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 co lién quan.

Nhirng rang bugc mirc wu tién: Cac 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: Nhiing rang budc nay dit mot giéi han vé chi phi cua
cac thanh phan phan cting nao dd, chang han nhu b nhd, cac by xtr Iy hodc khu vuc
danh cho phan ctiing ing dung chuyén biét.

Nhirng rang budc vé phan dinh thoi gian: Nhitng 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 gé)m 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 co6 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 c6 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 v6i phi 1a 5. Ngoai ra, chung ta gia
dinh ring Bang 4-2 md ta thoi gian thyc hién cta cac nhiém vu cia 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 thuc hién cua cac nhiém vu tir T1 dén T5 trén cac thanh phén

Céac nhiém vu T1 dén T5 chi c6 thé dugc thuc hién trén bo xir 1y hodc trén mot
don vi phan cimg ng dung chuyén biét. R3 rang, b xur 1y duge coi 1a ré nhung chdm
trong viéc thuc hi¢n cac nhi¢m vu T1, T2, va T5.

Nhiing sy rang budc 4n dinh hoat dong sau day phai dugc tao ra, gia thiét réng tdi
da mgt bo xur 1y (P1) s€ duoc 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+ ¥31= 1 (Nhiém vu 3 dugc anh xa hodc t61 H3 hodc t6i P1)
X3+ Y41= 1 (Nhiém vu 4 dugc anh xa hodc té1 H3 hodc té1 P1)
Xs,1+ ¥51= 1 (Nhiém vu 1 dugc anh xa hodc t61 H1 hodc t6i P1)

Hon ntra, gid dinh ré‘mg cac kiéu cta cac nhiémvu T1 &n T51a/=12,33 va 1,

tuong tmg. Tiép theo, nhitng rang budc tai nguyén bd sung sau ddy duoc yéu cau:

NYi,1 =2 Y (4.10)
NYy1 = Y
NYz1 =2 Y
NYz; = Y41
NYi,1 = Ysq (4.11)

Phuong trinh (4.10) c6 nghia la: néu nhiém vu 1 duoc 4nh xa téi bo xir 1y, thi
chic nang / = 1 phai dugc thuc hién trén bo xur Iy do. Chirc nang tuong tw cling phai
duogc thyc hién trén bo xir Iy nay néu nhi¢m vu 5 dugc anh xa téi1 b xt 1y (Phuong trinh

(4.11)).
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Chung ta khong bao gdm nhiing rang budc vé phén dinh thoi gian. Tuy nhién, 5
rang la bo xur Iy cham trong thuc hién mot s6 nhiém vu va phan cung ung dung chuyén
biét 1a can thiét cho nhiing rang budc thoi gian nhd hon 100 don vi thoi gian.

Ham chi phi la:

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

Trong do #() biéu thi s6 lugng cac truong hop sur dung clia cac thanh phan phan
ctmg. S6 ndy c6 thé duoc tinh toan tir nhitng bién duoc gidi thidu cho dén lac 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 tdi thiéu bao gom cac thanh phan H1, H2 va P. Diéu nay c6
nghia réng nhiém vy T3 va T4 dugc thuc hién trong phﬁn mém va tit ca nhting nhiém vu
khac duoc thuc hién trong phan cung.

Noi chung, do su phtre tap cua viéc phan hoach két hop va cac Van dé 1ap lich, chi
nhimg truong hop van dé nho cua van de két hop co thé duoc giai quyét trong thoi gian
chay co thé chap nhén dugc. Vi vy, van dé 1a sy suy nghiém dugc tach thanh van dé lap
lich va phan hoach: mgt phan hoach ban dau duge dua trén thoi gian thyc hién dy tinh va
1ap lich cudi cung dugc thuc hién sau khi phan hoach. Néu nd chi ra réng lich trinh da
qua lac quan, thi toan b$ qua trinh phai dugc 1dp lai v6i nhitng su rang bude vé phan dinh
thoi gian chat hon. Thi nghiém ddi véi cac vi du nhé di cho thay rang chi phi cho cac
giai phap suy nghiém chi 14 1 hodc 2% lén hon chi phi ctia cac két qua tdi uu.

Phén hoach ty dong c6 thé duogc st dung dé phén tich khong gian thiét ké. Trong
phan sau, chung ta s& trinh bay cac két qua cho mot phong thi nghiém am thanh, bao gém
cac khéi mixer, fader, echo, equalizer va balance. Vi du nay sir dung cong nghé nham
muc tiéu trude d6 dé chimg minh tac dung cua phan hoach. Phan cimg muc tiéu gém c6
mot bd xir Iy SPARC (cham), bo nhé ngoai, va phan cing ng dung chuyén biét s¢ dugc
thiét ké tir mot thu vién Ip ASIC (L01 thoi). Tong thoi gian tré cho phép dugc thiét 1ap 1a
22675 ns, tuong ung voi toc do lay mau la 44,1 kHz, nhu dugc sir dung trong dia CD.
Hinh 4-6 cho thay nhitng diém thiét ké khac nhau ma c6 thé duogc tao ra bang cach thay
d6i rang budc vé thoi gian tré.

Pon vi A tham chiéu t6i mot don vi chiéu dai phu thudc cong nghé. N6 vé ban
chit 1a mot nira cua khoang cach gén nhét giita cac tAm cta hai day kim loai trén chip
(con goi la half-pitch). Diém thiét ké & bén trai twong tmg véi mot giai phap thyc hién
hoan toan trong phan cting, diém thiét ké & bén phai 1a mét giai phap phan meém. Nhirng
diém thiét ké khac st dung mot sy pha tron cua phan cimg va phan mém. Piém tuong
{g v6i dién tich 78,4 A% 1a diém ré nhét thoa méan vach cAm.

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 do6 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 ¢o tai liéu kién trac rd rang s& gitp cac ky su va lap trinh vién cua doi
phat tr1en thuc hién h¢ thong nhing phu hop véi cac yéu cau. Trong sudt tai liéu nay, cac
dé xuat thyc te da dugc lam dé thuc hién cac thanh phan khac nhau ctia mot thiét ké déap
g cac yéu cau nay. Ngoai sy hiéu biét cac thanh phan va khuyén nghi nay, diéu quan
trong 14 hiéu nhitng gi ma cac cong cu phat trién sin sang tro gip trong viée thyc hién
mot hé thong nhiing. Viéc phat trién va tich hop cac thanh phan phan ctmg va phan mém
khac nhau cua mot hé thong nhing dugc thyc hién co thé thong qua cac cong cu phat
trién cung cap moi thu tir viéc nap. phin mém vao phan cimg dén viéc cung cip diéu
khién hoan toan qua nhiing thanh phan h¢ thong khac nhau.

Céc h¢ théng nhing thuong khong duge phat trién trén mot hé thong don 1¢
(vi du, bo mach phan cing cua hé 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 (hé thong nhiing dang
duogc thiét k&) va mot may cha (mot PC, Sparc Station, hodc mot sd hé thong may tinh
khéc noi ma ma thuc sy dugc phat trlen). Dich va may chu dugc két ndi bai phuong tién
truyén din nao d6 nhu nbi tiép, Ethernet, hodc phuong phap khac. Nhiéu cong cu khac,
chéng han nhu céc cong cu tién ich dé ghi EPROM hoac cac cong cu go 161, ¢6 thé duge
str dung trong moi trudng phat trién cing véi may chi 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 cé thé ton tai doc 1ap. Nhitng cong cu nay thuong thudc mat
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 phin mém) cic phan mém
quan ly tap tin, by ghi ROM cho phep phan mém dugc dua vaio ROM... Céac cong cu dich
thuat chuyén d6i ma phat trién du dinh cho dich thanh dang ma dich co thé thue thi, va
cac cong cu g& 16i co thé duogce sir dung dé theo ddi va sira 16 trong hé thong. Tét ca cac
loai cong cu phat trién 1a quan trong dbi véi mot du an nhu thiét ké kién tric, boi vi néu
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khong c6 cac cong cu dung, viéc thuc hién va g 16i hé théng s& rat kho khan, néu khong
phai 1a khong the.

Targiet Baoard

Hinh 4-7. Mbi truong phat trién

N\

Cong cu phin mém tién ich chinh: viét ma trong mot trinﬁ)an thao
(Editor) hodic mdi trwdng phat trién tich hgp (IDE)

Ma nguén thuong 1a dugc viét voi mot cong cu nhu mot trinh soan thao van
ban chudn ASCII, hodc mot méi trwong phdt trién tich hop (IDE) nim trén nén méay chu
(phat trién), nhu trong Hinh 4-8. Mot IDEMép hop ca cu, bao g@)m mot trinh
soan thao van ban ASCII, tich hop vao mt ung dung giao di€n nguoi dung. Trong khi

trinh soan thao van ban ASCII bat ky c6 thé dugc st dung dé viét bét ky loai ma nao, doc
1ap v6i ngdn ngir va nén ‘tang, mot IDE 1a cu thé danh cho mét nén tang va thuong dugc
cung cap bai nha cung cap cua IDE, mét nha san xudt phan cimg (trong mot b starter kit
thudng bao gdm bang mach phan cung véi ng cu nhu mét IDE hodc trinh soan
amcung cip ngodn ngir (Java, C, vv).

thdo van ban), nha cung cap hé diéu hanh, ho3

e “
L

E ot At Jet Project jood [abg Japs Windw Hep

e o
Fbedaa LibcomibedexsmplesthelonoridteloWold e o e —
image size. EI5552 bytes = ||
file size: 2088908 bytes L ) o ™ .
sending F\Jbad\JavalLib\Boot fxt ok fy s i / =
Hello World e ol el . =
oyt L ] fimiam
I z. !:ll'i:‘ " R
rird Al = :
W/ HelloWorid java 2 iaits T
I dbad HelloWorkd Tutoral Program oy :': B tﬁl
package com jhad exsmples hellowarld, X i i
] 1
publlc class HeloWorls| - Tmse

private static int count =0, # loop counier

— = I ;

Hinh 4-8. IDE
Thiét ké trg giiip 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 cia mot
mach trong nhiing diéu kién khac 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. Phan mém md phong mach nay 1a mot bién thé cua 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 1am mot s6 loai phén tich mach, ching han nhu phi tuyén
ngan han, DC phi tuyén, AC tuyén tinh, nhiéu, va sy méo dang. Nhu trong Hinh 4-9b,
cac mach dugc tao ra trong trinh mé phong nay co thé dugc tao thanh tir mot loat cac
phan tir tich cuc va/hoic thu dong. Nhleu cong cu md phong mach dién thuong mai san
c¢6 ndi chung 13 twong ty nhu PSpice vé muc dich téng thé, va chi khac nhau cha yéu 1a
vé nhitng phan tich c6 thé dugc thuc hién, cac thanh ph?ln mach ¢6 thé duoc mo phong,
hodc vé bén ngoai cua giao dién nguoi dung cua cong cu.

E CMOS Imverier - OrCAD PSples AMD Derma - [CMOS Iaverier [actwel]
.r-b'- BT VEW SUEnon [Tae BFOT TooE WEdos Eey B _l‘ﬂ"] x:
0= i = CIATS Irvener ]
St (e B | R L=
=
L
2]
0

]

|
= T Ann) 2 | =
e Time swa= 1717 Time - 1.500E-9¢ Endi~ 1503
-
| | I. Maisiby _,."'"n".n;\_Ln 3 "

o Hal, peaet 1 firvi = 1 SNIEACE ww EEEEEEEE BN

Hinh 4-9a. Vi du trinh m6 phong PSpice CAD
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Hinh 4-9b. Vi dy mach PSpice CAD

Do tdm quan trong ctia thiét ké phan ctmg va cac chi phi lién quan, co nhiéu
nganh k§ thuat cong nghiép ma trong d6 cac cong cu CAD dugc sir dung dé mo phong
mach. Cho mot tép phure tap cac mach trong mét bo xu 1y hodc trén mot bang mach, rat
1a khé khan, néu khong phai la khong thé, dé thuc hién mot mo phong trén toan bo thiét
ké, do 46 mot hé théng phan cp cac mod phong va mo 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 md phong nay.

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 ciru 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
duogc viét bing mot ngdn ngit lap trinh tiéu chuan. Sau do, phu thu¢c vao kiéu va cau
thanh ctia mach, cac mé hinh bd sung duoc tao ra xuong dén céc thanh phan tich cuc va
thu dong riéng 1é ctia mach, ciing nhu cho bét ky yéu té 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 can hoat canh hodc stra ddi
phuong phap nit, c6 cac ki thuat moé 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 cic mach phirc tap hon thanh cic mach nho hon, va sau d6 két hop
cac két qua.

- str dung céc dac tinh dac biét cia 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 xtr 1y, cac trinh phién dich, cac trinh bién dich, va cac trinh két nbi. Nhu mot tong
quat, sau khi ma nguén da duoc viét, n6 can phai dugc dich sang ma may, vi md may 1a
ngdn ngir duy nhét ma phan ctig c6 thé tryc tiép thuc hién. Tat ca cac ngoén ngtr khac
can cong cu phat trlen dé tao ra md may tuong Gmg ma phan ctmg c6 thé hiéu. Co che
nay thuong bao gdom mot hodc su két hop nao d6 cua cie ki thuat phat ma may nhu tién
xtr 1y, bién dich, va/hoic thong dich. Cac co ché ndy duoc thuc hién trong mot loat cac
cong cu phat trién phuc vu cho viéc dich.

Tién xtr Iy 1a mot budc tiy chon c6 thé xuat hién trudc khi dich hoac thong dich
ma ngudn, va chirc nang nay thuong dugc thyc hién boi mot bo tién xtr . Vai tro cia bo
tién xur 1y 13 to chue va cau trac lai ma ngudn dé thyc hién dich hoic thong dich ma nay
dé dang hon. B§ tién xu 1y co thé 1a mot thuc thé riéng biét, hoac co thé duoc tich hop
bén trong khdi bién dich, hoic thong dich.

Nhiéu ngoén ngit chuyén doi ma ngu@)n hodc truc tiép hodc sau khi da dugc tién
xu ly, t61 mé dich (m@ may) thong qua vi€c str dung 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).

Source Code
Compiler

Preprocessing

L

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

F Y

Compiling
Target Code

Hinh 4-10. So d6 bién dich

Mot trinh bién dich théng thuong dich tat ca cic ma ngudn téi ma dich trong mot
lan. Nhu thuong 1a truong hop trong cac hé thong nhing, 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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cting khéc biét v6i nén tang ma trinh bién dich thuc sy dang chay trén d6. Cac trinh bién
dich nay thuong dugc goi la trinh bién dich chéo. Trong truong hop hop ngit, 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 ngoén nglt bac cao
khac thuong duoc goi bang tén ngdn ngit cong véi "trinh bién dich" (vi du: trinh bién
dich Java(Java compiler), trinh bién dich C (C compiler)). Cac trinh bién dich ngon ngi
béc cao co thé thay ddi rong vé nhimg gi duoc tao ra. Mot s6 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 duoc chay théng qua it nhat mét trinh bién dich nita. Van con céc trinh bién dich
khéc tao ra ma hop nglt, ma ma sau do phai dugc chay thong qua mot trinh dich hop ngi
(assembler).

Sau khi tat ca viéc bién dich trén may tinh chi ctia 14p trinh vién dugc hoan
thanh, cac tap tin mi dich con lai thuong dugc goi 1a mot tép tin d6i tuong (object file),
va c6 thé chua bat ctr diéu gi tir md may dén ma byte Java, _tuy thudce vao ngdn ngir lap
trinh dugc s dung. Nhu trong Hinh 4-11, mot trinh lién két(linker) két hop tap tin ddi
tugng nay véi bat ky thu vién hé théng can thiét khic, dé tao ra tap tin thuong duoc goi
12 mot tap tin nhi phan co thé thuc thi, hoic truc tiép dua vao bo nhé ctia bang mach hodc
san sang dé duoc chuyén téi bd nhd cuia hé théng nhung dich bai mot bo nap (loader).

C Source File (s)
C Compiler
Preprocessing C Header File (s)
Compiling
¥
C Object File (s)
¥
Linker - C System Libraries
L J
C Executable File

Host Computer

Embedded System <
E Loader

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

Mot trong nhirng diém manh co ban ctia mot quy trinh dich 1a dua trén khai niém
vé sy sap dat phan mém (con goi 1a sy sap dat d6i tugng), kha ning phéan chia phin mém
thanh cac module va tai dinh vi cdc module ma va dir liéu nay ¢ bét clr noi ndo trong bo
nh¢. Pay 1a mot tinh ning dic biét hiru ich trong cac hé thong nhung, béi vi: (1) cac thiét
ké nhung co thé chira mot vai loai khac nhau ctia bd nhé vat 1y, (2) chung thudng c6 mot
) luong han ché bd nhé so véi cac loai hé théng may tinh khac; (3) bd nhé cé thé
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thuong tré nén rat phan manh va chirc nang chong phan manh la khong c6 san out-of-
the-box hodc qué dit tién, va (4) mot s6 loai phan mém nhung c6 thé can phai duoc thuc
hién tir mot vi tri bd nhd cu thé(xac dinh).

Kha ning sip dit phdn mém theo vi tri ndy c6 thé duoc hd tro bai bo xur 1y
chﬁ(master) trong d6 cung cap cac chi dan chuyén dung ma c6 thé duoc st dung dé tao
ra "ma doc lap vi tri", hodac no co thé duoc chia cach boi cac cong cu dich phén mém
riéng. Trong cd hai truong hop, kha nang nay phu thudc vao li¢u co trinh hop dich/trinh
bién dich chi co thé xir 1y cac dia chi tuyét d6i, noi ma céc dia chi bit dau duoc ¢b dinh
boi phén mém trude khi su hop dich xur Iy mé, hodc liéu c6 su hd trg mot so dd dinh dia
chi twong d6i ma trong dé dia chi bt dau ctia ma c6 thé duoc chi 1d sau va noi module
md dugc xir 1y lién quan dén sy bat dau cia 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 co
thé thuc hién mot sé bién dich lién quan dén cac dia chi vat ly (tuyét dbi), vi du, dich cac
dia chi tuong dbi con lai thanh dija chi vat 1y, vé co ban viéc sap dit phan mém, dugc
thuc hién bang trinh lién két.

Trong khi cic IDE, cac trinh tién xtr 1y, cac trinh bién dich, cac trinh lién két van
van nam trén hé théng phat trién chi, mot sé ngdn ngit, 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 mét 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 thong may chu (xem
Hinh 4-12 dudi day).

Target Code for
Source L1
Source L1

Source L2 P Target Code for
Source L2

Source L3

Source L4 1} Target Code for
Source L3

Source L5

Soll[lce LG ““““““““

Hinh 4-12: So d6 su phién dich

Mot nguoi phat trién nhing c6 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 nhiing tuy chon, bﬁng viéc chon trinh bién dich manh nhét c6 thé. Piéu nay la do trinh
bién dich, trong phﬁn 16n, xac dinh kich thudc ctia cac ma thyuc thi béi cach thire n6é dich
mi nhu thé nao.

Diéu nay khong chi c6 nghia 1a lga chon mdt trinh bién dich dua trén su hd tro
cua bd vi xu 1y chu, phﬁn mém hé théng dac biét, va cac cong cu con lai (mdt trinh bién
dich ¢6 thé dugc mua riéng r€, nhu mot phén cua mot starter kit tr mot nha cung cép phén
cung, va’hodc tich hop trong mot IDE). N¢ cling c¢6 nghia 1a lga chon mot trinh bién dich
dya trén mot tdp hop tinh ning t6i wu hoa tinh don gian, tdc d6, va kich ¢& cua ma.
Nhitng tinh ning nay c6 thé, tit nhién, khac nhau giira cac trinh bién dich ctia cac 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 ngudn va cac ham thu vién chuan ma lam cho viéc lap trinh ma
nhing dé dang hon mot chat. Viée t6i wu hoa ma cho hiéu suit c6 nghia la trinh bién dich
hiéu va str dung céc tinh ning khac nhau ctia mot ISA cu thé, chang han nhu hoat dong
toan hoc, tap thanh ghi, nhan biét dugc cac loai ROM va RAM tich hop trén chip (on-
chip), sb lugng cac chu ky dong hd cho céc cac loai truy cap, v.v. Béi viéc hiéu 1am thé
nao trinh bién dich dich ma, mot nguoi phat trién c6 thé nhan ra nhiing gi hd trg dugc
cung cap boi trinh bién dich va tim hiéu, vi dy, 1am thé nao dé chuong trinh trong ngén
ngit bac 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, ching han nhu hop
ngtr.

Trinh bién dich nhung ly tuong

Cdc hé théng nhiing c6 cdc yéu cau khdc thuong va nhirng rang bugc khong dién
hinh cia thé gici khong-nhing ciia cdc mdy tinh va cdc hé thong I6n hon. Trong nhiéu
cdch, nhitng tinh ndang va kj thudt thwe hién trong nhiéu thiét ké trinh bién dich nhing
phat trién tir cdc thiét ké cua trinh bién dich khong nhung. Cac 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 ngir van eon rit thinh hanh trong cac
thiét bi nhiing sir dung cdc ngén ngit bic cao hon la ¢de nha phdt trién khong thé nhin
thdy dwoc nhitng gi cdc trinh bién dich lam véi ma bdc cao hon. Nhiéu trinh bién dich
nhing khong cung cap théng tin vé cdeh ma dwoc tao ra. Vi vdy, 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
mot s6 yéu cau, chang han nhu cdc yéu cau vé kich thude va toc dé lién quan dén thiét ké
hé thong nhiing, bao gom:

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

- Mot cong cu bién dich cho phép nha phat trlen xem mot dong ma dwoi hinh thirc
bién dich cua nd, va danh ddu bat ky viing vin dé tiém tang nao.

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

Nhé dén céce 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 truc, viéc g0 16i ma c6 18 1a nhiém vu kho khan nhat cua
chu ky phat trién. G& 16i chu yéu 1 nhiém vu dinh vi va ¢ dinh 15i trong hé thdng. Cong
viéc nay dugc thuc hién don gidn khi 14p trinh vién 1a quen thudc véi céc loai cong cu go
16i san c6 va cach thirc ho co thé str dung (loai thong tin dugc hién thi trong Bang 4-3).

Nhu da thdy tir mot s6 cac mo ta trong Bang 4-3, cac cong cu g& 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

99



Ngoal cdc céng cu g6 16i, moz khi bang mach dwoc khéi dong va chay, chudn
danh gia la cac chwong trinh phan mém thuong duwoc sir dung dé do lwong hiéu qua hoat
déng (6 tré, hiéu qud, vv) ciia cdc tinh nang riéng biét trong mot hé thong nhiing, nhu
bo vi xur Iy chu, hé diéu hanh, hodc JVM. Trong truong hop cua mot hé diéu hanh, vi du,
hiéu sudt dwoc do bdng hiéu qua cua viéc bo vi xuw Iy chu dwoc sir dung boi cac chuong
trinh ldp lich ciia hé diéu hanh. Bg lap lich can an dinh dinh lwong thoi gian thich hop -
thoi gian mot qua trinh dwoc tiép cdn voi CPU- cho mgt qua trinh, vi néu dinh luong
thoi gian la qud nho, si xung dot sé xudt hién.

Muc tiéu chinh cua mot ung dung chuan danh gia la dai dién cho mot khoi lwong
cong viéc thuc té cho hé thong. Cé rdt nhiéu img dung chudn danh gid c6 san. Chiing
bao gom cdc chuin danh gia EEMBC (Embedded Microprocessor Benchmark
Consortium), tiéu chudn cong nghiép dé danh gid kha ning 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 ldp trinh hé thong, thwong
bdt nguon tir MIPS dwege gidi thiéu trong Phan II. Céc han che clia cdc chudan danh gid
la chiing cé thé khéng dwoe 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 sit dung cdc chwong trinh nhiing thue s ma sé dwoc trién khai trén hé thong dé
xac dinh khong chi hiéu sudt cia phcfn mém, ma toan bé hiéu sudt hé théng.

Tém lai, khi lam sdng t6 cdc chudn danh gid, dam bdo ban hiéu chinh xdc nhiing
gi phan mém da chay va nhitng gi cae chudn danh gid da do hodc da khéng do.

Loai Cong cu g& 16i Mo ta Vi du veé sit dung va nhitng han ché
cong cu
Phan B9 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 xtr ly trong h¢ | * c6 thé hoat dong & tde do day du cua
Emulator: ICE) | thong b6 xir Iy (phu thudc vao ICE) va t6i
ph'ém con lai cua hé théng do 1a bo vi
xu ly

* cho phép c6 thé xem va co thé thay
d6i dugc ndi dung bd nhé trong , cac
thanh ghi, cac bién, v.v..trong thoi
gian thuc

* twong ty nhu nhiing trinh g& rdi, cho
phép dit nhitng diém ding, thuc hién

tung budc,...
* thuong c6 16p che bd nhé dé mo
phong b nhé ROM
* bo xur Iy phu thudc
B mo phong Cong cu hoat | * cho phép sira doi ndi dung trong
ROM dong thay thé ROM (khéng gidng nhu mot trinh g&

ROM véi cac cap | 161)

két ndi v6i RAM | * c6 thé dit 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
la mot thiét bi
phan cung trung
gian két ndi voi
cac dich thong
qua mot sd cap
(tac 1a BDM), va
két ndi v6i may
chu thong qua

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

cong khac
Ché do gd 16 Phan cimg BDM | * thuong ré hon so v6i ICE, nhung
nén trén bang mach khong linh dong nhu ICE
(Background (cong va bo giam | * quan sat su thuc hién phin mém mot
Debug sat g& 16i tich hop | cach kin d4o trong thoi gian thyc
Mode: BDM) vao CPU chu), va | * ¢4 thé dit breakpoint dé ding su thuc

trinh g& 10i trén hién phan mém

may chit, két ndi | * cho phép doc va ghi t6i cac thanh

thong qua mot ghi, RAM, céc cong 1/0, v.v..

cap ndi tiép dén | * phu thudc bd xtr Iy/dich, giao dién g&

cong BDM. Pau | 16i doc quyén cua Motorola

nbi trén capdén. | ...............

cong BDM,

thuong dugce goi

1a wiggler. G& 16

BDM doi khi

duoc goi 1a g& 16i

On-Chip (On-

Chip Debugging:

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

tuong thich thich ciia phan cimg

Nexus, hoacca | ...

hai, mot sb 16p

phu hop (phu

thudc do phuc tap

cua bo xur 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 git dién dp trong nhitng di€u kién
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truc thang dimg)
so vo1i thot gian
(trén truc ngang),
cho phép tim ra
dién ap chinh xac
tai mot thoi diém

cu thé

* sir dung nhu 13 von mét (mic du dat
hon nhiéu)

* ¢ thé kiém tra mach dang lam vi¢c
béng cach xem tin hiéu trén bus hodic
cac cong I/0

nhét dinh * bat gitr nhitng thay d6i trong mot tin
hiéu trén céng /O dé kiém tra cac doan
ciia 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 tich
logic)

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 muc
dién ap (VCC va GND); céc tin hiéu
nam & khoang gitra duge v& nhu VCC
hay GND

*¢6 thé Tuu trit dit lidu

* 2 ché d6 hoat dong chinh (thoi gian,
trang thai) cho phép kich hoat trén
nhing thay dbi trang thai ciia tin hiéu
(tic 13 cao-xudng-thap hodc thap-lén-
cao )

* 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 mot thay ddi tin hiéu dén
mot thay ddi tin hiéu tiép theo, v.v..
(ché do thoi gian)

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

* ¢6 thé kich hoat néu bo xir Iy truy cip
vao ving cAm cta bd nh¢, ghi dir liéu
khong hop 1€ vao bo nhé, 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 dat breakpoint va
chay budc don thong qua ma st dung
bd phéan tich

* bo phan tich logic chi co thé truy cap
dir liéu duoc truyén tir bén ngoai dén
va tu by xu ly, chtr khong phai b 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
véi rat it sy xam nhap

Voltmeter Do dién ap chénh | * dé do cac gia tri dién 4p dic biét
léch gitra 2 diém | * dé x4c dinh sy hién dién cua nguén
trén mach tai tat ca cac diém trén mach
* ré hon nhitng cong cu phan cing
khéc
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 4p 1an | * giéng nhu volt va ohm meter

dién tr&

Phan
mém

Debugger (trinh

Cong cu g& 16i

Phu thudc vao trinh go roi - néi chung:

g0 101) churc nang * nap/chay tung budc/giam sat ma trén
dich
* thuc hién nhiing diém breakpoint dé
ding su thue hién phan mém
*thuc hién nhiing diém breakpoint c6
diéu kién dé dung néu diéu kién dic
biét xuat hién trong thoi gian thye hién
* ¢ thé sira d6i noi dung cia RAM,
thuong khong thé stra d6i ndi dung cua
ROM
Profiler Thu thap giatri | * thoi gian bat git phu thudc (khi)
theo thoi gian ctia | hanh vi ctia phan mém dang thuc hién
cac bién, cac * dé bat mau thyc hién (¢ dau) cua
thanh ghi... dugc | phan mém dang thuc hién
lua chon
Monitor Giao dién g516i | * tuong ty nhu in phat biéu nhung
tuong tu nhu nhanh hon, it xdm nhap, lam viéc tbt
ICE, voi phﬁn hon cho gidi han thoi gian thuc mém,

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

nhung khéng tét cho thoi gian thuc
cung

* chirc ning twong tu t6i trinh g& rdi

* Hé diéu hanh nhing c6 thé bao gdbm
monitor cho nhiing kién triic dic biét
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dich), va mot hat
nhan g 16i trén
may chi.. Phan
mém trén may
chu va dich
thuong giao tiép
nbi tiép hoic
thong qua
Ethernet (phu
thudc vao nhiing
gi ¢6 séan trén
dich).

Trinh m6 phong
tap lénh

Chay trén may
cht va mo6 phong
bd xur Iy chu 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 ctng

* thyong khong chay o ciing mot tdc
dd chinh x4c nhu dich thuc té, nhung
c6 thé danh gia phan tng va théng qua
thoi gian bang cach xem xét su khac
biét gitra toc do may chu va dich

* thyong khong mo phong phan cing
khac ma c6 thé ton tai trén dich, nhung
c6 thé cho phép thtr nghiém cac thanh
phan duge xay dung trong bo xir Iy

* ¢6 thé md phong hanh vi ngat

* bt gitlr gid tri cla bién, bd nhd va cac
thanh ghi

* € 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 chur khong phai la phan
g dbi voi 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
cing va cac cong cu thuc

Manual
(thu
cong)

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

thi.

In cac bao céo

Cong cu gd 16i chire
ndng, vi¢c in cac bao
cao duoc dua vao
bén trong mi 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 cham 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 dit liéu | phép thoi gian thuc hién nhanh hon
vao mot s loai cAu trong viéc thay thé mot sd bao céo
trac luu trit trong thoi | in an (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 duoc dap ung dé
két xuat dir liéu vao céu tric)

* xem ndi dung cua bd nhé tai thoi
gian chay dé xac dinh néu c6 bat ky
su tran stack/heap

Counters/Timers | Cong cu g& 16i hiéu | * thu thap thong tin thoi gian thyc
sudt va hiéu quama | hién chung bang cich giam bat
trong d6 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 sb xAm nhap
lai va tang lén tai cac | ......
diém khac nhau coa
ma

Fast Display Cong cu g& 16i chirc | * twong ty nhu in bdo cdo nhung
nang trong do cac nhanh hon, it xam nhap, lam viéc
dén LED dugc bat/tit | tot cho cac gi6i han thoi gian thyce
hodc cac man hinh * cho phép xac nhan cac phan dic
LCD don gian dugc | bi€t cia ma dang chay
ding dé bieudién | ...
mot 6 dit ligu

Ouput ports Cong cu gd 16i chirc | * v&i mot may hién song hoic 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
thyc hién gitta cic 1an bat/tit cua
cong

* gidng nhu trén nhung co thé thiy
trén may hién séng ma dang duogc
thuc hién tai vi tri du 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 sb trong nhimng cong cu nay la cac cong cu g 16i tich cyc va xam nhap dugc
vao cac hoat dong ctua hé thong nhung, trong khi cac cong cu g& 18i khac thu dong nim
bat cac hoat dong cua hé thong khong co sy xAm nhap khi hé thong dang chay. G& 16i
mot hé thong nhung thudng doi hoi mét sy két hop ciia nhitng coéng cu nay dé xac dinh
tat ca cac loai khac nhau ctia cac van dé c6 thé phat sinh trong qua trinh phat trién.

Cdch ré nhat dé gé 16i

Thém chi véi tdt ca cac cong cu c6 san, cdc nha i phat trién vd~n con phdi c6 ging
daé giam thoi gian go loz va chi phi, boi vi 1) chi phi 16 tang dén gdn hon véi thoi gian
sdn xudt va tién dé trién khai dwoc, va 2) chi phi ciia mét loz la logarit (né c6 thé ting
mueoi lan khi dige ' phat hién boi mot khach hang so voi néu né da dwoc tim thdy trong
qud trinh phat 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 phat trién qud nhanh va cdu tha. Cdch vé nhat va nhanh nhdt dé gé 16i la
khong chen bat ky 16i nao & vi tri dau tién. Phat trién nhanh va cdu tha thuc su lam cham
tré tién dg voi phan 1om thoi gian tiéu ton choviée go 16i nhitng sai lam.

- Kiém tra hé thong. Piéu nay bao gom cde kiém tra phan cimg va phan mém
trong sudt qud trinh phdt trién ma dam bdo rdang cde nha phdt trién dang thiét ké theo
cac dac ta ky thudt kién triic, va bdt kp-tiéu chudn ndo khde dwoc yéu cau cia cdc ky su.
Ma hay phan cung khong dap vng cac tiéu chudn sé phai dwoe "sika 16i" sau dé néu cdc
kiém tra hé thong khong dwoc sir dung dé dwa ra ching ra nhanh chong va ré (lién quan
dén thoi gian tiéu ton cho viéc gé 16i va dinhvi tat ¢d 16i ma véi phan cieng va code
nhiéu hon sau do).

- Khéng sir dung phan cieng bi 16i hodc md dwoc viét toi. Mot thanh phan thuong
la san sang dé duwoc thiét ké lai khi cac ky sw chiu trach nhiém lo so viéc thuc hién bat ky
thay doéi nao doi voi thanh phan 16i dé.

- Theo déi cdc 16i trong mét tdp tin van ban chung hodc sir dung mot trong nhiéu
cdc cong cu phan mém theo doi I6i c6 san. Néu cac thanh phan (phan ciing hodc phan
mém) dang tiép tuc gdy ra nhitng van de, thi cé thé danh thoi gian dé thiét ké lai thanh
phan dé.

- Pirng tiét kiém voi cdc cong cu go 16i. Mot cong cu g& 16i tot (mdc di ddt hon)
sé cat giam thoi gian g6 161 thi ¢é tri gid hon mét td cdc cong cu ré hon ma, véi khéng
t6n nhiéu thoi gian va nhire dau, chi cé thé theo déi cdc logi 16 gdp phdi trong qud trinh
thiét ké mot hé thong nhiing.

Va cudi cung, mot trong nhitng phwong phap 16t nhat de giam bot thoi gian va
chi phi g& 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 ¢o gang chay hodc sira doi bat cir diéu gi. Téi dd nghe
néi nhiéu, nhiéu 1oi bdao chita trong nhitng nam 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 lé
voi viéc cau hinh phan ciing hay viéc nhin dwoc mot phan ciia phan mem chay ding. 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 c6 vin dé khé ndo xudt hién.
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Néu ban dang qud tai voi tai liéu va khéng biét nhitng gi dé doc dau tién, bat cir
tiéu dé nao doc theo dong nhir “Getting Started...”, “Booting up the system...”, hodc
"README" la cdc chi thi 1ot ciia mgt noi dé bat dau. Hon nita, danh thoi gian dé doc tat
ca cdc tai liéu dwege cung cdp véi bat ky phan cirng hay phan mém dé tré nén quen thuc

véi nhitng logi théng tin ndy, sé givp 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

Vi nhiing cong cu phat trién sén sang dé thir, va hodc mot bang mach tham chiéu
hodc mét bang mach phat trién két ndi v6i may chi phat trién, d6 1a thoi diém dé khoi
dong he thong va xem nhitng gi s€ xay ra. Khoi dong hé thong ¢6 nghia 1a mot vai loai
cap nguon hodc khéi dong lai nguodn, chang han nhu mot khéi dong lai clirng bén
trong/bén ngoai (tirc 1a, tao ra boi mot 16i kiém tra dimg, cac co quan giam sat phan
mém, mét khoa ctia PLL, bo g rdi, v.v. ), hodc mot khoi dong lai mém bén trong/bén
ngoai (tc 1a, tao ra boi mat trinh stra 16i, ma ung dung, v.v.), xuat hién. Khi ngudn dugce
cap toi mot bang mach nhing (béi mot khoi dong lai), 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 hé théng duge nap va thue hién bai bo xir Iy
chu. Mot s6 kién tric nhung (master) c6 mot bo dém chuong trinh ndi b dugc cau hinh
tu dong voi mot dia chi trong ROM ma trong d6 su bat dau cta ma boot-up (hodc bang)
dugc dinh vi, trong khi nhimg cai khac dugc ndi cimg dé bat dau thyc hién tai mot dia
diém cu thé trong b nhé.

Mai Boot khac ¢ chicu dai va chirc niang tuy thuc vao thoi diém trong chu ky
phat trién bang mach, cling nhu cac thanh phﬁn cuiia nén tang thuc té can su khéi tao. Cac
chirc ning chung (tdi thiéu) duge thuc hién béi ma khoi dong trén cac nén tang khac
nhau, nhimng cai khoi tao chiic ning co ban phan cing, bao gom vo hiéu hoa ngit, khoi
tao cac bus, thiét 1ap cac bo xir ly chu va to trong mot trang thai cuy thé, va khoi tao bd
nh¢. Phan khéi tao phan cimg dau tién ndy cua mi boot-up vé co ban 1a thyuc hién cac
trinh diéu khién thiét bi khéi tao, nhuer duoc thao luan trong Chuong 2. Lam thé nao khoi
tao 1a thue sy duoc thuc hién, d6 1a-thtr tw ma cac trinh diéu khién dugc thuc hién-
thuong dugc phac thao boi tai liéu kién tric tong thé hay trong tai liéu dugc cung cip boi
cac nha san xuat bang mach. Sau chu01 khoi tao phan cing, thye hién thong qua khoi tao
cac trinh diéu khién thlet bi, phan mém hé théng con lai, néu co, sau d6 dugc khai tao.
M3 bd sung ndy c6 thé ton tai trong ROM, cho mét hé thdng dang duoc van chuyén ra
khoi nha may, hodc nap tir mot nén ting may cha 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

By xir Iy MPC823 chira mt b diéu khién khoi dong lai ma co trach nhiém dap
g lai toi moi ngudn khoi dong lai. Nhirng hanh dong dugce thue hién boi bo diéu khién
khot dong lai khac nhau tuy theo nguén goc cua mot su kién khoi dong lai, nhung nhin
chung qua trinh bao gdm Ciu hinh lai phan cing, va sau d6 lay miu cic chan dir liéu

hodc st dung mot héng s6 mac dinh ndi b 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 5 .
b Z b 5
|F’CMC]A| ‘ RS-232 ‘ | RS-232 | ENET | | FENET|
1

P6 ) PSPy P5) P ML) P M2) B ASET
P

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

TOD 304

Hinh 4-13a: So d6 giai thich
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Power On). Sample MODCK pins and init clocks

Power On
Resat ). HRESET® and SRESET" are asserted

Intamal
Initiated
SRESET

+ SRESET" aseert

+The time counter ie set to 512

Intermnal or
Extemal
SRESET
asserted

PORESET is negated and PLL lock

Imemal

Imemal or o * HRESET* and SRESET" aseart ) )
Exlemg I_Ilrg‘g?r sThe time counter is setto 512 Timer expires (after 512 clocks)
HRESET

asseried + Sample debug port configuration from

DSDI and DSCK, pine
+ Nagate SRESET'
«Wait for 16 clocks

Timer expires (after 512 clocks) 16 Clocks expire

) ) & DSCK high
« Sample configuration from data pins
+ Negate HRESET* and SRESET*

« Wait for 16 clocks

16 Clocks expire

16 Clocks expire
& DSCK low

Testfor
HRESET or
SRESET

Tesi for
HRESET or

+ DSDI is sampled lo determine SRESET

clockad or seff-clocked mode

Hinh 4-13b: So db giai thich

4.2 Cai dat va ther nghiém hé thong nhung

Trong s6 cac muc tiéu cua viée thi nghiém va dam bao chét lugng cuia mot hé
théng 1a tim 16i trong thiét ké va theo ddi xem cac 16i duge ¢d dinh. Bao dam chat luong
va thir nghiém tuong ty nhu g 161, di thao luan & trén, ngoai trir cac muc tiéu cua gd 16i
1a thue sy dé sira 16i duoc phat hién. Mot khac biét chinh giita g& 16i va thir nghiém hé
thong 13 g& 15i thuong xay ra khi nha phét trién gap mot van dé trong c¢b ging dé hoan
thanh mot phan cua thiét ké, va sau d6 thuong thir nghiém dé thong qua nhiing sira chita
16i (c6 nghia 1a cac thir nghiém chi dé dam bao hé thdng tdi thiéu 1am viéc dudi truong
hop thong thuong). Voi thur nghiém, mat khac, 16i dwoc phat hién nhu 13 két qua cua su
cd gang dé pha v& hé thong, bao gdm cé testing-fo-pass v testing-to-fail, noi ma nhing
yéu kém trong hé thong duoc tham do.

Du6i thir nghiém, cac 16i thuong xuat phat tir hodc hé thong khong trung thanh
v6i ddc ta kién trac hodc khong co kha niang kiém tra hé théng. Cac loai 16i gip phai
trong thir nghi€ém phu thudc vao loai thir nghiém dang duoc thyc hién. Nhin chung, cac
ky thuat thtr nghiém thudéc mot trong bén mé hinh: thir nghiém hop den tinh, thtr nghiém
hép tring 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 bo thur nghiém ma khong c¢6 kha
nang hién thi cac hoat dong ndi bo bén trong cua hé thong (khong co so dd nguyén ly,
khong c6 ma ngudn, v.v.). Thir nghiém hop den duoc dya trén tai liéu cac yéu cau san
pham no6i chung, trai ngugc voi thir nghiém hop tring (con goi 14 thir nghiém hop trong
suot hodc thir nghiém hop thuy tinh) trong d6 bo thir nhiém co thé truy cap vao ma
ngudn, so @6 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.

Thir nghiém hop den (Black Box
Testing)

Thir nghiém hdp trang (White Box
Testing)

Thu Thir nghiém céac ddc ta k¥ thuat cia | Quy trinh xem xét lai can than phan
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, cic trudng hop so suat, bo sot
(vi dy, gia vo 1a khach hang, nghién
ciru cac hudéng din/tiéu chuan hién
hanh, xem xét va thir 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 phén cing thyc hién, bao
gom:

* thir nghiém dir liéu, 6 1a viéc kiém
tra thong tin cac dau vao va dau ra
nguoi st dung

* thir nghiém diéu kién bién, d6 1a
thir nghiém céc trang thai tai canh
cua cac gioi han hoat dong du kién
clia phan mém

* thir nghiém dau vao, d6 1a thu
nghiém véi dir licu vo gié tri, khong
hqp 1¢.

* thur nghiém trang thai, do 1a thir
nghiém cac phuong thice va qua trinh
chuyen d6i gilia_cac ché do phan
mém voi cac bién trang thai
tic 13, cdc diéu kién chay dua, thur
nghiém sy ldp lai (Iy do chinh la dé
phat hién ro ri bo nho), ung suat
(phan mém d6i = bo nho thap, cpu
chdm = mang chidm), tai (nguon cap
dir liéu phan mém = két ndi nhidu
thiét bi ngoai vi, xur Iy mot lugng 16n
dit liéu, web server co6 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.

Tryc tiép thi nghiém & muc do thap
va mic do cao dua trén sy hiéu biét
hoat déng chi tiét, truy cap vao cac
bién va cac két xudt by nhé. Tim
kiém céc 16i tham chiéu di liéu, cac
16i khai bao dit liéu, 10i tinh toan, cac
1i so sanh; 18i luu d6 diéu khién, cac
16i tham s6 cho chuong trinh con, cac
16i I/O, v.v.

Béang 4-2: Ma tran mo hinh thtr nghi¢m

Bén trong m01 mo hinh (nhu trong Hinh 4-14), thir nghiém c6 thé duoc tlep tuc

chia nho dé bao gdm cac thir nghiém unit/module (thix nghiém gia tang cac yéu td riéng
1¢ trong h¢ thong) thi nghi¢m tinh twong thich (thtr nghiém rang cac phan tir khong gay
ra cac van dé vOi cac phan tir khéc trong hé thong) thir nghiém sy tich hop (thtr nghiém
gia tang cac yeu tb tich hop), thir nghiém hé thong (thtr nghiém toan bo hé thong nhung
Vi tat ca cac yéu td tich hop), thir nghiém hoi quy (quay lai cac thir nghiém da dugc
thong qua trudc do sau khi sua d6i hé thdng), va thir nghiém san xudt (thir nghiém dé
dam bao rang viéc san xuét hé thong khong dua ra 151).
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Tir cac loai thir nghiém nay, mot tap cac hiéu qua cua cac truong hop thir nghiém
c6 thé nhan duoc tir viée kiém tra rang mot yéu to va/hodc h¢ thong dap tng cac dac ta
ky thuét klen trac, cling nhu xac nhén rang cic yéu td va/hodc hé thong dap tng 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 thir nghiém
duogc chay, cac két qua duoc xur Iy c¢6 thé thay dbi tiry thude vao su to chire nhu thé nao,
nhung thuong khac nhau gilta nhitng cai khong chinh thirc, noi thong tin dugc trao doi
ma khéng can bat ky quy trinh cu thé nao theo sau, va su xem xet lai thiét ké chinh thire,
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 k¥ su chiu trach nhiém chinh thirc 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 cac mau cho cac truong hop
thir nghiém, cling nhu toan b qua trinh thir nghiém, da dugc dinh nghia trong mot so cac
tiéu chuan thir nghiém va dam bao chat luong cong nghiép thong dung, bao gdm céc 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¥
thudt ma co the trg gitp trong téc do, tinh hiéu qua, va tinh chinh xac cua viéc thur
nghiém céc yéu t6 khéac nhau. Chung bao gdm cac cong cu tai, cong cu Ung suit, may
phun nhiéu, may phat tiéng on, cac cong cu phan tich, ghi va phat lai macro, va macro
dugc 1ap trinh, bao gém céac cong cu duoe liét ké trong Bang 4-3.
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Céu hadi 6n tap
1. Liét ké 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 nhing
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CHUONG 5 PHAT TRIEN HE THONG NHUNG DUA TREN
VXL ARM

5.1 Gioi thiéu chung

Trong cac hé thong nhiing hién nay, vi xir 1y 16i ARM duoc sit dung rong rai nhat. Trong
chuong nay, céc kién thirc cin ban vé kién trac vi xtr Iy 16i ARM va tap 1énh ARM duogc
gi6i thiéu. Sau d6, cac kién thirc cin ban vé viéc thiét ké cac thanh phan cin ban cia hé
thdng nhing dugc dé cap. Phan cubi sé tap trung vao 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 triic cia ARM duoc t,hié't’ kéﬁ chuyén dung cho cac ung dung nhung. Do do,
hién thuc hoa chip ARM duogc thiét ké dé cho cac ing dung nho nhung ¢6 hi¢u nang cao,
ti€u thu it nang luong.

L5i ARM dugc thiét ké theo kién trac RISC, né 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 tir ndi dung
thanh ghi va cac chi Iénh

e Cackiéu danh dia chi don gian.

e Cac chi 1énh c6 do dai co dinh va dong dang, do d6 don gian hoa 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 1énh don 1é.

Ngoai ra, kién traic ARM c6 thé cung cip:

e Dibu khién ca kh01 logic s6 hoc (ALU) va bo dich chuyén (shifter) trong cac 1énh
xt 1y dit liéu dé t6i da hoa viéc sir dung ALU va bo dich chuyén.

e Céac ché d¢ dia chi tu tang hodc tu giam dé t6i wu hoa cac 1énh vong lap
e Cac 1énh nhan Load/Store dé t6i da dir lidu truyén qua.

Nho céc ti wu trén nén kién triic RISC can ban, 16i ARM c6 thé dat duge mot su can
bang gifra hi€u nang cao, kich thudc ma nguodn it, cong suat tiéu thu thap.
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5.2.2 Thanh ghi va cac ché dé hoat dong

L1 ARM ¢6 37 thanh ghi trong d6 c6 31 thanh ghi da dung. Tuy nhién tai mot
thot diém chi ¢6 16 thanh ghi da dung va 2 thanh ghi trang thai hién thi. Cac thanh ghi
khéc ¢ dang an, chi hién thi & mot s6 ché dé hoat dong riéng.

Céc thanh ghi da dung c6 thé dung dé Iuu dit lidu hodc dia chi. Cac thanh ghi nay
dugc danh dau 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
nhiém vu dic biét riéng: r13, r14, rl5.
e Thanh ghirl3 dugc dung lam stack pointer (sp).
e Thanh ghi r14 dugc goi la thanh ghi két néi (Ir) chira dia chi quay lai ctia chuong
trinh khi chuong trinh chay mot ham con.
e Thanh ghi r15 12 bd &ém chwong trinh (pc) va chua dia chi ciia 1énh tiép theo.

Hai thanh ghi trang thai bao gom 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, mdi truong co

8 bit: co, trang thai, mé rong va diéu khién. Hién tai phﬁn trang thai va mé rong duoc du
trit cho céc thiét ké twong lai.

) 28 27 B7654 0
NZCV unused IF|T| mode

Hinh'5-1 Ciu tric ciia thanh ghi trang thai chwong trinh hién tai
Céc co cua cpsr nhu sau:
e N: Negative- c& nay duoc bat khi bit cao nhat cua két qua xir Iy ALU bang 1.
e  Z: Zero- cd nay duoc bat khi két qua cudi cung trong ALU bang 0.

e C: Carry- cd nay duoc bat khi két qua cudi cung trong ALU 16n hon gia tri
32bit va tran.

V: Overflow-¢o 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
r6 User FlQ IRQ SvC Undef
r7
rg8 rg
ro ro
r1i0 ri0
ri1 ri1
ri1?2 ri?2
ri3 ri3 ri3 ri3 ri3 ri3
rl4 ri4 ri4 ri4 ri4 ri4
ris
cnsr
Spsr I SDSr ” SDSr ” SDSr ” SpSr

Hinh 5-2 Céc thanh ghi cua 161 ARM

Ché d6 hoat dong ctia bd VXL sé& xac dinh thanh ghi nao hoat dong va quyen truy
cap toi thanh ghi cpsr. M&i ché d6 hoat dong cua bo VXL s& 1a ché d6 dic quyén va
khong dic quyén: ché do dic quyén cho phép doc va ghi toi thanh ghi cpsr. Nguoi lai
ché d6 khong dic quyén chi cho phép doc trudng diéu khién cua cpsr nhung van cho
phép doc va ghi t6i cac co diéu kién.

C6 bay (7) ché do hoat déng ctia bd VXL: sau ché do dic quyén (abort, fast

interrupt request, interrupt request, supervisor, system, and undefined) va mét ché 4o
khong dac quyén (user). So do céc thanh ghi cac ché d§ 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-ri2, ro-ri2, ro-ri2,
rz 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
rii ri3 ri3 ri3 ri3 ri3
rl4 rid ril4 rid rld rig
ris
cDSr
SDSr sSnsr SDSr sSpsr sSpsr

Hinh 5-3 Cac ché d6 hoat dong va céac thanh ghi

Hoat dong cua cac ché d6 nhu sau:
e B0 VXL hoat dong & ché d6 Abort khi bo VXL khong thé truy cap bd nho.
e BO VXL hoat ddng & ché 4o interrupt request (IRQ) va fast interrupt request
(FIQ) tuong tmg v6i hai mirc ngit cua chip ARM.
e Bo VXL hoat dong & ché d6 Supervisor khi sau khi hé théng khoi dong (reset) va
khi nhan ctia hé diéu hanh hoat dong.
e Bo VXL hoat déng ¢ ché d6 System khi hé thdng c6 thé truy cap va doc, ghi toan
b6 thanh ghi cpsr. Pay 1a mét ché d6 dic biét ctia ché do User.
e BO VXL chuyén sang ché d6 Undefined khi bo VXL gap mat 1énh khong xac
dinh hodc khong dugc hd trg.
e BO VXL hoat dong ¢ ché d6 User la dé chay cac chuong trinh va cac ing dung
thong thuong.
Dbi véi timg ché @0, 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 nhiéu trong khoang 1983-1995:dén
ARM7-str dung dong chay 1énh st dung 3 tac vu. T 1995 trd vé sau, da xuit hién mot
vai nhan ARM méi dugce gidi thiéu c6 dong chdy 1énh 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 |fetch ADD[ decode I execute |

]

[fetch STR| decode [calc. adar] data xer |

I decode I execute ]
4 | decode ] execute |

5 |fetch ADDl decode | execute I
instruction

(/]

= time

Hinh 5-4: Dong chay 1énh 3 tac vu ap dung trong trudng hep 1 1énh ¢6 nhiéu chu ki may

Dong chay Iénh 5 tac vu:
Bao gdm cac tac vu : Fetch-decode-excute-buffer/data-write back

Dong chay Iénh 6 tac vu:

e Fetch va doan nhanh

e Issue

e Decode va doc thanh ghi

o [Execute shift va ALU, hoac tinh dia chi, hoac nhan
e Truy cap bd nhé, hoac nhan

e Ghi vao thanh ghi

Dong chay Iénh 9 tac vu:

e Ba tac vu Fetch.

e Mot tac vu Decode

e Mot tac vu Issue

e Bdn tac vu integer execution pipeline
5.2.4 Cau trac bus

Khi muén thiét ké riéng mot vi diéu khién, cling nhu thiét ké mot hé théng nhung,
ngoai quan tam dén cac chirc nang cac khoi, bus két ndi cac khoi lai voi nhau ciing la
mdt van dé nén dugc xem xét ky ludng. Cac hé thong nhing st dung cac k¥ thuat bus
khac véi thiét ke trén cac PC dya trén ho x86. Mot dang bus PC thong dung nhat d6 1a
bus PCI két ndi cac thiét bi nhu card do hoa, bd diéu khién dia cumng,... dén bus bo vi xtr
Iy x86. Pay la loai bus ngoai(off-chip), nghia 1a n6 két ndi cac thiét bi bén ngoai toi

chip.Nguoc lai, cac thiét bi nhiing sir dung bus on-chip ndm & bén trong chip va cho phép
cac thiét bi ngoai vi dugc két noi véi 161 ARM.
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Co6 hai loai thiét bi khac nhau gén véi bus : 1a master va slave. Trong d6 161 ARM
12 master — c6 kha niang diéu khién qua trinh truyén dir liéu voi thiét bi khac trén cing
bus, va céc thiét bi ngoai vi — cac slave chi c6 thé dap tmg véi 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 thi¢u nam 1996 va da dugc sir dung lam kién trac bus on-
chip danh cho cac bd xtr Iy ARM. Cac bus AMBA déu tién dugc gidi thiéu la ARM
System Bus (ASB) va ARM Peripheral Bus (APB). Mot thiét ké bus khac cia ARM
dugc gi6i thiéu sau d6 1a ARM High Performance Bus (AHB). V&i AMBA, céc nha thiét
ké ngoai vi ¢ thé st dung lai ciing 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 phan ctng c6 nhiéu lya chon ddi v6i cac ngoai vi da duoc kiém thir nham sir 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 lugc do bus ghép kénh tap trong hon 14 thiét ké bus hai chiéu ASB. Sy thay d6i nay
cho phép bus AHB chay ¢ téc do clock cao hon va 1a bus ARM dau tién hd trg d6 rong
bus 18n téi 64 va 128bit. ARM ciing di gidi thiéu 2 bién thé cua bus AHB 1a Multi-layer
AHB va AHB-Lite. Nguoc 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 12 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 cAu ddy du chirc ning ciia bus AHB
chuan.

Déi véi lap trinh vién, c6 thé coi LPC2378 gém 1 bus duy nhét co do rong 32bit
tire cho phép hd trg 1 dai bo nhd lién tuc 1én t6i 4Gbyte. Tuy nhién, thuc té vi diéu khién
nay gom nhiéu bus.

L5i ARM7 duogc két ndi dén bus AHB. Nhu vy thuong cic ngoai vi ndo co toc
dd hoat dong cao s¢ dugc két nbi_ truc tiép v6i bus nay. Vi du dién hinh trong LPC2378
1a khéi diéu khién ngat va mot cau két ndi dén 1 bus khac 1a VPB —VLSI peripheral bus.
Tét ca cac ngoai vi nguoi sit dung duoc két noi dén VPB. Cau VPB gdm 1 bo chia tan
cho phép bus VPB c¢6 thé hoat dong & toc do thap hon tdc do 161 ARM7 va bus AHB. Ky
thudt ndy dem lai 2 loi ich : thir nhat, giup tiét kiém cong sudt tiéu thy; thtr hai, cho phép
tiy chon tich hop thém cdc ngoai vi téc do thap hon 16i ARM7 ma khong gay thit nut c6
chai trén bus AHB.

Chu y, sau khi reset, bd chia tan VPB duoc thiét 1ap hé¢ s6 chia 1a 4 nén céc thiét
bi ngoai vi on-chip s& chay ¢ tbc d6 bang ¥4 tan s ctia CPU.

Mot bus thir 3 nita trong vi diéu khién LPC2378 dung dé két n6i bo nhé Flash va
RAM on-chip t6i 161 ARM7. Mic du c¢6 thé sir dung bus AHB dé két ndi bd nhd chuong
trinh va dir liéu o1 161 ARM7, 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 déang ké hiéu nang hoat dong ciia 16i ARM7.
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Vectored

ARM 7 Interrupt
Controler
y EY
Local B
ocal Bus v ¥

g

Advance High Performance Bus

¥

AHB/VPB
Bridge

I VLS Peripheral Bus

Program
Code/Data

ON Chip
Peripherals

Hinh 5-5 . CAu tric bus LPC2378

5.2.5 Ban do6 bd nho:

Dit 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. B6 nhé dugce dat trong khong gian nhé
ctia vi xir Iy va bo xir Iy giao tiép véi 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(hodc tich hop trén cung vi xtr Iy hodc 1a
mot mach ngoai) dugc goi 1a bd giai ma dia chi s€ bién dich cac bit dia chi nay trén bus
dia chi va chon bd nh¢ hodc ngoai vi pht hop. Dir liéu sau d6 s& dugc truyén trén bus dit
liu.

Thém nita, ciing c¢6 cac tin hiéu cho viéc doc va ghi dén nhiéu thiét bi trong khong
gian bo nhd cua bo vi xtt Iy ma thuong duwoc goi 1a bus dia chi. Nhitng tin hiéu bus diéu
khién nay gém tin hi¢u doc, tin hi€u ghi, tin hi¢u 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 muc tich cuc cua né khi dia
chi trén bus dia chi roi vao dai dia chi ciia mdt thiét bi nao d6. Vi du gid s c6 mot bo
nhd RAM chiém dai dia chi tir 00000 dén OxOFFF, khi 1énh phdn mém truy cap gié tri &
dia chi 0x02F2, tin hi¢u chon chip cho RAM s& dugc tich cuc.
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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 LOCAL ON-CHIF STATIC RAM

RESERVED ADDRESS SPACE

TOTAL OF 542 kB ON-CHIF MON-VOLATILE MEMORY

Hinh 5-6 . Ban d6 bo nhd cia 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 CAN Contraller 281
1840 22 0xEDD4 CODD to 0xEDDS 8000 Mot used
23 0=EDDS CODD S Hi
24 0=EDDS 0000 Mot used
25 0=EDDS 2000 Mot used
24 0=EDDS 3000 55RO
27 0=EDDS CODD DAC
28 0=EDCT 0000 Tirner 2
24 0=EDDT 4000 Tirer 3
30 OxEDQDT 3000 JARTZ
# OxEDDT CODD 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 biu 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 voi 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 nhé ngoai.
Céc ngoai vi ngudi sir dung két ndi véi VPB duoc 4nh xa vao ving 0xE0000000 va
0xF00000000 nhu trong bang 1.

5.2.6 Tap Iénh ARM
VXL ARM sir dung cau tric load-store. Diéu d6 c6 nghia 1a: tit ca cac 1énh déu
dugc thyuc hién trén thanh ghi. Cac 1énh ARM thudng c6 2 dén 3 toan ti.

Mic du cac phién ban kién trac ARM khac nhau hd tro cac tap 1énh khac nhau, cac
phién ban mai thudng tuong thich ngugce voi cac tap 1énh 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
1€nh d6 bao gom chuyén dir li€u, 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 nhit trong cac lénh ctia ARM. Lénh thay copy gia tri N dén
thanh ghi dich Rd.

Cu phap : <instruction>{<cond>} {S} Rd, N

C6 2 1énh dich chuyén
MOV: Chuyén mét gia tri 32 bit dén thanh ghi (Rd=N)
MVN: Chuyén gia tri dao 32 bit dén thanh ghi (Rd=~N)

Vi du:
Trudc: 15=5
r7=8
MOV 17,15 ; letr7 =15
Sau r5=5
17=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 thuc hién cOng va trur cac gia tri 32 bit co dau va khong c6 dau. Két
qua 1a 32 bit va dugc dat trong mdt thanh ghi. Cau trac cua Iénh c6 3 dia chi.

Cu phép : <instruction>{<cond>} {S} Rd, Rn, N
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Vi du:

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, R1,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 tri am cua rl)

Céc 1énh logic thuc hién cac phép toan logic theo bit trén cac thanh ghi
Cu phap: <instruction>{<cond>}{S} Rd, Rn, N

AND RO, R1, R2
ORR RO, R1, R2
EOR RO, R1, R2
BIC RO, R1, R2

Vidu:
Trudc;

;RO =RI1 and R2
;RO=RIlor 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, r1, 12
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Sau:
0 =0b1010

Trudec:
r1=0x11111111
r2=0x01100101
BIC 10, r1, 12
Sau:
R0=0x10011010

Cac Iénh so sanh

Céc Iénh 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 cac 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 R1,R2 ;setco cho két qua R1-R2
CMN RI1,R2 ;setcd cho két qua RI+R2
TST RI1,R2 : set ¢& cho két qua R1 and R2
TEQ RI1,R2 :setcd cho két qua Rl xor R2

Céc Iénh nhan

Cac 1énh nhén thyc hién phép nhén gia tri trén hai thanh ghi va c6 thé thuc hién cong
don véi mot thanh ghi khac. Két qua cudi cing duoc ghi vao thanh ghi dich hodc hai
thanh ghi néu két qua 1a 64 bits.

Cau tric:
MLA {<cond>} {S} Rd, Rm, Rs, Rn
MUL {<cond>} {S} Rd, Rm, 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 ‘grinh 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 trac:
B{<cond>} label
BL {<cond>} label
BX{<cond>} Rm
BLX{<cond>} label | Rm

B label ;chuyén dén dia chi label, pc=label
124



BL label: & nhanh c6 lién két, pc=label, dia chi quay lai dugc luu vao thanh ghi

Ir (R14)
BX Rm; r& nhéanh trao déi, pc = Rm & Oxfffffffe, T = Rm &1 (T la 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
Vi du:
BL sub ;goisub
CMP RI,#5 ; quay lai dia chi nay
MOVEQ R1, #0
sub: ;
MOV PC, LR ;quay lai

Cic Iénh chuyén dix liéu Load- Store

Cac 1énh chuyén dit liéu load-Store chuyén dir liéu giita bo nhd va cac thanh ghi trén
CPU. Co ba loai Iénh load-store : chi dung mot thanh ghi, dung nhi€u thanh ghi hodc trao
doi gitra thanh ghi va bo nhé

Load-store dung mot thanh ghi
Céc 1énh load-store dung mot thanh ghi dung dé chuyén dit lidu vao va ra khoi thanh
ghi. Céc l1énh ndy hd trg cac kiéu dir liéu c6 dau va khong c6 dau, kich c& c6 thé 1a 32 bit,
16 bit hodc 8 bit (byte)
Cau tric:
<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

Vidu:
; 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 nd1 dung cia 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 d d4nh 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. So d6 hoat dong 1énh LDR (Pre-indexed addressing)

—

to-indexing addressing (LDR RO, [R1, #4]!) calculation before accessing
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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* Post-indexed addressing (LDR RO, [R1], #4) calculation after accessing with a
writeback
Vidu:
LDR RO, RI1,#4 ; RO=mem[R1]
; RI=R1+4
0 =0x01010101
rl = 0x00009004

LDR RO, [R1,JH1!

v

)

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 thanh ghi va bd nhd hoac CPU, céac 1énh load-
store cho nhiéu thanh ghi c¢6 thé duoc dung. Qud trinh chuyén dir liéu tir dia chi gc do
thanh ghi Rn chi dén. Viéc str dung cac 1énh nay s€ ¢o hi¢u qua hon khi can chuyén mot
khdi dit lieu gitta bo nhé va thanh ghi hoac giira cac vi tri trong by nhd

Céu truc:
<LDM|STM>{<cond>}<addressing mode> Rn{!} ,<registers>{"}

LDM Nap nhiéu thanh ghi
STM Luu nhiéu thanh ghi

Ché do danh dia chi:

Dudi  ynghia

IA tang dia chi sau khi thuc 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 Rn+4*N —4 Rn+4*N
1B increment before Rn+4 Rn+4*N Rn+ 4*N
DA decrement after En—4*N + 4 Rn 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 | Ox00000002
r0 = 0x80010 — [ 0x80010 | 0x00000001

0x8000c | 0x00000000

LDMIA r0!, {r1-r3}

10 = 0x0008001c¢

rl = 0x00000001

r2 = 0x00000002

r3 = 0x00000003
Memory

Address pointer address Data
0x80020 | 0x00000005
rf) = 0x8001¢ — | Ox8001c | Ox00000004

0x80018 | 0x00000003
0x80014 | 0x00000002
0x80010 | 0x00000001
0x8000c | 0x00000000

Néu dung 1énh LDMIB

ri = 0x00000000
r2 = 0x00000000
ri = 0x00000000

Dg

r3=0x00000003
r2=0x00000002
ri=0x00000001
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Memory

Address pointer address Data

0x80020 | 0x00000005
ri) = 0x8001¢ — | 0x8001c | 0x000D0D0O004
0x80018 | 0x00000003 | »3=0x00000003
0x80014 | 0x00000002 | »2= 0x00000002
0x80010 | 0x00000001 | »f=0x00000001
0x8000c | 0x00000000

Vidu : Ung dung céac 1énh trén dé copy mot khdi dit lidu

RO: dia chi nguén
R10: dia chi dich i
R11: dia chi cudi cua ngudn

High memory

ril
. 1. Source ——
ro
Copy
MEMmory
location
. Destination |-
il 1‘
Low memory

loop: LDMIA R9!, {R0-R7} ; nap 32 byte tir nguon va cap nhat con tréo R9
STMIA R10!, {RO-R7}; luu 32 byte tir ngudn va cap nhét con tro 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 noi dung ciia bo nhé va thanh ghi.

Céu truc:
SWP{B} {<cond>} Rd,Rm,[Rn]
SWP ddi noi dung 32 bits giita thanh ghi va b nhd
tmp =mem32[Rn]
mem32[Rn] = Rm
Rd = tmp
SWPB dbi ndi dung 8 bits giira thanh ghi va bo nhé
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tmp =mem8[Rn]
memg8[Rn] = Rm
Rd = tmp
Vidu
Trudce:
mem32[0x9000] = 0x12345678
r0 = 0x00000000
rl =0x11112222
r2 = 0x00009000
SWP 10, r1, [r2]
Sau:
mem32[0x9000] = 0x11112222
0 = 0x12345678
rl =0x11112222
r2 = 0x00009000

5.2.7 Tap Iénh Thumb

_ Mot tinh nang quan trong cua ARM 1 ho'tro tap 1énh Thumb. Tap l1énh Thumb bao
gom cac énh 16 bit. Do d6 chung chiém it b nh¢ hon va ¢6 hiéu nang caohon doi voi
cac dir liéu 16 bit. D41 véi cac tng dung nhing 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 ¢6 mot by didu khién, bo diéu khién nay giao dién véi
chuong trinh phdn'mém qua 1 hodc nhiéu thanh ghi. B6 xu 1y giao tiép véi cac bo dicu
khién bang viéc doc va ghi cac bit 1én cac thanh ghi nay thong qua cac 1énh truyén 1 byte
hay 1 tir toi 1 dia chi cong I/O. Cac 1énh I/O nay sé& kich khdi cac dudng bus dé chon
dung thiét bi va chuyén cac bit t6i hoic doc cac bit tir mot thanh ghi thiét bi. Cac thanh
ghi nay dugc anh xa vao khong gian dia chi cua bd vi xur ly. Ky thuat nay dugc goi la k¥
thuat I/O anh xa by nhé - memory-mapped 1/O.

_ Mot thiét b dién hinh gom 4 thanh ghi dugc goi la thanh ghi trang thai, thanh ghi
dicu khién, thanh ghi dir li¢u vao (data-in), thanh ghi dit li¢u ra (data-out):

- Thanh ghi dit liéu vao — data-in register : duoc doc bai CPU dé doc dau vao

- Thanh ghi dir liéu ra — data-out register : dugc ghi boi CPU dé gui dir licu toi
thict bi
- Thanh ghi trang thai — status register : chta cac bit ¢6 thé dugc doc bai CPU.
Nhitng bit nay chi trang thai c1:1a thiét bi nhu yéu cau hién thoi da dugc thuc thi
xong chua, mot byte da san dé doc trong thanh ghi data-in chua, c6 101 xdy ra
khong,...
- Thanh ghi diéy Kkhién — control register : co thé dugc ghi boi 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 thudc 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 chura nhiéu byte div
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liéu dau vao hodc ra nham ting kha nang cua bd diéu khién so voi kich thudce cua thanh
ghj dir liéu. Mét chip FIFO c6 thé ch@a 1 lugng dit liéu cho dén khi thiét bi hoac CPU c6
thé nhan nhiing dir 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 d& dang nhd 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 1én to1 5 port vao ra da dung goi tat 1a GPIO — General
Purpose 10, moi port gom 32 duong IO duge anh xa vao 32 bit cua cac thanh ghi diéu
khién, trang thai.

Pé tuong thich véi cac cac dong LPC21xx, PORTO va PORTI co thé dugc diéu
khién béi tap cac thanh ghi diéu khién ké thira tir cac 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 6 bus cuc bd duoce goi 14 cac thanh ghi Fast GPIO dé c6 dugc tdc do diéu khién
nhanh hon.

Gidng nhu céc loai vi diéu khién khac,mdi pin cia LPC2378 bao gdm nhiéu chiic
ning cu thé 1a mdi chan co tir 1 dén 4 chirc ning. Viéc chon chirc nang ciia mdi pin thong
qua cac thanh ghi PINSELn ma trong datasheet ctia nha san xudt s& néi rd 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 cac
churc nang:
- IOPIN : thanh ghi gia tri cac pin cua Port. Trang thai hién tai cua cac pin cua Port
¢6 thé duoc doc tir thanh ghi nay.Gia tri ciia pin twong 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 v&i thanh ghi IOCLR
dugc dung dé diéu khién trang thai diu ra cta cac pin cia port. Viét 1 vao mot
bit ndo d6 thi twong ng s& tao ra muic cao & pin twong tmg véi bit d6. Viét 0 vao

s€ khong tac dong gi
Vidu:

IOSET= 1>>10 ; // Dwa pin 10 Ién mirc cao

- IOCLR : twong tu nhu thanh ghi set, tuy nhién khi viét 1 bit ndo d6 tuong tng véi

dua pin d6 vé muc thap.

Vi du : IOCLR= (1<<1)|(1<<2); /Pua pin 1 va pin 2 vé miic thip
- IODIR : thanh ghi chon huéng cua pin 1a input hay output.Néu bit tuong ng véi
pin trong thanh ghi bang 1 thi pin d6 1a pin output con bit d6 bang 0 thi pin tuong

ung la pin input.

Day chinh 14 tap thanh ghi diéu khién véi thoi gian dap tng cham. Nhu d3 giéi 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 tu la FIODIR,FIOSET,FIOCLR,FIOPIN.

Chu y khi 1am viéc vdi cac thanh ghi fast 1O, n6 con c6 thém mot thanh ghi khac
1a FIOMASK, viéc thiét lap bit twong umg 120 ciia mdi pin s& cho phép viée set,clear,
doc trang thai tuong 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 sé khong dap tng lai voi su thay doi do

tac dong cua cac thanh ghi FIOSET, FIOCLR,FIOPIN.
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Hinh 5-10. So dd két ndi cac chan 10 véi cac led trén board MCB2300

Vi du 1 : Diéu khién nhay led

Sau day la chuong trinh diéu khién tat mé cac led két nbi v6i cac Pin 0 dén 7 ciia port
2 gom 1 viét bang assembly va 1 viét bang C

Chuwong trinh assembly.
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AREA RESET,CODE,READONLY
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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
str r0,[r1]

1dr r0,FIO2DIR ; chon chan 2.0-->2.7 lam chan output
mov 13, #0xff
str r3,[r0]

1dr r0,FIO2MASK ;cho phep'dieu khien cac pin
mov 13,#0x00
str r3,[10]

mov r3,#0xff

; vong lap chinh,nhay cac led

led blinky

delay

Idr rO,FIO2SET :bat led
str 13,[10]
bl delay ;delay trong khoang 1/2 sec

Idr r0,FIO2CLR ;tat led

str13,[10]

bl delay ;delay trong khoang 1/2 sec
b led blinky

;hamdelay
1dr rO,DELAY_VAL ;khoi tao gia tri dem

loop delay

subs r0,r0,#0x01
bne loop_delay

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 ()

//khéi tao céc pin io tu P2.0->P2.7 la output
PINSEL10 = 0x00;

FIO2DIR = 0Oxff;
FIO2MASK = 0x00;
FIO2CLR = O0Oxff;
while (1)

{

//Set cac pin 1&n muc cao
FIO2SET=0xff;
delay (500000) ;

//Clear céc pin vé mic thép
FIO2CLR =0xff;
delay (500000) ;

}
return 0;

}
Vi du 2: Doc phim bam:
Trén board MCB2300, phim'S2 dugc két ndi ti 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 cta 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;1i++) {}
}

int main()
{
unsigned int status=0;
//inits Port 2

PINSEL10 = O0;
FIO2MASK = 0;
FIO2DIR = Oxff; //pin 0..7 are output pins

//pin 10 is input pin

//clear pins 0..7 to turn off all leds
FIO2CLR = Oxff;

while (1)

//checks button SEQRES
if ((FIO2PING& (1<<10))==0)
{

FIO2CLR = Oxff;

FIO2SET = (l<<status);
status++;
status %= 8;
delay() ; y
}
} -

5.3. trinh diéu khién Mnh th&i (Timer) va bé dém (Counter)

Time unter 1a céac thiét b ngoai vi dugc thiét ké dé dém sb chu ki cua 1 clock bén
trong hé thong hoic tir mot ngudn clock ngoai. Trong LPC2378 c6 bdn bod
Timer/Counter. Tét ca déu giéng nhau vé ciu trac va cach sir dung. Cac timer déu hoat
dong duya trén cac by dém timer 32 bit. Nguon clock bén trong cho tét ca bo dinh thoi 1a

clock ngoai vi PCLK dworc 1ay tir clock danh cho 161 CCLK

Reset Enable
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Hinh 5-12. M6 hinh b0 timer

Téc dd tick cta bd timer duoc diéu khién boi gia tr1 duoc luu trong thanh ghi
Prescaler Reg. Gia trj bd dém Prescaler s& ting theo mdi xung ciia PCLK cho dén khi n6
dat dén gid 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 diu 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 db hoat dong cac thanh ghi Timer

Ngoai chiric nang co ban ciia mot b timer, moi timer con c6 thém 4 kénh capture.
Céc kénh capture cho phép ban chgp lai gia tri cua bd timer counter khi c6 mdt sy
chuyén mirc ciia tin hiéu ¢ 1 kénh dau vao.

Mobi mot kénh capture c6 mot pin twong tmg duoc cho phép thong qua khdi két ndi
pin. Thanh ghi capture control register co thé cau hinh suon 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 (mg va néu ¢an thiét, mot ngat co thé dugc tao ra.

MO0 ta cac pin danh cho bo Timer/Counter:

Pin Type M0 ta
CapO[1:0] | Input | Capture Signals— 1 su chuyén mtc trén 1 pin capture co thé
Capl[1:0] duogc cau hinh dé copy vao thanh ghi Capture tuong tng gi tri
Cap2[1:0] hién thdi cia bd dém thoi gian TC (Timer Counter) va tiy 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] vai gia tri trong bo dém thot gian TC (Timer Counter) dau ra
MAT2[1:0] né}{ co thé duoc ’cﬁu hinh dé thay d6i mue, thiét 1ap murc cao,
MAT3[1:0] thict 1ap muc thap.

M6 td cdc thanh ghi lién guan dén bo Timer/Counter:

Thanh ghi M0 ta Kiéu truy cip

IR Interrupt Register : IR ¢6 thé dugc 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 duoc xt 1y

TCR Timer Control Register : dugc su R/W
dung dé diéu khién céac chlic nang ctia
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bd Timer/Counter. N6 c6 thé dimng
hoac reset bd Timer/Counter

TC

Timer Counter : 1a thanh ghi 32 bit
tang theo moi chu ki PR+1 cua PCLK.
Duogc dicu khién boi 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 no 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 véi1 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 mét su
kién Match xdy ra

R/W

MRO0/1/2/3

Match Register 0/1/2/3 : MRn c6 thé
duoc cho phép qua MCR, khi gié tri
trong thanh ghi MRn bang véi gid tri
trong TC nd co thé tao ra cac dap tng
nhu reset TC, dung ca TC va PC hoac
tao ra 1 ngit hoic khong lam gi

R/W

CCR

Capture Control Register; CCR diéu
khién sudn nio cta cac dau vao
Capture dé copy gia tri cac Capture
Register va c6 hodc khong tao ra mot
ngét khi ¢c6 mot sy kién capture xay
ra

R/W

CRO0/1/2/3

Capture Register 0/1/2/3 : CR0/1/2/3
s€ dugc load vao gid tri cia TC khi c6
mot su kién capture xay ra ¢ pin
capture tuong ung

ReadOnly(RO)

EMR

External Match Register : diéu khién
cac chan ngoai MATn.0-3

R/W

CTCR

Count Control Register: chon mode
hoat dong la Timer hay Counter va tir
d6 chon tin hi€u clock nguén

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
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#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; //Timer0 reset
TOTCR=0x01; //TIMERO run
while (TOTC!=1) {}

TOTCR=0; //TimerQ stop

}

return 0;

}

5.3.4 Dong ho th&i gian thuc

Dong ho thoi gian thye 1a mot bo lich biéu .cho phép thyc hién tinh toan quan ly thoi
gian trong lich biéu nhu ngay , thang, nim, tuan 1&,.. va dic biét 13 tao ra gio chinh xéac
theo gio phut gidy.

B6 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 nhing thong sb thoi gian duoc
chon lua trong cac thanh ghi Alarm.B6 RTC c6 thé chon hoat dong trén thach anh
32KHz ngoai hogc tir PCLK bén trong. N6 cling c¢6 b nhd 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 suét thap va co thé chay tir ngudn pin.
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CLOCK

4' Reference Clock Divider

Seconds i

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 46 RTC
Phia trén 14 hinh v&€ md ta hoat dong chung cua by RTC, tin hié¢u clock di vao bo
RTC qua khbi Reference Clock Divider s& duoc chia ra dé tao ra ngudn clock phi hop.
Tin hi€u clock nay vao by Clock tao ra tin hi¢u diéu khién cho cac b dém Second,
Minute, Hours,... Khi duoc tiy chon, néu thoi gian hién tai phu hop voi cac gia tri thoi
gian trong cac thanh ghi Alarm thi né s& tao ra cic ngét theo y muén.

Mo ta cac pin danh cho chirc nang RTC:

Pin Type Mo ta
RTCX1 I Pau vao mach dao dong
RTC
RTCX2 O Dau ra tir mach dao dong
RTC
Vbat I Nguon cung cap cho bd
RTC
Mo ta cac thanh ghi danh cho chirc nang RTC:
Register Size | Mo 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 ding dé R/W
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chon lya t6 hop cac 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 cac gia tri thoi gian béc thap :
gidy, phut, gio, va ngay trong tuan.

SEC La céc thanh ghi chira gid tri thoi gian R/W
MIN hién thoi
HOUR
DOM
DOW
DOY
MONTH
YEAR

ALSEC Céc thanh ghi Alarm chtra gia tri dé so
ALMIN sédnh vo1 gia tri thoi gian hign 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 phu hop khi str
dung ngudn clock 1a PCLK

PREFRAC 15 Prescale Value, fractional portion - cuing | R‘'W
v6i thanh ghi PREINT n6 dugc st dung
dé tao ra gid tri chia phu hop khi str dung
ngudn clock 1a PCLK

Thiét Idp gid tri PREINT va PREFRAC khi sir 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 b RTC luon 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 hi¢u 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
luén dém duoc 32,768 lan trén 1 gidy.

Ph?}n nguyén cua bd chia (chira trong thanh ghi PREINT) la gia tri 13 bit va phan
phéan 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 ¢ thé diéu khién thong qua cac thanh ghi diéu khién véi gia tri chu ki, d6 rong
xung duoc tinh toan trude theo yéu cau cu thé cua tmg dung. Cac bd PWM hoat dong
dwra trén cac khdi Timer va ké thira cac chirc ning ctia no.

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 cau nao do khi 1 gia tri
thoi gian x4c dinh thiét lap trén cac thanh ghi Match bang véi gia tri trong thanh ghi TC .
Chtric nang PWM duva trén c4c chirc nang nay cia by Timer.

Vi kha nang diéu khién riéng cac thoi diém sudon dwong va suon 4m cua tin hiéu
PWM nén cac b PWM dugc su dung véi nhiéu ung dung hon. Vi du dién hinh 1a cc bd
diéu khién motor nhiéu phase.

Véi mbi tin hiéu dau ra cia bo diéu khién d6 rong xung dugc diéu khién thong qua 2
hoac 3 thanh ghi Match:

- Truong hop st dung 2 thanh ghi Match: dugc sir 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 tri cia suon
- Trudng hop st dung 3 thanh ghi Match: duoc sir dung dé tao ra tin hiéu ra dugc diéu
khién theo c4 2 suon:
o Mot thanh ghi (PWMMRO) diéu khién chu ki tin hi¢u
o Hai thanh ghi con lai diéu khién cac vi tri ctia 2 suon.

Do sir dung cing chung PWMMRO nén chu ki ciia cac tin hiéu dau ra gidng nhau
Hinh bén dudi mo ta cac thanh phan cia b PWM dudi quan diém lap trinh gom tap
cac thanh ghi diéu khién va thanh ghi trang thai, cung céc tin hiéu dau ra.

Interrupt Reg

Timer Control

Prescale

Prescale

S V— VIR W S

Match Control

Extenal Match Riegister J

Latch Enable Register ]

Capture Gontrol Riegister ]

Capture Register 0 - 4 ]

[
[
[
[
[
[ Maich Register 0 - 6 ]
[
[
(
[
(

Count Contral ]

Hinh 5-15. So dd b6 PWM
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Mo ta cac pin sw dung cho b6 PWM:

Pin Type Mo ta

PWMI[1] Output Dau ra tir b PWM kénh 1

PWMI[2] Output Pau ra tir bd PWM kénh 2

PWM1[3] Output Pau ra tir bd PWM kénh 3

PWM1[4] Output Pau ra tir bd PWM kénh 4

PWM1[5] Output Pau ra tir b PWM kénh 5

PWMI1[6] Output Dau ra tir bd PWM kénh 6

PCAPI1[1:0] Input Céc dau vao Capture :su chuyén muc trén
pin capture c6 thé duo cau hinh dé copy gia
tri cia TC vao thanh ghi Capture twong ting
va tiiy chon c6 thé tao ra I ngit

Mo ta cac thanh ghi sw dung cho bo PWM:

Tap céc thanh ghi cia PWM gidéng v&i bo Timer va thém mot tip cac thanh ghi riéng

Thanh ghi

Mo ta Kiéu truy cap

IR

Interrupt Register : IR c6 thé duoc ghi vao | RIW

de xo6a cac ngat hoac ¢d the duge doc de
nhan dién mot trong tAm nguoén ngat co thé
dang cho dugc xu ly

TCR

Timer Control Register : duoc st dung dé R/W

dicu khién cac chltc nang ctia bd
Timer/Counter. N6 ¢6 thé cam hoac reset bo
Timer/Counter

TC

Timer Counter : 1a thanh ghi 32 bit tdng R/W

thgo m(:)iq chu ki PR+1 cua PCLK. Puoc
dicu khién bai thanh ghi TCR

PR

Prescale Register : khi thanh ghi Prescale R/W

Counter bang gia tri trong thanh ghi nay thi
o chu ki clock tiep theo né tang TC va clear

PC

PC

Prescaler Counter : 1a thanh ghi 32 bit, thuc | R/W

hién chtrc nang dém gié tri clock va so sanh

vo1 PR

MCR

Match Control Register : dugc st dung dé R/W

diéu khién néu mdt ngat duogc tao ra va néu
TC reset khi c6 mdt sy ki€n Match xdy ra

MRO/1/2/3/4/
5/6

Match Register 0/1/2/3/4/5/6 : MRn c¢6 thé | R/'W

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 mot ngét
hodc khong lam gi. Thém nira n6 dugc su
dung dé diéu khién cac dau ra bo PWM

CCR

Capture Control Register: CCR diéu khién | R/W

suon nao cua cac dau vao Capture dé copy
gié tri cac Capture Register va c6 hoac
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khong tao ra mot ngét khi c6 mot su kién
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 rng

PCR PWM Control Register : cho phép cac déuq 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 b6 PWM. Chi
khi bit nay dwuoc cho phép thi dau ra méi
dap ung véi cac gia tri trong thanh ghi
Match

5.3.6 Diéu khién ngat

C6 hai loai bo diéu khién ngat dugc st dung trong bd vi xir Iy ARM 1a bo diéu khién
ngat chuan va by diéu khién ngat vector VIC — vecter interrupt controller.

Bo diéu khién chuin giri mot tin hiéu ngat dén 161 vi xir Iy khi mot thiét bi ngoai yéu
cau phuc vu. N6 c6 thé dugce 1ap trinh d€ bo qua y€u cau ngat tir mdt hodc nhicu thiét bi.
Trinh xur ly ngat xac dinh thiét bi yéu cau phuc vu bang viéc doc mot thanh ghi cua thiét
bi trong bd dicu khién ngat.

VIC manh hon b diéu khién ngat chuan b0’1 no cho phep thlet 1ap cac mirc uvu tién
cho céc ngat va don gian qua trinh xac dinh nguon ngit. Sau khi gin mét mic vu tién va
dia chi trinh xt ly ngit voi mdi ngat, VIC chi can gui mot tin hiéu ngat t6i 16 neu mirc
uu tién cua ngat mai cao hon trinh xt ly ngat dang thuc thi. Dya vao tin hi¢u ngat nay,
VIC c6 thé goi trinh xir Iy ngoai 1& ngat chuan tai dia chi cta 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 hi¢u ngit dén mot
trong hai ngat FIQ va IRQ tuy theo cac thong s6 cua cac thanh ghi c4u hinh cho VIC, va
no s€ gui dia chi cua thuong trinh phuc vu ngat vao thanh ghi VICVectAddr. Trinh xtr ly
ngit s& bt dau bang vige doc thanh ghi nay va nhay t61 dia chi dugc cung cap boi thanh
ghi nay. Va khi két thiic chuwong trinh phuc vu ngit, ngoai viéc clear ¢ ngit ctia ngudn
ngit trong ung, VICVectAddr phai dugc ghi vao mot gia tri bat ki dé update phan cing
murc uvu tién cua VIC.

CPU ARM c6 2 dudng phuc vu cho ngit 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. Céu trtic hé thong xt 1y ngat trong LPC2378

5.3.7 Giao tiép UART

May tinh truyén dit liéu theo hai phuwong phap song song hoac nbi tiép Truyén dit
liu 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 v6i may in va o dia cing. Phuong phap nay cho
phep truyén véi téc do cao nhung khoang cach truyén bj 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
ting bit.

Pé t6 chirc truyén tin ndi tiép, trudc hét byte dir liéu duge chuyén thanh cac bit ndi
tiép nho thanh ghi dich vao song song —ra ndi tiép. Tiép d6 dir liéu dugc truyén qua mot
duong dir liéu don, & dau thu, nho mot thanh ghi dich vao nbi tiép-ra song song, dir lidu
dugc nhan ndi tiép va duge goi thanh timg byte mot. Khi tin hiéu dugc truyén di xa, yéu
cAu c6 mot modem dé diéu ché tin hiéu va sau do giai diéu ché & bo thu.

Truyén tin ndi tiép €6 hai phuong phap: dong bo va bat dong bod
e Dong bd: truyén mdi 1an mot khoi dir lidu
o Bat dong bo: chi truyén timg byte mot.

Chuin RS-232

Trong truyén tin ndi tiép, RS-232 1a mot chudn cho két ndi tin hidu dir lidu nhi phan
ndi tiép gitta mot DTE (data terminal equipment) va mot DCE (data circuit-terminating
equiqment) dugc xdy 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 st dung kha rong dai. Tuy
nhién do chuin nay ra doi kha lau trudce khi ¢6 hg mach dién t&r 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 ¢6 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 bd tri chan dau ndi viia DB-9
thong quan bang dudi:

Chan Mo ta Y nghia

1 Data carrier detect(DCD) Tach tin hi¢u mang dir li¢u
2 Received Data(RxD) Dtr liéu nhan duoc

3 Transmitted Data(TxD) Dir li¢u dugc gui

4 Data terminal ready(DTR) Pau cudi dir lidu san sang
5 Signal Ground(GND) Pat cua tin hiéu

6 Data set ready(DSR) Dir liéu san sang

7 Request to send(RTS) Yéu cau gui

8 Clear to send(CTS) Xoba dé giri

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 nbi tdi thiéu gitra PC voi vi diéu khién

Dinh dang ban tin:

Trong truyen bat dong bd, duong lién két khong bao gom mot dudng clock, vi trong
mdi dau cubi thiét bi déu c6 mot clock. Vi vay hai clock phai c6 chung tan sd,cho phép
sai khac nho. Mdi mot byte duoc truyén gdm mot bit Start dé déng bo cac clock, va mot
hodc nhiéu bit Stop dé bao hiéu két thic mot tir truyén. Mot dudng truyén bat déng bo sir
dung nhiéu dinh dang, nhung dinh dang phd bién nhit a 8-N-1 & d6 bé truyén s& giri mdi
byte dir liéu v6i 1 bit Start, theo sau 8 bit dit liéu, bat dau voi bit 0(LSB) va két thuc véi
1 bit Stop nhu mo ta hinh dudi

Logic "1 +5Y
Start
me_| o|1[2]3]4]5s]6 TS'WL.W

Hinh 5-20. DBinh dang 8-N-1

Mo td cac chan UART:

Pin Type M0 ta
RXD0/2/3 Input Serial Input : dit liéu nhan nbi tiép
TXDO0/2/3 Output Serial Output: dir liéu truyén ndi tiép
Mo ta cac thanh ghi:
Thanh ghi Mo ta Kiéu truy cip
RBR Receiver Buffer Register : chtra byte dau trong bo RO

dém nhén FIFO cua cdng 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 1a ki tr mdi nhat
trong by 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 v0i nhau chung 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 chtrc 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 xacdinh dinh dang | R/'W
c1:1a ki tu s€ dugc truyén hodc 7nhén IthE + do dai tur,
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
nhan dir liéu chua, 101, ...

Va con 1 s6 thanh ghi nira tuy nhién s& khong dé cap chi tiét trong tai liéu nay, tham

khao trong datasheet nha san xuat.
Tinh toan toc do baud:

PCLE
16 ® (256 x DLM = DLL)

Baudrate =

Chuong trinh vi du:

#include <LPC23xx.H> /* LPC2300 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 */
UODLM = 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 tat cua Inter-Intergrated Circuit , la mot loai bus ndi tiép dugc phat trién boi
hang san xuit linh kién dién tir Philips. Ban déu, loai bus ndy chi dugc dung trong cac
linh kién dién tur cua Philips. Sau do, do tinh wru viét va don gian cua no, 12C da duoc
chuén hoa va dugc ding rong réi trong cac module truyén thong ndi tiép trén cac vi mach
tich hop ngay nay.

12C str dung chi 2 duong 2 chiéu 1a duong dir lidu — SDA (Serial Data) va duong
cung cap xung nhip — SCL(Serial Clock) , nén khong yéu cau khéi logic chon va phéan
quyén bus, viéc thiét ké phan climg tro nén don gian hon nhiéu. Moi thiét bj dugc gin
1én bus déu c6 dia chi duy nhat. Moi thiét bi nay hoat dong nhu 1 bo 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
chuc nang.

St 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 t6i xép xi
128 thiét bi str dung trén cung 1 bus.

Trong mét h¢ thdong sir dung bus, thiét bj khoi tao 1 qué trinh trao ddi dit liéu dugc
goi la master, con thiét bi dugc dia ghi h(’);l bdi master hay diéu khién bdi master duoc
goi la slave. Thong thuong 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 ligu.

Téc d:
Téc d6 giao tiép cua I12C c6 thé 1én dén 3.4Mbs véi nhiéu tiy chon tc do:

- Standard : 100 kbps
- Fast :400 kbps
- Fast mode plus 1 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 I2C
Hoat dong:

Khi bat dau 1 qué trinh trao d6i dir liéu, trudc hét master khéi tao qua trinh truyen
bang cach giri 1 start bit theo sau 1a dia chi 7-bit cta slave ma né mubn giao tiép, tiép d6
la 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 véi 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 no tiép tuc nhan 1 byte tir slave va gui 1 bit
ACK sau moi byte nhan duoc.

Master muén két thiic trao ddi thi nd s& giri 1 stop bit 1én bus.
sa |\

|;'.r

1 Ez En

Hinh 5-22. Lugc d6 thoi gian
Lugc do trén mo ta timing ctia qué trinh truyén. Mdi qué trinh truyén bat dau voi 1
bit Start(S) khi SDA bi kéo xudng thap trong khi SCL van & mirc cao. Sau d6 SDA bit
dau thiét 1ap bit duoc truyén trong khi SCL murc thip va dit liéu duoc 14y mau (nhan) khi
SCL chuyén mirc. Khi qué trinh truygn két thac, 1 bit Stop(P) dugc truyén bang cach
giai phong duong SDA dé n6 duge kéo 1én mirc cao trong khi SCL vaAn & mtc cao.

A
rd —
S SLAVE ADDRESS RW A DATA A DATA AA 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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SLAVE ADDRESS R A DATA A DATA

»|
-

O from Master to Slave
D from Slave to Master

| 4
‘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 td cdc pin 12C:

Pin

Loai

Mo ta

SDA0/1/2 /O

Duong dit liéu SDA

SCL0/1/2 1/0

Pudng tin hiéu dong ho SCL

Mo ta cac thanh ghi I12C:

Register

Mo ta

Kiéu truy cip

[2CONSET

12C Control Set Register : Thanh ghi thiét lap
diéu khién diéu khién I12C. Khi'l duoc ghi
vao 1 bit cua thanh ghi nay thi bit tuong ing
trong thanh ghi diéu khién 12C s& dugc set.
Ghi 0 vao s€ khong c6 hiéu ung gi

R/W

[12STAT

12C Status Register : thanh ghi trang thai 12C.
Trong hoat dong cua 12C, thanh ghi nay cung
cAp cac mé trang thai chi tiét cho phép phan
mém xac dinh d4p mg can thiét tiép theo

RO

I2DAT

12C Data Register : thanh ghi dir li¢u 12C.
Trong qua trinh truyén dit liéu, di liéu dé
dugc truyén s& dugc ghi vao dy, con trong
qué trinh doc dit li€u, dir li¢u da nhan dugc s€
doc tur thanh ghi nay

R/W

[12ADR

12C Slave Address Register: thanh ghi dir li¢u
slave, chira dia chi 7-bit cua slave khi thiét bj
hoat dong & mode slave. Biét trong s6 nho
nhét xac dinh rang slave cé dap tng 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 sd clock dugc
tao bdi 1 [12C master va thoi gian phu hop
dugc st dung trong ché d6 slave. N6 x4c dinh
thoi gian muc thip cua clock 12C

I2CONCLR | I2C Control Clear Register : thanh ghi x6a R/W
diéu khién. Khi 1 dugc ghi vao mot bit cua
thanh ghi nay, bit twrong Gng trong thanh ghi
diéu khién s& duoc clear, ghi 0 vao s& khong
c6 hi¢u ing gi

Xdc dinh tan sé hoat déng ciia bus 12C:

Phan 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 12SCLH 1a-s6 chu ky ctia clock ngoai vi cung
cap cho module 12C PCLK ma SCL ¢ mitc cao con I2SCLL 1a s6 chu ky ciia PCLK ma
SCL & mirc thap. Nén tan sb clock ctia SCL hay ctia 12C la:

IZc - frerk
‘bitfrequency T [5ESCIH + I2CSCLL

5.3.9 Giao tiép SPI

Giao dién ngoai vi ndi tiép SPI (Serial Peripheral Interface) 1a mot giao tiép nbi tiép
song cong. N6 c6 thé co nhiéu master va slave cung duoc két ndi trén mot bus xac dinh.
Chi mdt master va mot slave ¢6 thé truyén dit liéu tai mdi thoi diém. Trong subt qua trinh
truyén dit liéu master luon ludn giri tir 8 dén 16 bit dit liéu tdi slave va slave ludn giri mot
byte dir li€u té1 master.

Ca SPILva I2C déu ho tro tét cho cic ngoai vi toc do cham dugc truy cap khong lién
tuc nhu EEPROM va Real-Time Clock nhung SPI c6 tdc do dir liéu cao hon 12C, thuong
lén t6i hang chuc Mbps, phtt hop cho cac mg dung truyén dit liéu theo ludng. N6 con
hiéu qua hon nho giao dién song cong diy du , sir dung trong cac ng dung giita 1 bo
codec va 1 bd xur 1y tin hiéu sd.

Ciing nhu trong 12C, master khéi tao qua trinh trao ddi dir 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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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. Cu hinh 1 master nhiéu slave

Giao tiép SPI gdm 4 dudng tin hiéu : clock (SCLK), dir liéu ra tir master vao slave
MOSI (Master Out Slave In), dit liéu vao master tir 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 cue clock CPOL (Clock Polarity) va
phase clock CPHA (Clock Phase), cap thong s6 nay duoc dung dé xac dinh sudn cua tin
hiéu clock ma dit liéu duoc 1ai va 14y mau. Mdi thong s6 ¢b 2 trang thai mirc cao — mirc
thap nén tong hop lai c6 4 t6 hop c6 thé ma mdi t6 hop déu khong twong thich véi cac t6
hop con lai. Nén cip giao tiép master/slave phai sir dung ding cip thong sd dé giao tiép.

Céc to hop CPOL va CPHA xac dinh:

- Khi nao bit dit liéu dau tién duoc thiét 1ap
- Khi nao cac bit dit liéu khac duoc thiét 1ap
- Khi nao dir liéu dugc ldy mau

Moi quan hé niy duogc bicu dién & bang duéi

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 Truéc suon duong | Swon am SCK Suon duong SCK
SCK dau tién

CPOL=0,CPHA =1 | Suon dwong SCK | Suon dwong SCK | Swdon 4m SCK
dau tién

CPOL=1,CPHA =0 | Trudc suon 4m SCK | Suon dwong SCK | Sudon 4m SCK
dau tién

CPOL=1,CPHA =1 | Suon 4m SCK dau | Suon 4am SCK Suon duong SCK
tién

Mo ta cdc thanh ghi SPI: 7
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

152




thong bdo cac trang thai cua SPI

SOSPDR SPI Data Register : ddy 1a thanh ghi 2 chiéu R/W
cung cap dit lidu truyén va nhan cho SPI. Dit
liéu truyén duoc cung cép téi SPI0 dugc ghi
vao thanh ghi nay con dit liéu nhan dugc boi
SPIO c6 thé doc tir thanh ghi nay

SOSPCCR SPI Clock Counter Register : thanh ghi diéu | R/'W
khién tan soO cua master SCKO

SOSPINT SPI Interrupt Flag : chira c& ngat 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;
IODIRO = 1 << 16;
IOSETO0 = 1 << 16;

/* Setting SPI0 clock*/
SOSPCCR = 0x8;
SOSPCR = 0x00000020;

}

/* Send a block of data to the SPI port, the first */
void SPISend( unsigned char *buf, int Length )
{

int i;

unsigned char Dummy;

if ( Length == )

Resurn;
for (i = 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 twwong tw: ADC, DAC
Giao tiép v6i ADC

Céc bd ADC nhu tén goi di chi 16 1a cac 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 twrong duong véi mire cua bién dd cua tin hiéu dau vao hoac ¢ dang
dong dién hoac & dang dién the trén maot dai gia tri bi€ndd cua tin hi¢u dau vao.

Khi xét dén bo ADC can quan tdm dén 2 tham sd 1a do chinh xac va tdc do chuyén doi.

Do chinh xac mé ta s6 cac mue luong tir 1o rac ma bo ADC ¢6 thé tao ra trén dai cac gia
tri tin hiéu dau véao tuong tu. Cac gia tri thong thuong dugce luu trong cac thiét bi sb &
dang nhj phan nén d6 chinh xé4c ciing dugc biéu dién dudi dang sé bit. Vi du mét ADC
v6i d6 chinh x4c 13 8 bit ¢6 kha nang ma hoa mot dau vao tuong ty sang 1 trong 256 mirc
khac nhau. Gid 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 d6 chuyén dbi 1a thoi gian dap Gmg tir khi bd ADC bét dau chuyén ddi cho dén
khi b ADC dua ra dugc muc lugng tir ctia 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 ¢6 6 kénh du vao dugce ghép kénh véi do chinh xac 1a 10 bit, dai dién ap tinh
toan cho phép 1a tir 0 dén 3 V véi toe do chuyén doi >= 2.44 uS. Ngoai ra n6 con duge
thiét ké dé cho phép diéu khién chuyén ddi thong qua xung khi c6 mdt sy dich chuyén
muc tur cac pin dau vao hodc khi c6 1 su kién Match trong bd Timer.Tin hi¢u clock dugc
cung cép b1 PCLK danh cho by ADC, déng thoi bén trong bo ADC con c6 bd 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 Pau vao tuong tu
VREF Tham chiéu Pau vao dién ap tham chiéu : n6

cung cap cac muc di€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 lu:g chgn che do hgat dong trude khi viée
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
c0 OVERUN cho tat ca cac kénh AD, cting nhu co
ngit cua AD

RO

ADOINTEN

A/D Interrup Enable Register. Thanh ghi nay chira
c4c bit kich hoat ma cho phép c& DONE cuia mdi
kénh A/D duoc bao gém hoac loai trir ra fir viéc
dong gop hodc tao ra ciia mot ngit 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

Vi du str dung ADC. Trong vi du ndy, chuong trinh s& lién tuc doc gié tri dau vao

ADC va luu trong bién value. C6 thé mé rong chuong trinh dwa trén xu 1y gid tri nay dé
tao céc tinh nang ma rong hon cho tirng ing dung cu thé.

#include "LPC23xx.h"
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 done()) {}

value=get value();
stop convert () ;

}
Giao tiép DAC

Bo chuyén dbi s6 sang twong tu DAC 1a thiét bi thuc hién chuyén d6i tin hiéu roi rac
dang s6 sang tin hi¢u li€n tuc twong tu. Nhu vay né thuc hi€n nhiém vu ngugc véi bd
ADC.

Bo DAC trong LPC2378:
e B0 chuyén doi s6 sang tuong tu 10 bit
e Kién triic chudi dién tro
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 viet 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
khéo cho b chuyén d6i D/A

VDDA, Analog power and Ground. Nhitng chan nay trén danh

Vssa Power nghia c6 cung dién ap la Vpp(3V3) va Vs, nhung
chung phai dugc céch ly dé toi thi€u nhiéu va 1oi.

Luwu y: khi DAC khong duoc st dung. Vpp va Vger phai duoc két ndi toi

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 chta gia tri s6 dé dugc chuyén doi thanh analog va mot bit ma trao
dbi gitra hiéu nang va cong suat. Cac bit 5:0 duoc danh trude cho tuwong lai, cho cac
bd D/A c6 d6 phan giai cao hon.

. - - Az Gia tri
Bit Ky hi¢u | Gia tri Mo ta Reset
Danh truge. Cac phan mém phai khéng
5:0 - duoc viét cac bit 1 vao cac bit nay. Gia tri NA
doc tir cac bit danh trudc khong co y nghia
Sau khi thoi gian qua d¢ sau khi truong
15:6 | VALUE nay dugc viet mot gia tri moi, di¢n ap trén 0
chan Aout la VALUE/1024xVREF
0 Thoi gian qua do cua DAC t6i da 1a 1ps, 0
16 BIAS va dong t61 da la 700 uA :
1 Thoi gian qua d6 cua DAC toi da la 2,5ps,
va dong t61 da 1a 350 pA
Danh trude. Cac phan mém phai khong
3117 - duogc viét cac bit 1 vao cac bit nay. Gid tri NA
doc tur céc bit danh trudc khdng cd y nghia
Chuong trinh vi du sau thyc hién tao 1 xung tam giac & dau ra bo 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*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 thyc chat 1a mot bd nhan tan, v6i dau vao PLL 1a 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 cung khdi chia tan trong LPC2378 s&
cung cap tin hiéu xung clock cho 161 ARM7 va cac ngoai vi. St dung PLL cho phep
LPC2378 hoat dong & tan sd t01 da ngay ca voi bo dao dong ngodi véi tan sé thap, giam
anh huong khi ¢6 tin hiéu cao tan trong mach.

Téq s6 dau ra cua PLL c6 thé thay d6i dugc 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 s6 dau ra 1a N va M.

Gia tri tan sd dau ra duoc tinh nhu sau:
FCCO :(ZXMXFIN)/N
Trong do

Fin — tan so tin hiéu dau vao bo PLL

Fcco — tan so6 tin hiéu dau ra PLL

N - hé s6 chia cua PLL, lay tir céc bit NSEL trong thanh ghi PLLCFG cta 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).
MG td cdc thanh ghi 12C:
Register Mo ta Kiéu
‘ truy cap
PLLCON PLL Control Register. Thanh ghi chira cac bit diéu R/W
khién viéc cap nhat PLL. Cac gié tri dugc ghi vao
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thanh ghi nay s&€ khong duoc ap ung ngay tai daura
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
cdu hinh va diéu khién PLL. Néu PLLCON va
PLLCFG duoc cap nhat gia tri méi nhung chudi gia tri
tro giup PLL chua dugc sur 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 ciling 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 gitp PLL phai duoc ghi vao thanh ghi PLLFEED dé thay cho cac thay dbi
trong PLLCON va PLLCFG dugc cép 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 cho PLL
void init PLL(void)
{
// Set multiplier and divider of PLL
PLLCFG = 0x00000024;

// Enable the PLL
PLLCON = 0x00000001;

// Update PLL registers with feed sequence
PLLFEED 0x000000AA;
PLLFEED 0x00000055;

// 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 nhang trén nén ARM

5.4.1 Firmware va Bootloader
Firmware thudng 1a phan ma ngudn dugc chay dau tién trong mot hé thong nhiing
khi khot dong. Do do, né 1a mot trong nhirng thanh phan quan trong nhat. Firmware rat
da dang, c6 thé chi 1a mot doan code khéi dong hodc cd 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 giita phan ctng va cic
phan mém tng dung hodc h¢ diéu hanh. Firmware thuong dugc luu trén ROM va chay
khi hé thong nhiing dugc khéi dong.

D6i v6i mot hé thdng co hé diéu hanh, khi khoi dong 1én, hé thdng can chay mot
chuong trinh ttr ROM dé nap h¢ di€u hanh va dir liéu d€ 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 tng dung cia mot hé thong.
Bootloader thudng chi ton tai t6i thoi diém hé didu hanh hodc Gmg dung chay. Bootloader
thuong dugc tich hop cung véi firmware.

Chu trinh chay thuong gip ctia mot hé théng nhiing nhu sau
e Budc dau tién 1a thiét 1ap nén tang cua hé thong (hay chuan 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 bo nhé hodc thiét 1ap cac gia tri thanh ghi..).

o Sau do, firmware s& xac dinh chinh x4c nhan chip va hé théng. Thuong thi
thanh ghi s6 0 ciia bo dong xir 1y luu loai VXL va tén nha sx.

o Tiép theo, phan mém chuan doan hé thdng s& xc dinh xem co véan dé gi
v6i cac phan cimg co ban khong.

o Thlet lap giao dién stra 16i: kha nang sua 16i hd trg cho viéc sura 16i phan
mém chay trén phan ctng. Cac su hd tro ndy bao gdm

= Thiét lap breakpoint trong RAM.

= Liétkeé va sira d6i bo nhd.

= Hién thi ndi dung cta cic thanh ghi.

= Disassemble ndi dung bd nhd thanh cac 1énh ARM va Thumb.

o Thong dich dong 1énh (Command Line Interpreter hoac CLI) : Tinh nang
thong dich dong 1énh cho phép nguoi st dung thay d6i hé diéu hanh dugc
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 (mg 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 tugng hoa phan cing. Lép triru tugng hoa phan cing (HAL)
12 mot 16p phan mém gidu chi tiét vé& phan cing phia dudi bang cach cung cap
mdt tap hop giao dién 1ap trinh da dugc dinh san 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, phan mém HAL dé giao
tiép voi phan cting d6 goi 1a trinh diu 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 mét 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 phd
bién nhat cho image file 1a Executable and Linking Format (ELF).
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e Budc thir tu 1 tir bo quyén diéu khién. Den day khi hé diéu hanh d bat dau dugc
nap 1én va chay, firmware s€ chuyén quyén dleu khién hé thong cho h¢ diéu hanh.
Trong mét so truong hop dac biét, firmware van c6 thé gitt 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 doi 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 diu cta hé diéu hanh.

5.4.2 Hé thong file (Filesystem)

Heé thong file 13 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, ﬂas}l disk. Céc thict bi nay phai
duogc thiét 1ap cau hinh h¢ thong file hoan chinh cho hé thong.

Co nhiéu loai hé thdng file khac nhau, sau day la mot s6 hé thong file pho bién cho
hé thong nhing:

ROMFS (ROM file system) .
ROMES 1a hé thong file don gian nhat, luu cac dir liéu co6 kich thudc 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 40 hodc 6 nhé RAM mém) 1a mot 6 dia a0 duge
thiét 1ap tir mot khéi RAM. Hé thong may tinh s& 1am viéc v6i khdi RAM nay nhu mét 6
dia.

Hiéu ning cia RAMdisk thuong cao hon cac dang luu trit khic nhiéu, tuy nhién cac
dit liéu luu trén RAM disk s& bi mat khi méat nguon.

CRAMEFS (Compressed RAM file system)

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 c¢6 kha nang luu dir li€u luu trén hé théng c6 dang nén.
CRAMEFS dung thu vién zlib dé nén dir lidu.

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 nhing. JFFS hd tro bo nhé flash NOR.
Phién ban cép 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 ctia h¢ diéu hanh 1a thanh phan phan mém trung tdm cua hé thong nhung. Kha
nang cua nhan cling 1a chi s6 cua kha nang cua ca h¢ thong.
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Kién tric, cdu tric ctia nhan hé dleu hanh nhing try theo ting hé diéu hanh c6 thé ter
don gian dén phtre tap. Cac tai liGu vé kién trac, cdu 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
cap 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 khac nhau. Trén thuc té, nhiéu phién ban chi danh riéng cho mot sé bo mach
nhung, mot s6 phién ban cé thé hoat dong trén nhiéu bo mach nhung, nhung can dugc
stra doi phu hop lai véi cdu hinh.

Dbi voi hé diéu hanh Linux, cac phién ban nhan cho chip ARM duge luu ¢ trang web
http://www.arm.linux.org.uk/developer/. Ngoai ra, cac phién ban c6 thé dugc luu & cac
trang ma nguon khac, hoac di kém theo kit phat trién.

Sau khi download hodc copy phién ban nhan du dinh st dung. Ta c6 thé can phai
dung céac ban va cho nhan (patch). Cée ban va nay c6 theé stra chira cac 101 hoac thay doi
mot sO tinh nang trong nhan.

CAu hinh nhan

Thiét 1ap cdu hinh nhan 1a budc dau tién dé xay dung nhan cho bo mach. C6 nhiéu
cach dé thiét 1ap cdu hinh nhan, trong qua trinh thiét 1ap cAu hinh ciing c6 nhiéu lya chon
khac nhau. Tuy nhién, khong phu thudc vao cach dung hodc cach lya chon céc options,
nhén sé tao ra mot file .config va tao ra cac lién két symbolic va cac file headers sé dugc
dung trong qua trinh con lai cua viéc xay dung nhan.

Cac lua chon: Co rat nhiéu lya chon khac nhau, cac lya chon nay s& dugc dung dé
thiét 1ap nén nhan. Tuy theo yéu cau cta bo mach va chip ma ta lya chon ciu 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

162



Character devices
Filesystems
Console drivers
Sound

Kernel hacking

Cac cach thiét 1ap cAu hinh: c6 4 cach chinh

make config
St dung giao dién dong 1énh (command-line interface) cho lan luot timg lya chon
make oldconfig

St dung cau hinh trong md file .config sin c6 va chi hoi nhitng lwa chon chwa
duoc thiét 1ap.

make menuconfig
Thiét lap cAu hinh dung giao dién thuc don trén terminal.
make xconfig

Thiét 1ap cdu hinh dung giao dién X Window
Pé xem thuc don cdu hinh nhan, c6 thé ding dong 1énh. VD d6i v6i dong chip ARM:
$ make ARCH=arm CROSS COMPILE=arm-linux- menuconfig

Sau do, ta c6.thé chon cac tity chon cdu hinh twong tng cho bo mach. Nhiéu tinh
nang va trinh diéu khién thuong co san theo dang cac module va co thé duoc chon dé tich
hop trong nhan hoac kém theo dang module.

Sau khi hoan thanh viéc cau hinh nhan, thoat va luu cdu hinh nhan. File ciu hinh s&
duogc luu lai trong mot file .config.

Bién dich nhan

Bién dich nhan bao gdm ba budc chinh sau: Xay dung cac file phu thudc, xay dung
anh nhéan (kernel image), xdy dung cic module nhan. Mdi buéc déu ding cac 1énh make
va duoc giai thich duéi ddy. Tuy nhién, cac budc ndy c6 thé duoc 1am gop biang cach
ding mét 1énh duy nhat.

X4ay dung cac file phu thudc:

Phan 16n céc files trong ma 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.

Tt the muc gde (root directory) ciia mi ngudn nhan, dé xay 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 Iya chon coéng 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€ 1a arm-linux-gcc.

X4y dung file Anh nhan (kernel image):
File anh ctia nhan duogc tao ra béng Iénh sau:

$ make ARCH=arm CROSS COMPILE=arm-linux- zImage

O day, file dich 1a zImage, c6 nghia 1a anh cua nhan duge nén dung thuét toan gzip.
Ngoai thuat toan nay ra co6 thé dung vmlinux 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 dugc lya chon xay dung theo dang module trong qua
trinh thi€t lap cau hinh nhan (thay vi tich hop trong nhan), thoi gian cho qua trinh nay c6
thé dai ngan khac nhau.

Sau khi anh ctia nhan va cac module ctia nhan da dugc xay dung, ta c6 thé cai vao
trong bo mach dich. Trudc khi cai, chung ta can backup file.cau hinh nhadn va don sach
ma nguodn cua nhan bang cau lénh sau:

$ make ARCH=arm CROSS COMPILE=arm-linux- distclean

Cai dat nhan

Budc cudi cung la cai dat nhan vao bo mach dich. Pbi véi mdi cau hinh nhan, ta can
copy bén file: file anh nhan d nén, file anh nhan khong nén, ban d6 symbil nhan va file
cau hinh, File anh nhan da nén & trong thu muc arch/arm/boot/zImage, ba file con lai lan
luogt 1a vmmlinux, System.map, va .config.

Dé 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

U Uy Uy

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 duoc dung
véi anh cia nhéan tuong Gng, cac module nay nén dugc cai trong thu myc véi tén 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 cia thu muc nay s€ duoc
copy vao hé thdng file gbc ciia bo mach dich dé dung vé6i nhan twong tmg, do dé 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 thu¢e
ctia cac module can cho céc tién ich trong qua trinh chay thuc. Pé lam viéc ndy, chung ta can
cong cu xdy dung di kém voi goi phan mém BusyBox. Download BusyBox vé, copy vao thu muc
3{PRJROOT}/sysapps va giai nén tai dady. 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-rmk5/1lib/modules/2.4.18-
rmk5/modules.dep

VvV VvV V

G‘trén day tuy chon —kvdé 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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