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LOI CAM DOAN

T6i xin cam doan két qua dat dugc trong ludn vin 1a san phim cua riéng ca
nhan, 1a két qua cua qué trinh hoc tap va nghién ctru khoa hoc doc 1ap. Trong toan bo
ndi dung cia luan van, nhitng ndi dung duoc trinh bay hodc 1a cua ca nhan hoac 1a
duogc tong hop tir nhidu ngudn tai liéu. Tat ca cac tai liéu tham khao déu co xudt xr rd
rang va duoc trich dan hop phéap. Cac sb liéu, két qua néu trong ludn van 13 trung thuc
va chua tirng dugc ai cong bd trong bét ky luan van nao khac.

T61 xin hoan toan chiu trach nhi€ém va chiu moi hinh thirc ky luat theo quy dinh cho
161 cam doan ctia minh.
Hai Duong, ngay 10 thdng 7 nam 2018
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ADC Analog-to-Digital Converter - ( Bd chuyén di ky thuét s6 )

ABEL Advanced Boolean Equation Language - ( Ngon ngitr phuong trinh
nang cao )

ALU Arithmetic Logic Unit - ( Pon vi s6 hoc Logic )

ASIC Apfplication Specific Integrated Circuit - ( Ung dung mach tich hop cu
the )

DAC Digital-to-Analog Converter - ( Chuyén d6i cong nghé k¥ thuat s6 )

DCM Digital Clock Management - ( Quan 1y dong hé k¥ thuat s6 )

CLB Configurable Logic Block - ( Khéi cdu hinh Logic )

EDK Embedded Development Kit - ( Bo phat trién nhtng )

FF Flip-Flop - ( Phan tir luwu trir dit liéu )

FG Function generator - ( May phat chirc nang )

FPGA Field programmable Gate Array - ( Méang 1ap trinh tiy bién )

IF Interface - ( Giao dién )

LMB Local Memory Bus - ( B nhé cuc bo )

LUT Look-Up Table - ( Bang tra ctru )

MAC Multiply-accumulate circuits - ( Mach tich iy nhan )

NOC Network On Chip - ( Mang két néi trén Chip )

OPB On-Chip Peripheral Bus - ( Thiét bi ngoai vi trén Chip )

PLD Programmable Logic Device - ( Thiét bi 1ap trinh logic )

PLB Processor Local Bus - ( Thiét bi xur 1y cuc b6 )
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SoC System on Chip - ( Hé thong trén Chip )

VHDL Ve‘ry High S’peed Hardware Desription Luaguage - ( Ngon ngir ta
phan cing toc do cao )

VHSIC Very High Speed Integrated Circuits - ( Mach tich hop toc d6 cao )
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MO DAU
1. Ly do chon dé tai
Ngay nay, nhirng thiét bi dién tir phtrc tap dya trén k¥ thuat vi xur 1y duoc ung dung
trong moi linh vue, dic biét, 1a cac thiét bi diéu khién trong cong nghiép, trong mang

luéi dién, trong ty dong hoa, trong vién thong.

Thiét ké cac thiét bi dién tir s6 theo cach truyén thdng tré nén khé khan khi cong
nghé vi mach c6 muec tich hop rat 16n (VLSI), phtrc tap, va téc do cao. Trong nim
1980, B6 qudc phong My (DoD) di tai tro du an chwong trinh VHSIC (Very high
Speed Integrated Circuit) dé tao ra ngdn ngit mo ta phan cing chuan héa. Nam 1983,
DoD thiét lap cac yéu cau cho ngdn ngit mo ta phan cimg VHSIC, goi 1a VHDL (Very
High speed integrated circuit hardware Description Language). Theo cic nguyén tic
ciia IEEE, ¢t 5 nam thi mot chuan phai duoc dé xuat lai va duoc tiép nhan. Theo do,

chuan VHDL 1076-1993 ra doi.

Ké tir nam 1980, cac nha cong nghé vi mach tich hop hang dau thé giéi da day
manh qué trinh nghién ciru vé cong nghé vi mach tich hop mang cong 1ap trinh dugc
theo trudng FPGA (field programmable Gate Array) va nhanh chong cho ra cic thé hé
FPGA voi sb luong cong va téc d6 ngay cang cao. FPGA duoc thiét ké dau tién boi
Ross Freeman, nguoi sang 1ap cong ty Xilinx vao nam 1984. Cac FPGA hién nay, c6
sd luong cong logic (logic gate) du 16n dé co thé két hop thanh mot hé thong bao gdm
16i CPU, B6 diéu khién bd nhd (Memory Controller), cac ngoai vi nhu SPI, Timer,
12C, GPIO, PWM, Video/Audio Controller..., tuong duong véi cac hé théng trén chip
SoC (System on Chip)hién dai. Tuy viy FPGA khong dat dugc muc d6 toi wu nhu
ASIC, va han ché trong kha nang thyc hi¢n nhirng tac vu dac biét phtc tap, 14n téc do
hoat dong. Nhung bu lai, FPGA co6 thé duogc 1ap trinh b?lng cac ngoén nglt mo ta phﬁn
cing HDL (Hardware Description Language) nhu VHDL, hay Verilog. HDL d¢é tao ra
cac thiét ké mach sb tir s6 luong 16n cong logic, va c6 thé ciu trac lai mach thiét ké
khi dang sir dung. Nhu vay cong doan thiét ké ctia FPGA don gian, chi phi giam thiéu,
rit ngan thoi gian dua san pham vao sir dung. FPGA ciing rat phu hop cho thiét ké thir
nghiém cac hé théng nhiing phurc tap va thong minh duge tng dung trong nhiéu linh
vuc nhu ty dong diéu khién, robot, dién tir dan dung, vién thong, céac thiét bi di dong,
cac phuong tién van tai, thuat vi xtr 1y, cac thiét bi tham ma, xtr 1y tin hiéu sd, kién

truc may tinh hi¢u nang cao, v.v...
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Hé théng nhing (Embedded system) 1a mot thuat ngit dé chi mot hé théng cé kha
nang ty trj duoc nhdng vao trong mot méi truong hay mét hé théng me. D6 1a cac hé
thdng tich hop ca phan ctng va phan mém phuc vu cac bai toan chuyén dung trong
nhiéu linh vic ¢éng nghiép, tu dong hoa diéu khién, quan tric va truyén tin. Bic diém
cuia cac hé thng nhing 1a hoat dong 6n dinh va c6 tinh ning ty dong hoé cao.

Hé théng dya trén cong nghé FPGA di dugc tmg dung nhiéu trong nhiéu linh
vuc: ty dong hoa, robot, dién tir dan dung, di¢én tor y té, v.v...boi ching dé dang ciu
hinh stra d6i theo yéu cau tmg dung ma khong phai thay thé linh kién, thiét ké phan
cting, tiét kiém chi phi thiét ké, chi phi dién nang khi khai thac.

Do d6, tim hiéu phuwong phap thiét ké hé nhung trén FPGA str dung ngdn ngir 1ap
trinh VHDL 12 ly do ma hoc vién chon dé tai "Thiét ké hé thong nhung véi vi dicu
khién 161 mém va h¢ diéu hanh trén FPGA".

1.2. Tinh cdp thiét cia dé tai

L&i mém vi xir 1y, hay vi diéu khién 32-bit khac v6i chip vi mach vi xir 1y hay vi
diéu khién 32-bit (151 ctng):

- L6i mém c6 nghia 1a khong ¢b dinh, ¢ thé bang 1ap trinh cAu hinh lai ciu trac
hay sira d6i chirc nang cuia vi xir 1y (vi diéu khién) tiy ¥ phu thudc vao nhu cau tng

dung mong mudn.

- L3i ctng, chi c6 thé str dung sin chip vi xtr 1y (vi diéu khién) do nha cong
nghé cung cap, ngudi ding chi con cach hiéu biét qua cac mo ta ciia nha cong nghé
(dic tinh k¥ thudt, tap 1énh) dé thiét ké cac hé thong 1on hon.

- Hé théng nhung trén FPGA va hé diéu hanh nhung dang 1a mot trong nhiing
thiét ké thong dung hién nay.

Do tinh tmg dung rong rii trong nhiéu linh vyc, ma FPGA va cic ngdn ngit HDL

tré nén cap thiét trong dau tu tng dung va dao tao.

2. MUC TIEU VA PHUONG PHAP NGHIEN CUU
2.1. Muc tiéu ciia dé tai
- Tim hiéu mét trong ngdn ngdn ngit md ta phan cimg 1a VHDL
- Tim hiéu cong nghé FPGA

- Tim hiéu vi diéu khién 16i mém 32-bit kién truc tip 1énh giam thiéu (RISC)
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- Thiét ké duogc vi xtr Iy 161 mém bang cong cu phan mém thiét ké dya vao HDL
- Tim hiéu hé diéu hanh nhing va cai dat trén hé vi xr 1y 16i mém trén FPGA

2.2. Ngi dung nghién ciru

Cong ngh¢ FPGA

Ngon ngtr 1ap trinh VHDL
Vi diéu khién Nios II 32-bit kién trac tap 1énh rat gon RISC

Cong cu phan mém phat trién Altera dung cho thiét ké cac hé théngsd trén
Altera FPGA

Céc budc thiét ké vi didu khién Nios II 32-bit nho st dung Altera Quartus 11

Céc budc cai dit hé diéu hanh nhing uClinux

2.3. Phwong phap ludn va phwong phap nghién ciru
2.3.1. Phuwong phap luan

Duya vao cac phuong phap chuyén mon:

K§ thuat dién tir va dién tir s6

K thuat vi xtr 1y

Ngon ngtr 1ap trinh

- Thiét ké cac hé thong s6 bang ngon ngit md ta phan clng

2.3.2. Phuwong phap nghién cuu

- Khdo sat va danhgia cac cong trinh nghién ctru, céc tai li¢u ky thuatlién quan
voi dé tai

- Lya chon cong nghé FPGA cua nha cong nghé Altera cho dé tai

- Lya chon ngdn ngit lap trinh thiét ké hé thong sé (VHDL, Verrilog) phu hop cho dé
tai

- Trén co s& cac muc tiéu cia dé tai xdy dung ké hoach thyc hién dé tai cualuan vin,
danh gia két qua thuc hién

- Dya trén cac yéu cau va danh gia cua gido vién huéng dan, thuc hiéncac chinh sira,

va hoan chinh luan van.
3.BO CUC CUA LUAN VAN

Noi dung luén vin gom coba chuong va két luan nhu sau:
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Chuong 1: Tong quan hé théng nhing
Chuong 2: Hé théng nhung trén FPGA
Chuong 3: Thiét ké hé vi diéu khién 16i mém Nios II 32-bit va cai dat uClinux

Két luan va dinh hudng nghién ctru
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CHUONG 1: TONG QUAN HE THONG NHUNG

1.1. CAC KHAI NIEM HE THONG NHUNG

1.1.1. Pinh nghia hé thong nhing

Hé thdng nhing (Embedded system) [10] 1a mot thuat ngir ¢é chi mét hé théng
c6 kha ning tu tri duoc nhing vao trong mot moi trudng hay mét hé thong me. D6 1a
cac hé théng tich hop ca phan cang va phan mém phuc vu céc bai toan chuyén dung
trong nhiéu linh vuc cong nghiép, tu dong hoa diéu khién, quan tric va truyén tin. Bic
diém cuaa cac hé thdng nhing 1a hoat dong 6n dinh va ¢ tinh ning tu dong hoa cao.

Hé théng nhing thuong duoc thiét ké dé thuc hién mét chicc niang chuyén biét
nao d6. Khac voi cac may tinh da chirc nang, chéng han nhu may tinh ca nhan, mot hé
théng nhang chi thyc hién mot hodc mot vai chire ning nhat dinh, thudng di kém voi
nhitng yéu cau cu thé va bao gom mat sé thiét bi may moc va phan cting chuyén dung
ma ta khong tim thay trong mot may tinh da nang néi chung. Vi hé thong chi dugc xay
dung cho mot s6 nhiém vu nhat dinh nén cac nha thiét ké c6 thé téi wu hoa ndé nham
giam thiéu kich thudc va chi phi san xuit. Cac hé théng nhing thuong duoc san xuat
hang loat vai s6 lugng 16n. Hé théng nhiing rat da dang, phong phi vé chiang loai. o
c6 thé 1a nhitng thiét bi cam tay nho gon nhu dong hd ki thudt sb va may choi nhac
MP3, hoic nhitng san pham 16n nhu dén giao thong, b kiém soat trong nha may hoic
hé théng Kiém soat cic may ning lwong hat nhan. Xét vé do phuc tap, hé théng nhing
c6 thé rat don gian véi mot vi diéu khién hoac rat phac tap véi nhiéu don vi, cac thiét
bi ngoai vi va mang ludi dugc nam gon trong mot 16p vo may lon.

1.1.2. Cdc diic diém ciia hé théng nhang

Hé thong nhung thuong ¢6 mot s6 dic diém chung nhu sau:

- C4c hé théng nhing duoc thiét ké dé thuc hién mot sé nhiém vu chuyén dung
chtr khdng phai dong vai tro 1a cac hé thong may tinh da chirc ning. Mot s6 hé thdng
doi hoi rang budc vé tinh hoat dong thoi gian thuc dé dam bao do an toan va tinh ung
dung; mot s6 hé thdng khong doi hoi hoic rang budc chit chg, cho phép don gian hoa
hé théng phan cing dé giam thiéu chi phi san xuat.

- Mot hé théng nhung thuong khong phai 13 mot khéi riéng biét ma 1a mot hé

théng phirc tap nam trong thiét bi ma no diéu khién.
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- Phan mém dugc viét cho cac hé thong nhung dugc goi 1a firmware va duoc luu
trit trong céc chip bd nhé ROM hoic bd nhé flash chir khéng phai 1a trong mét 6 dia.
Phan mém thudng chay véi sb tai nguyén phan cang han ché: khdng c6 ban phim,
man hinh hoac c¢6 nhung véi kich thudc nho.

1.1.3. Giao dién va cac thiét bi ngoai vi ciza hé théng nhiing

1) Giao di¢n:

Cac hé théng nhang c6 thé khong co giao dién (dbi véi nhitng hé thdng don
nhiém) hoic c6 day du giao dién giao tiép véi ngudi dung twong ty nhu cac hé diéu
hanh trong cac thiét bi dé ban. Pdi vai cac hé théng don gian, thiét bi nhing sir dung
nGt badm, dén LED va hién thi chit ¢& nho hoic chi hién thi sb, thuong di kém voi mot
hé thong menu don gian. Trong mot hé théng phic tap hon, mot man hinh do hoa,
cam @ng hoac ¢6 cac nit bAm & 1& man hinh cho phép thuc hién cac thao tac phuc tap
ma ti thiéu hoa duoc khoang khéng gian can str dung; ¥ nghia cta cac nat bam c6 thé
thay d6i theo man hinh va cac lya chon. Cac hé thong nhung thudng c6 mot man hinh
v6i mot nit bam dang can diéu khién (joystick button). Sy phat trién manh mé cua
mang toan cau da mang dén cho nhitng nha thiét ké hé nhing mot lwa chon méi 1a sir
dung mét giao dién web thdng qua viéc két ndi mang. Diéu nay c6 thé gitp tranh duoc
chi phi cho nhitng man hinh phtc tap nhung déng thoi van cung cap kha niang hién thi
va nhap liéu phuc tap khi can dén, thdng qua mot may tinh khac. Diéu nay 1a hét sic
hitu dung ddi vai cac thiét bi diéu khién tir xa, cai dit vinh vién. Vi du, cac router Ia
cac thiét bi da ung dung tién ich nay.

2) Thiét bi ngogi vi:

Hé thdng nhing giao tiép vai bén ngoai théng qua cac thiét bi ngoai vi nhu:

- Serial Communication Interfaces (SCI): RS-232, RS-422, RS-485...

- Synchronous Serial Communication Interface: 12C, JTAG, SPI, SSC va ESSI

- Universal Serial Bus (USB)

- Networks: Controller Area Network, LonWorks...

- B6 dinh thoi: PLL(s), Capture/Compare va Time Processing Units

- Discrete 10: General Purpose Input/Output (GPI10)
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1.1.4. Kién trac CPU cia hé théng nhing

Cac bo xtr ly trong hé théng nhing cé thé dugc chia thanh hai loai: vi xir 1y va vi
diéu khién. Cac vi diéu khién thuong co céc thiét bi ngoai vi duoc tich hop trén chip
nham giam kich thuéc caa hé théng. C6 rat nhiéu loai kién tric CPU duoc st dung
trong thiét ké hé nhing nhu ARM, MIPS, Coldfire/68k, PowerPC, x86, PIC, 8051,
Atmel AVR, Renesas H8, SH, V850, FR-V, M32R, Z80, Z8 ... biéu nay trai nguoc
véi cac loai may tinh dé ban, thudng bi han ché véi mot vai kién trdc may tinh nhat
dinh. Cac hé théng nhung c6 kich thudc nho va duoc thiét ké dé hoat dong trong moi
truong cong nghiép thuong lya chon PC/104 va PC/104++ lam nén tang. Nhiing hé
théng nay thuong st dung DOS, Linux, NetBSD hoic cac hé diéu hanh nhdng thoi
gian thuc nhu QNX hay VxWorks. Co cac hé thong nhung co6 kich thudc rat 16n
thuong sir dung mot cau hinh théng dung 1a hé thong on chip (System on a chip —
SoC), hay 1a mét bang mach tich hop cho mét ung dung cu thé (an application-
specific integrated circuit — ASIC). Hé thong nhing cé thé duoc thiét ké trén cac bang
mach phét trién trén FPGA. Trong d6 bang Iap trinh & ngdn ngit md phong phan cing
c6 thé tao ra 16i xir Iy mém trén chip FPGA mong muén.

1.1.5. B¢ tin c@y va an toan cia hé théng nhing

Cac hé thong nhung thuong nam trong cac ¢ may dugc ky vong la s& chay hang
nam troi lién tuc ma khdng bi 13i hoac c6 thé khdi phuc hé théng khi gap 15i. Vi thé,
cac phan mém hé thong nhung duoc phét trién va kiém thir mot cach can than hon 1a
phan mém cho may tinh ca nhan. Ngoai ra, céc thiét bj roi khong dang tin cay nhu 6
dia, cong tac hoic nut bam thuong bi han ché sir dung. Viéc khéi phuc hé théng khi
gap 18i c6 thé dugc thuc hién bang cach sir dung cac ky thuat nhu watchdog timer —
néu phan mém khéng déu din nhan duoc cac tin hiéu watchdog dinh ki thi hé théng s&
bi khéi @ong lai.

Mot s6 van dé cu thé vé do tin cay nhu:

- Hé théng khéng thé nging dé sira chita mot cach an toan, vi du nhu ¢ cac hé
théng khong gian, hé thong day cap dudi ddy bién, cac dén hiéu dan duong,... Giai
phap dua ra 13 chuyén sang sir dung cac hé thdng con du trit hoic cac phan mém cung

cap mot phan chire nang.
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- Hé théng phai duoc chay lién tuc vi tinh an toan, vi du nhu cac thiét bi dan
duong may bay, thiét bi kiém soat 6 an toan trong cac nha may héa chat,... Giai phéap
dua ra 1a lya chon backup hé théng.

- Néu hé théng ngirng hoat dong s& gy ton that rat nhiéu tién cua vi du nhu cac
dich vu budn bén ty dong, hé thong chuyén tién, hé thdng kiém soét & cac nha may ...

1.1.6. Cac cong cu phat trién hg théng nhing

Tuong tu nhu cac san pham phan mém khac, phan mém hé thdng nhung ciing
duoc phét trién nho viéc sir dung cac trinh bién dich (compilers), chuong trinh dich
hop ngir (assembler) hoic cac cong cu g réi (debuggers). Tuy nhién, cac nha thiét ké
hé théng nhing c6 thé st dung mot s cdng cu chuyén dung nhu:

- B6 & roi mach hoic cac chuong trinh mé phong (emulator)

- Tién ich dé thém cac gi4 tri checksum hoic CRC vao chuong trinh, gitp hé
thdng nhing c6 thé kiém tra tinh hop 1& caa chwong trinh do.

- Péi vai cac he thong xtr ly tin hiéu s6, nha phat trién hé thdng c6 thé sir dung
phan mém workbench nhu MathCad hodc Mathematica dé mé phong phép toan.

- Céc trinh bién dich va trinh lién két (linker) chuyén dung duoc sir dung dé toi
vu héa mot thiét bi phan cung.

- Mot hé théng nhing c6 thé c6 ngbn ngir lap trinh va cong cu thiét ké riéng cua
no6 hoic sir dung va cai tién tir mot ngdn ngir da co san.

Céac cdng cu phan mém c6 thé duoc tao ra bai cac cong ty phan mém chuyén
dung vé hé théng nhiing hoac chuyén doi tir cac cong cu phat trién phan mém GNU.
Déi khi, cac cong cu phat trién danh cho may tinh ca nhan ciing duoc st dung néu bo
xt ly ciia hé théng nhung d6 gan gidng véi bo xir ly ciia mot may PC thdng dung.

1.1.7. Céc hé diéu hanh nhiing

Hé thdng nhing c6 thé cé hé diéu hanh hoac khdng. Mét s6 loai kién trdc phan
mém thong dung trong céac hé thong nhung nhu sau:

1) Vong ldp kiém sodt don gidan:

Theo thiét ké nay, phan mém dugc t6 chirc thanh mot vong lap don gian. Vong
lip goi dén cac chuong trinh con, mdi chuwong trinh con quan Iy mot phan cua hé

théng phan ctiing hoac phan mém.
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2) Hé thong ngat diéu khién:

Cac hé thdng nhung thuong dugc diéu khién bang cac ngit. C6 nghia 1a cac tac
vu ctia hé théng nhiing duoc kich hoat bai cac loai su kién khac nhau. Vi du, mot ngat
c6 thé duoc sinh ra bai mét bo dinh thai sau mot chu ky duoc dinh nghia truéc, hodc
boi sy kién khi cong ndi tiép nhan dugc mot byte nao dé. Loai kién triic nay thuong
duoc sir dung trong céac hé thdng c6 bo quan 1y su kién don gian, ngan gon va can do
tré thip. Hé thdng nay thuong thuc hién mot tdc vu don gian trong mét vong lap
chinh. Péi khi, cac tac vu phuc tap hon s& dugc thém vao mot cu trac hang doi trong
bo quan ly ngat dé duoc vong lap xir Iy sau d6. Luc nay, hé théng gan giéng vai kiéu
nhén da nhiém vai cac tién trinh roi rac.

3) Pa nhiém twong tac:

Mot hé théng da nhiém khong wu tién cling gan giéng véi ki thuat vong lap kiém
soat don gian ngoai trir viéc vong lip nay duoc an giau thdng qua maot giao dién lap
trinh API. Cac nha lap trinh dinh nghia mot loat cac nhiém vy, mdi nhiém vu chay
trong mot mdi truong riéng caa nd. Khi khong can thyc hién nhiém vy d6 thi goi dén
cac tién trinh con tam nghi (bang cach goi “pause”, “wait”, “yield” ...) Uu diém va
nhuoc diém cua loai kién tric nay ciing gidng vai kiém vong lap kiém soat don gian.
Tuy nhién, viéc thém mot phan mém méi duoc thuc hién dé dang hon bang céch 1ap
trinh mét tac vu mai hoac thém vao hang doi thong dich (queue-interpreter).

4) Pa nhiém vu tién:

O loai kién trdc nay, hé thong thuong c6 mot doan ma & muc thap thyuc hién viéc
chuyén doi giita cac tac vu khac nhau théng qua mot bo dinh thoi. Poan ma nay
thuong nam & mac ma hé théng duoc coi 1a c6 mot hé diéu hanh va vi thé ciing gap
phai tit ca nhitng phtc tap trong viéc quan 1y da nhiém. Bat ky tac vu nao c6 thé pha
hay dir liéu cua mot tac vu khac déu can phai dugc tach biét mot cach chinh xac. Viéc
truy cap téi cac dit liéu chia sé co thé duoc quan ly bang mot sb ki thuat dong bo hoa
nhu hang doi thong diép (message queues), semaphores ... Vi nhitng phuc tap noi trén
nén mot giai phap thudng dugc dua ra d6 1a sir dung mot hé diéu hanh thoi gian thuc.
Luc d6, cac nha 1ap trinh c6 thé tap trung vao viéc phat trién cac chirc ning cua thiét

bi chit khong can quan tdm dén cac dich vu cua hé diéu hanh nira.
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5) Embedded Linux:

Embedded Linux 1a mot hé diéu hanh linux nhung hoan chinh dwogc sir dung cho
mdt thiét bi, bao gdm Linux kernel va cac ing dung kém theo (két hop nay goi 1a mot
distributio). Cum tir “embedded” thudong dugc dé cip trong kernel nhung that chat
khong c6 mot phién ban Linux kernel ndo danh riéng cho hé thdng nhing. Linux
kernel source code dugc st dung chung dé compile cho moi thiét bi, tir cac thiét bi
nhung, dén may PC va ca cac server 16n, d6i voi mdi platform s& c6 nhitng option
hi€u chinh phu hgp va ddc biét danh cho platform nay.

Céc Embedded Linux distributions c¢6 thé mua dugc tir cac nha san xuat (Monta
Vista, Wind River System...),cac distribution nay di dugc phét trién hoan chinh c6 thé
cai dat nhu cai dat mot hé diéu hanh cho mét may PC thong thuong, di kém véi
distribution 13 cic cong cu phat trién (toolchain, debugger, project management
software va image builder...). Tuy nhién, viéc xay dung mot hé théng Embedded
Linux tir cac phan tlr roi rac ban dau s& gitp chung ta c¢6 su thau hiéu sau vé hoat dong
ctia hé thong ciing nhu khéng phai ton chi phi chi tra cho nha cung cip. Cac thanh
phan ciu tao nén hé théng Embedded Linux bao gdm boot loader, Linux kernel, cac
tmg dung. Tat ca cac thanh phan nay déu c6 thé tim thiy phién ban open source va
chung ta c¢6 thé ty minh chinh stra, thay d6i cho phi hop véi thiét bi ciia minh.

Embedded Linux khong thé chay trén céc processor c6 kién trac nho hon 32-bit.
Tuy nhién trong thoi gian gan day, cong nghé system-on-chip (SOC) phat trién manh,
dan dén viéc ha gia thanh san xuat cic microprocessor, dong thdi bd nhd RAM va
flash ciing ré va c¢6 dung luong 16n hon tao nén thuan loi cho viéc chuyén sang phat
trién hé thong nhung c6 sir dung Embedded Linux. Cac hé thong nhiing ngay nay bén
canh cac chtic nang can thiét con c6 thé hd trg thém cac chirc niang phu (web server,
firewall, nghe nhac...) thong qua hé thong Embedded Linux.

Viéc str dung Embedded Linux cho hé thong nhiing con gitip giam thoi gian thiét
ké va phat trién, do ban than Linux kernel duoc thiét ké theo module. Chung ta c6 thé
dé dang tim dugc nhiéu module ¢6 sin va hiéu qua nhu TCP/IP stack, X-server cho
tmg dung GUI, hodc c6 thé tim thdy driver cho thiét bi nhiing cia minh di duoc viét

san trong kernel.
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Mot diém manh khic ctia Embedded Linux 1 open source, diéu nay cho phép
ngudi thiét ké can thiép sau hon vao cac dich vu va module ma hé diéu hanh cung cip.
Ngudi thiét ké c6 thé hiéu rd hon vé nhing ham ma ho goi va tham chi c¢6 thé thay
d6i, tbi wu cac ham nay cho thiét bi minh st dung. Nguoi thiét ké con c6 thé dua vao
cac module driver c¢6 sin dé tham khao cho cac driver ma ho sip viét. Tinh open
source con gilp code ho trg bdi kernel c6 tinh tin cay cao, trudc khi duge dua vao
kernel source tree, code nay da duoc test rat nhiéu trong cong dong va tham chi néu co
16i x4y ra ciing s& c6 patch thay thé trong thoi gian ngan.

Tinh sin sang cua Embedded Linux 1a rat cao. {t co hé diéu hanh nao hd tro duoc
nhiéu platform va device driver nhu Linux. Ngoai hd tro phan cimg Linux con hd trg
cac giao thirc tiéu chuan (wifi, bluetooth, ...).

Tat ca nhimg diéu trén cho ching ta thay tinh ning hiéu qua cia hé thong
Embedded Linux va ciing nhiing diém manh d6 lam cho xu hudng phat trién
Embedded Linux ngay cang trd nén quan trong, cang nhiéu cong ty dau tu vao linh
vuc ndy va cang nhiéu nguoi yéu thich Embedded Linux hon.

1.2. CONG NGHE FPGA

1.2.1. Cdu tric FPGA

C6 mot xu huéng phat trién khac dya trén cong nghé mang cong, d6 1a mang
cong co thé lap trinh dugc dang truong, FPGA (Field-Programmable Gate Array). Tur
1980, c4c cong ty san xuat PLD hang dau da ddy manh qué trinh nghién ctu vé FPGA
va nhanh chéng cho ra cac thé hé FPGA véi sé lugng cong va téc do ngay cang
cao.cac FPGA hién nay c6 sé luong cong du 16n dé c6 thé thay thé ca mot hé thdng
bao gom 16i CPU, Bo diéu khién bo nhg (Memory Controller), cac ngoai vi nhu
SPIL,Timer, 12C, GPIO, PWM, Video/Audio Controller... (nghia la twong duwong vai
cac SoC hién dai).

FPGA gom c6(hinh 1.1):

- CLBs (configurable Logic Blocks): cac khéi logic c6 thé cau hinh dugc, 1a cac
thanh phan tiéu chuan. Trong hau hét cac FPGA, mdi mot CLB chtra mot sé cac
manh, ma mdi manh lai chira mot sé (thuong 1a 2 hoic 4) 6 logic (logic cell) véi mot
s6 thanh phan nhé (Flip-Flop) hoic bo don kénh (Mux) néu khong ding FF. Mdi 6

logic ¢6 thé duoc cdu hinh dé thuc hién cac chirc ning logic co ban (nhu AND, OR,
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NOT) trén céc tin hiéu sé nhd st dung bang LUT (look-up Table). Cac CLB lién két
v6i nhau qua mang lién két c6 thé lap trinh duoc (Programmable Interconnect hay

routing).

- Interconnect hay Routing: mang lién két hay dinh tuyén, 1a cac ma tran chuyén
mach ¢6 thé lap trinh duoc - PSM (Programmable Switch Matrix) dé hinh thanh céc

don vi thuc hién cac chirc nang phurc tap hon.

- 10Bs (Input/Output Blocks): cac khdi vao/ra nam bao xung quanh cua miéng
FPGA va ndi vai cac chan tin hiéu vao/ra (I/O pin). Nhu vay tirng chan 1/0 cia FPGA
c6 thé duoc lap trinh dé dam bao céc giao tiép dién can thiét cho két néi FPGA vai hé

thdng ma nd la thanh phan.

- Block RAM: khbi RAM, 1a c4c bang nhé bén trong FPGA.

Block SelectRAM™ - S EBEares mar sansy das VO Blocks (10Bs)
resource = s s
A
Saslanes - Programmable
S interconnect
Dedicated E BE
multipliers . a .
EE Configurable
Logic Blocks
= aedla (CLBs)
HEEEESERESCENERDRERNE
Virtex™.|| architecture’'s .
core voltage Clock Management
operates at 1.5V (DCMs, BUFGMUXes)

Hinh 1.1: CAu triic cia FPGA

Ngoai ra cac thanh phan trén, FPGA con cac logic nho khéc, nhu:

MAC (Multiply-accumulate circuits): cac khdi logic nhan tich lity, dé thuc hién
cac phép nhan va cong hiéu qua.

Cac khdi thyuc hién cac chirc nang dic biét: xur ly tin hiéu sb va twong tu, vi du
cac bo bién d6i twong ty-s6 ADC (Analog-to-Digital Converter) va cac bo bién doi sb-
tuong tw DAC (Digital-to-Analog Converter), cho phép FPGA van hanh nhu 1a mot
SoC. Mot FPGA chira tir 64 dén hang chuc ngan khdi logic va cac flip-flop.
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LUT giéng nhu mdt RAM nhd, cling dugc goi la cac bd tao chirc nang, FG
(Function generator), dugc st dung dé thuc hién cac chirc ning logic nho cét giit trang
thai logic ra dung & trong mot viung nhd, ma trang thai logic ra twong tmg véi timg t6
hop ctia cac bién vao. LUT thuong c6 4 ddu vao c6 thé thuc hién bat ky chirc ning
logic 4-dau vao.

Cac thanh phan nh¢ trong CLB c6 thé dugc cau hinh hoic thanh cac cac Flip-
flop hodc thanh cac mach chét (Latch). Mdi CLB thudng c6 bd tri cac chan tin hiéu
vao va hai chan tin hiéu ra, nhu chi ra ¢ hinh 1.1. Nhu vay, cd thé két néi chan tin hiéu
dau tir cac phia twong wng cia CLB, trong khi chan tin hi¢u dau ra c6 thé két noi voi
cac day dan dinh tuyén & ca kénh phia bén phai va kénh phia duéi cua CLB. M&i mot
chan tin hiéu dau ra cua CLB c6 thé két néi voi bat ky doan ndi day nao trong céc
kénh ké can véi nd. Tuong tu, hop dém vao/ra (1/0Opad) ¢ dinh caa chip FPGA c6 thé
ndi véi bat ky day dan nao ¢ kénh nam ngang phia dudi.

Cac nha san xuat c¢6 xu hudng thiét ké cac khéi logic cia FPGA thuc hién cac
chtrc nang 16n hon dé giam lién két cuc bo, ddng nghia vai sé lwong chan tin hiéu dau
vao cua khéi logic tang 1én, va nd ciing cho phép 1ap trinh cac khéi logic linh hoat
hon.

Kién tric cta ho Altera Stratix FPGA dat duoc hiéu ning cao nhd dua vao
module logic thich ang hiéu qua ving - ALM (Adaptive logic Module). ALM gom c6
logic t6 hop, 2 thanh ghi, va 2 bo cong, nhu chi ra ¢ hinh 1.2. logic t6 hop c6 8 dau
vao mot bang LUT (Lookup Table).

—m L.

27— — Reg —a—p regout(0)
w 3—» —p Adder . T
2 4—» Combinational : » combout(0)
=g—+» Logic
e g—* —» pdder — ™ L
7—» . Reg —a—p regout{1)
- T
» combout(1)
8-Input Fracturable LUT J'

Twao Dedicated Adders
Two Registers

Hinh 1.2: Altera Stratix IV FPGA ALM kién trac cua Altera ALM
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Ca LUT-6 dau vao va ALM déu 1a nhitng logic co ban xay dung cac khdi cia cac

kién trac FPGA va chiing tuong déng nhau (hinh 1.3).

LUT-Flipflop
1T—n
I —
Je——p SLUT &
4
LUT-Flipflo 5
1 : prop B ——» Wasted —»
Z——p
3 i
4 S5-LUT - o
R
B LUT-Flipflep
T—» 1—»
E—» 3LUT —» :_ -
I—»
Independent Inputs Three inputs must be shared 4 —
to the LUTs {input 1 cannot be used) g—l‘ Wasted —»

to use a single basic 5-LUT

When three shared inputs
cannot be found,
tweo G-LIUTs must be used

Hinh 1.3: Sy thuc hién chirc ning 5- dau vao va
3- dau vao trong Stratix 1V ALM va Virtex-5 LUT-cap FF

Cac FPGA khac nhau c6 sé luong cac 6 logic, kich ¢& va sb lugng cac block
RAM, cdc MAC khac nhau. Cac FPGA st dung trong cac hé théng lai (hybrid
system) thuong c6 khoang 100K-200K 6 logic, 5S00KB cia RAM bén trong va 100
MACs. Hé théng lai ¢6 thé sir dung FPGA véi 1000 khéi /0 twong tmg véi 1000 /0
pin dé dam béo céc giao tiép vO1 hé théng chu, cling nhu véi bo nhd cuc bo ndi truc
voi FPGA.

Céac FPGA thudng duoc 1ap trinh sau khi dd han gin trén bang mach in, twong tu
nhu cac CPLD 16n. Nhung dir liéu cau hinh trong FPGA bi mét khi ngliing cap ngudn
(mat dién) gidng nhu RAM trong may tinh vay. Do d6, mudi 1an ngit ngudn va bat lai
thi ta phai nap lai tép cau hinh vao FPGA. Muén luu giir lai ciu hinh da 1ap trinh cho
FPGA thi ta phai mac thém PROM hay EPROM ngoai. B4 nhé ngoai nay c¢6 nhiém
vu luu tép cau hinh ¢ dang nhi phan (bitstream hay bit file) va tu dong nap dir liéu cdu
hinh lai cho FPGA mdi khi bat ngudn, nhu vay du c6 ngat nguon FPGA van “khong bi
mat” dit liéu. Cac phién ban EEPROM c6 thé c6 thé 1ap trinh dugc trong hé thdng
(hay trong mach), thuong théng qua giao tiép JTAG. Tép cu hinh chira cac thiét lap
cho tung CLB, PSM, MAC, 1/O va cac thanh phﬁn ¢ thé cAu hinh khac cta FPGA.
Cac FPGA dugc sir dung trong cac hé théng may tinh lai co thé dugc 1ap trinh lai vo

s6 1an. Thoi gian tai ciu hinh méi thudng chi chua dén 1 gidy. Mot s6 FPGA hién nay
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c6 kha ning trong khi dang hoat dong chuyén dén cau hinh méi da duoc nap trude vao
thiét bi. Mot s6 FPGA ciing cho phép cau hinh lai timg phan cta thiét bi.

FPGA va CPLD c6 nhiing diém khac biét d6 1a: FPGA bén trong dya trén cac
bang look-up (LUTS), trong khi cd&c CPLD hinh thanh céc chuc ning logic bing cac
nhiéu mach cong (vi du tong cac tich); FPGA va CPLD déu céu tao tir cac khdi logic
(cac 6 logic) 1a sy két hop ctia mot khéi logic va Flip-Flop. Nhung, FPGA c¢6 sb luong
16n cac khdi logic (dén hang trim ngan) hon nhiéu so véi CPLD; FPGA gidng nhu
RAM, phai nap lai dit liéu cdu hinh mdi khi bat nguén. CPLD giéng nhw EEPROM
chi can nap mot 1an va khong bi mét chirc nang sau khi ngit ngudn;

Do FPGA c6 s luong rat 16n cac khdi logic nén c6 nhiéu tai nguyén dé thuc
hién nhiéu chirc nang toan hoc chuyén dung va phirc tap.Vi vay cac FPGA phu hop
cho cac thiét ké phtrc tap hon so véi CPLD. Nhin chung cac CPLD Ila sy lya chon tot
cho cac tmg dung t6 hop, trong khi cac FPGA phu hop hon cho cac may trang thai 16n
(nhu cac vi xtr ly).

FPGA c6 cic phan tir logic chay theo dang song song. Con vi diéu khién dya trén
cau trac CPU thuc thi theo ma 1énh theo dang tuan tu.

FPGA dung ngén ngit 1ap trinh phan cting (Verilog, VHDL) va lap trinh trén
FPGA goi 12 1ap trinh phan ctng. Lap trinh vi diéu khién 1 1ap trinh phan mém phan
ciing co san.

1.2.2. Cac kién trac ciia FPGA

C6 hai loai kién tric co ban ciia FPGA: kién trac mat do thua (Coarse-grained)
va kién trac mat do cao (fine-grained).

1) Kién triic mdt dg thuwa:

Kién tric nayco cac khoi logic 16n, mdi khdi logic thuong chira hai hodc nhiéu
bang look-up (LUTs) va hai hodc nhiéu flip-flop. Trong FPGA kién tric nay bang
LUT 4-dau vao (nhu 12 16x1 ROM) lam thanh mot logic cu thé. Loai kién tric nay st
dung cong nghé cau chi d6i ngdu CMOS (anti-fuse CMOS), chi cho phép lap trinh
mdt 1an, nhung dit liéu khong bi thay d6i khi bi mat ngudn. dé 1ap trinh can phai c6
thiét bi 1ap trinh chuyén dung (do nha san xuat hay nha phan phdi cung cip).

2) Kién triic mdt dé cao:
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Kién triic naycé sb lugng 16n cac khdi logic don gian. Khéi logic don gian hoic
chtra chtre ning logic hai dau vao hodc bd don kénh 4-to-1 va mét flip-flop. Chung sir
dung cong nghé bé nhd SRAM, tuong ty nhu cac bd vi xir Iy. Nhu vay chung cé thé
dugc 1ap trinh lai khong han ché trong hé théng, nhung doi hoéi phai c6 bd nhd
PROM.EPROM, EEPROM hay Flash bén ngoai (goi 12 bd nhé cdu hinh) dé lwu trit
chuong trinh x4c dinh céc chirc niang nhu thé nao cia timg khdi logic, cac khéi I/O
nao 1a cac cong vao va cac cong ra, va cac khdi duoc lién két v6i nhau nhu thé nao.
FPGA hodc 1a tu nap b0 nho c4u hinh cua nd hodc bd xir 1y bén ngoai tai nd1 dung ctia
b6 nhé cu hinh vao FPGA. Khi thyc hién tu nap, FPGA dia chi cac byte ctia bd nho
cdu hinh gibng nhu bd xtr 1y dia chi bd nhé PROM luu cdu hinh khoi tao (boot
PROM), hoac st dung PROM tuan tu truy nhap lién tiép. Khi bo xtr 1y tai vao FPGA,
FPGA thé hién nhu 1a bd xtr Iy ngoai vi chuan. Thoi gian ciu hinh thudng nhé hon
200 ms, phu thudc vao kich thudc ctia FPGA va phuong phap cau hinh.

Bang 1.1: Céc kién tric FPGA, cdng nghé va cac nha cung cap

Kién tric Static Memory Anti-Fuse Flash

Altera: (FLEX, APEX)
Atmel: (AT40K)
Mat do thua DynaChip
(Coarse-grained) Lucent: (ORCA)
Vantis: (VF1)
Xilinx: (XC3000,XC4000xx,Spartan,Virtex)

QuickLogic: (pASIC)

Mat d¢ cao Actel: (SPGA)

) ) Actel: (ACT) Gatefield
(Fine-grained) Atmel: (AT6000)

1.2.3. So sdnh FPGA veéi cac nghé IC khac

1) FPGA va ASIC:

FPGA chiém 15% ctia cong nghiép ASIC vé khdi lwong va doanh thu. Cac ASIC
c6 hi¢u nang cao hon, dung luong cao hon, nguén nuoi th'éip hon, tich hop céc tin hiéu,
va hiéu qua cao hon so v6i cac FPGA. Céc thiét ké cua FPGA tiéu thu nhiéu ngudn
hon so véi cac ASIC. Néu san xuat cong nghiép véi sd lugng 16n, thi ASIC cho chi
phi trén mot don vi thap hon cdc FPGA. Néu ta biét rang c6 nhiéu thiét bi va cac may

tinh ca nhan chay ¢ tde do vai Gigaherz, thi cac FPGA lai chay voi tbc do thép o (vai
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traim Megaherz). Trong khi d6 cac ASIC c6 thé toc d6 cao hon FPGA nhiéu.FPGA
hiéu qua cho cac tmg dung nhé béi vi nd cé chi phi thiét ké thap. Nhung néu san xuit
cong nghiép vai sd luong 16n, thi ASIC lai ¢ gia ré hon nhiéu. Qua trinh thiét ké
FPGA don gian va thoi gian ngin hon so véi qua trinh thiét ké ASIC, béi vi khong
can phai sip xép linh kién, khong cin cic mit ma hodc cac qua trinh sau-cudi (back-
end processes). ASIC c6 thé c6 cac thiét ké xir Iy hdn hop cac tin hiéu, hodc chi 1a cac
thiét ké twong tu. Nhung khong thé thiét ké ASIC str dung cac chip FPGA.

ASIC ¢6 thé ¢6 cac thiét ké hoan toan cho cac tng dung riéng va phic tap, vi du
vi xr Iy chang han, nhung FPGA thi khong thé.Béi vi FPGA c6 thé dugc 1ap trinh cu
hinh lai vo s6 1an nén né phu hop cho cac thiét ké mau cho ASIC. Nhu vay véi FPGA
ta c6 thé tu thiét ké ca mau CPU theo mong mudn.Céc thiét ké ASIC phai tén chi phi
NRE (Non Recurring Engineering), d6 1a chi phi cho mdt l1an nghién ctru, thiét ké, va
kiém thir san pham méi, trong khi d6 thi cac thiét ké FPGA lai khong can.Céc cong cu
dugc st dung cho thiét ké FPGA thuong ré hon so voi cac cong cu thiét ké cua
ASIC.Mot FPGA ¢6 thé duge sit dung cho céac tng dung khéic nhau, nho 1ap trinh lai
FPGA. Nhung v6i ASIC thi khong thé.

2) FPGA va CPLD:

FPGA chira hon 100000 khéi logic nho trong khi CPLD chi chta téi da vai nghin
khoi.Vé kién trac, cac FPGA duogc xem nhu cac thiét bi c6 mat do cao (fine-grain
devices), trong khi CPLD la cac thiét bi mat do thua (coarse-grain devices).Cac FPGA
dugc st dung cho cac tng dung phtc tap, trong khi cac CPLD phu hgp cho cac tng
dung don gian va it linh hoat so véi FPGA.Cac FPGA gdm c6 cac khéi logic nho,
trong khi cac CPLD duoc lam ra tir cac khéi logic 16n.FPGA 1a chip logic s6 dya vao
RAM, trong khi CPLD la chip dua vao EEPROM.Cac FPGA dua vao cac bang Look-
up (LUTS) bén trong, trong khi cdc CPLD lai hinh thanh cac ham logic nho cac mach
cong sea-of-gates.Hau hét cac FPGA c6 cac mach logic muc cao, vi du, cac b cong,
bo nhan va cac b nhé nhing, va cac khéi logic thuc hién cac bo giai ma hoic céc
ham toan hoc, trong khi d6 CLPD thi khong. Binh thuong, cac FPGA dat hon so véi
cac CPLD.Céc tré (Delay) trong cac CLPD I6n hon so véi cac tré trong cac FPGA.

3) FPGA va vi diéu khién:
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Vi diéu khién 1a hé thong tinh toén, c6 kién trdc Havard bén trong véi day du cac
khdi chirc ning cua mot may tinh nho va tap 1énh may riéng. Trong khi d6 FPGA 1a
chip chua dinh hinh cau tric caa mét thiét bj thuc hién mot chire ning cu thé.Hoat
dong cua vi diéu khién phai duoc 1ap trinh va phai cai diat ma chwong trinh vao trong
bo nhé code bén trong chip vi diéu khién. Lap trinh cho vi diéu khién 1a 1ap trinh phan
mém bang bat ky ngdn ngir 1ap trinh ndo. Chuong trinh khong 1am thay d6i cau tric
bén trong cua vi diéu khién. Trong khi d6, dé tao FPGA thanh mat thiét bi theo yéu
cau tng dung riéng can phai lap trinh bang mot ngdn ngir md ta phan cimg. Chuong
duoc dich ra mat file dang bit hay chudi bit (BitStream) va duoc nap vao trong FPGA
cau hinh céc lién két cac thanh phan logic da c6 sin bén trong FPGA tao ra mot thiét
bi thuc hién chiic nang cu thé. Nhu vay, lap trinh FPGA 1am thay d6i phan ciing trong
FPGA. D¢ 1a lap trinh phan cimg.Cac FPGA dugc tng dun g trong cac hé thong
nhing, cd thé két hop véi cac vi diéu khién.

Xét chung vé cong nghé mach tich hop ban dan: bo nhd, cac bo vi xir 1y, ASIC,
PLD, FPGA, va SoC, ta c6 so dd mbi lién quan cua chung v6i nhau nhu md ta & hinh

1.4 dudi day:

A Microprocessors

ASIC, PLD,
FPGA

Hinh 1.4: Quan hé gitra cac cong nghé I1C

1.3. KET LUAN CHUONG:

Trong chuwong nay da gi6i thiéu dugc tong quan vé hé thong nhing, phan tich
duogc cac dic diém, cdu tric ciing nhu phéan loai duoc hé thong nhung. Cac dic diém
cia FPGA dugc néu ra ¢ day véi cac so sanh voi cac cong nghé PLD, ASC va vi diéu
khién 1a so sé cho viéc lya chon giai phap trién khai hé thong nhung trén FPGA ma
chuong 2 s€ trinh bay.
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CHUONG 2. HE THONG NHUNG TREN FPGA

2.1. LUA CHON CONG NGHE ALTERA FPGA

Véinhimg phén tich va danh gia v& FPGA ¢ chuong 1, ¢6 thé nhan thiy ring, lua
chon thiét ké hé thong nhing trén FPGA 1a mét giai phap thich hop, tiét kiém chi phi vé
thiét ké, dau tu, va thiét ké co thé thay dbi linh hoat tiy theo yéu cau cua hé théng. Cac
nha san xuét chip FPGA nhu Xilinx, Altera di c6 nhiéu san pham cung cap tai Viét Nam,
do do s€ 1a thuan tién lya chon cac bang phat trién cia cac hang nay dé thyc hién thiét ké,
dic biét, bang phat trién Altera DE2 kha phé bién cho dao tao va nghién ctru thiét ké cac
hé théng nhung timg dung cho céc thiét bi xir Iy tin hiéu Audio, video.

Nhu di gidi thiéu va phan tich vé cac hé thong nhung trong Chuong 1, embedded
linux 1a mot hé théng ma nguén m¢ hoan chinh dugc st dung cho mot thiét bi, bao
gém Linux kernel va cac ing dung kém theo. Véi cac tinh nang va tién ich vuot trdi,
embedded linux gitup cho nha thiét ké t6i wu vé thoi gian ciing nhu chi phi thiét ké,
phat trién va dé dang thay d6i dé thich nghi dugc véi cac yéu khac nhau cia ting hé
théng. uClinux 14 mot hé didu hanh thudc hé théng nhing embedded linux nén cé
duoc tat ca nhitng uu diém vuot trdi dd néu, hon nita véi kich thude nhé gon, linh
hoat nén uClinux rat phu hop dé thiét ké cho cac hé thong nhing st dung bo vi diéu
khién khong c6 don vi quan ¥ bd nhé MMU.

D6 14 co s dé tac gia lya chon giai phap hé thong nhing trén FPGA 1a hé diéu
hanh nhung uClinux trén bang phat trién Altera DE2.

2.1.1. Hé phat trién Altera DE2 Cyclone 11 2C35 FPGA
1)GOi Hé phdt trién Altera DE2 Cyclone I 2C23FPGA:
Pugc cung cip gom (hinh 2.1):

- Bang phét trién Altera DE2 Cyclone 11 2C35 FPGA

- Cap USB d¢ lap trinh va diéu khién FPGA

- CD-ROM chira tai liéu DE2 va céc vat tu hd tro, gdm huéng din st dung, tién ich
cua phién diéu khién (Control Panel), cé4c thiét ké va vi du tham chiéu, dir liéu ky
thuat cuaa thiét bi, cc bai hoc, va tap hop cac bai thi nghiém.

- CD-ROMs chira phan mém Altera’s Quartus® II Web Edition va Nios® II
Embedded Design Suit Evaluation Edition.
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- TGi gom 6 vo cao su (rubber silicon) cho bang DE2 stands. Tui ciing c6 mot s6 chan
ma rong c6 thé dugc dung vaéi thiét bi kiém tra cac dau ma rong 1/0 caa bang DE2.

- V6 nhya cho bang

- B6 ngudn 9V DC gin tuong

Hinh 2.1: Hop dung san pham Altera DE2Cyclone 11 2C35 va cac phu kién di kém

2) Bang phat trién Altera DE2 Cyclone 11 2C35 FPGA:
1) Pdc diém phan ciing:

9V DC Power USB Ethernet
Supply  Blaster USB USB Mic Line Line Video 101100M RS-232
Connector  Port Device Host In In Out In VGA Out Pori Port

28.63MHz Oscillator

Audio CODEC P2 Port
Power ON/OFF Switch VGA 10-bit DAC
USB Host/Slave Expansion Header 2 (JP2)
Controller
Altera USB Blaster Expansion Header 1 (JP1)
Controller Chipset Ethernet 10/100M Controller
Altera EPCS16 TV Decoder(NTSC/PAL)
Configuration Device
: Altera 90 nm Cyclone ||
Switch between JTAG :
/Normal Mode(RUN) FPGA with 35K LEs
and AS Mode(PROG)
16x2 LCD Module SD Card Sacket
4Mbyte Flash Memory
7-SEG Display |
IrDA Transceiver
SMA Ext Clk

18 Red 18 SPDT 8Mbyte 512 Kbyte 50MHz 4 Push-buttons 8 Green LEDs
LEDs  Switches SDRAM  SRAM  Oscillator

Hinh 2.2: Bang Altera DE2 Cyclone 11 2C35 FPGA
Bang phat trién Altera DE2 2C35 FPGA gdm:
- Altera Cyclone® Il 2C35 FPGA
- Thiét bi cAu hinh tuan ty Altera EPCS16
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- USB Blaster (trén bang) dé 1ap trinh va diéu khién API cta ngudi dung; hd

trg cac ché do 1ap trinh cho ca JTAG va Active Serial (AS)

- 512-Kbyte SRAM

- 8-Mbyte SDRAM

- 4-Mbyte Flash memory (1 Mbyte trén mot sb bang)

- Khe cim thé SD

- 4 nGit nhan (pushbutton switches)

- 18 nut gat (toggle switches)

- 18 LEDs do

- 9 LEDs xanh

- 50-MHz oscillator and 27-MHz (tir TV decoder) cho cac ngudn dong hd bén

ngoai

- 24-bit CD-quality audio CODEC véi line-in, line-out, va microphone-in
jacks

- VGA DAC (10-bit high-speed triple DACs) v&i VGA-out connector

- TV Decoder (NTSC/PAL) va TV-in connector

- 10/100 Ethernet Controller véi RJ-45 connector

- USB Host/Slave Controller véi USB connectors loai A va loai B

- RS-232 transceiver va 9-pin connector

- PS/2 mouse/keyboard connector

- IrDA transceiver

- Hai 40-pin Expansion Headers véi bao vé diode

2) So do khéi:

Hinh 2.3 13 so d6 cac vi tri cac khdi phan cung trén bang Altera DE2 2C35
FPGA. Hinh 2.4 cho so d khdi ctia bang Altera DE2. Pé cung cip cho ngudi ding do
linh hoat téi da, tat ca cac két ndi duoc lam thong qua thiét bi Cyclone II FPGA. Nhu
vay, ngudi dung c6 thé cdu hinh FPGA dé thuc thi bat ky thiét ké ndao. Cac dic diém
k¥ thuat chi tiét ctia cac khéi nhu sau:

Cyclone 11 2C35 FPGA:

- 3,216 Les
- 105 M4K RAM blocks
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483,840 total RAM bits
35 embedded multipliers
4 PLLs
475 user 1/0O pins
- FineLine BGA 672-pin package
Thiét bi cau hinh tuan ty va mach USB Blaster:

- Thiét bi cAu hinh tuén tu Altera’s EPCS16

- USB Blaster trén bang dé lap trinh va diéu khién API ctia nguoi dung
- Hb tro cac ché do lap trinh ITAG va AS
SRAM:
- 512-Kbyte SRAM memory chip
- T6 chire nhu 256K x 16 bits
- €06 thé truy nhap nhu bd nhé cho Nios II processor va nhd DE2 Control
Panel
SDRAM:
- 8-Mbyte Single Data Rate Synchronous Dynamic RAM memory chip
- Tb chtrc nhu 1M x 16 bits x 4 banks
- C6 thé truy nhap nhu bo nhd cho Nios II processor va nhd DE2 Control
Panel
Flash memory:
- 4-Mbyte NOR Flash memory (1 Mbyte on some boards)
- 8-bit data bus
- Co thé truy nhap nhu bd nhé cho Nios II processor va nhd DE2 Control
Panel
SD card socket:
- Pbam bao SPI va 4-bit SD mode chp truy nhap thé SD
- C6 thé truy nhap nhu bd nhé cho Nios II processor v6i DE2 SD Card
Driver
Céc nat nhin (Pushbutton switches):
- 4 nat gat

- DPuogc chan boi mach Schmitt trigger
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Binh thuong nha; tao xung tich cuc thap khi nhan nut

Céc nut gat (Toggle switches):

18 nut gat cho nguoi dung dat vao
Nt gat tao logic 0 khi gat xuéng (DOWN) (vé phia canh cta bang DE2)
va logic 1 khi gat 1én (UP) vé phia trong cta bang DE2

Céc dau vao dong ho (Clock inputs):

50-MHz oscillator
27-MHz clock input
SMA external clock input

Audio CODEC:

Wolfson WM8731 24-bit sigma-delta audio CODEC

Line-level input, line-level output, va microphone input jacks

Tan s6 14y mau: 8 to 96 KHz

Céc mg dung cho MP3 players va recorders, PDAs, smart phones, voice

recorders, V.v.

VGA output:

Str dung ADV7123 140-MHz triple 10-bit video DAC téc d6 cao

Vi 15-pin D-sub connector

Hb trg dén 1600 x 1200 ¢ toc do lam tuoi 100-Hz

C6 thé dung véi Cyclone II FPGA dé thuc hién TV Encoder hiéu suit

Ccao

Mach gidi ma NTSC/PAL TV:

Str dung ADV7180 Multi-format SDTV Video Decoder

HS tro giai diéu ché mau NTSC/PAL/SECAM

Mot 10-bit ADC, 4X over-sampling cho CVBS

Hd trg Composite Video (CVBS) RCA jack input.

HO trg digital output formats (8-bit/16-bit): ITU-R BT.656 YCrCb 4:2:2
output + HS, VS, and FIELD

Cac tng dung: DVD recorders, LCD TV, Set-top boxes, Digital TV,

Portable video devices

10/100 Ethernet controller:
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MAC va PHY dugc tich hop véi giao tiép bo xir Iy chung

HO tro cac ung dung 100Base-T va 10Base-T

Hb tro thao tac full-duplex & 10 Mb/s va 100 Mb/s, v6i auto-MDIX
Dap tmg day du IEEE 802.3u Specification

HO tro tao téng kiém tra [P/TCP/UDP va kiém tra

HO0 trg back-pressure mode cho diéu khién ludng half-duplex mode

USB Host/Slave controller:

Phu hop day dii voi Universal Serial Bus Specification Rev. 2.0

H6 tro truyén dit liéu téc do dﬁy du va tée do thép
HO trg ca USB host va thiét bi
Hai cé)ng USB (mot loai A cho host va mdt loai B cho thiét bi)

Pam bao giao tiép tdc do cao cho hiu hét cac processors; hd trg Nios II
voi1 Terasic driver
Hd trg Programmed 1/0 (PIO) va Direct Memory Access (DMA)

Serial ports

Mot cong RS-232

Mot cong PS/2

DB-9 serial connector cho céng RS-232

PS/2 connector dé nbi PS2 mouse hoidc keyboard vdi bang DE2

IrDA transceiver:

C06 115.2-kb/s infrared transceiver
Dong diéu khién LED 32 Ma
Tich hgp EMI shield

IEC825-1 Class 1 eye safe

Edge detection input

Hai dau md rong 40-pin (expansion headers):

72 Cyclone 11 1/0 pins, 8 dudng ngudn va dét, dugc dua t6i 2 connectors
mo rong 40-pin

40-pin header dugc thiét ké dé nhan cap bet (ribbon) 40-pin duogc sir
dung cho céac drivers ID

Bio vé bang Diode hoic resistor [5]
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Hinh 2.3: So d6 vi tri cac khdi bang phat trién Altera DE2 2C35 FPGA

50 Mhz /27 Mhz / Extin

16-bit Audio CODEC

A — -
10/100 Ethernet Phy/MAC E o 4 e g VGA 10-bit Video DAC

—— TV Decoder

IrDA Transceiver | ! User Green LEDs (8)

Flash {4 Mbyte) e User Red LEDs (18)
S —
SRAM (512 Kbytes) > PS2 & RS-232 Ports

- Toggle Switches (18)

— 16x2 LCD Medule

7-Segment Display {B)

Expansion Headers (2) L e Pushbutton Switches (4)

T

UsSB
Blaster

Hinh 2.4: So d6 khéi bang phat trién Altera DE2 2C35 FPGA

2.1.2. Céc rng dung demo cria Altera DE2

1) TV Box Application:

C6 thé cau hinh tao bo xir Iy mém Nios II nhu 1a CPU véi cac giao tiép phii hop
cho cac mg dung trén bang Altera DE2. Vi du Két ndi cac thiét bi audio video: input:
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microphone, camera hay DVD player; audio: speaker, VGA monitor hoac tao Web

server nhiing diéu khién qua mang LAN.

Video In
Line In

=
’ Speaker
Line Out -

TV Box Application

* High quality TV decoder

+ CD quality 24-bit audio

* VGA monitor

« Ideal platform for video
applications

» All software driver source
VGA (LCDICRT) Monitor code for Nios II included

Audio
Output

DVD Player

YCbCr (YUV)
to
RGB

Hinh 2.5: So d6 demo TV Box application

2) Karaoke Machina:

MP3/Any Audio Qutput Speaker - = "
9 Speaker E Karaoke Machine and
v . SD Music Player
Frge e | * CD quality 24-bit audio
AL 10 card » Ideal platform for audio applications
‘ il « All software driver source code for
Microphone Nios Il included

Audio

Clock/Data
Frequency
Generator

DAC
Controller

Hinh 2.6: So dd demo Karaoke machine

3) Hé thong web server:
C6 thé cdu hinh mot Web server nhiing trén bang FPGA trén ¢

10/100Mbps 10/100Mbps
CAT 5 Cable CAT S Cable

‘I_ bQ

Gateway
with DHCP

NIOS 11

Hinh 2.7. So @6 demo Web server
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2.2. HE PIEU HANH NHUNG uCLINUX

2.2.1. Tong quan hé diéu hanh nhiing uClinux

uClinux (viét tat cta tir MicroControllerLinux) 1a mot phién ban hé diéu hanh st
dung nhan Linux duogc thiét ké cho cac hé théng nhung st dung bd vi diéu khién
khong c6 don vi quan ¥ bd nhd MMU. uClinux c6 kién trac, cach thirc hoat dongva
phuong phap phat trién tmg dung nhu hé diéu hanh Linux. uClinux 1ahé diéu hanh ma
ngudn mé nén khi xay dung dé bién dich nguoi phat trién c6 thé cdu hinh theo dé tao

ra mot hé diéu hanh phu hop v6i hé théng can phat trién.

Tiny Single Board ~ Network devices

Just a few examples! Computers \ )

Send us more! ’
W
uClinux is often so deeply embedded B
y SnapGear LITE2 VPN/Router

that it's difficult to identify C Data Solutions
Simiec SBCs \

Multimedia CF computer
o : .
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StarDot NetCam
§ with uClinux) >n

— ple iPod (not shipped . 3 computer
_a— ———— ““"\l‘ 4
Oy s EEEY

Apli/PRO IP Phone
P

Sigma Designs EM8500 based DVD players  jneailiCom remeee conteol system

Hinh 2.8: Mot s thiét bi tng dung hé diéu hanh uClinux

1) Lich sir phdt trién uClinux:

uClinux duogc phat trién tir nam 1997. Muc dich tao ra hé diéu hanh nay 1a phat
trién mot phién ban nhan hé diéu hanh Linux 2.0 dé nhiing vao cac vi diéu khién. N6
dugc Jeff Dionne, Kenneth Albanowski va nhém cac nha phat trién khac dit van dé 1a
kha nang nhiing Linux vao mang vi diéu khién khong c6 don vi quan 1y by nhd MMU
(Memory Management Unit), kha ning truyén thong giita mang d6 véi cac hé thong
truyén thong. Phién ban phat hanh dau tién cia hé diéu hanh nay duoc phat hanh cing
v6i cac vi xur Iy Motorola 6800, né dugc trién khai trong bd diéu khién SCADA nam
1997/98. Phién ban niay di dugc cong dong nguén mé phat trién va mot phién ban
khac da dugc st dung cho Palm Pilot vao thang 2 nam 1998.

Trong hé diéu hanh uClinux c6é mdt s6 thay doi so v6i hé diéu hanh Linux, thu
vién uC-libc duogc thiét ké dé thay cho thu vién libc va glibe trong hé diéu hanh Linux.

Mot cai tién khac da duge thuc hién béi SnapGear la thém mot dinh dang méi Binary
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Flat — bFLT. Pay 12 mot dinh dang file thuc thi twong dbi don gian va nho gon xay
dung trén co so file a.out.

Hé diéu hanh uClinux 12 mot hé diéu hanh da nhiém, cic chuong trinh c6 thé
chay ¢ nhiéu mrc khac nhau cua hé thdng va cho phép chay cac tmg dung da ludng.
Viéc nhing hé diéu hanh uClinux vao cac vi diéu khién di gitp cho cac nha phat trién
tao ra cac tng dung dé dang vi phuong phap 1ap trinh gidng nhu trén méi truong
Linux. uClinux 1a mot hé diéu hanh thoi gian thie, nha phat trién c6 thé chay cac tng
dung da ludng trén méi trudng hé diéu hanh.

Nhiém vu chinh khi phat trién hé diéu hanh uClinux 1 cu hinh nhan hé diéu
hanh cho pht hop voi hé théng can phét trién, bién dich nhan, phat trién cac driver
cho cac ngoai vi va phat trién cac ung dung cho hé thong nhung.

2) Kién triic hé diéu hanh uClinux:

uClinux 1a mot hé diéu hanh dung pho bién cho cac hé thong nhung Linux. N6
thuong dugce ding cho cac vi diéu khién khong c¢6 don vi quan 1y bé nhd (MMU).
Ngay nay nhan hé diéu hanh nay hd tro cho rat nhiéu loai nén tang CPU khac nhau
nhu ColdFire, Axis ETRAX, ARM, Atari 68k... Giéng nhu Linux, uClinux ciing hd
trg giao thire TCP/IP va cac giao thirc giao tiép mang khac. N6 ciing hd trg cic hé
théng file khic nhau va thém vao mot sb dang file dac biét dugc thiét ké cho cac hé
thong nhung.

Dé c6 thé chay trén cac vi diéu khién khong ¢6 MMU thi nhan cta hé diéu hanh
c6 mot sb thay doi. Toan bd ma ngudn va cac chirc ning diéu khién cia MMU duoc
loai bo ra khoir ma nguén ctia nhan hé diéu hanh. Mot sb chirc nang khac cling duogc
diéu chinh cho phu hop.

Su thuan lgi chinh ctia nhan uClinux mang lai so v61 Linux chay trén PC 1a kich
thudc ctia nhan. Khi bién dich nhan, nha phat trién phai thiét 1ap cac lgya chon bién
dich nhu hd tro loai vi xtr 1y, hé thong file va cac driver ctia nhan dé kich thudc giam
xudng con khoang 400 KB. Tuy nhién vao luc khai dong thi nhan cta hé diéu hanh s&
yéu cau khong gian bo nhé khoang 1MB. Trong thuc té, kich thuéc bd nhé can
khoang 2MB vi con can cho cac tmg dung. Véi uClinux, kich thudce anh nhan hé diéu

hanh dugc diéu chinh khoang tir 500 téi 900 KB.
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Tuong ty nhu hé¢ diéu hanh Linux, mi nguén cua uClinux ciing c6 thé tai mién
phi voi gidy phép ban quyén GNU GPL. Tir website www.uclinux.org, cac nha phat
trién co thé tai goi phan phdi cta hé diéu hanh bao gdm ma ngudn nhén, cic thu vién
va mot sd tng dung dd dugc phat trién, nhitng thong bao 131 va nhirng 16i di duoc sta.

2.2.2. Céc dic diém ciia hé diéu hanh uClinux

1) Uu diém va nhwoc diém cia hé dieu hanh uClinux:

Véi dic diém ma ngudn mo, cac nha phat trién c6 thé tai va chinh stra theo y
mudn. Tuy di dugc phat trién tir 1au nhung bén canh nhitng wu diém, uClinux vin con
ton tai mot sd nhuge diém.

Uu diém:

- uClinux tich hop san nhiéu IP cta hé diéu hanh Linux chuan, cic file hé thong,
cac phan mém mién phi mang tinh 6n dinh cao.

- Nhan Linux 2.6 c6 kich thude dudi 300KB.

- Nhiéu tng dung cta hé thong nhiing c¢6 thé thyc hién ma khong can MMU.

- Ung dung ngudi dung co thé truy cdp vao toan bo hé théng, dén timg thanh ghi
cua thiét bi.

- uClinux c6 thé str dung hau hét cac system calls ctia hé diéu hanh Linux chuan.

- uClinux hd tro chay da nhiém full multi-tasking v&i han ché twong ddi nho.

- uClinux hd tro nhiéu bd vi xir Iy ma Linux chuan khong hd trg.

Nhuoc diém:

-uClinux phat trién chadm hon so vé6i Linux.

-Tai li€u va tai nguyén online it hon so véi Linux.

-Nhiéu duong link ciing nhu source code trén trang chi da qua cil.

-uClinux khong c6 MMU nén s€ khong c6 VM va khong co sy bdo v¢ bd nho.

- UClinux khong cé sy phan trang theo yéu cau, can phai tai toan bd ma ngudn
chuong trinh vao trong RAM, thay vi chi can tai nhimng trang ma chwong trinh thyc su
truy cap dén. Trong h¢ diéu hanh uClinux, kich thudc bo nhé cho céc process duogc cd
dinh nén khong thé phan manh bd nh¢, dan dén tén bo nhé hon.

2) Runtime linker and loader:

Pay 1a mot phan quan trong ctia hé diéu hanh c6 nhiém vu tai va chay chuong

trinh. N6 ¢6 tac dung dinh vi mi cua chwong trinh tmg dung trong cic bo nhd thir cip
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va cai dat vao khong gian bo nhd hé thdng. Ma chuong trinh tng dung c6 thé yéu cau
diéu chinh phu hop véi vi tri noi ma n6 duogc cai dat vao.

Trong cac hé théng c6 MMU, tng dung c6 thé st dung loi thé VM nén céac 1énh
va cac dit liéu chi doc c6 thé duoc chia sé giita cic ung dung. Trong hé thong khong
c6 MMU, kién trac flat memory model s& ¢ dinh ting Gng dung vao cac ving bo nhd
khac nhau trong qua trinh thyc thi. Linker/loader s& sip xép cac tng dung va dwa nd
vao khong gian nhé hé théng. Cac tng dung chi c6 thé lam viéc trén phan ving ma nd
dugc quy dinh. Vé co ban, Linker va loader thuc thi ba nhiém vu chinh:

- Tai chuong trinh bang cach copy chuong trinh vao bd nhé chinh.

- Géan dia chi riéng cho ma ngudn va dir liéu.

- Phéan tach céac dia chi, gan con tr6 dia chi t&1 chuong trinh con.

Loader va linker trai qua ba budc nhu trén dé tao ra mot thuc thi. G6i thu vién
dung dé bién dich (toolchain) ciia uClinux st dung ELF (Execution and Linking
Format) d& dugc sira doi chut it cho phi hgp. Pay 1a mot dinh dang file chuan cia céac
file thuc thi, ma doi tuong, cac thu vién dugc chia sé. ELF nguyén ban dugc phat trién
boi Unix System Laboratories va dugc sit dung rong rii trong nhiéu hé diéu hanh.
Nam 1999, n6 dugc cong nhan nhu mdt dinh dang file nhi phan chuin trong Unix.
Khong giéng nhu nhiéu dinh dang file thuc thi doc quyén, ELF rat linh hoat, c6 thé
mo rong va khong phu thudc vao vi xir 1y hoic kién tric.

ELF dinh nghia lién két va thuc thi ciia mot file. Mot file ELF bao gdm bon phan
chinh:

- ELF headers: chta thong tin vé file.

- Program header: header cua chuong trinh.

- Section header: ndi dung cua file.

- Data: dir liéu.

uClinux cung cip bd nhé nhu mot khong gian dia chi duy nhéat. Dicu nay co
nghia 1a stack tiép giap vat Iy véi dit liéu tinh. Cac stack phai c6 mot kich thudce cb
dinh va khong dugc chong 1én dir liéu tinh ciing nhu ving ma ngudn. Do khéng co
MMU nén uClinux s& khong c6 bao vé bo nhd. Vi kich thudce stack la ¢ dinh nén s&

dan toi lang phi mot phan khong gian bd nhé.
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3) Ethernet:

uClinux hd tro nhiéu tmg dung khac nhau, trong d6 c6 tmg dung mang bao gdm
TCP/IP stack va cac giao thirc khac lién quan dén mang nhu TCP/UDP, IP, Ethernet.
Khi mot tmg dung mang duge tao ra va truyén nhén trong mang, dau tién nd s& truyén
di goi tin thong qua 16p socket dén 16p transport (TCP hoic UDP) sau d6 ching sé& di
dén 16p IP, tai day kernel s& phan giai dia chi ma goi tin can truyén dén. Ciu trac cua

mg dung mang trong Linux duoc biéu dién trén hinh 2.9.

Kernel
BSD Socket

Socket I
Interface

INET Socket

R —
I

PPP | l Ethernet l

Protocol

Layer

Network
Devices |

Hinh 2.9. Ethernet trong uClinux

Hai kiéu socket chinh duoc cung cdp trong Linux 1a BSD (Berkeley Socket
Distribution) va INET socket. BSD socket dugc thyc thi dua trén 16p INET socket va
cung cap giao dién cho ngudi sir dung.

4) Cac thu vién duoc sw dung de phat trién hé dieu hanh uClinux:

bé phat trién uClinux, nha phat trién c6 thé lua chon gitta hai thu vién 1ibC la
uC-libc va uClibe ctia uClinux. Thu vién uClibC giéng nhu thu vién glibc phét trién
cho Linux, cac ham cua glibc ciing duoc ap dung cho uClibe. Ngoai ra géi mi ngudn
ctia uClinux con mét sb thu vién khac nhu:

- libgmb: GNU library

- libg: gdm c6 gtermcap, dugc thiét ké dé hd tro truyén di cac chudi diéu khién
dén terminal

- libcap: cung cép giao dién hé théng doc 1ap & mirc user.

- libatm: hd tro cho viéc truyén bat dong bo (ATM).
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- libjpeg: hd trg hién thi hinh dinh dang JPEG.

- libm: hd tro cho cac phép tinh toan hoc.

- libnet: cung cap thu vién API cho cac giao thirc mang.

- libpam: thu vién giao dién phén cap.

- libpng: thu vién giao dién db hoa cho cac ing dung mang.

5) Mad nguon hé diéu hanh uClinux:

Co thé tai vé cac phién ban khac nhau ctua hé diéu hanh uClinux tir dia chi
www.uclinux.org. Toan by ma nguén uClinux chtra trong mot file nén duogc dat tén
theo mot dinh dang chuin nhu sau nios2-linux-YYYYMMDD.tar trong d6 YYYY 1a
nim, MM 14 thang, DD 1a ngay. Khi dugc giai nén nim trong thu muc chinh 1a
uClinux-dist. Cong viéc ctia ngudi phat trién 1a bién dich tao ra mot file anh dé dua
vao hé théng.

Trong luan vin nay t6i str dung ma ngudn hé didu hanh uClinux véi phién ban
nhan linux-2.6 (uClinux-dist-20070130). Sau khi giai nén, thu muc chinh uClinux-dist
gdm cac thu muc sau:

- bin: gdbm céc tién ich dé tao ra file flash.bin.

- config: cac tép ciu hinh hé théng file uClinux.

- Documention: tai liéu chi tiét cua uClinux.

- freeswan: cac chuong trinh bao méat, ma hoa.

- images: chira nhan dang nhi phan ctia h¢ diéu hanh sau khi bién dich.

- lib: chtra céac thu vién cho ing dung.

- linux-2.0.x: ma ngudn nhan uClinux.

- linux-2.4.x: ma ngudn nhan uClinux.

- linux-2.6.x: ma ngudn nhan uClinux.

-romfs: cdu tric hé thong file cia ROM (Read-Only Memory), bao gém tng
dung, cac file thiét bi. Thu muc nay duoc tao ra khi bién dich.

- tools: cac cong cu dé bién dich.

- uClibc : thu vién C.

- user: noi luu cac img dung cua ngudi dung.

- vendor: gom cac 161 xr Iy ma hé diéu hanh hd tro.

Thu muc cua géi ma nguon dugce gidi nén ra dugc minh hoa ¢ hinh 2.10.
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Hinh 2.10. C4u trac thu muc cia g6i ma ngudn uClinux-dist

2.2.3. COng cu phan mém thiét ké Altera Quartus 11 Web Edition

Altera Quartus |1 [12] 12 phan mém thiét ké thiét bi logic c6 thé lap trinh dugc.
NG cho phép phan tich va tong hop cac thiét ké cia ngdn ngit md phong phan cing
HDL, cho phép nha phat trién bién dich céac thiét ké cua ho, thuc hién phan tich thoi
gian, kiém tra cac so d6 thiét ké mé mac RTL, md phong phan ung cua thiét ké doi
véi cac kich hoat, va cu hinh thiét bi nho 1ap trinh. Quartus gom mét thuc hién cua
VHDL hay Verilog cho mé ta phan ciing, soan thao hién thi cac mach logic, va mo
phong bang d6 thi dang song céc tin hiéu cua thiét ké.

Quartus Il bao gom:

- SOPC Builder: ¢ong cu trong phan mém Quartus |1, thuc hién ty dong tao ra
logic lién két va tao mot tién trinh kiém tra testbench chirc ning cua thiét ké. SOPC
Builder tich hop thu vién cac linh kién (gom bo xur Iy mém nios 11, cac b diéu khién
bo nho, céc giao tiép, va cac ngoai vi) va mot giao tiép dé tich hop tly nhu cau nhiing

linh kién nay. Cac lién két dugc tao ra théng qua Avalon Bus.

- Qsys, cong cuy tich hop hé thong, 1a thé hé sau cia SOPC Builder. N6 sir dung
kién trdc mang trén chip cia FPGA (NoC) cho céc hé théng nhing FPGA
(SOCFPGA).
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- SOCEDS, tap hop tao cau ndi lién mach giira cong cu MATLAB/Simulink va
phan mém Quartus II, nhu vay, c4c nha thiét ké co kha ning phat trién thuat toan, mo
phong, va so sanh caa cac cong cu thiét ké muc hé théng MATLAB/Simulink.

- B6 cdng cu giao tiép bo nhé ngoai, nd xac dinh chinh xac cac két qua va cac sd
do cac gidi han cua ting tin hiéu DQS.

- Tao céc file JAM/STAPL cho cho Iap trinh thiét bi trong mach cua JTAG.

Web Edition:1a phién ban cua Quartus Il c¢d thé duoc tai mién phi tir Web site
Altera.com va c6 thé thuc hién cac thiét ké véi giéi han mot sé chirc nang nhung du
cho dao tao khdng can cd ban quyén. Trong d6, c6 bao gom cac thu vién thiét bi
FPGA cua Altera.
Subscription Edition: 1a phién ban c6 thé tai mién phi, nhung dé chay duoc can phan
mua ban quyén. Web Edition c6 thé duoc str dung trén phan mém nay véi mot sb thiét
bi han ché c6 thé dugc sir dung.

Cac phién ban cua Quartus cd thé cai dat trén cac hé diéu hanh:

- Microsoft Windows Vista (32-bit and 64-bit)

- Microsoft Windows XP (32-bit and 64-bit)

- Microsoft Windows 2000

- Solaris 8 and 9 (32-bit and 64-bit)

- SUSE Linux Enterprise 9 (32-bit and 64-bit)

- Red Hat Enterprise Linux 5 (32-bit and 64-bit)

- Red Hat Enterprise Linux 4 (32-bit and 64-bit)

- Red Hat Enterprise Linux 3 (32-bit and 64-bit)

2.3. KET LUAN CHUONG
Noi dung chwong nay trinh bay 1y do lwa chon thiét bj FPGA va hé diéu hanh nhing
dé thiét ké hé thong nhiing. D6 14 lwa chon bang phat trién Altera DE2 va uClinux. Vi
vay, & day da néu ra cac dic tinh k¥ thuat, so d6 khdi, 161 xir Iy Nios II, chip FPGA, va
cac giao tiép, cac kha ning ung dung cta bang Altera DE2, va cong cu thiét ké Altera
System Design Suite. Kién trac va cac dic diém chinh cua hé diéu hanh nhung
uClinux : ma nguén mo, cac thu vién, cac thu muyc cua uClinux sau khi gd nén, tao

file anh zImage, va khdi dong nhan uCLinux trén PC-linux ciing dugc néu ra cu thé.
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CHUONG 3: THIET KE HE VI PIEU KHIEN LOI MEM NIOS |1
32-BIT VA CAI PAT uCLINUX

3.1. VIPIEU KHIEN LOI MEM NIOS 11
3.1.1. So dé khéi ciia 16i mém Nios 11

Vi xtir ly 18i mém (soft microprocessor)[17].ciingdwoc goi goi la softcore
microprocessor hay soft processor, dugc thiét ké bang su tong hop cac mach logic trén
cac thiét bi ban dan c6 kha nang 1ap trinh dugc nhu ASIC, FPGA, CPLD.

Su khéc biét gitra vi xt ly cting va vi xa ly 16i mém 1a: vi xa ly 16i cang 1a vi
mach to hop tich hop rat 16n d3 duoc dong vo ¢ dinh khong thé thay d6i va duoc
thuong mai hoa, trong khi d6 16i mém c6 thé thay doi chic ning bang lap trinh (cau
hinh lai) tuy thuoc vao tng dung.

Vi xt ly 16i mém trén FPGA 4 loai pho bién cho céc thiét ké thir, cho dio tao, va
rat thich hop cho céac nghién ciru tng dung khoa hoc ki thuat.

Bo xir Iy 16i mém Nios 11 c6 thé duoc 1ap trinh va cau hinh trén cac thiét bi
FPGA cua Altera qua cac bang phat trién Altera DE2 Cyclone. Mot hé théng Nios I
trén chip FPGA c6 thé c6 cac giao tiép nhu ¢ hinh 3.1, va so do khéi cua Nios 11 cho ¢
hinh 3.2 [13].

JTAG conmection
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Hinh 3.1: Hé théng Nios II dugc thuc hién trén bang DE2
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Hinh 3.2: So @6 khdi cua Nios Il

Nios 1l ¢6 thé dugc cau hinh nho SOPC Builder (cac phién ban Quartus II cil)
hoac Qsys (c4c phién ban Quartus Il mé&i) & mot trong ba loai cau hinh sau:

- Nios II/f: 1a phién ban nhanh (fast) cho cac hé théng Nios 11 hiéu ning cao. N6

c6 thé duoc lua chon nhiéu cau hinh.

- Nios Il/s: 1a phién ban chuan (standard) yéu ciu it tai nguyén trong FPGA cho

cac hé théng Nios 11 khdng can hiéu ning cao.

- Nios Il/e: 1a phién ban tiét kiém (economy) yéu cau it tai nguyén trong FPGA,

nhung han ché cau hinh cho nguoi ding.

3.1.2. Vi du hé théng xa# Iy Nios 11

C6 nhiéu vi du thiét ké he théng Nios 11 cho cac &ng dung: xir ly tin hiéu: xt ly
tiéng noi, xir ly anh, giam sat qua Web server nhung nhu cac so d6 két néi tng dung
demo cho & muyc 2.1.2. hay da dua ra trong [18][19], nhan dang van tay [20], hé thdng
giam sat phuong tién giao thong [21], ung dung cua Ethernet trén duong day dién
[22].

FPGA ndi chung va Nios Il ndi riéng c6 nhiéu &ng trong nhiéu linh vuc.

3.1.3. Pdc diém tdp lénh cia Nios 11

Nios 11 1a chip xtr ly c6 kién tric tap 1énh rat gon (RISC) nhu hau hét céc chip vi

diéu khién cang héa khéc. Tap lénh nay c6 khong nhiéu 1énh va 5 ché do dia chi: Truc
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tiép (immediate mode), ché do thanh ghi (regisster mode), ché do budc nhay
(displacement mode), ché d¢ gian tiép thanh ghi (register indirect mode), va ché o6
tuyét ddi (absolute mode). Nios Il ¢é tap thanh ghi gom 32 thanh ghi chung 32-bit (r0
- r31) va cac dija chi ciing 32-bit [11]. Tap lénh gom cac Iénh véi 3 loai dinh dang: I-
type, R-type, va J-type. C6 thé tham khao chi tiét trong tai liéu [11]. Véi tat ca cac
dinh dang truong ma Iénh (OP) ¢6 6 bits (hinh 3.3). Vi R-type: ¢6 3 truong todn hang
5-bit (A, B, C) , truong OPX 11-bit la m¢& rong cua truong OP. Véi I-type: cO hai
trudng toan hang 5-bit (A, B), trudng todn hang gié tri truc tiép IMMED16 16-bit. Vi
J-type: chi c6 mot truong toan hang gia tri truc tiép IMMED26 26-bit.

31 27 26 22 21 6 5 0
A B IMMED16 OF
(a) I-tvpe
31 27 26 22 21 17 16 6 5 1]
A B c OPX (8]
(b) R-type
31 6 5 0
IMMED26 opP

{c) J-type

Hinh 3.3: Cac dinh dang cua céac 1énh ctaa Nios Il

3.2. THIET KE HE NHUNG NIOS 11 VOI HE PIEU HANH uCLINUX
3.2.1. Cong cu phan mém thiét ké Altera quartus 11

Phan mém Quartus 11 Web Edition 13.0sp1 c6 phién ban chay trén Windows va
phién ban chay trén Linux.

Pé thiét ké hé nhing Nios 11, c6 thé chay phién ban trén linux. Pé thiét ké hé
nhing c6 uClinux nén chay phién ban cho Linux trén hé hé diéu hanh Centos hoic
ubuntu.

C6 thé tai mién phi Altera Quartus 11 Web Edition 13.0sp1 ban nén .zip chay trén
Windows 7 Pro.

Trén PC véi ubuntu 12.04 LTS c6 thé tai Altera Quartus Il Web Edition 13.0sp1
ban nén tar cho linux.
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3.2.2. Cdc bwéc thiét ké h¢ nhang Nios 11 va hién thi két qud
1) Tao hé nhung Nios Il
-Cai dat Quartus 11 Web Edition 13.0sp1:
C6 thé cai trén bat ky 6 dia nao, hoc vién dit thu muc cho cai dat:
E:\altera\13.0sp1\...
-Chon biéu twong Quartus 11 13.0sp1 trén Desktop chay Quartus

-Tao tén project nios2:

Directory, Name, Top-Level Entity [page 1 of 5]

What = the working drectery for ths project?

Ei/thargsacco ! _J
What s the nams of this project?

nics2 ]
What & the name of the top-evel desgn enbty for this projact? This name 15 case sensaive and must exacty match the entty name i the deson fie.
nics2 J

useExmrgPrv‘enSghrgs...v

<ok | [ Mewts | [ Frisn cancel || ke |

Hinh 3.4: Tao project nios trong thue muc E:\thangsaodo

A
ﬁ Hew Project Wizard i X

Family & Device Settings [page 3 of 5]

| Select the Famiy and deves you want to trget For compiatian.
| Youcaninstall addtional device support with the Iretal Devices command on the Tools menu.

Device famiy Show inAvallabie devices' fat

Family: Cydare [T -] Packiage: |M“r
Dejeioess | Fin caunt; [y =
Target deice Spesd grade: [Any -
1 Ao device selacted By the Friter Name fiter:

& Specific devios selected in Availsble devioes' st |4 Show advanced devices dordCapy compativle arly &3

Avalnble devices:

Hame Core Voltage LEs User 1jds Memary Birs Embedded multiper 9-bit elements PLL G-
EPICIF67206 L2V 33216 475 SBIFH ) % 16
EPICIFGIXT LV 32 45 30 o] 4 15
EPICIFE720E L2V 33216 475 B3I 'El 4 Is
EPICIFE78 | 1.2V Jaze 475 340 n A 1% Il |

( EPAC35M43406 L2V i3 332 S33340 ) 4 16
EPICIZHEA4CT L2V b ) R I a 4 15
FoarEm aRars 1w e ammman n "

Compenondevice

P8 RAM to HardCopy devioe résources

< Badc et = Finish Cancel Help
|

Hinh 3.5: Chon loai chip FPGA EP2C35F672C6 cho Nios2

Hoc vién: Dinh Vin Thing 38 Chuyén nganh: Ky thudt dién tw



Truong Dai hoc Sao Do Ludn van Thac si

Ll o~ = MY SO O rF OO 2PN G

& Crchoe T EPXCITETCE.
o ez

‘ W - ¥
e tmcary Frn | 7 omnones | n[r
Tada usx
ru: | Conpleton = [ Gstoran...

QUARTU;

4 » Comple Oscgn
» Analyse & Synthesis
# iter (Pece 8 Routs)
> asenrtier (Generate peo srming fes.
> TeeCuest Tinng Anayss

FEeEEE 7 o= v

H1ype 10 Meumage

0%  patomo

Hinh 3.6: Két qua tao tén Project nios2
- Chon Tools -> Qsys:

o " 2 »
J G @ s aln o~ (o Y S SSO L e OO W PP A W
Bl : T
bty
4 Cydone 0:e2CIPRTXCH
- ez

. — .
o sty | B | Cemmmines | Y a]p
Taska e x

“ » Conple Ceson
B Anwysic B Sevtmen
= mer place kRoun)
= Assencier [Generate or o amewng s
> TmeQuest Timng Avatvie

@ © & s T o

Type  ID  Message

*
5
a

;‘ Systen [\ Bracananc /

o%  me=coa

Hinh 3.7: Chay Qsys

- Trén ctra s6 Qsys, chon Component Library -> Embedded Processors ->
Nios Il Processor -> add: tao nios2:

Roany

- § Covg-Bypess Ao Exan
fi} Ereges

- Erigas 41 Aoapters
H-Ciack ared Reset

0 Confyaraion L Progrmning
R
£ Enbedded Frocessars
» BlEwe 5
~ » Cusonnercton il
» Ciston nsracton Wi
» Cumhn b oo St
& Flestrg Perd Hardee
+ Hord Fravessor Syst
. |
il Intertace Fratncos.
0 Nameras snd Namsry Conire
E-Merim Companests.
i Neracontmler Pergheris |
i Farghersl

HHALL
i Csya Btercermect

| [oeme] [ zo | [dmase.]

Hinh 3.8: Chon tao Nios2
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&m-m =

T Mos I Processor T 0
Mhighet ==
=== [ Core et [cagies s = [
EEp il ar;
i3 a0 oo iz - A
h " e
1 imEracher vadhe i
S St Nigs lle Nigs s Nigs I/
b e =, i = — =
e Mios Il bt prie T
R % mainucton Cache [r——
 Evanal Progoton Brwrck Precicies
Emevel Sriter
Data Cache
Dymamie By Predction.
L] 1 T M+ Teche
Sarkeir rullexiee brpe i T
[ T e U P R S P ——
3 o ol gy A e B fre
|fancet,| |k,
== —

Hinh 3.9: Chon loai cu hinh tiét kiém Nios I1/e cho Nios2

Qiys - -
[ Fe 2o zymem view Toom ek
Dtk iy Systen Comeats | pgrass Wap | Cioot Satngs | Propet Setiags | nalancs Pasmaters | Systen napecior | AOL Banpie | Gemin
\ o || 3| use Comnectuns Mame: Deacrptnn Export Clack Base
Progect X = | B ek Chock Sours
8 e Componant ] ol FRCENE Je
Library c_in_ress Fassent inpat reset
— & Config-Bypase Agp Exan x <k Clock Oulpat ot}
[ al h_reanl Rasst Dt
B Brisges 66 Adapira - ® B mioa?_gsys 0 Mios | Procasa0n
e - 1 & Ciock rpat unccanectsd
f-Cosiguration & Pregramnng res=ln Reset nput ok
B O5F T =l 3 _nale Avakan Mamory Nappad Mastar 1o
= Embecddet Proes0n inatruction_maetar Avalan Mamory Nappad Bastar 133
'1 Do mevasp Pag_cebug_ module_re |Reset Dutput ]
L o Gt btz il fian_cebun module  |Auakon Nemory Mapoed Sive ok ox0B0
i = Caslombevuction = cuaton_nainuction_m.. [Custom kainciicn Wasler

i Coalomn heruction 5
i ® Flamig Ramt Harztwer
— # Hard Processor Syal

[ miertacs Protocoe
[ Wemories and Werary Contre)
E-Aterin Gomposenis
- Wierocontrslier Peripherel L
- Paripharely
AL

e Opys nimrconect
’ 3

([ | [

Hinh 3.10: Két qua chon Nios2

- Chon: Component Library -> Memory and Memory Controllers -> On-
Chip -> On-Chip Memory (RAM or ROM) -> add: tao Memory trong chip

A On-Crip Mamary {RAM o ROM| - nchip menan .

“ On-Chip Memery (RAM or ROM)
Mageters’

nra_meahin_onchie_nenon s

[* Eoek Gingram |

- [* Memarybype § : |
I S Rl (Wirisble)
anchip_memory? 0 Dsslpart access:
Snple ciock Bperiion
. Fead Durrg e Hods:
sk Bk ype _
soctt
|
st swi i menarea | | | D :
Datn whtth e
Tottl memary size, —on
Nrzn remiery Bk amnip (i yect e
e —
Shva ut Lancy: 7
Swre &7 Lacy -l

I Mermory imiinizsticn
1] Imnaliae Moy conknt

Hinh 3.11: Chon c4u hinh cho Memory On Chip
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- Chon: Component Library -> Interface Protocols -> Serial -> JTAGUART

Ao JTAG UARY - jtag uart 0

%3 JTAGUART

eguciry  Flra_avelon_tag_sat

|+ Bioch Diagram
| i Shaw sgnals

jtag_usn_0

I [+ Wilte FIF (Data Trom Aualon to JTAG)
Buttar dapin (By1e2) (64
RQ Mraahok g

| Conatriscf uaing regiatens inatead of mano iy biocis

-> add

- Chon lai Nios 2 dé dit lai :

[ Rl FIFO (Data from JTAG to Avaton)
Butter depin (bytes): | ga
RO threshold: B

|| Comstruct using registars atsas ot mamory B

~ Allow muttipie connections

[ Al midtiple CONNBctions Lo Avaln JTAG slave

Hinh 3.12: Chon c4u hinh cho JTAGUART

memory: onchip_memory.s1:

Reset vector memory va Exception vector

[~ Reset Vector

Reset vector:

Reset vector memory:

Reset vector offset:

O 00000000
Ooc0-000 1000

-nnchip_memury.s'l

|' Exception Vector

Exception vector memory:
Exception vector offset:

Exception vector:

O 00000020
O 00001020

-nnchip_memnry.5'1

[~ Mmu and mPu

Include MKMU

Fast TLB Miss Exception vector offset:
Fast TLB Miss Exception vector:

Fast TLB Miss Exception vector memory: | pgne

O 00000000
O 00000000

Hinh 3.13: Dat lai Nios2

- Chon System -> Assign Base Address

-> Assign Interrupt Numbers

-> Create Global Reset Network

C6 c4u hinh hé nhiing Nios II nhu sau:

Only include the MMU using an operating system that explicithy supports an MKMU.
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Fi £t Sisem Vew Toon Nop

| T | Syatem Coments | sddress Vap | Cock Semegs | P 'l E soector | WL Exarpie | Genscation)
§ ¥ || 7| um  Connecions Hume Duacretns Ewp. Clack Bl Exd RO
Project S x| 7 @ = |2k sowrca |
9 New Component = | Ciock mput .
L = che_n_rmami |Rawst bt I
= — e | Dok Dadpst eli_0
- ———| e Faast D
- | & B nical haca | Procagsar
4 o Ok niput el _0
& Canhguraton & Arsgrammng - iesst Fieser st s |
# DEP 7 —T= sain_mestsr Aveen VEmary Napoed Meste! b= IRQ O 1Eg A1
£ mtedies Fmosesars. s —— PElCT_master | Avelen Vemory Mapoes Naster = |
T —— B lag febug modde. Feset OupiE ToH
i & DnpyPor | Jag_ Sstug_madule | Sveien Vamary Napoed Slave Hong zEnn ouzeas
i thareat =—i s ssiuction. | Cualem nsinsction Wesler
& reariabun A | | EI onahip_memory |Cn-Chin Wemany (RAW or RON
| arl {Ciock gt lemen
5l &ysn Warrory Narped Shve ] LoD [ eee
L] Reset ht 1
w ARer 18550 Compatl T o ook npat ok _0
® Avaion-ST JTAD et | et Faast bzt =+
v aenen_jag lave | Avnisn Vamary Mamed Sev ™ D00 lowazaz
] I [
Meamges
Ceacrigtan Patn

|| & Errara, & Wamnga

Hinh 3.14: C4u hinh hé nhing Nios2

- Chon File -> Save As: ghi file nios2.qsys vao thu muc cta project:
E:\thangsaodo\:

|

[ £ Save - —
i

Save in:

i o

Recent Itema

K

|
My Documents

i ™

Camputer

%— File name: [riosz [ save. |

Metwork

Filee of type: | Qeye Syetem Files (*asvel = [ cancar |

Hinh 3.15: Ghi vao file nios2.gsys

- Chon Generate dé tao project nios2

Fie EO Sysiem View Toob Hep

|| comeonert Licary || Syohnm Eantunin | Adéroos b | ek Satings | Frejnst Setings | insianca Pararters | Sysinm kopecter | HOL Erampia| Sessraton
= X || | E=
Praject

- The sinulation model contains genersted HOL fies for the simlator, and may ncude sanuston-cnly feanres.

Libwary Crests simuishon madet
|- % Config-Eypass App Samph = -
+-Breges [EEmiteTch o |
++ Breges and Adnpters Toe funiench syatem i o naw Seys sysiom thal nainristes the widing bum o drve the op-lonl inferfacen.
3 Cleck and Roast Once generated. the bus funclionsl models can nberact wih he sysiem n the simulabor
o & mming - Oy systen: Hane )
sosE A
it Entisidad Procassors

= Cras laatbench smuation medet |y,

[ e e |
Synttiesis fies are usad 1o compde e Bystom in 8 Qeartus Hpropct
Creste HOL desgn fhes for syminess. wang -

¥| Craale bt oymial fie L baf)

|~ Dutput D eetony.
o Atarn 16350 Comeali Bath

£ #nangssedoininn?
# Euakin ST ITAG by

@ Avalin-5T Seral Fen e £ thangsnedoininzismuiion
- Teathench

= M (3 Wirs Sacial) P - -
» LIANT [AS-240 Bonal = i Emangesrtomieisningss:

Hinh 3.16: Chon Generate dé tao project nios2
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= — = — — T T

£ Generate Completed & |

@ Info: rst_controller: "nios2” instantiated altera_reset_controller “rst_controller”

@ Info: emd_xbar_demux: "nios2” instantiated altera_merlin_demultiplexer "cmd_xbar_d«
@ Info: cmd_xbar_mux: "nios2" instantiated altera_merlin_muliplexer "cmd_xbar_mux"
@ Info: rep_xbar_demux: "mios2" instantiated altera_merlin_demultiplexer "rsp_xbar_den
@ Info: rep_xbar_mux: "nios2” instantiated altera_merlin_multiplexer “rsp_xbar_mux"

@ Info: Reusing file Exfthangsaodo/nios2/synthesisisubmodulesialtera_merlin_arbitrator,
@ Info: irg_mapper: "nios2” instantiated altera_irg_mapper “irg_mapper”

@ Info: nios2: Done nios2” with 17 modules, 63 files, 1210523 bytes

@ Info: ip-generate succeeded. =2
@ Info: Finished: Create HDL design files for synthesis ot

€ | r

+», Generate Completed. O Errors, 62 Warnings

Hinh 3.17: Tao thanh c6ng project nios2

- Trén ctra s6 Quartus 11, chon: Project Navigator -> files -> kich chuét phai:
Add/Remove Files from Project ..., kich chuét trai dé hién thi cira s sau:

Catogary:

Gereral
Fies

Libraries

Operating Settings and Condiions
Voltage
Termperature

b

Fie name:

Complation Process Se tings
Ezrly Trning Estimate
Incrementsl Complebon
Fhysicel Syntresis Optimizatiors
ED& Tool Settings
Design Entry [Syntresis
Smdaton
Formal Viarification

Doard-Level
Analydia & Syrthadia Settnga
¥HDL Input
Verilog HOL Tnout
Default Parametars
Fitter Settings
Tmeduest Timing Anahyzer
Agzembler
Desgn Assistant
SignalTap 11 Lagic Anatyzer
Lagic Analyzer Interface
PomerPlay Power Aralyzer Setfings
55N Analyzer

b

FioNama  Typa Library  Dasign Sntry/Synthacia Toal

HOL Yorden

[ Buw Softmare | |

Select e design files you want to mcude in the project, Clidk Add All 1o add all desgn Resin the project drectory to the
prowEch

Add
[ acdar

n

Down

Prapertiss

Help

Hinh 3.18: Chon va b xung file cho project nios2

Select File

-
@".; J,uvl # Programe (E] + thangsaodc. kb niosd b symihems - "fl Seorch.s ess ] |
Drganze = Mew folder g= = | &

- Mamne Size |

wal Libraries

o e . submodules

= Documents

- : __ nios2.gip 11 KB

o' Music

[= Pictures

B videos E

| ¥ Homegraup

B Computer
&, Local Disk ()
(= Programs [E}

= Tooks setup [F)

Filename:  piced gip

v [Ip variation Fites Cip "sig)

Cancel

Dpen

Hinh 3.19: Chon file nios2.qip
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Categary: Deviem

General Filies.
Fies
b s Select the desion fies you wart b induse i e project. Gids Add Al to sdd &l design fies n the oroject drectary o the

# Opereting Settngs snd Condtions psject.

Vol =
Mt Fie name: [i] And
. cm‘éﬂﬂ?ﬂﬁfﬁiﬁ"“ fietaye: Jyee. vy Pton Eity e Too HOL Version e
Lreremental Compilatan niosZ . [P =hone = e ——
Fhysicel Synthess Ootimzatons 4
4 EDA Tool Sethngs
Degign EntryySynthesia
Smulation
Formal verfication
Eoard-Level & :
& Aralysis & Synthesis Settings Prapertes {
WHDL Tnput
Wi HOL Tt !
Default Farameters
Fitter Zettngs
TimeQuest Timing Analyzer
Agsambier
Design Assigtant
SignalTap [T Lagic Analyzer
Logic Analyzer Tnterface
PoverPlay Pawer Analyzer Settngs
S5M Arahyzer

e e el e

Hinh 3.20: B6 xung file nios2.qip

- Trén cira s6 Quartus 11, chon Compile Design -> Analysis & Synthesis ->
Start

L 3 reip 53 Search altera.com ]
DS Ha % @ 9 o s Dz @ B A 9 »
|Project Navigator g% | Q Compilation Report - nios2.
|Zr Files B
c
i% nios2/synthesis/nios2. gip g Flow Status Successful - Tue Jul 03 20:12:26 2018
S |Quartus II 64-Bit Version 13.0.1Build 232 06/12/2013 5P 1 51 Web Edition
E Revision Name nios2
4 | Top-level Entity Name nios2
=% Family Cydone I
Device EP2C35F672C5
7 — o Timing Models Final
™ Hi = - - 5]
/8% Hierarchy | QFHES ‘ & Design Units I id )l Total logic clements 1677
iTEE!‘.S 1g x| Total combinational functions 1,504
Dedicated logic registers 883
Flowe: [Compllauon V] [Custmuze ] Total registers 8383
Total pins 1S i
Task -
e ‘— Total virtual pins a
4 P Compile Design ‘E‘ Total memary bits 44,032
#’ 4 B Analysis & Synthesis L4 Embedded Multiplier S-bit elements 0
] Edit Settings Total PLLs 0
B view Report
o ¥  Analysis & Elaboration
[+ @ Partition Merge I
> [ 7 Metlist Viewers =
< | [ | +
x| [ﬁ b A\.‘ <<Search>> v
(DY)
it

Type ID Message
\i) 13003 DEV_CLRn pin will set, and not reset, register with preset signal due to NOT Gate Push-Back
[ 13024 Output pins are stuck at VCC or GND

\i) 144001 Generated suppressed messages file E:/thangsacdo/output files/nios2.map.smsg

B \Q 16010 Generating hard block partition "hard block:auto generated inst"
[ \I) 21057 Implemented 1878 device resources after synthesis - the final resource count might be different ‘_|
;"J‘! B \p Quartus IT 64-Bit Bnalvsis & Synthesis was successful. 0 errors, 48 warnings |l
EE « T ] 3
i
| =|\_System f\, Processing (198) /

100%: 00:00:23

Hinh 3.21: Két qua Analysis & Synthesis thanh cong

- Trén ctra s6 Quartus 1, chon Assignments -> Pin Planner dé gan chan tin
hiéu cho Nios Il trong FPGA:
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., Repert 18x]|
4] v
- Reparinot jadke
=
Tasks FEx|

¥ Run Andysic and Elsboration U]
2 [ =arly Pin Flanrirg |
1 Early Pin Plencirg...
# Run 1)0 Assignment Anslyss
] Export Pin Assgnments...

T ] ¥

uwBEZh e s KCpE])

VAO

@@ O@EJ\/@ \7
0@ 0@ ﬁ@ v‘n

Top View - Wire Bond
Cyclone || - EP2C35FE72CE

=== I

mmwwwmmmm"

WQ

Groups +Ex%|
.. |Named: -
L]
2= TNadz Name Crecton
¥ <anew aroup> >
®
[E:)
>
g -
o L4 Bl ’ —— e,
X Named: = ~ fxplEat % o Fite: s al v
g ~ Node Name | Dir=ction Location 1/0 Bark VREF Group 1)0 Standard Reserved Current Strength  Differentisl Paic
. dk_ck Input PIN_N2 2 B2 N1 3.3-VLV..defaut) 29mA (default)
<<naw ncdex >

Hinh 3.22: Dat chan tin hiéu clk_clk vai PIN_N2 cho clk_0 cua nios2

C6 thé chon Assignments -> Assignment Editor dé kiém tra thiét lap pin:

T3 |
J | 9 Compilation Repart - nios2 3¢ | w3 Assignment Editor a8 |
z<new>> * [V Filter on node names: = - Cabegory:[AJI ']
S tatu From Assignment Name Value Enabled Entity Comment Tag
1 v [ ok Location PIN_N2 Yes 1
2 <Enew > <<new=> <<New >
H

Hinh 3.23: Pa thiét lap chan néi tin hiéu clk_clk

- Chon Compile Design -> Start dé thwc hién bién dich toan bo project nios2:

DSE@ 4 Lm 9o
Profect Nargatar
¥ Fies

B rlosipyrihess sl ge

| By rserarchy | 5 s

| P | 7 o

Tacks Lax
v [corpdasmn ~| [csunzs.. |
¥ 4 P ComgieD o
Ld B s o
v o ute) o
L L oroprammeng Mesh Of
W P TrmeGuess Tming Anshs o
L b EDa et it L

& Frogram Desice (Cpen Fragrammer)

E |Flow 5tatus
| Quartue 11 645k Vermmn
E |onision kama
?ﬁ | Topdavel Entty Name
" |Fonitr
Denics:
T Madels
Total g slements
Total combinatonad functions.
Cedicted lige registers
{Tainl regaters
| Total pirs
Totalvrtuslpns
Tntal memary btz
| Embackiad Mutipkor 9-t5t damenta
[TowmiALs

EHy 6o
%]

Complstan Regort - ricsd.

Succeasful -
13,0, 1 B 32 D6/1272013 2P 151 Weks Ebon

raed
nosz
Cyshere 11

ENXCISRETICE

Fnd
1501/ 35,

158332
E81J 3325 {3%)
B3

1j475( «
o

S4,032 83,690 (3 %)
ojmmio%)

ol4(nw

_.-oaadweaa*;a
Agsigrerent Bt

Tue il 03 20124103 2018

216 {5 %}
16 {E%)

%)

]

8z
or update EDL tool settings using G071 or T

Hinh 3.24: Bién dich thanh céng project nios2
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Chon file -> Save Project
- N&i bang Altera DE2 véi PC bang cép 1ap trinh Jtag-usb, bat ngudn cho bang

- Trén ctra s6 Quartus 11, chon Tools -> Programmer:

W Programmer - Evthangzasdafniosd - nios2 - [Chaind.cdf] L l= B =

Gesrch altera, con
| &, Hardware S2tup, | LSS Blaster LSB-0] Mode: [ITAE | Procress

[ enable resl-tme 1P 1o allow backprourd programming (for MAX [T and MAK ¥ devices)

File Devre Checksum Lsercode Srogram  werdy  Glank-  Examine
Canfigurz Check
i Sty
4 Aun Derect |
iy add Al |

Hinh 3.25: Ctra s6 1ap trinh cho bang Altera DE2

- Trén cira s6 lap trinh (Programmer), chon Add File ..., va trong thu muc
\thangsaodo\output_files\ chon file nios2.sof

A Caluct Programeming File = |
Lok in: | 1 Esvrangss edetputout_fies e o Q =
iy My Computs o=z pof
3 rio=Z. s
-‘}_ Folam
Fierame; [moazot |
Fies of typer [Programming Fles (%.of *pof = dam = jbe = ap = jic) | [ canca |

Hinh 3.26: Chon file nios2.sof

- file nios2.sof s& duoc dua vao ctra s6 Programmer, tai dy, kich chon start dé nap file

cau hinh hé thong nhing nios2 nay 1&n bang Altera DE2. Cac dén trén bang s& c6 thay

d6i trang thai khi nap va khéng con nhap nhanh.
T4l Programmer - Efthangsacda/nios? - nias? - [Chainlcdf]®

=

[ rordware Setp.. | LSB-Slastar (5507 Mode: [ITAG -

|71 Enabie res time 159 to sllon badkorand programming (for FMAK TT and MAK ¥ deviees)

T Fie Device Chechsam Usercode Pragram/ Werify Blark- Examine
[ st Configure Cre
output_files/mosz.eof =gt e D093 1LADT OO451ADT 1#

| 38 Ao Detect
> Delete

| ¥y Acd Fis...,

[ Change Fie.,

Hinh 3.27: Nap thanh cong file cdu hinh hé nios2 1én bang
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Nhu vay, dén day ta di tao thanh cong hé nhing Nios 11. Tiép theo can tao mot
tng dung trén C don gian dé nap va chay trén hé nhing dé kiém tra hoat dong hé
nhung nay.

- Trén cira s6 Quartus 11, chon Tools -> Nios 11 Software Build for Eclipse:

| -
SEeEESEES

INDIGO

Hinh 3.28: Chay eclipse

- Trén cwa so eclipse, chon file -> Switch Workspace, chon thu muc
\thangsaodo\workspace:

-
2 Workspace Launcher

Select a workspace
Echpse stores your projects in a folder calied a workspace,
Choose a workspace folder to use for this session.

Workspoce:  E\thangsacdchwerkspace - Browse.

¢ Copy Scttings

)] [ gk ] | Cancel

Hinh 3.29: Chon vung lam viéc cho trng dung cua project nios2

S& khoi dong lai eclipse va hién thi lai cira s6 méi:

HrE-Er G B O_ B - - St 7 [ Niea | |

=n = 0 B2 utine i 5 Simi

L7 Projess Exghorer £ = O % Welcome £

An outline s not available,
Gatan cvemew ofthe

Fealirgs

Tirloriaks
" Golwough futorials

Sampies
Try ol ths samales

2 problems £i . & Tasks| B Console =1 Properties| 5 T =
0 tterms
Deseription Resource What's Hew

Find yut wivat is naw

Workiiemch
(=0 1 the wiridench

0 items selected

Hinh 3.30: Ctra s6 eclipse cho tao ttng dung mai cua project nios2
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- Trén cira so eclipse, chon file -> New -> Nios 11 Application and BSP from
Template. Trén cira s6 Nios 11 Application and BSP from template, chon file
nios2.sopcinfo trong \thangsaodo, CPU name: nios2, va dit tén cho phan
mém &ng dung Nios2_Hello, kich chon Next, tiép chon Finish

Nieos I Software Examples

Create a new application and board suppert package based on a software example template

Target hardware information

SOPC Information File name:

Ei\thangsacdo\nios2.sopcinfo

CPU name:

nios2 =

Application project
Project name: .NI;DQ__.HEIHG

Use default location

Project template

Templates

Project location: | EA\thangsaodo)\software\Nios2_ Hello

Template description.

Blank Project
Board Diagnostics
Count Binary
Hello Freestanding
Helle MicroC/08-T

Memory Test Small

= Simple Socket Server

Simple Socket Server (RGMI)
= Web Server

‘Web Server (RGMI)

Hello World Small prints 'Hello from Nios II' to STDOUT.
The project occupies the smallest memory footprint
possible for a hello world application.

This example runs with or without the MicroC/0S-II RTOS

readme.td file in the project directory,

The BSP for this template is based on the Altera HAL
operating system with reduced code footprint.

>

m

Hello World and requires an STDOUT device in your system's hardware,
Hello World Small
Memory Test For details, click Finish to create the project and referto the |

|\®

J

Finish

] |

Cancel

1

Hinh 3.31: Chon vao tao trng dung Nios2_Hello

- Trén cira s6 eclipse xuat hién céc file ang dung:

b

-[5 Froject Explarer 33 - =

Search  Run Project Biosdl

@Al g @

Window:  Hielp

ol Rl N

= B[ E= outfine W

o R I =R

8%
= Nios2 Hello
il Indudes
[ system
[® nelo_warld_smathc
| create-this-app
5 Makehile
|51 readmets
Mios2_Hello_bsp | o
will Includes
[ dinvers
[£] sht_sys_init-c
|81 fimkerh
| systemb
= create-this-bsp
linkers
[ Makcfile
& mem_initnk
[E memory.gdb
& publicmk
|= settings.bsp
@ summary.html

&

=

Y [

Ln outline s not avalable.

[%] Problemns | = Tasks B Concole I2
CDT Build Console [Mios2_Heilo]

=xxx Clean-only build of configuration Nios I1 for
project Nios2_Hellg *==+*

make cl=an

[Mios2_Hello clean complete]

w+ee gulld Finished ==+*

1 itemns selected

Titanals:
Co through [ulorals

Zamples

Try* ot

What's New
Fimd ot wh e new

Workben

Hinh 3.32: Céc file cua (tng dung phan mém Nios2_Hello

Hoc vién: Dinh Vin Thing

48

Chuyén nganh: Ky thudt dién tir




Truong Dai hoc Sao Do Ludn van Thac si

- Bién soan lai noi dung phan mém Nios2_Hello.c, trong ctra s6 Project Explorer,
chon Nio2_Hello bing kich chudt phai, chon Build Project dé bién dich file
Nios2_Hello.c:

File Edit Source Rifactor Mavigate Sesich Ruan Project: hiosH  Window Help
O-ERE & @i 0- G- M-y gl rmcrs-
(25 project xplorer 1 T B (4 helloword_smallc 11 ; ~ B0 )& wecome 3
= . Funttion Description ' &
1= Mios2_Hello - N . 5
4 Binanes £ oily supports ¥s, %, and %c { <L ; :::R »
;_,)_ [:;_Iudes : o P
p L__> Ey;mm ) @ main]):
[ hello_warld_small.c B
8 oye/ahstdich 4
M) cind ginclude "sysialt_stdio.h”
4¥ Nios2_Hello.elf - [atter
Bl creote-this-app int maing)
s 3
& Makefile . . i
2] Nies2 Helle.map g e e e T g 4 A
o % alt_putstr(™- DRI HOC SA0 DO CHI LINH HAI DUONG =\n"}3 | Sampies
5] Mio<d Hello.objdump | i =lt_putstr(’= CAO HOC DIEN-DIEN TU KHOA I 2016-2818 =\n"}; |2
E resdme bt alt_putstr([™- HOC VIEN DINH VAN THANG =\n"}; |
[ Mios2_Hello_bep [nio:3] al(_putstr(' )y —
& Includes #* Event Loop never exits. */ o
(= drivers ghb”“ L 11l | ] i m »
E syt L Problerms | & Tesks | Console 537 1 Properties | P Nios I Consale i
& finkerh COT Build Console [Nios?_Hello| L e
E' m""h_ "E: /thangsaoda™ --sopeinfo E:/thangsaodo/nios?.sopeknfa - -
15 ereste-this-bsp Info: (Nios2_Hello.elf) 732 Bytes program size (code + initialized dota).
[ linkerx Info: 3368 Bytes Tree for stack + heap,
L Makefile Info: Creating Nios2 _Hello.objdump
% ios2-elf-objdump --disassesble --syms --all-header --source Nios2 Hello.elf
mik Lfn
_xf mem_init, l:h #Nios2_tiello. objdump
5] memary.g [Niosz_siells build comolete] E
L public.mk = ﬂ
& B s ||+ Bulld Finished +4++ .
| e

Hinh 3.33: Bién dich thanh céng

- Chon Nios2_Hello -> Run As -> Nios Il Hardware

Fite Edic Source Refactor Nawigars Search  Run Preject  MiosT Windew Help
- | E e -E B0~ o - T
5 Project Bplorer 1+ = O|[[2 helloword_smallc 5
_ Bgw” ¥ Funiction Description £ '
15 Nios2_Hello = N > : e e w W
¥ Binaries alt print upports %s, %x, and Xc
= - alt putstr rh @ 4%
[ak! Tne luiddess - ! e
e : W systelt s
[ (&= obj * alt_putchar o
= system iy alt_getchar
[® hella_warld snall.c S
2 sys/alt_stdiok g
)t #include “sys/alt_stdio.h”
5 Mics2_Hell.elf - [alter
= create-this-agp 7 int waing)
[ Makefite % { ; i
1= Mioe2_ Hell i alt_putstr
2 N.oj'H:I;":: #  alt_putstr(” DA HOC SA0 DO CHE LINH HAL DUONG
= i) SR gl | 6 alt_putstr(”= CAO HOC DIEN-DIEN TU KHOA 1 2816-2818 =\
B resdmett % alt putstr(" HOC VIEN DINH VAN THANG
65 MicsZ_Hells_bap [n10s2] o !

i Ineludes éi t loop never exlts, il
= drivers I ] | ¥ ]
& HAL : = = e
B al sy inic |£: Problerns | 4] Tasks | 5) Comsole | I Properties |1 Mics I Corsale £ m[E G~ T8
[0 linkesh [Nios2_elo Mios T Herdwere corfguretion - cebie: USS-Blester on locahost [USE-0] devics T0: 3 instence 10 0 neme: ji..
[ system.h === 25
| creste-this-bep =~ AT H0G SO D0 CHI LINH HAT DOONG =
2 linkers - RO TO HEGR 1 2016-2013 =
| & Makefite - HOG VIEN DIRA VAN THANG -
L& mem_initik
= memary.gdh
[& publicmk =

1 ] B |

=

Hinh 3.34: Nap urng dung Nios2_Hello 1én hé nhung Nios2 va chay thanh céng

Pén day, ta co thé két luan rang thiét ké hé nhing Nios 2 trén bang Altera DE2
2C35 FPGA va cai dat mot ¢ng dung phan mém nho da thanh cong.
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3.2.3. Cdc bwéc cai dat hé diéu hanh nhang uClinux va hién thi két qud
1) Cai dat Altetra Quartus Il Web Edition 13.0sp1.:

- Truéc hét can cai ubuntu 12.04 LTS trén PC

- Tai Quartus Il Web Edition 13.0sp1 va g& nén trong /home/thangsaodo

- Cai dat Web Edition 13.0sp1 trong /home/thangsaodo/altera/13.0sp1:

+ [P Home altera 13.0sp1

ip logs modelsim_ae modelsim_ase
nioszeds quartus uninstall

Hinh 3.35: Thu muc cua Altera Quartus Web Edition 13.0spl

2) Cai dat nios2gcc:
- Tai nios2gcc-20080203.tar.bz2 vé /home/thangsaodo
- G& nén vé /opt/nios2:
$ sudo jxf nios2gcc-20080203.tar.bz2 -C /
3) Cai dat nhan uClinux:
- Tai cac phan mém ciia uClinux vé /home/thangsaodo:
uClinux-dist-20070130.tar.bz2, uClinux-dist-20070130-nios2-02.diff.gz
- Go nénuClinux-dist-20070130.tar.bz2 vao /home/thangsaodo/uClinux-dist:

$ tar jxf uClinux-dist-20070130.tar.bz2
- Stra 16i ban uClinux-dist:

$ cp uClinux-dist-20070130-nios2-02.diff.gz uClinux-dist
$ cd uClinux-dist

$ gunzip -c uClinux-dist-20070130-nios2-02.diff.gz | patch -p0
4) Tao maoi truong:
- Str dung trinh soan thao nano thwong tri cua ubuntu 12.04 LTS:

$ nano .bashrc
Bo xung cac dong méi truong cho file .bashrc trong /home/thangsaodo:

Hoc vién: Dinh Vin Thing 50 Chuyén nganh: Ky thudt dién tw



Truong Dai hoc Sao Do Ludn van Thac si

GNU nano 2.2.6 File: /home/thangsaodo/.bashrc

# enable programmable completion features (you don't need to enable
# this, if it's already enabled in /etc/bash.bashrc and /fetc/profile
# sources Jetc/bash.bashrc).
if [ -f fetc/bash_completion ] && ! shopt -oq posix; then

. Jetc/bash_completion

PATH=S$PATH: /bin/usr/bin: /opt/nios2/bin
PATH=SPATH: /home/thangsaodo/altera/13.0spl/bin
PATH=SPATH: /home/thangsaodo/altera/13.0spl/nios2eds/bin

PATH=SPATH: [home/thangsaodo/altera/13.0sp1/quartus/bin

PATH=SPATH: /home/thangsaodo/altera/13.0spl/quartus/sopc_builder/bin

PATH=SPATH: /home /thangsaodofaltera/13.0spl/nioszeds/bin/gnufH-1686-pc-linux-gnu/bin
PATH=SPATH: /home/thangsaodo/uClinux-dist: /home/thangsaodo/uClinux-dist/bin
LD_LIBRARY_PATH=SPATH: fhomefthangsaodo/altera/13.0spl/quartus/linux

Wrote 117 lines
e Get Help WY WriteOut @il Read File Wy Prev Page W4 Cut Text W¥ Cur Pos
! WY Where Is @Y Next Page WV UnCut Text

Hinh 3.36: Céc dong Iénh moéi trudng bd xung trong .bashre
5) Cai USB Blaster cho ubuntu:
- Tao file 51-usbblaster.rules trong /etc/udev/rules.d
$ sudo nano /etc/udev/rules.d/51-usbblaster.rules véi ngi dung sau:
# USB-Blaster
BUS=="usb", SYSFS{idVendor}=="09fb", SYSFS{idProduct}=="6001",

MODE="0666"
BUS=="usb", SYSFS{idVendor}=="09fb", SYSFS{idProduct}=="6002",
MODE="0666"
BUS=="usb", SYSFS{idVendor}=="09fb", SYSFS{idProduct}=="6003",
MODE="0666"

- Pé ¢6 hiéu luc cho két ndi USB Blaster, can phai khoi dong lai PC ubuntu, hoic vao
Iénh:

$ sudo udevadm coptrol --reIoapI ’
6) Tao file n2sdk dé khoi tao két noi voi bang Altera DE2

$ nano n2sdk va dua vao dong 1énh:
/home/thangsaodo/altera/13.0sp1/quartus/bin/jtagconfig
7) Kiém tra két noi PC ubuntu véi bang Altera DE2:

- N&i bang Altera DE2 véi PC qua cong USB Blaster va cap USB, bat nguon cho bang

- G lénh bash n2sdk: néu két néi tét thi phai hién thi trén ubuntu:
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hangsaodo@holam-Inspiron-N4010:~S$ bash n2sdk
1) USB-Blaster [2-1.3]
620B460DD EP2C35

hangsaodo@holam-Inspiron-N4010:~S [

Hinh 3.37: Hién thi két ndi bang Altera DE2
8) Bo xung mét s6 module cho ubuntu 12.04 LTS:
Pé chay file 32-bit trén ubuntu 12.04 LTS 64-bit can phai b6 xung ba goi thu
vién libc6:i386, libncurses5:i386, and libstdc++6:i386:
$ sudo apt-get update
$ sudo apt-get install libc6:i386libncurses5:i386libstdc++6:i1386
Va b6 xung mot sé géi sau cho ubuntu 12.04 LTS:
$ sudo apt-get install git-core git-gui make gcc ncurses-dev bison flex gawk \
gettext ccache zliblg-dev libx11l-dev texinfo liblzo2-dev pax-utils uboot-
mkimage corkscrew
9) Kiém tra cross gcc:
$ nios2-linux-uclibc-gcc -v

Trén ubuntu phai hién thi:

thangsaodo@holam-Inspiron-N4810:~% nilos2-linux-uclibc-gcc -v

Reading specs from fopt/nios2/lib/gcc/nios2-linux-uclibc/3.4.6/specs

Configured with: /root/buildroot/toolchain_build_nios2/gcc-3.4.6f/configure --prefix=/opt/nios2z --
build=1386-pc-linux-gnu --host=1386-pc-linux-gnu --target=nios2-linux-uclibc --enable-languages=c
,c++ --disable-__cxa_atexit --enable-target-optspace --with-gnu-1d --disable-shared --disable-nls

--enable-threads --enable-multilib
Thread model: posix
gcc version 3.4.6
thangsaodo@holam-Inspiron-N4010:~% I

Hinh 3.38: Hién thi phién ban gcc
10) Cau hinh cho uClinux
$ cd uClinux-dist
$ make menuconfig

WCllnux v3,2.0 Confliguretion

Arrow keys mavigate the mensu. <Enters selects submenus ---5.
Highiilghted letters are hotkeys. Pressing <z Includes, she excludes,
<M> modularizes Teatures. Press <Escs<Esca to exlt, <?> for Help.
Legend: [*] Butlt-in [ ] excluded <M= module < = nodule capabls

dendor [Product Selectlon ---

arnel /Library/Dafaylte Selaction

oad an Alternate Configuration File

ave Configuraticn to an Alternate File

Hinh 3.39: chon nha san xuét
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Arrow keys navigate the menu. <Enter> selects submenus ---=,
Highlighted letters are hotkeys. Pressing <v> includes, <h> excludes,
<M> modularizes features. Press <Esc><Esc» to exit, <?> for Help.
Legend: [*] built-in [ ] excluded <M» module < = module capable

--- Salect the vendor you wish ta target
--- Select the Product you wish to target
(niosznommu) 1tera Products

BsSPE  <Exit > <Help >

Hinh 3.40: chon Altera véi nios2 khéng c6 MMU

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

{linux-2.6,x) ernel Version

(Mone) ibc Version
*] pefault all settings (lose changes) (MNEW

[ 1 ustomize Kernel Settings (NEW)
[ 1 ustomlze vendor/User Settings (NEW)
[ 1 pdate Default Vendor Settings (NEW)

<selects B < Help »

Hinh 3.41: chon cau hinh mac dinh cho uClinux

$ make vendor_hwselect SYSPTF =/home/thangsaodo/DE2_System_v1.6_bk/
DE2_demonstrations/DE2_NET/system_0.ptf

S¢€ phai lya chon: CPU (1), Flash (1), va SDRAM 8MB (2)

$ make romfs

$ make

Tao image

$ make linux image

$ nios2-configure-sof /home/thangsaodo/DE2_System v1.6 bk/
DE2_demonstrations/DE2_NET/DE2_NET.sof

Tai cau hinh hé théng nios2 I&n bang Altera DE2
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@ @@ thangsaodo@holam-Inspiron-N4010: ~fuClinux-dist

hangsaodo@holam-Inspiron-N4010:~/uClinux-dist$
hangsaodo@gholam-Inspiron-N4010:~/uClinux-dist$ nios2-configure-sof /[home/thangsaodo/DE2_Syst
m_v1.6_bk/DE2_demonstrations/DE2_NET/DE2_NET.sof

hangsaodo(@holam-Inspiron-N4018:~/uClinux-dists I

Hinh 3.42: Nap cau hinh thanh cong Ién bang Altera DE2

$nios2-download -g images/zimage
Tai file anh zImage cua uClinux trong /home/thangsaodo/uClinux-dist/images

I&n bang altera DE2 da c6 system nios.

ithangsaodo@holam-Inspiron-N4010:~/uClinux-distS nios2-download -g images/zImage
lUsing cable "uSB-Blaster [2-1.3]", device 1, instance 0x00

Pausing target processor: OK

Initializing CPU cache (if present)

OK

iDownloaded 687KB in 4.4s (156.1KB/s)

Verified OK

IStarting processor at address 0x00D0000OO
thangsaodo@holam-Inspiron-N4010:~/uClinux-dist$ I

Hinh 3.43: Nap thanh cong uClinux 1én bang Altera DE2 véi nios2
$ nios2-terminal

Két ndi véi hé théng nios2+uClinux trén bang Altera DE2:

: mkdir /var/log

: mkdir /var/run

: mkdir /fwar/lock

: mkdir /wvar/empty

: ifconfig lo 127.0.0.1

: route add -net 127.0.0.0 netmask 255.0.08.0 lo
: cat Jetc/motd

For further information check:
http://www.uclinux.org/

Execution Finished, Exiting

Sash command shell (version 1.1.1)

/> 1

Hinh 3.44: Pap ting tra vé PC (terminal) tir Nios2+uClinux
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Pén day, qua trinh tao hé théng nhing Nios2 + uClinux trén bang Altera DE2
2C35 FPGA di dat két qua thanh cong.

C6 thé xem uClinux c6 cac thu muc nho Iénh Is:

P

thangsaodo@holam-Inspiron-N4010: ~fuClinux-dist

Welcome to

For further information check:
http://www.uclinux.org/

Execution Finished, Exiting

Sash command shell (version 1.1.1)
f= 1s
bin

Hinh 3.45: Cac thu muc cta uClinux

C6 thé soan thao mot ang dung phan mém trén PC ubuntu, bién dich va b xung
vao file anh cta uClinux, sau do tai Ién bang Altera DE2.

3.2.4. Tgo phan mém ing dung d@é thiz nghiém hé nhing

1) Sogn mét phan mém don gian trén PC ubuntu:

$ nano hello.c véi noi dung:

GNU nano 2.2.6 File: hello.c

#include <stdio.h>

DAI HOC SA0 DO CHI LINH HAI DUONG

CAO HOC DIEN-DIENTU KHOA I 2016-2018
HOC VIEN DINH VAN THANG

Hinh 3.46: Noi dung file tng dung hello.c
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2) Bién djch va kiém tra:

@™ ® thangsaodo@holam-Inspiron-N4010: ~

thangsaodofholam-Inspiron-N4010:~$ nios2-linux-uclibc-gcc hello.c -o hello -elf2flt
thangsaodo@holam-Inspiron-N4016:~$ nios2-1linux-uclibc-flthdr hello
hello

Magic: bFLT

Rev: 4

Build Date: Fri Jul 6 17:47:46 2018

Entry: Ox44

Data Start: Ox4celd

Data End: Ox5fco

BSS End: Ox8020

Stack size: o@xieee

Reloc Start: ©x5fc@

Reloc Count: ©x135

Flags: ox1 ( Load-to-Ram )
thangsaodo@holam-Inspiron-N4610:~5 ||

Hinh 3.47: Bién dich va kiém tra két qua bién dich

3) Sao chép ung dung da bién dich ra nhi phan:
$ cp hello /home/thangsaodo/uClinux-dist/romfs/bin

Tao lai anh cho uClinux

$ cd uClinux-dist

$ make linux image

Dén day ta nap lai anh uClinux (da c6 kém tng dung) 1én bang Altera DE2, va
thuc hién 1énh nios2-terminal, s€ nhan dugc hinh anh dap ung hello tir uClinux.

3.3. KET LUAN CHUONG

Chuong 3 di trinh bay téng quan cac budc thuc hién mot hé théng nhing Nios 11
don gian vai hé diéu hanh uClinux. Altera ciing cung cip mot s6 tng dung vé cai dat
hé nhang nios 11 va uClinux song c6 rat nhiéu 13i, bat budc khi cai dat phai thuc hién
vé 15i cac file nguon tai vé tir Altera. Cac va 13i nay nhiéu va khdng thé trinh bay hét
dugc. Dé thiét ké mot hé nhang nios Il phic tap can phai nhiéu buéc ciu hinh cac
thiét bi va giao tiép cua nios II, dong thai phai lva chon ban uClinux phu hop. Trong
khubn khd mot chuong thiét ké, hoc vién chi trinh bay thiét ké don gian nhung phu
hop dé cuong cua luan van dit ra.
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KET LUAN VA KIEN NGHI

Ching ta da biét dén cac hé thong nhing véi cac ho vi diéu khién 8051,PIC, AVR,
ARM, AVR32 hay pSoC. Luan vin dd dé cap dén FPGA va cac hé nhung trén FPGA,
cach thiét ké hé nhing trén FPGA nhu thé ndo. FPGA c6 thé s& manh mé& hon va ¢6
loi ich hon néu né duoc ghép ndi véi chip vi didu khién. D6 13 mot cach ma nhiéu nha
thiét ké thudng mong mudn dat duge cho nhiéu ing dung ciing nhu cic nghién ciu,
va goi day 1 co-design FPGA + vi diéu khién (MCU).Trong thuc té, cd thé ghép ndi
FPGA véi MCU ngoai bang céc chan giao tiép thong thuong. Mot cach khéc 1a sir
dung MCU nhdng c6 san trong FPGA mét hoic nhiéu MCU cang hoic mém). Véi
Altera la Nios, Nios Il (MCU mém) hay Excalibur (MCU ctng véi 16i ARM922T).
Con trong cac FPGA cua Xilinx 1 Picoblaze, Microblaze (MCU mém) hay PowerPC
(cttng). MCU cing duoc thiét ké cang sin trong FPGA, con MCU mém thyc chat 1a
mot IP thuong bang VHDL va cong cu thiét ké s& trién khai IP d6 xubng FPGA.
Chinh vi vay MCU mém s& tiéu tén mot phan tai nguyén cua FPGA, nhung bu lai n6
c6 thé duoc cap nhat, thay d6i cau hinh va chirc ning tuy bién theo céc phién ban khac
nhau va tng dung khéc nhau.

Trén co s& tim hiéu cach tao hé nhung trén FPGA véi nhén 13 15i vi xtr Iy mém
32-bit ma nodi dung luan vin di trinh bay, ta c6 thé két hop ghép ndi véi hé vi diéu
khién véi cac chip vi diéu khién, mo rong bd nhé ban din (SRAM, DRAM), cic thiét
bi ngoai vi xtr 1y céc tin hi¢u video, audio, data: camera, sensor, DVD, microphone,
VGA monitor, v.v... tao cac hé thdng nhing phirc tapcé cac két ndi truyén thong:

ethernet, wifi, mobile communication, Internet.
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